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General introduction

GENERALINTRODUCTION

Breast cancer survivors in numbers

Breast cancer is the most frequently diagnosed malignancy among women worldwide and
inthe Netherlands [1,2]. In 2018, there were 2.1 million women diagnosed with breast cancer
worldwide [1] compared with 15,000 in the Netherlands [2]. Although these numbers have
increased over the years, mainly due to the aging population, survival has also increased
thanks to better treatment, staging, and screening [3]. In the Netherlands the 5-year
survival is now around 88% compared to 85% in 2010 [4]. This increased incidence and
improved survival have led to a growth in breast cancer survivors. In 2020, the absolute
10-year prevalence of breast cancer was 139,871 among women, as opposed to 108,741 in
2010 [5]. An average Dutch general practice will see two new cases of breast cancer per
year and have 20 to 25 breast cancer survivors under their care [6].

Treatment for breast cancer

Initial curative treatment for breast cancer may include surgery, radiotherapy,
chemotherapy, and/or targeted therapy. Treatment depends on stage at diagnosis, tumor
characteristics, and patient characteristics. Patients with ductal carcinoma in situ or
stage I-Il invasive breast carcinoma will undergo either breast conserving therapy (e.q.,
lumpectomy and adjuvant radiotherapy) or mastectomy [7]. Adjuvant systemic therapy
may be offered, with chemotherapy and/or hormonal therapy used to target possible
spread beyond the breast, substantially reducing the 15-year mortality [8].

Organization of follow-up after treatment

After their initial treatment, women attend reqular follow-up visits at hospital. According
to several (inter)national quidelines (Nationale Huisartsen Genootschap (NHG), European
Society for Medical Oncology (ESMO), American Society of Clinical Oncology (ASCO),
and National Institute for Health and Care Excellence (NICE)), the goal of this follow-
up is to check for locoregional recurrence and early contralateral primaries, to provide
psychological support, to monitor treatment-related side effects, and to collect data for
the evaluation of care [9-13]. At 5 years after diagnosis, most breast cancer survivors will
return to the care of their general practitioner (GP) [13].




Chapter 1

LONG-TERMPHYSICAL AND PSYCHOLOGICALEFFECTS OF
BREAST CANCERAND ITS TREATMENT

Breast cancer survivors want to know what they may encounter, if their experience is
common, and if that experience is related to their age, physical health, or psychological
health. A recent survey of 869 breast cancer survivors revealed the four most common
questions about long-term effects [141:

“What long-term effects are most common?"”

“Is there something we can do as survivors to reduce the chance of long-term effects?”
“How long will these long-term effects last?”

“Will it ever pass?”

To understand these questions, it is important to realize that effective adjuvant therapies
may also have negative physical and psychological effects. Some of these will be short-
term, some will persist to the long-term, and some will only appear months to years
after treatment ends. For example, anthracyclines have been associated with leukemia
and cardiac dysfunction; radiotherapy is associated with numbness, weakness, arm
swelling, pain, anxiety, and depression; hormone therapy is associated with menopausal
symptoms, weight gain, ovarian failure, and with an increased risk of cerebrovascular
events, thromboembolic disease, uterine cancer, and osteoporosis; and other therapies
can cause neuropathy, cognitive dysfunction, sexual dysfunction, and fatigue [15-171. These
effects can have a marked impact on quality of life beyond that of the breast cancer itself.
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First, we will focus on cardiotoxicity. This has been well evaluated over the first 5 years
in the hospital setting, but the long-term effects have not been established (see Box 1).

Box 1. Long-term Cardiovascular Effects

Cancer and its therapy may cause vascular conditions (e.g., atherosclerosis,
thrombosis), cardiac structural conditions (e.g., valvular degeneration), and
most importantly in terms of late effects, cardiac dysfunction and heart failure
[18]. Chemotherapy is known to be cardiotoxic [19]. Anthracycline-induced
cardiotoxicity is notable for causing irreversible myocardial damage [20].
Thoracic radiotherapy may cause inflammation and oxidative damage in the
coronary arteries, leading to myocardial ischemia and injury [21]. Radiotherapy
also increases the risk of cardiotoxicity by anthracyclines [22].

Previous research has emphasized the importance of detecting changes
in cardiac function early during therapy as a potential predictor of late
cardiotoxicity [23]. The left ventricle ejection fraction on echocardiography
has been suggested for this purpose, but it appears that this mainly helps to
detect reversible early onset cardiotoxicity during in-hospital follow-up and
not late-onset irreversible cardiotoxicity. N-terminal prohormone of brain
natriuretic peptide (NT-proBNP) also has a role in the early detection of heart
failure.

Cardiac dysfunction induced by chemo- and/or radiotherapy increases
morbidity and mortality among cancer survivors [24]. Thus, it is essential to
detect cardiac dysfunction as early as possible to prevent further progression.
However, these conditions can have a subclinical onset and vague symptoms
that can leave them undetected and untreated.
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Long-term effects after breast cancer and related treatment are not only physical but
also psychological [25], often including depression and anxiety. These are understandable
given the stress of cancer (see Box 2).

Box 2. Long-term Psychological Effects

Breast cancer and its treatment have a significant impact on a woman's
psychological well-being. In the first 5 years after diagnosis, 48% are diagnosed
with depression, anxiety, or both [26]. This is double the prevalence in the
general population. During treatment, women often receive support from loved
ones, care providers, and the work environment, but after 5 years they are
labeled survivors and this support can fade. Due to the lack of research beyond
5 years, the prevalence of long-term depression and/or anxiety is unknown,
and these women may receive insufficient long-term support. Depression is
the second-leading cause of disease burden [27], but it has very effective
treatments.

Existing guidance is weak. For example, the ‘Cardiovascular risk management’
and ‘Anxiety’ quidelines do not include a medical history of cancer therapy as
arisk factor. However, the ‘Depression’ guideline does include cancer as a risk
factor for developing depressive complaints or depression. If survivors and care
providers are aware of the potential for long-term psychological effects, they
may be more likely to initiate a conversation or start treatment.
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Fatigue is the most common and persistent symptom among breast cancer survivors, but it
remains poorly understood (see Box 3). Complaints are monitored during the first 5 years

of follow-up, but after this the survivor must usually seek help from her GP.

Box 3. Long-term Fatigue

The prevalence of fatigue among breast cancer survivors varies from 40%
to 80% and may arise due to the breast cancer itself, the treatment, or side
effects. However, only a third of survivors with fatigue report this to their
physician, leaving many undetected and without proper support [28]. This is a
major issue because fatigue markedly affects quality of life [29]. Chemotherapy
and hormonal therapy, and to a lesser degree radiotherapy, all cause fatigue
[30,31]. Fatigue is mainly reported in the short-term after treatment, usually
in association with depression, anxiety, functional limitations, or physical
complaints such as pain and sleep quality [31-33].

All these long-term effects (Boxes 1-3) can lead to non-specific symptoms, making it hard
to identify the underlying pathology (Box 4).

Box 4. Long-term Symptoms

Long-term breast cancer survivors can present with various symptoms. Similar
to fatigue, these may be related to the breast cancer, its treatment, or to
long-term effects. It is important to know the most prevalent symptoms and
their main causes. This can help survivors know what to expect and physicians
know what to enquire about. Given that some long-term effects may have
vague onsets (e.g., cardiovascular disease), it is also important to know what
symptoms are associated with what diagnoses. This knowledge will bring early
detection a step closer, with the ultimate goal being to improve treatment and
prognostication.
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THE ROLE OF GENERAL PRACTITIONERS

In the Netherlands, all inhabitants have a primary care electronic record with a GP,
with an insurance that allows anyone to visit the GP free of charge. The GP has a
central role in this healthcare system, serving as the gatekeeper to secondary care
when patients first present with a health issue: referral only occurs when necessary
and they receive details about diagnosis or treatment from medical specialists after
consultation and/or treatment. On average, 90% of issues are handled by the GP and
the remaining 10% are handled by secondary or tertiary care. In primary care, all
contacts are coded by the International Classification for Primary Care (ICPC) and
all medication is coded by the Anatomical Therapeutic Chemical (ATC) classification
system.

Definitions of long-term effects vary in the literature from the period directly after
treatment ends to 1-2 years after treatment or 5 years after a breast cancer diagnosis.
We used the longest 5-year period to define effects as long-term, corresponding with
the time when survivors are usually referred back to their GP.

Research has revealed increased primary health care use by breast cancer survivors
during treatment and follow-up compared to women without breast cancer [34]. GPs
have a lot to offer breast cancer survivors given their knowledge of the woman'’s
medical history, comorbidities, and family situation, as well as their integrated
approach to care [35]. However, the GP may lose oversight of patient care and the
effect of cancer and its treatment when the hospital takes over their care during
treatment and follow-up. Some GPs keep a list of patients with cancer, including
breast cancer, and contact them on a reqular basis, but this is not standard care.

Breast cancer survivors older than 60 years and treated with mastectomy will (re-)enter
the National Screening program, while those treated with breast conserving therapy
will receive annual physical examination and biennial mammography through their GP
[36]. However, no other reqular follow-up is offered, despite survivors expressing that
it is needed. To know if continued follow-up should be offered as standard care, we
must identify the long-term effects that persist to 5 years and beyond and know their
prevalence. This information will help to clarify what to advise patients about, as well as
when to intervene or refer to secondary care. Reasonable questions that can be asked by
a GP include the following:
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“What are the long-term effects of breast cancer treatment?"”

“How common are these effects?”

“Are they specific to breast cancer survivors or merely due to aging?”

“Can we recognize women at risk of developing specific long-term effects?”
“Is treatment available?”

THIS THESIS

In this thesis, we focus on the physical and psychological long-term effects of breast
cancer and its treatments, using the results of the Breast cancer Long-term Outcome
Cardiac Dysfunction (BLOC) study. The BLOC study investigated the prevalence of
different long-term outcomes in women with a history of breast cancer treated with
chemotherapy and/or radiotherapy. By including only women at least 5 years after their
breast cancer diagnosis, we could focus on the long-term prevalence in the population
seen most often by GPs.

The BLOC study included 350 women at least 5 years after their breast cancer diagnosis,
recruited by 80 GPs in the north of the Netherlands. We also included 350 women of the
same age with no history of cancer at random from the same practices for comparison.
Of the 350 breast cancer survivors, 175 were treated with chemotherapy (with or without
radiotherapy) and 175 were treated with radiotherapy alone. GPs excluded women who
could not attend hospital due to severe physical or psychological issues. All participants
completed questionnaires, had a short physical exam, had blood samples taken, and
underwent electrocardiography and echocardiography. From the GPs' electronic records,
we retrieved all previous diagnoses (ICPC code) and prescriptions (ATC codes). By including
breast cancer survivors and women with no history of cancer from the same GP, we hoped
to adjust for the coding behaviors of GPs and the socioeconomic statuses of the women.

We aim to demonstrate the long-term physical and psychological consequences of breast
cancer and its treatment by answering five core research questions:

1. What are the long-term cardiovascular consequences of having breast cancer? These
are specified as systolic cardiac dysfunction, diastolic cardiac dysfunction, diagnosed
cardiovascular disease, and NT-proBNP biomarker elevation.

2. What are the long-term cardiovascular consequences of different breast cancer
treatments?

3. What are the long-term psychological consequences of breast cancer and its
treatment? With focus on (symptoms of) anxiety and depression.
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4. What are the long-term consequences of breast cancer and its treatment on fatigue?
5. What are long-term symptoms experienced by breast cancer survivors, and are they
associated with cardiac dysfunction, depression, or anxiety?

In chapter 2, a systematic review of the literature to evaluate the prevalence of depression
and anxiety among long-term breast cancer survivors is presented. The results of the
BLOC study are then described in the following chapters.

In chapter 3, the focus is on long-term cardiovascular effects, with evaluations of systolic
cardiac function, diastolic cardiac dysfunction, diagnosed cardiovascular disease, and NT-
proBNP biomarker levels. Symptoms are also compared between breast cancer survivors
who received chemotherapy (with or without radiotherapy) and those who received
radiotherapy alone.

The presence of long-term (severe) symptoms of depression and anxiety are then
reported in chapter 4, including the possible association with a history of depression or
antidepressant use. In chapter 5, the focus shifts to long-term fatigue and how this highly
common side effect may be associated with systolic cardiac dysfunction, cardiovascular
disease, and symptoms of depression or anxiety. In chapter 6, a wider variety of long-term
symptoms are considered, plus their possible association with systolic cardiac dysfunction,
cardiovascular disease, and symptoms of depression or anxiety. Finally, in chapter 7,
the various strands of this thesis are brought together to consider the implications for
practice and research. Specifically, this chapter will discuss the knowledge and awareness
of the long-term effects of breast cancer and its treatment experienced by breast cancer
survivors.

20
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after breast cancer treatment:

a systematic review
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ABSTRACT

Objectives: It is unclear whether breast cancer survivors have a higher risk of long-
term symptoms of depression or anxiety. The aim of this study was to systematically
review the evidence about long-term symptoms of depression and anxiety in breast
cancer survivors.

Study design: Systematic review.

Main outcome measures: PubMed, Embase, Cochrane and PsycINFO were searched
for studies with at least 100 survivors =1 year after diagnosis, and which used common
guestionnaires measuring symptoms of depression or anxiety, by two independent
reviewers. The quality was assessed with the NIH ‘Quality Assessment Tool' checklist.
Prevalence of symptoms of depression and anxiety was compared to time since
diagnosis, available control groups and a general female population.

Results: Seventeen articles were included in this review with an average quality score
of 57% (range 38-86%). The prevalence of symptoms of depression varied from 9.4%
to 66.1% and of anxiety from 17.9% to 33.3%. The results on the depression scale
suggested an increase in risk of symptoms of depression for breast cancer survivors at
one year after diagnosis, which decreases over the ensuing years. Symptoms of anxiety
were not more prevalent among the women with early stage breast cancer.

Conclusions: This review suggests a higher prevalence of symptoms of depression
among breast cancer survivors than among the general female population, persistent
over more than 5 years after diagnosis. Health care providers should be aware of this.
There was no indication for an increased prevalence of symptoms of anxiety among
breast cancer survivors.



Symptoms of depression and anxiety after breast cancer

INTRODUCTION

Breast cancer is the most common cancer in women worldwide [1]. In the Netherlands, the
incidence of breast cancer was 198 per 100,000 women in 2014 [2]. In recent years there
has been an increase in the incidence of breast cancer because of an aging population
[2]. On the other hand, the 5-year-survival for breast cancer has improved [3]. These
changes are due to earlier detection and improvements in treatment[4]. Consequently,
these developments have resulted in more and more women surviving breast cancer.

This growing group of women is experiencing the late sequelae of breast cancer and its
treatment [5]. Among these possible effects are symptoms of depression and anxiety
[6]. It is known that symptoms of depression and anxiety impair quality of life. This
suffering can be eliminated by treatment, which has been shown to be highly effective
[7,8]. However, often a patient may present vague complaints, so the depression or anxiety
remains undetected.

lllustrative case

Ms. A. is a 65-year-old married woman with no family history of cancer. Four
years ago she was diagnosed with ductal breast cancer after participating in
a breast cancer screening program. She was treated with breast conserving
therapy, including lumpectomy and adjuvant radiotherapy. She is known to have
hypercholesterolemia, cardiac angina and palpitations. She has been a smoker
for 50 years. She now visits her new general practitioner, for the first time, with
persistent complaints of discomfort. Ms. A. states that in general she can relax
and enjoy her life, however, she feels like her enjoyment is less than before. She
also worries a lot, but she cannot really say why. These feelings are starting to
impair her life and relationship, and she is seeking help. After the consultation
the general practitioner thinks she might have a depressive disorder.

Objectives

Little is known about the prevalence of long-term symptoms of depression and anxiety as
late effects after breast cancer and its treatment. Studies reporting on these symptoms
are often performed during, or right after, treatment [9,10]. The aim of this systematic
review was to review systematically the evidence about long-term symptoms of depression
and anxiety in breast cancer survivors.

27




Chapter 2

METHODS

Article selection

We systematically searched PubMed, Embase, Cochrane and PsycINFO for combinations
of the following search terms: breast cancer, depression or anxiety, survivors and
prevalence (See Appendix1). Articles were included when published before January 10th
2015. Duplicates were removed. To assess the prevalence of symptoms of depression
or anxiety in an unselected cohort, only observational studies were included. Further
inclusion criteria were original data, adult patients (age = 18), and a study group
which comprised at least 100 women treated for breast cancer with curative intent,
diagnosed more than one year previously. Only studies with at least one of the four most
frequently used questionnaires (see Section 2.2) for symptoms of depression or anxiety
were included. Excluded were studies which comprised patients with breast cancer
recurrence, mixed cancer studies with no separate breast cancer data, and selected
(e.g. only elderly) patient groups. Two investigators (SM and CR) independently reviewed
each article. Discrepancies were discussed by the two researchers, and when necessary,
with a third reviewer (PV).

Measures

Center for Epidemiological Studies Depression Scale (CES-D)

This scale is a 20-item, self-report measure for depressive symptomatology [11]. The total
score range is 0-60. A score of 10 or greater indicates symptoms of depression; 16 or
higher indicates severe symptoms of depression. For the 10-item CES-D, a score higher
than 10 indicates severe symptoms of depression [12]. According to Ochs-Balcom et al.
the mean score in an American, general female population is 7.5; the percentages for
symptoms of depression and severe symptoms of depression were 24.2% and 13.8%,
respectively [13].

Beck Depression Inventory (BDI)

This inventory has 21 items and measures the severity of depression. This is also
a self-report scale. The range is from O to 63. The classification of the total score
is as follows: <10, none or minimal depression; 10-18, mild to moderate symptoms
of depression; 19-29, moderate to severe depression; and 30-63, severe depression
[14]. Koivumaa-Honkanen et al. found a mean score of 5.1 for a European, general
female population; 16.3% of the woman had symptoms of depression and 2.7% severe
symptoms of depression [15].
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Figure 1.1. Flow diagram of the article search and selection process.

Hospital Anxiety and Depression Scale (HADS)

The HADS is a 14-item, self-report scale for symptoms of depression and anxiety, HADS-D
and HADS-A, respectively [16]. The score may range between O and 21 per subscale.
The scale distinguishes between mild symptoms (=8) and severe symptoms (=11) of
depression or anxiety. Crawford et al. found a mean score of 3.7 and 6.1 for the HADS-D
and HADS-A, respectively, in a European, general female population [17]. The percentages
for the HADS-D were 10.7% for symptoms of depression and 2.9% for severe symptoms
of depression. For the HADS-A, these percentages were 30.6% and 10.0%, respectively.
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Table 1. Characteristics of the included breast cancer survivors (n = 10,522); controls

(n=1977); and studies (n=17). 2

First author Ethnicity Age, years Tumor stage

year % Mean(SD) © %

country [ref]

Bower JE White 79.5% 55.0(-) -

2000 Black 11.9%

us Other 8.6%

[30]

Chen X - 53.7(9.8) 0-140.7%

2010 I1A 32.6%

us IIB13.2%

[23] 111 8.7%
Unknown 4.7%

Christie KM Hispanic 62.8% 50.9(9.5) 08.9%

2010 Non-Hispanic White | 26.2%

us 37.2% I142.5%

[31] 11119.5%
IV 3.1%

Claus EB White 92.3% 55.8(10.5) DCIS 87.6%

2006 Black 5.3% Controls LCIS 12.4%

us Other 1.2% 55.0(11.7)

[20]

Crespi CM White 83% 66.3(10.1) -

2008 Asian 5%

us Hispanic 5%

[32] Black 3%

Other 4%

Dahl CAF - 51.0(8.3) I186.7%

2010 1121%

NO

[26]

De Vries J - 56.6 (11.4) -

2013

NL

[35]

Den Oudsten BL - 58.7(9.4) 010.8%

2009 | 41.7%

NL I1A 30.9%

[47] IIB15.7%
Unknown 0.9%
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Treatment Study design Questionnaire NIH
% %
Surgery 99.8% Cross-sectional CES-D 54

Chemotherapy 40.8%
Radiotherapy 59.4%
Hormone therapy 47.7%

Mastectomy 94.3% Cohort CES-D 54
Chemotherapy 90.9%

Radiotherapy 32.0%

Immunotherapy 15.9%

Surgery 100% Cohort 10-item CES-D 71
Chemotherapy 71.5%

Radiotherapy 72.1%

Hormone therapy 66.3%

- Case-control CES-D 71
Surgery 100% Cohort CES-D 54
Chemotherapy 57%

Hormone therapy 79%

Surgery 100% Cross-sectional HADS 86
Chemotherapy 80%

Radiotherapy 100%

Hormone therapy 87.5%

- Cross-sectional STAI 46
Surgery 100% Cohort CES-D 79

Adjuvant therapy 75.8%
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Table 1. Continued. @

First author Ethnicity Age, years Tumor stage
year % Mean(SD) © %
country [ref]

Ganz PA White 77.4% 55.8(-) -
1998 African American

us 14.0%

[33] Other 8.6%

Hartl K - 58.7(10.7) Breast cancer 911%
2010 DCIS 89%

DE

[34]

Hodgkinson K - 61(14) -
2007

AU

[27]

Karakoyun-Celik O - 54.3(28.3) -
2010

TR

[24]

Kim SH - 47.4(9.5) 079%
2008 134.3%
KR I148.8%
[25] 1118.9%

Klein D - 64.1(-) 0-1 51.2%

201 Controls 1122.9%

FR 63.3() -1V 4.0%

[21] Unknown 19.3%

Robb C - 78.2(5.0) -
2007 Controls

GR 77.6(5.0)

[22]

Tan X- - 53.8(15.2) 118.3%
2014 11 67.8%
CN [1113.9%
[28]

Thompson J - 63.7(11.4) I-1l 47.9%
2013 I136.3%
UK

[29]

@ National Institutes of Health - Quality Assessment Tool score (NIH); Center for Epidemiological Studies
Depression Scale (CES-D), Beck Depression Inventory (BDI), Hospital Anxiety and Depression Scale - Depression
(HADS-D), Hospital Anxiety and Depression Scale - Anxiety (HADS-A), State-Trait Anxiety Inventory (STAI)
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Treatment Study design Questionnaire NIH
% %
Surgery 100% Cross-sectional CES-D 38

Chemotherapy 37.9%
Hormone therapy 55.8%

Surgery 100% Cohort HADS 57
Chemotherapy 28.8%

Radiotherapy 80.1%

Hormone therapy 80.4%

Surgery 90.8 Cross-sectional HADS 54
Chemotherapy 47.9%

Radiotherapy 96.6%

Hormone therapy 62.2%

- Cross-sectional BDI 46
STAI

Surgery 96.1% Cross-sectional BDI 46

Chemotherapy 55.9%

Radiotherapy 37.9%

Surgery 99.5% Case-Control STAI 54

Chemotherapy 44.6%

Radiotherapy 80.8%

Hormone therapy 66.3%

Surgery 96.8% Cross-sectional STAI 46

Chemotherapy 17.3%
Radiotherapy 65.4%
Hormone therapy 27.6

Surgery 100% Cross-sectional HADS 54
Chemotherapy 69.4%
Radiotherapy 29.4%

Surgery 99.8% Cross-sectional HADS 54
Chemotherapy 50.7%

°If only the median and range were provided, we estimated the mean from the median, range and sample size.[48]
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State-Trait Anxiety Inventory (STAI)

The STAI consists of a state anxiety scale and a trait anxiety scale; both have 20 items.
The sum score has a range from 20-80. A total score over 60 suggests a severe anxiety
[18]. The ‘Manual for the State-Trait Anxiety Inventory: STAI' by Spielberger et al. provides
a mean score of 35.2 for the state anxiety scale and a mean score of 34.8 for the trait
scale for an American, general female population [18]. To the best of our knowledge, there
are no percentages of symptoms of anxiety reported for the general female population,
measured with the STAI.

Methodological quality

The reviewers independently assessed the methodological quality of the articles by
applying the 14 items of the NIH's 'Quality Assessment Tool for Observational Cohort and
Cross-Sectional Studies’ [19]. The summary score of each study was calculated, expressed
as a percentage, and could range from 0% to 100%. These were categorized into four
categories: poor (0-25%), fair (25-50%), good (50-75%) or excellent (75-10%). Based
on these categories, we evaluated if studies with lower quality had substantially different
scores.

Data analysis

The characteristics of the study, the demographic and clinical background of the women, as
well as the outcomes on the symptoms of depression and anxiety scales were summarized.
Follow-up time was expressed as mean time since diagnosis. Outcomes on symptoms of
depression and anxiety were provided as a mean score, or as a percentage of women with
a score above the different cut-off values. Two types of cut-off values were applied. First,
women with symptoms of depression or anxiety were considered as having an increased
score when the scores were: CES-D =10, BDI =10, HADS-D or HADS-A =8. Second, women
were considered as having severe symptoms of depression or anxiety when: CES-D =16,
BDI =19, HADS-D or HADS-A =11, STAI =60. To provide an overview of the symptoms of
depression and anxiety over time, the study outcomes were plotted against the time since
diagnosis. Outliers were identified and evaluated in relation to patient characteristics,
applied questionnaires and cut-off values, sample size and the study quality. Next, the
reported prevalence's were compared to those of the control group if available, or a
general female population.
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RESULTS

Participant and study characteristics

The search and selection process is summarized in Fig. 1. The database search generated
a total of 1198 citations. The full text of 97 articles was reviewed. In total, 17 articles were
included in the review. The 17 studies included data on 12,499 women, as shown in Table 1.
The mean age of the women was 54.2 years (SD 16.0). The various studies had fairly similar
patient groups. The mean time since diagnosis was 3.9 years (SD 2.6). Included were
10 cross-sectional studies, five cohort studies and two case-control studies. There were
three studies with a control group of women without breast cancer, one study evaluated
symptoms of depression, and two studies evaluated symptoms of anxiety [20-22]. Of
the 17 studies, eight studies measured symptoms of depression, four studies measured
symptoms of anxiety, and five studies measured both. The CES-D was applied seven times
in the included studies, the BDI two times, the HADS five times, and the STAI four times.
The results per guestionnaire are shown in Table 2.

Methodological quality

The mean score on the NIH Quality Assessment Scale was 57% (range 38-86%). There
were no studies with poor quality; five studies had fair quality; ten studies had good
quality; and two studies had excellent quality (See Table 1).

Symptoms of depression

Prevalence

The percentage of women suffering from depression, ranged from 9.4% to 66.1%, with an
overall percentage of 39.9% [23-29]. For severe symptoms of depression the outcomes
varied from 3.0% to 41.7%, with an overall percentage of 21.2% [23,25,27,29-331.

Mean scores on the depression scales

The mean score on the CES-D was high in comparison to the general female population
about one year after diagnosis, and seemed to normalize over time, see Fig. 2 (left). In
one good quality study, women with a history of breast cancer were compared to women
without breast cancer regarding the mean scores of depression as measured with the
CES-D [20]. A statistically significant, higher mean score was found on the depression
scale among women with breast cancer in comparison to their control group (8.3 versus
7.2), with a mean time of 5.6 years after diagnosis [20].
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Table 2. An overview of the outcomes, per questionnaire.?

First author Time since diagnosis, years °<¢ Scores

mean n mean(SD)

Center for Epidemiological Studies Depression Scale (CES-D)

Bower 3.0 1957 10.7(9.6)
Chen 1.5

Christie © 1.5 677 14.9(0.6)
Claus 5.8 795 8.3(0.6)
Crespi 7.4 188 77017
Den Oudsten 1.5 164 10.3(8.4)
Ganz 3.0 864 10.3(9.4)
Combined 5,645 10.2(8.0)
Beck Depression Inventory (BDI)

Karakoyun 5.8

Kim 51 1491 14.0(8.4)
Combined

Hospital Anxiety and Depression Scale - Depression (HADS-D)

Dahl 41

Hodgekinson 39

Thompson 4.6 168 3.7(3.3)
Tan 21

Combined

Hospital Anxiety and Depression Scale - Anxiety (HADS-A)

Dahl 41

Hartl 3.0 236 6.6(3.9)
Hodgekinson 39

Tan 21

Thompson 4.6 168 6.1(4.3)
Combined 404 6.0(3.4)
State-Trait Anxiety Inventory (STAI)

De Vries 45 139 35.4(9.1)
Karakoyun 5.8

Klein 10.0 652 34.2(0.6)
Robb 3.6 127 16.5(5.0)
Combined 918 317(7.4)

2 Center for Epidemiological Studies Depression Scale (CES-D), Beck Depression Inventory (BDI), Hospital Anxiety
and Depression Scale - Depression (HADS-D), Hospital Anxiety and Depression Scale - Anxiety (HADS-A), State-
Trait Anxiety Inventory (STAI)

> The mean time after treatment was made comparable to the mean time after diagnosis by adding one year.

¢ Time since diagnosis for studies describing time since diagnosis as ‘= x', the mean value was estimated by adding
the calculated overall SD for time since diagnosis (2.6).
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Symptoms of

Severe symptoms of

total(n) n(%) total(n) n(%)
CES-D =10 CES-D =16
1957 484(24.7)
1399 363(26.0) 1399 176(12.6)
677 282(41.7)
1188 144(12.1)
864 198(23.1)
6,085 1278(21.0)
BDI =10 BDI =19
120 43(35.8)
1491 985(66.1) 1491 372(24.9)
1611 1028(63.8)
HADS-D =8 HADS-D =11
248 29(11.8)
n7 1(9.4) nr 6(5.1)
168 23(13.7) 168 5(3.0)
180 30(16.7)
713 93(13.0) 285 1(3.9)
HADS-A =8 HADS-A =11
248 79(31.9)
n7 21(18.0) 7 11(9.4)
180 38(21.1)
168 56(33.3) 168 17(10.1)
713 194(27.2) 285 28(19.2)
STAI =60
120 23(19.2)

9 1f only the median and range were provided, we estimated the mean from the median, range and sample size.

[48]

¢ Since the cut-off of the CES-D is 1.6 times higher than the cut-off value of the 10-item CES-D, the mean score
in for the CES-D was estimated by multiplying the mean score on the 10-item CES-D by 1.6. Their comparability
was established by Zhang et al. [12]
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Figure 2. Mean scores on the depression (left) or anxiety (right) scales from the included
studies versus time since breast cancer diagnosis, where available a control population,
and a general female population.

Legend: @ CES-D, o CES-D control group, ==CES-D general female population,

ABDI, = = BDI general female population,

m HADS-D, = === HADS-D general female population,

XK HADS-A, = « = HADS-A general female population,

+ STAI, © STAI control group, = = STAI general female population.

The size of the marker is dependent on sample size: ® n=100-650 women, @ n=650-1300 women, @ n=1300+
women; 4 n=100-650 women, A n=650-1300 women, A  n=1300+ women; ® n=100-650 women, M n=650-
1300 women, I n=1300+ women; x n=100-650 women, >X n=650-1300 women, K n=1300+ women, ¢ n=100-
650 women, 4 n=650-1300 women, 9 n=1300+ women.
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Proportions of women with symptoms of depression

The percentage of women with increased scores for symptoms of depression is shown
in Fig. 3(1). There was no change over time since diagnosis for the proportion of women
with symptoms or severe symptoms of depression in any questionnaire. Compared to
results from the general female population, the results to the general female population,
the percentage of women with symptoms of depression was higher for all studies using
the CES-D and BDI scale [23-25]; however, for the HADS-D scale they were equal to the
general female population [26-29]. For women treated for breast cancer compared to the
general female population, the percentage of women with severe symptoms of depression
was higher in four studies and equal in four studies [23,25,27,29-33].

Symptoms of anxiety

Prevalence

For the five studies measuring the percentage of patients with symptoms of anxiety, the
prevalence ranged from 17.9% to 33.3%, with an overall percentage of 27.2% [26-29]. The
prevalence of severe symptoms of anxiety, the range was 9.4% to 19.2%, with an overall
percentage of 12.6% [24,27,29].

Mean scores on the anxiety scales

There was no visual trend in a comparison of the mean score on the anxiety scales with the
time since diagnosis, as can been seen in Fig. 2 (right). In four studies of the mean scores
of the general female, population the scores were equal to women more than one year
after diagnosis [21,29,34,35]. One, fair quality, study found lower scores for breast cancer
survivors in comparison to the general female population [22]. Two studies compared the
mean scores to a control group, both using the STAI score [21,22]. Klein et al. found, for
their control group, a mean score on the anxiety scale lower than in the general female
population [21].

Proportions of women with symptoms of anxiety

The percentage of women with symptoms of anxiety is shown in Fig. 3(2). There was no
change for the percentage of women with symptoms of anxiety or for the percentage of
women with severe symptoms of anxiety. Compared to the general female population,
the proportion of breast cancer survivors with symptoms of anxiety, as measured by the
HADS-A, was either the same in the study group as in the general female population, or
even lower.
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Figure 3.1. The percentage of women in the different studies with symptoms of
depression (left) or severe symptoms of depression (right) found by the included studies
versus the mean time since diagnosis, a control group if available, and a general female

population.

Legend?: e CES-D, o CES-D control group, ==CES-D general female population,

ABDI, = = BDI general female population, m HADS-D, == == HADS-D general female population.
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women; a n=100-650 women, A n=650-1300 women, A n=1300+ women; m n=100-650 women, M n=650-1300
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women, Il n=1300+ women.

2 Center for Epidemiological Studies Depression Scale (CES-D), Beck Depression Inventory (BDI), Hospital Anxiety
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Figure 3.2. The percentage of women in the different studies with symptoms of anxiety
(left) or severe symptoms of anxiety (right) found by the included studies versus the
mean time since diagnosis, a control group if available, and a general female population.

Legend a: X HADS-A, = = = HADS-A general female population, STAI, STAI control group, = = STAI general
female population (not available). The size of the marker is dependent on sample size: x n=100-650 women,
K n=650-1300 women, X n=1300+ women ¢ n=100-650 women, 4 n=650-1300 women, 0 n=1300+ women.
aHospital Anxiety and Depression Scale - Anxiety (HADS-A), State-Trait Anxiety Inventory (STAI).

41



Chapter 2

DISCUSSION

Summary

Among the included studies, there was a wide range in prevalence of both long-term
symptoms of depression and anxiety in breast cancer survivors. The combined outcomes
measured with the CES-D suggest an increase in symptoms of depression one year after
diagnosis, which diminishes over time. Furthermore, higher percentages of women with
symptoms of depression were found for breast cancer survivors when measuring with
the CES-D or BDI scale, while with the HADS-D scale, the outcomes were equal to those
in the general female population. Breast cancer survivors did not appear to have more
symptoms of anxiety.

Results in relation to other results

Our findings regarding the large variation in the estimates for the prevalence of depression
are supported by a recent systematic review by Zainal et al., who also found a great
variance in reported prevalence of depression in breast cancer patients [9]. However,
their range of 1-56% prevalence of depression was wider than we found (3.0-41.7%). In
Zainal's review, the three studies with the highest prevalence also included patients in
their first year after diagnosis [36-38]. It is known that the prevalence of depression is
high during the first year after breast cancer diagnosis [39]. Though their results also
suggested a higher risk for depression for patients with a history of breast cancer, they
did not distinguish between severity level (symptoms or diagnosis of depression). They
also included other measurement methods (clinical interviews); which made a detailed
comparison difficult.

Notably, all studies which used the CES-D combined presented a decreasing trend of
symptoms of depression with breast cancer survivors. All these studies, as well as the study
concerning the reference data from the general female population, were from the United
States, which makes the data in principle comparable. This decreasing trend of symptoms
of depression over the first eight years is similar to results reported by Deshields et al. and
Hsiao et al. about the first two years after diagnosis [40,41]. A previous study described
a similar positive effect of a longer time since diagnosis on psychological wellbeing [42].
Similarly Helgeson et al. examined the adjustment-process for breast cancer survivors,
over the first four years, and also found improvement over time [43].

A possible explanation for the difference in outcomes between the different depression
scales is provided by Cusin et al. [44]. They indicate that only the HADS is suitable for
measuring depression in patients known with a medical iliness; other measures might
overestimate the symptoms of depression since they do not exclude somatic questions

42



Symptoms of depression and anxiety after breast cancer

[44]. However, there is no consensus on this topic; Hann et al. evaluated the CES-D in a
breast cancer population and concluded that the CES-D is a valid and reliable measure for
symptoms of depression in breast cancer survivors [45]. In a similar vein, Osborne et al.
investigated the value of the HADS in breast cancer survivors, and could only find minor
psychometric problems [46].

The results suggested that there was no increased prevalence of symptoms of anxiety
for breast cancer survivors in comparison to the general female population. One of these
studies did find a significant increase in the mean score on the STAI in comparison to
their control group [21]. However, the control group was healthier than the general female
population, which might be explained by the significantly lower age in the control group.

Limitations and strengths

The results showed a wide variation, even though the included studies represented a
homogenous patient population, with large sized studies. A strength and a limitation to
our study was the variance in the outcome measures for depression as well as for anxiety.
By including different questionnaires, even though all validated, we might have compared
different definitions of symptoms of depression or anxiety. This was also illustrated by
the different values of the general female populations. Also, some studies presented their
results with mean scores, where others presented proportions. Especially mean scores of
different instruments are difficult to compare between different studies.

Conclusion and clinical perspective

The results of our review suggest that women with early staged breast cancer have a
higher risk on long-term symptoms of depression than the general female population,
persistent over more than 5 years after diagnosis. This increased risk seems to normalize
over time. In this review we found no increased prevalence of symptoms of anxiety for
breast cancer survivors. Considering the results of this review, the general practitioner
in the aforementioned case, should consider that Ms. A. may have an increased risk of
symptoms of depression. Since the impact of breast cancer can still be effective, many
years after diagnosis, we recommend health care providers to discuss this possible relation
with their patients and offer additional guidance and support.
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APPENDIX 1

Search Pubmed 10-01-2015:

Search (“Breast Neoplasms"[Mesh] OR breast cancer*[tw] OR breast neoplasm*[tw]) AND
("Depression”[Mesh] OR “Depressive Disorder”[Mesh] OR “Anxiety”"[Mesh] OR “Anxiety
Disorders”[Mesh] OR “Mental Disorders"[Mesh] OR depress*[tw] OR dysthym*[tw]
OR anxiety*[tw] OR distress*[tw] OR Mental Disorder*[tw]) AND (“Survivors"[Mesh]
OR surviv*[tw] OR long term*[tw] OR longterm*[tw]) AND (“Prevalence”[Mesh] OR
"epidemiology"[Subheading] OR “Epidemiologic Studies"[Mesh] OR “Observational
Study"[Publication Type] OR prevalen*[tw] OR epidemiolog*[tw] OR cohort*[tw] OR cross
sectional[tw] OR case control[tw]) Filters: Full text; English
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ABSTRACT

Background: Chemotherapy and radiotherapy for breast cancer may lead to cardiac
dysfunction, but the prevalence of long-term echocardiographic evidence of cardiac
dysfunction is unknown among survivors.

Methods: In a cross-sectional study in primary care, we included 350 women who
survived breast cancer for at least 5 years after diagnosis (treated with chemotherapy
and/or radiotherapy) and 350 matched women (age and primary care physician). The
primary outcome was cardiac dysfunction, defined as a left ventricular ejection fraction
(LVEF) < 54% and an age-corrected decreased left ventricular (LV) diastolic function.
Secondary outcomes included serum N-terminal pro B-type natriuretic peptide (NT-
proBNP) levels, newly diagnosed cardiovascular diseases and cardiovascular medication.

Results: The median age at diagnosis was 63 (interquartile range (IQR) 57-68) years
for the breast cancer survivors. Median follow-up after diagnosis was 10 (IQR 7-14)
years. LVEF < 54% was present in 52 (15.3%) survivors and 24 (7%) controls (OR 2.4,
95%CI 1.4-4.0), but there was no significant increased prevalence of either LVEF < 50%
or LV diastolic dysfunction. Serum NT-proBNP levels were increased, cardiovascular
disease was more frequently diagnosed and cardiovascular medication use was more
frequent among survivors compared with controls. These associations remained after
adjustment for relevant covariates at diagnosis and follow-up.

Conclusions: In the long term, breast cancer survivors are at increased risk of mild LV
systolic dysfunction, increased NT-proBNP levels, and cardiovascular disease compared
with matched controls, even after adjustment for cardiovascular risk factors. Previous
breast cancer treatment with chemotherapy, radiotherapy or both should be considered
when assessing a patient’s cardiovascular risk profile.
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INTRODUCTION

Breast cancer is the most common cancer among women, with approximately 0.5 million
women affected annually in Europe [1,2]. Courtesy of screening programs and advances in
cancer treatment, the 5-year overall survival rates have increased to 82% [3]. Although
adjuvant therapies like anthracycline-based chemotherapy, trastuzumab, and radiotherapy
are very effective, they may cause cardiac dysfunction decades after treatment [4].
This late cardiac dysfunction can remain subclinical because of its gradual onset and
presentation with vague symptoms.

Since the prevalence of subclinical cardiac dysfunction is unknown among long-term
survivors of breast cancer, and no interventions have been established to manage it,
there are no specific follow-up recommendations. Timely diagnosis of cardiac dysfunction
is important because early treatment of associated risk factors may prevent further
deterioration and improve prognosis [5].

Previous long-term studies among adult female breast cancer survivors have focused on
the frequency of only diagnosed cardiac dysfunction, which may have underestimated
the prevalence of cardiac dysfunction [4,6-10]. By contrast, studies in selected hospital
populations may have overestimated the prevalence of cardiac dysfunction in these
women [11-14]. This is exacerbated by the lack of controlled long-term studies assessing
the incidence of undiagnosed cardiac dysfunction in adult female breast cancer survivors
with echocardiographic data in non-hospital settings [15].

Therefore, we assessed the prevalence of long-term echocardiographic-based cardiac
dysfunction among breast cancer survivors treated with chemotherapy (with or without
radiotherapy) or radiotherapy only, and compared that with the prevalence of cardiac
dysfunction among matched controls in a primary care setting.

METHODS

Study design

We performed a cross-sectional, population-based study to assess the frequency of cardiac
dysfunctionin a primary care setting. All inhabitants of the Netherlands are enlisted in an
electronic record of a primary care physician (PCP), who registers everything according
to International Classification of Primary Care (ICPC) [16] and Anatomical Therapeutic
Chemical (ATC) classification codes [171].

51




Chapter 3

Relevant data were retrieved from patients' medical records at primary care practices
and were entered into a separate, anonymous, password-protected database. In
practices contributing to data registries, we were able to retrieve information from
non-respondents. The medical ethics committee of the University Medical Center
Groningen (UMCG) approved this study, and all participants gave written informed
consent. The study was also registered at clinicaltrials.gov [ID:NCT01904331].

Participants

Women were considered breast cancer survivors if they were diagnosed with breast
cancer stage I-lll, had been free of disease for at least 5 years, and were included
from the electronic patient records of 80 PCPs in the north of the Netherlands. When
women had been diagnosed with a local/locoregional recurrence of breast cancer,
they were included if they had been free of disease for at least 5 years. The inclusion
criteria were treatment for breast cancer with chemotherapy, radiotherapy or both.
The exclusion criteria were metastatic disease at time of breast cancer diagnosis,
breast cancer treatment after 80 years of age, and treatment for other types of
cancer. For each included survivor, a randomly selected control was invited from the
same PCP, from the same age (+1 year), but without a history of cancer or cancer
treatment (chemotherapy or radiotherapy). We excluded women with severe mental
or physical illness from both groups when they were not able to come to the university
hospital according to their PCP. Compliance with the inclusion and exclusion criteria
was checked using the electronic patient records and checked with the PCP.

Assessments and procedures

For all women, we collected data based on the ICPC codes for cardiovascular (CV) risk
factors and cardiovascular disease (CVD), and used the ATC prescription codes for CV
medications (Box A.1). Hospital charts from breast cancer survivors were reviewed for
detailed information on breast cancer treatment, including administered chemotherapy
regimens, cumulative dosages, antihormone treatments, and radiotherapy site. In
general, radiotherapy in the Netherlands consisted of Linac-based photon tangential
fields up to a dose of 50 Gy with or without a boost [18].

We performed the following procedures at a cross-sectional follow-up assessment.
Echocardiography was performed by experienced UMCG staff, using a VIVID E9
ultrasound machine (GE, Horten, Norway) according to the guidelines of the European
Association of Echocardiography [19,20]. A prespecified imaging protocol was used
and images were digitally stored. We also performed electrocardiography (ECG) and
obtained plasma in lithium-heparin stored at -80 °C for batch analysis of N-terminal
pro B-type natriuretic peptide (NT-proBNP). Finally, we assessed body mass index
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(BMI) by measuring weight and length, smoking status (self-reported), and responses
to the Short Questionnaire to Assess Health-Enhancing Physical Activity (SQUASH)
for all participants [21].

Study end-points

The primary outcomes were left ventricular (LV) systolic and diastolic dysfunction.
LV systolic cardiac dysfunction was defined as a LV ejection fraction (LVEF) <54%
according to the European Association for Cardio Vascular Imaging/American Society
of Echocardiography (EACVI/ASE), measured by the biplane method of disks summation
(modified Simpson's rule) [191. If image quality was too low to detect the endocardial
border reliably, an estimation of the LVEF was given. LV diastolic cardiac dysfunction
was defined as e’ lateral or e’ septal at 2.5% below the normal range for each age group,
according to the EACVI/ASE recommendations. When impaired relaxation was present with
anincreased left atrial volume index (LAVI; defined as 34 mI/m2), LV diastolic dysfunction
was considered severe [20].

The main secondary outcomes were: clinically used LVEF cut-off points <45% and <50%,
right ventricular systolic dysfunction, valve dysfunction (at least grade Il/ lll insufficiency
of any valve), any ECG abnormality and increased NT-proBNP (»125 pg/ml) [22]. Right
ventricular (RV) systolic function was measured through the tricuspid annular plane
systolic excursion (<17 mm) and tricuspid lateral annular systolic velocity wave (<9.5 cm/s)
by Doppler imaging [19]. Other secondary outcomes were newly diagnosed CVD and CV
medication.

Power analysis

In the primary comparison, breast cancer survivors were compared with controls. Based
on an event rate of 25% for cardiac dysfunction [23-25], a 5% type | error rate, a 20%
type Il error rate, and an anticipated difference of 6.25% (odds ratio [OR] 2.25) between
survivors and controls in the proportion of cases with cardiac dysfunction, we calculated
a sample size of 350 participants per group.

Statistics

Baseline characteristics were described at the date of diagnosis or at the corresponding
index date for the matched controls. Age and follow-up period were reported as medians
and IQR. Information on diagnosis and treatment was presented for survivors.

Besides comparing all survivors with all controls on all outcomes, we also specifically
compared the chemotherapy with or without radiotherapy group with the chemotherapy

control group and the radiotherapy only group with the radiotherapy control group. Logistic
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regression analysis was used to compare the prevalence of long-term cardiac dysfunction
and secondary outcomes between survivors and controls by estimating ORs and their
95% confidence intervals (95%Cls). To evaluate whether the association between breast
cancer treatment and the prevalence of long-term cardiac dysfunction was confounded
by risk factors, multivariable logistic regression was performed to give an adjusted OR
for LV dysfunction, increased NT-proBNP and the occurrence of CVD after breast cancer
diagnosis. We adjusted for baseline characteristics (model 1) and for characteristics at
the time of echocardiography (model 2). The effect of higher-dose anthracycline therapy
(e.g. doxorubicin dose > 240 mg/m2 or epirubicin dose > 450 mg/m2) compared with low-
dose therapy, and the effect of leftsided radiotherapy compared with right-sided therapy,
were also analysed. Finally, we compared the ages and CVD diagnoses of participants and
non-participants from PCPs that contributed to data registries. To evaluate the impact
of potential selection bias on the prevalence of diagnosed CVD, a sensitivity analysis was
performed including all eligible women who were invited. All analyses were performed
with IBM SPSS, Version 23.

RESULTS

Among 741 breast cancer survivors considered eligible by 80 participating PCPs, 668
were approached for inclusion (Fig. 1). There were 22 women with a local/ locoregional
recurrence in our sample. The median year of diagnosis was 2004 (IQR 2000-2007).
Compared with non-participants from 58 PCPs, participating survivors tended to be 4
years younger (p < 0.01), and controls tended to be 2 years younger (p < 0.01).

Participating survivors showed no differences with regards to the prevalence of diagnosed
CVD, but fewer participating controls had CVD (OR 0.5 [95%CI 0.3-0.81]), probably based
onischaemic CVD (OR 0.3 [95%Cl 0.3-0.6]). In the sensitivity analysis including all eligible
women, we observed no difference in diagnosed CVD, except for atrial fibrillation, which
was more frequent in survivors.

Baseline data

At diagnosis, women in the ‘chemotherapy with or without radiotherapy’ group had a
median age of 49 compared with 54 years in the ‘radiotherapy only’ group (Table 1). In the
‘chemotherapy with or without radiotherapy’ group, 81.1% were treated with anthracyclines
(doxorubicin [n = 53] or epirubicin [n = 89]), and 68.6% received additional radiotherapy.
The median cumulative anthracycline dose (doxorubicin isotoxic dose) was 238 mg/m2,
and no patient received a real high-dose doxorubicin (>400 mg/m2) or epirubicin (>900
mg/m2) [26]. Of the survivors, 97% was irradiated after 1990. At diagnosis, the rates of
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dyslipidaemia, hypertension, diabetes, diagnosed CVD and use of CV medication were not
statistically different between the ‘chemotherapy with or without radiotherapy’ group, the
‘radiotherapy only’ group, and their respective controls (Table 1).

Findings at the cross-sectional assessment

The median follow-up after breast cancer diagnosis was 10 years (Table 2), at which point
the breast cancer survivors did not differ significantly from their controls in terms of CV
risk factors.

Compared with controls, survivors had a significantly increased risk of an LVEF < 54% (OR
2.4[95%Cl1.4-4.0]), and there was a similar but non-significant trend for the risk of an LVEF
<50% (OR 1.7 [95%Cl 0.7-4.0]); however, few women had an LVEF <45% (n = 4; Table 2). In
addition, prevalence rates for LV diastolic dysfunction were also higher among survivors
than among controls, but the same was not statistically significant (OR 1.2 [95%CI 0.9-1.6];
Table 2). Few women had severe diastolic dysfunction (17 survivors versus 12 controls).

Compared with controls, prevalence rates were higher among survivors for increased NT-
proBNP levels (OR 1.5 [95%CI 1.1-2.1]), newly diagnosed CVD (OR 2.0 [95%CI 1.2-3.3]), and
prescribed CV medication (OR 1.4 [95%CI 1.0-2.0]). Concerning CVD diagnoses, there was
an increased likelihood of ischaemic CVD, with angiotensin-converting-enzyme inhibitors,
anti-platelet agents, and beta-blockers being prescribed more frequently. However, there
were no significant differences between survivors and controls on other outcomes.

There was a significantly increased risk of LV systolic dysfunction (LVEF < 54%) in the
chemotherapy with or without radiotherapy group compared with their controls (OR 2.5
[95%CI1.2-5.4]; Table 3). This treatment group also had a more than two-fold increased risk of
being diagnosed with CVD (OR 2.3 [95%CI1.0-4.9]), which was mainly attributable to ischemic
CVD. Angiotensin-converting enzyme inhibitors and anti-platelet agents were prescribed
significantly more often among survivors than controls (Table 3). Concerning anthracycline
treatment, we found the same increased risk for LV systolic dysfunction as in the other groups.
No differences were found between higher versus lower-dose anthracycline-treated patients.

‘Radiotherapy only' mode of treatment was also associated with an increased risk of LV
systolic dysfunction (LVEF < 54%; OR 2.3 [95%CI 1.1-4.6]) and raised NT-proBNP level
(OR 1.6 [95%CI 1.0-2.41); however, there was no significant increased risk of CVD in the
radiotherapy group (Table 3). We found no significant differences in LV function between
left-sided and right-sided radiotherapy, either before or after excluding those who received
chemotherapy. However, in patients treated with left-sided therapy NT-proBNP level was
raised (OR1.6 [95%CI 1.0-2.6]).
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Table 1: Baseline characteristics at time of breast cancer diagnosis of survivors treated
with chemotherapy + radiotherapy, with radiotherapy only, and matched controls.?

Chemotherapy + Controls Radio- Controls
radiotherapy Chemotherapy therapy radiotherapy
+ radiotherapy

(N =175) (N =175) (N =175) (N =175)
Age at breast cancer 49 (42-54) 49 (42-55) 54 (49-59) 53 (48-58)
diagnosis or index age for
matched control; years,
median (IQR)
N (%) N (%) N (%) N (%)

Breast cancer treatment as registered in hospital and PCP files
Chemotherapy - - -

Anthracycline-based 142 (81.) - - -

Cumulative anthracycline - - -
dose; mg/m? median (IQR) © 238 (228-240)

Trastuzumab 13 (7.4) - - -
Anti-hormonal treatment 109 (62.3) - 37 (21.0) -
Radiotherapy 120 (68.6) - 175 (100) -
Side: bilateral or left 84 (48.0) - 89 (51.5) -
Risk factors for CVD 20 (11.4) 18(10.3) 25 (14.3) 32 (18.3)
Dyslipidemia 7 (4.0) 8 (4.6) 5(29) 1(6.3)
Hypertension 17 (9.7) 13 (7.4) 19 (10.9) 27 (15.4)
Diabetes mellitus 2.0 211 8 (4.6) 3Q0.7)
Diagnosed CVD 5(2.9) 2010 307 5(2.9)
Heart failure 0(0) 0(0) 00 00
Ischemic heart disease © 3Q0.7) 1(0.6) 2010 0 (0)
Atrial fibrillation 0(0) 0 (0) 1(0.6) 21
Other heart diseases ¢ 2 (11 1(0.6) 1(0.6) 3(.7)
Cardiovascular medication 14 (8.0) 10 (5.7) 15 (8.6) 10 (5.7)
ACE-inhibitor 5(2.9) 271 8 (4.6) 5(2.9)
Antiplatelet agents 3(.7) 0 (0) 4(2.3) 0 (0)
Beta-blockers 5(2.9) 377 4(2.3) 3017
Diuretics 63.4) 4(2.3) 63.4) 20
Statins 3017 307 5(2.9) 1(0.6)

@ There were no statistical significant differences between groups, tested with Chi-square test;

> Doxorubicin isotoxic dose, information available for 108 patients (76%);

¢ Stable and unstable angina pectoris, coronary sclerosis, acute myocardial infarction, transient ischemic attack,
cerebrovascular accident;

4 Paroxysmal tachycardia (supraventricular and ventricular), non-rheumatic valve dysfunction, Wolff-Parkinson-
White syndrome, atrioventricular block, cardiomyopathy, long QT-syndrome.

57



Chapter 3

Table 2: Comparison of outcomes at long-term follow-up echocardiography between

all Northern Dutch breast cancer survivors and controls.

Breast cancer Controls
survivors breast cancer
survivors
(N = 350) (N = 350)
Follow-up duration; years, median (IQR) 10 (7-14) 10 (8-14)
Age at cross-sectional assessment; years, 63 (57-68) 63 (57-68)
median (IQR)
N (%) N (%) OR (95%ClI)
Left ventricular dysfunction
Systolic dysfunction®
LVEF <54% 52 (15.3) 24 (1.0) 2.4 (1.4 - 4.0)
LVEF <50% 15 (4.4) 9 (2.6) 17 (0.7 - 4.0)
LVEF < 45% 2(0.6) 2 (0.6) 1.0 (01-72)
Diastolic dysfunction ® 147 (43.4) 133 (39.5) 1.2(09-1.6)
Diastolic dysfunction with LAVI = 34 mL/m?¢ 17 (5.5) 12 (3.9) 1.4 (0.7 - 3.0)
Right ventricular dysfunction
Systolic dysfunction
Decreased TAPSE 4(1.2) 6(1.8) 0.7(0.2-2.4)
Decreased S’ 7(2.3) 9(2.8) 0.8(0.3-2.2)
Valve dysfunction 3(0.9) 501.4) 0.6 (0.4-2.5)
Any abnormality on ECG 83 (241 68 (19.7) 1.3(09-19)
Increased NT-proBNP (= 125 pg/mL) ® 125 (36) 95 (27.1) 1.5(11-2.1)

of echocardiography as registered in PCP files

Risk factors for CVD, newly diagnosed CVD, and use of cardiovascular medication at time

Risk factors for CVD - any 139 (39.7) 135 (38.6) 1.0 (0.8 -1.4)
Dyslipidemia 54 (15.4) 58 (16.6) 0.9 (0.6-13)
Hypertension 108 (30.9) 106 (30.3) 1.0 (0.7 -1.4)
Diabetes mellitus 29 (8.3) 16 (4.6) 1.9 (0.99 - 3.5)

Diagnosed CVD 49 (14.0) 26 (7.4) 2.0 (1.2 - 3.3)
Heart failure 1(0.3) 3(09) 0.3(0.03-3.2)
Ischemic cardiovascular diseases * 26 (7.4) 13 (3.7) 21(1.1-4.)
Atrial fibrillation 1(3.0) 4(10) 2.8(0.9-8.9)
Other cardiac diseases ¢ 20 (5.7) 9 (2.6) 2.3 (1.0 - 5.1)
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Table 2: Continued.

Breast cancer Controls
survivors breast cancer

survivors

(N = 350) (N = 350)

Cardiovascular medication 132 (37.7) 104 (29.7) 1.4 (1.0 - 2.0)
ACE-inhibitor 65 (18.6) 42 (12.0) 1.7 (1.1- 2.5)
Antiplatelet agents 29 (8.3) 12 3.4) 2.5(1.3-5.1)
Beta-blockers 54 (15.4) 34 (9.7) 1.7 11-2.7)
Diuretics 33(9.4) 39 (M) 0.8 (0.5-1.4)
Statins 54 (15.4) 40 (1.4) 14 (09-2.2)

Outcomes printed in bold are significant.

2 Measured by Simpson'’s biplane (61.8%) or BiPQ/estimate (38.2%), not available for women with atrial fibrillation
during measurement (N = 6) and women with immeasurable LVEF (N = 14).

®Decreased €' lat or e’ sept, not available for women with atrial fibrillation during measurement (N = 6), valve
replacement (N = 4) and women with immeasurable e’ lat and e’ sept (N = 14).

¢Not available for women with atrial fibrillation during measurement (N = 6), valve replacement (N = 4), and
women with immeasurable e’ lat and e’ sept (N =14).

@ Minimal II/11l valve dysfunction from one of the 4 cardiac valves.

¢ Not available for 3 women.

fStable and unstable angina pectoris, coronary sclerosis, acute myocardial infarction, transient ischaemic: attack,
cerebrovascular accident.

9 Paroxysmal tachycardia (supraventricular and ventricular), non-rheumatic valve dysfunction, Wolff-Parkinson-
White syndrome, atrioventricular block, cardiomyopathy, long QT-syndrome.

Multivariable analysis

Adjustment for CV risk factors at breast cancer diagnosis (Model 1) and at cross-sectional
assessment (Model 2), did not substantially affect the ORs for the occurrence of LV systolic
dysfunction (LVEF < 54%), increased NT-proBNP (cut-off = 125 pg/ml), or newly diagnosed
CVD among survivors (Table 4).

59



Chapter 3

Table 3: Comparison of outcomes at long-term follow-up echocardiography by treatment

subgroup.
Chemotherapy * Controls
radiotherapy chemotherapy
(N =175) (N =175)
Follow-up duration; years, median (IQR) 10 (7-13) 10 (8-14)
Age at cross-sectional assessment; years, 60 (53-66) 60 (53-66)
median (IQR)
N (%) N (%)
Left ventricular dysfunction
Systolic dysfunction @
LVEF <54% 25 (14.8) 1(6.4)
LVEF <50% 7(40) 5(2.9)
LVEF < 45% 1(0.6) 0(0)
Diastolic dysfunction ® 79 (46.7) 65 (38.7)
Diastolic dysfunction with LAVI = 34 mL/m?¢ 10 (6.6) 6 (4.0)
Right ventricular dysfunction
Systolic dysfunction
Decreased TAPSE 2(1.2) 3(1.8)
Decreased S’ 4 (2.5) 6 (3.6)
Valve dysfunction ¢ 1(0.6) 3(.7)
Any abnormality on ECG 39 (22.7) 36 (20.8)
Increased NT-proBNP (= 125 pg/mL) ® 56 (32.7) 44 (25.1)

Newly diagnosed CVD and use of cardiovascular medication at time of echocardiography as
registered in PCP files

Diagnosed CVD 21(12.0) 10 (5.7)
Heart failure 1(0.6) 1(0.6)
Ischemic cardiovascular diseases ' 12 (6.9) 7 (4.0)
Atrial fibrillation 4(2.3) 1(0.6)
Other cardiac diseases 9 7(4.0) 3Q0.7)

Cardiovascular medication 57 (32.6) 44 (25.1)
ACE-inhibitor 39 (22.3) 21(12.0)
Antiplatelet agents 16 (9.1) 6 (3.4)
Beta-blockers 26 (14.9) 17 (9.7)
Diuretics 19 (10.9) 16 (9.1)
Statins 26 (14.9) 16 (9.1)

Outcomes printed in bold are significant.

2 Measured by Simpson's biplane (61.8%) or BiPQ/estimate (38.2%), not available for women with atrial fibrillation
during measurement (N = 6) and women with immeasurable LVEF (N =14).

b Decreased e' lat or e’ sept, not available for women with atrial fibrillation during measurement (N = 6), valve
replacement (N Z 4), and women with immeasurable e’ lat and e’ sept (N =14).

¢ Not available for women with atrial fibrillation during measurement (N = 6), valve replacement (N = 4) and
women with immeasurable e’ lat and e’ sept (N =14).
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Radiotherapy Controls
radiotherapy
(N =175) (N =175)
10 (8-15) 10 (7-15)
65 (61-70) 66 (61-70)
OR (95%CI) N (%) N (%) OR (95%Cl)
2.5 (1.2 - 5.4) 27 (15.9) 13 (7.7) 2.3 (1.1- 4.6)
1.4 (0.4 - 4.6) 8 (4.7) 4(2.4) 21(0.6-6.9)
1(0.6) 201.2) -
1.4 (09-21) 68 (40.0) 68 (40.2) 1.0 (0.6-1.5)
17 (0.6 - 47) 7 (4.4) 6(3.8) 1.2 (0.4 - 3.5)
0.7 (0.1-40) 2(.2) 3(0.8) 0.7 (01-41)
07 (0.2-2.5) 3019 3019 1.0 (0.2 - 5.0)
0.3(0.03-3.2) 2 (1) 2 (11 1.0 (01-7.2)
11(07 -19) 48 (279) 41(23.8) 1.2 (0.8 - 2.0)
1.5(09-2.3) 68 (39.1) 51(29.0) 1.6 (1.0 - 2.4)
2.3 (1.0 - 4.9) 28 (16.0) 16 (9.1) 1.9 (0.98 - 3.6)
1.0 (0.06 - 16) 0(0) 2 (10
1.8 (0.7 - 4.6) 14 (8.0) 6(3.4) 2.4 (09-6.5)
41(0.5-36.8) 7 (4.0) 30.7) 2.4(0.6-9.4)
2.4 (0.6-9.4) 13 (7.4) 6(3.4) 2.3(0.8-6.1)
1.4 (09-2.3) 75 (42.9) 60 (34.3) 1.4 (09-2.2)
2.1(1.2 - 3.8) 40 (22.9) 29 (16.6) 1.5(0.9-2.5)
2.8 (1.1-74) 13 (7.4) 6(3.4) 2.3(0.8-61)
1.6 (0.8 - 3.1) 37 (210) 24 (13.7) 1.7 (0.96 - 3.0)
1.2 (0.6 -2.4) 26 (14.9) 29 (16.6) 09 (0.5-1.6)
1.7 (0.9 -3.4) 35 (20.0) 28 (16.0) 1.3(0.8-2.3)

4 Minimal I1/11l valve dysfunction from one of the 4 cardiac valves.

¢ Not available for 3 women.

fStable and unstable angina pectoris, coronary sclerosis, acute myocardial infarction, transient ischaemic: attack,
cerebrovascular accident.

9 Paroxysmal tachycardia (supraventricular and ventricular), non-rheumatic valve dysfunction, Wolff-Parkinson-
White syndrome, atrioventricular block, cardiomyopathy, long QT-syndrome.
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Table 4: Multivariate models, unadjusted and adjusted for measurements at time of
breast cancer diagnosis (model 1) and at follow-up echocardiography (model 2).

Unadjusted Adjusted model Adjusted model
12 2°

Left ventricular systolic dysfunction
(LVEF < 54%)

All patients
Breast cancer survivors versus controls 2.4 (1.4 - 4.0) 2.5 (1.5-4.1) 2.3 (1.4 - 3.9)

Chemotherapy + radiotherapy
Breast cancer survivors versus controls 2.5(1.2-5.4) 2.5(1.2-5.4) 2.5(1.2-5.3)

Radiotherapy only
Breast cancer survivors versus controls 23(11-4.6) 2.3(1.2-4.8) 2.2(11-4.4)

Increased NT-proBNP (Cut-off = 125 pg/mL)

All patients

Breast cancer survivors versus controls 1.5 (1.1-2.1) 1.5 (1.1-2.) 1.5 (1.1-2.1)

Chemotherapy + radiotherapy
Breast cancer survivors versus controls 1.5(09-2.3) 1.4 (09-2.3) 1.5(09-2.4)

Radiotherapy only
Breast cancer survivors versus controls 1.6 (1.0 - 2.4) 1.6 (1.0 - 2.5) 1.5(0.9-2.3)

Newly diagnosed CVD (after baseline)

All patients
Breast cancer survivors versus controls 2.0 (1.2 - 3.3) 21(1.3 - 3.4) 19 (1.2 - 3.2)

Chemotherapy + radiotherapy
Breast cancer survivors versus controls 2.3 (1.0-4.9) 2.3 (1.0 - 5.0) 2.3(1.0-5.1)

Radiotherapy only

Breast cancer survivors versus controls 1.9 (0.98 - 3.6) 21(11-4.1) 17 (09-3.3)

Outcomes printed in bold are significant.

@ Model 1: Adjusted for measurements at baseline: cardiovascular risk factors (diabetes, hypertension,
dyslipidaemia), prior CVD and any cardiovascular medication at time of breast cancer diagnosis.

5Model 2: Adjusted for measurements at time of echocardiography: cardiovascular risk factors (diabetes,
hypertension, dyslipidaemia) from PCP files, current smoking (yes/no), Body Mass Index (continuous), and
physical fitness: percentage of women adhering to the Dutch guideline (=5 d per week at least moderate exercise
during 30 min; SQUASH).
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DISCUSSION

LV systolic dysfunction

In our study, the risk of mild LV systolic dysfunction (LVEF < 54%) was higher in long-term
survivors of breast cancer (15.3%) compared with age-matched controls (7.0%) (OR 2.4
[95% Cl11.4-4.0]). Notably, this increased risk remained after adjusting for CV risk factors
at both breast cancer diagnosis and follow-up assessment.

Two studies of chemotherapy-treated (with or without radiotherapy) breast cancer
survivors reported lower prevalence compared to our study (14.8%), with rates of 11.5%
and 5% for LV systolic dysfunction (LVEF < 55%) over 6 years [27] and 14 years [13],
respectively. For LVEF <50%, six studies reported prevalence rates varying between 1.4%
and 8% over 5el4 years [11,13,28-31], consistent with the 4.1% found in this study. The
differences between these studies can be explained by differences in the inclusion criteria
(e.g. age) and by missing data for cardiac function.

The prevalence of systolic dysfunction among survivors treated with ‘radiotherapy only’
was 15.9% in this study. No previous research exists, assessing LVEF by echocardiography
among women who received radiotherapy without chemotherapy. When comparing
survivors, who received left-sided radiotherapy with those who received right-sided
radiotherapy, we observed no significant differences. This result was not in line with older
studies, which did observe this left-right difference [32-34]. A potential explanation is
the use of modern radiotherapy, resulting in a lower heart dose, especially in left-sided
breast cancer [4]. Moreover, the older studies had different designs, including patients
with cardiovascular events, and had different cardiac primary end-points. As reported by
Taylor et al. the dose to the heart did not decrease much in general after the 1990s [35].
Of our patients, 97% were irradiated after 1990.

Unfortunately, dose distribution and mean heart dose were not available. In general, in the
Netherlands radiotherapy for breast cancer consisted of conventional photon tangential
fields up to 50 Gy.

LV diastolic dysfunction

We found no significant increased risk for LV diastolic dysfunction, with prevalence being
high among both breast cancer survivors (43.4%) and controls (39.5%). This is similar to
the datain two other studies [36,37]. In this last study, a systematic review, the prevalence
of LV diastolic dysfunction was 36.0% (range 15.8%-52.8%) for women aged 60 years
[37]. We found no increased risk for severe LV diastolic dysfunction in breast cancer
survivors as compared to controls.
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NT-proBNP

NT-proBNP levels were increased more often among breast cancer survivors (36%)
than controls (271%) (OR 1.5 [95%CI 1.1-2.1]). Unfortunately, the use of different assays
precluded comparison of this prevalence with another study of breast cancer survivors
(mean follow-up, 6 years), in which the prevalence of increased NTproBNP was 71% [271]. In
our study, patients treated with left-sided therapy had a raised NT-proBNP level compared
to right-sided treated women. Earlier research showed that higher post-radiotherapy NT-
proBNP levels were present among women who received radiation to a larger heart volume
[38]. In the general population, it has been shown that an increased NT-proBNP level is
predictive of cardiac mortality and heart failure [39].

CVD diagnosis

Survivors had an increased risk of CVD after diagnosis when compared with controls (OR
2.0 [95%Cl11.2-3.3]). Though, this risk persisted after adjusting for risk factors at diagnosis
and follow-up, it was not found when all eligible women were included in the analysis,
except for atrial fibrillation. Subgroup analysis showed that the higher risk applied to
patients treated with chemotherapy with or without radiotherapy. Though in our study
numbers were small and confidence intervals were wide we found that the increased
risk was mainly seen for ischaemic cardiac diseases, whereas other studies of patients
treated with chemotherapy have found an increased incidence of congestive heart failure
[7,8,10,12,401]. But, those studies were notable for using high-dose chemotherapy [40] or
doxorubicin [7,8,10,12].

An increased incidence of ischaemic heart disease is generally expected among patients
treated by radiotherapy only [41]. Although 69% of the chemotherapytreated women in
our study also received radiotherapy, it is important to consider that the risks of CVD after
radiotherapy have declined with modern radiation techniques [4].

Strengths

To our knowledge, this is the first study to compare long-term and echocardiographically
correlate systolic/diastolic dysfunction between breast cancer survivors and controls in
primary care. We used clear inclusion and exclusion criteria and matched the controls
by age and PCP to guarantee a comparable socioeconomic status. This type of matching
was considered superior to using a normal population, because it allowed for an accurate
comparison. For survivors and controls, we obtained echocardiographic images and NT-
proBNP levels by inviting survivors to attend a university medical centre, allowing all
measurements to be performed using strict, standardized protocols. We also achieved a
high participation rate (67% among survivors and 48% among controls).
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Limitations

Some important limitations should be noted. As our study focused on the long-term impact
of chemotherapy and/or radiotherapy in breast cancer treatment on cardiac function, we
included women who survived breast cancer for at least 5 years after diagnosis. Though
these women might be healthier, with less cardiac disease, we consider this as adequate.
However, for this reason, our results might underestimate the absolute risk of cardiac
dysfunction. After selecting cases and controls, PCP excluded some women for several
reasons, and others refused participation. We observed that the non-participants were
significantly older and that in the control group non-participants had more frequent CVD
as compared to participating women. To estimate the impact of this bias by selection, a
sensitivity analysis was performed on the relative prevalence of CVD including all eligible
women. We concluded that we might have overestimated the impact of chemotherapy
and/or radiotherapy on the long-term of the risk of CVD in survivors.

Conclusion

Among long-term survivors of breast cancer, there is an increased risk of mild LV systolic
dysfunction and NT-proBNP elevations when compared with matched controls. They may
also have an increased risk of newly diagnosed CVD. These increased risks appear to
be independent of risk factors at breast cancer diagnosis and follow-up. However, the
increased risks will not have clinical implications. In spite of this, it is important to enquire
about previous chemotherapy or radiotherapy for breast cancer when assessing the CV
risk profile of a patient.

65




Chapter 3

REFERENCES

66

Arnold M, Karim-Kos HE, Coebergh JW, Byrnes G, Antilla A, Ferlay J, et al. Recent trends in
incidence of five common cancers in 26 european countries since 1988: analysis of the European
cancer observatory. Eur J Cancer 2015 Jun;51(9):1164-87.

Ferlay J, Steliarova-Foucher E, Lortet-Tieulent J, Rosso S, Coebergh JW, Comber H, et al. Cancer
incidence and mortality patterns in Europe: estimates for 40 countries in 2012. Eur J Cancer
2013 Apr;49(6):1374-403.

Sant M, Chirlaque Lopez MD, Agresti R, Sanchez Perez MJ, Holleczek B, Bielska-Lasota M, et al.
Survival of women with cancers of breast and genital organs in Europe 1999-2007: results of
the EUROCARE-5 study. Eur J Cancer 2015 Sep 6;51(15): 2191-205.

Darby SC, McGale P, Taylor CW, Peto R. Long-term mortality from heart disease and lung cancer
after radiotherapy for early breast cancer: prospective cohort study of about 300,000 women
in US SEER cancer registries. Lancet Oncol 2005 Aug;6(8): 557-65.

Rubin G, Berendsen A, Crawford SM, Dommett R, Earle C, Emery J, et al. The expanding role of
primary care in cancer control. Lancet Oncol 2015 Sep;16(12):1231-72.

Harris EE. Cardiac mortality and morbidity after breast cancer treatment. Cancer Control 2008
Apr;15(2):120-9.

Du XL, Xia R, Liu CC, Cormier JN, Xing Y, Hardy D, et al. Cardiac toxicity associated with
anthracycline-containing chemotherapy in older women with breast cancer. Cancer 2009 Nov
15;115(22):5296-308.

Pinder MC, Duan Z, Goodwin JS, Hortobagyi GN, Giordano SH. Congestive heart failure in older
women treated with adjuvant anthracycline chemotherapy for breast cancer. J Clin Oncol 2007
Sep 1;25(25):3808-15.

Hooning MJ, Botma A, Aleman BM, Baaijens MH, Bartelink H, Klijn JG, et al. Long-term risk
of cardiovascular disease in 10- year survivors of breast cancer. J Natl Cancer Inst 2007 Mar
7,99(5):365-75.

Doyle JJ, Neugut Al, Jacobson JS, Grann VR, Hershman DL. Chemotherapy and cardiotoxicity
in older breast cancer patients: a population-based study. J Clin Oncol 2005 Dec 1;23(34): 8597-
605.

Bonneterre J, Roche H, Kerbrat P, Fumoleau P, Goudier MJ, Fargeot P, et al. Long-term
cardiac follow-up in relapse-free patients after six courses of fluorouracil, epirubicin, and
cyclophosphamide, with either 50 or 100 mg of epirubicin, as adjuvant therapy for node-positive
breast cancer: French adjuvant study group. J Clin Oncol 2004 Aug 1;22(15):3070-9.

Swain SM, Whaley FS, Ewer MS. Congestive heart failure in patients treated with doxorubicin: a
retrospective analysis of three trials. Cancer 2003 Jun 1;97(11):2869-79.

Zambetti M, Moliterni A, Materazzo C, Stefanelli M, Cipriani S, Valagussa P, et al. Long-term
cardiac sequelae in operable breast cancer patients given adjuvant chemotherapy with or
without doxorubicin and breast irradiation. J Clin Oncol 2001 Jan 1;,19(1): 37-43.

Ho E, Brown A, Barrett P, Morgan RB, King G, Kennedy MJ, et al. Subclinical anthracycline- and
trastuzumab-induced cardiotoxicity in the long-term follow-up of asymptomatic breast cancer
survivors: a speckle tracking echocardiographic study. Heart 2010 May;96(9):701-7.

Hamo CE, Bloom MW, Cardinale D, Ky B, Nohria A, Baer L, et al. Cancer therapy-related cardiac
dysfunction and heart failure: Part 2: prevention, treatment, guidelines, and future directions.
Circ Heart Fail 2016 Feb;9(2): 002843.



16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Cardiac function after breast cancer treatment

Lamberts HWM. ICPC: International classification of primary care. Oxford: Oxford University
Press; 1987.

WHO collaborating center for drug statistics methodology. ATC index with DDS. Oslo, Norway:
World Health Organisation; 1999.

Taylor CW, Nisbet A, McGale P, Goldman U, Darby SC, Hall P, et al. Cardiac doses from Swedish
breast cancer radiotherapy since the 1950s. Radiother Oncol 2009 Jan;90(1):127-35.

Lang RM, Badano LP, Mor-Avi V, Afilalo J, Armstrong A, Ernande L, et al. Recommendations for
cardiac chamber quantification by echocardiography in adults: an update from the American
society of echocardiography and the European association of cardiovascular imaging. J Am Soc
Echocardiogr 2015 Jan;28(1). 1,39.-14.

Nagueh SF, Appleton CP, Gillebert TC, Marino PN, Oh JK, Smiseth OA, et al. Recommendations for
the evaluation of left ventricular diastolic function by echocardiography. J Am Soc Echocardiogr
2009 Feb;22(2):107-33.

Wendel-Vos GC, Schuit AJ, Saris WH, Kromhout D. Reproducibility and relative validity of the
short questionnaire to assess health-enhancing physical activity. J Clin Epidemiol 2003 Dec;
56(12):1163-9.

Ponikowski P, Voors AA, Anker SD, Bueno H, Cleland JG, Coats AJ, et al. 2016 ESC guidelines for
the diagnosis and treatment of acute and chronic heart failure: the task force for the diagnosis
and treatment of acute and chronic heart failure of the European society of cardiology (ESC)
developed with the special contribution of the heart failure association (HFA) of the ESC. Eur J
Heart Fail 2016 Aug;18(8):891-975.

Brouwer CA, Postma A, Vonk JM, Zwart N, van den Berg MP, Bink-Boelkens MT, et al. Systolic
and diastolic dysfunction in long-term adult survivors of childhood cancer. Eur J Cancer 201
Nov;47(16):2453-62.

van der Pal HJ, van Dalen EC, Hauptmann M, Kok WE, Caron HN, van den Bos C, et al. Cardiac
function in 5-year survivors of childhood cancer: a long-term follow-up study. Arch Intern Med
2010 Jul 26;170(14):1247-55.

Takemura G, Fujiwara H. Doxorubicin-induced cardiomyopathy from the cardiotoxic mechanisms
to management. Prog Cardiovasc Dis 2007 Mar-Apr;49(5):330-52.

Zamorano JL, Lancellotti P, Rodriguez Munoz D, Aboyans V, Asteggiano R, Galderisi M, et al.
2016 ESC position paper on cancer treatments and cardiovascular toxicity developed under the
auspices of the ESC committee for practice quidelines: the task force for cancer treatments and
cardiovascular toxicity of the European society of cardiology (ESC). Eur Heart J 2016 Sep 21;
37(36):2768-801.

Caram ME, Guo C, Leja M, Smerage J, Henry NL, Giacherio D, et al. Doxorubicin-induced cardiac
dysfunction in unselected patients with a history of early-stage breast cancer. Breast Cancer
Res Treat 2015 Jul;152(1):163-72.

Abu-Khalaf MM, Juneja V, Chung GG, DiGiovanna MP, Sipples R, McGurk M, et al. Long-term
assessment of cardiac function after dose-dense and -intense sequential doxorubicin (A),
paclitaxel (T), and cyclophosphamide (C) as adjuvant therapy for high risk breast cancer. Breast
Cancer Res Treat 2007 Sep;104(3): 341-9.

Fumoleau P, Roche H, Kerbrat P, Bonneterre J, Romestaing P, Fargeot P, et al. Long-term cardiac
toxicity after adjuvant epirubicin-based chemotherapy in early breast cancer: French adjuvant
study group results. Ann Oncol 2006 Jan;17(1):85-92.

67




Chapter 3

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

68

Ganz PA, Hussey MA, Moinpour CM, Unger JM, Hutchins LF, Dakhil SR, et al. Late cardiac effects
of adjuvant chemotherapy in breast cancer survivors treated on southwest oncology group
protocol s8897. J Clin Oncol 2008 Mar 10;26(8):1223-30.

Murtagh G, Lyons T, O'Connell E, Ballot J, Geraghty L, Fennelly D, et al. Late cardiac effects of
chemotherapy in breast cancer survivors treated with adjuvant doxorubicin: 10-year follow-up.
Breast Cancer Res Treat 2016 Apr;156(3):501-6.

Harris EE, Correa C, Hwang WT, Liao J, Litt HI, Ferrari VA, et al. Late cardiac mortality and
morbidity in early-stage breast cancer patients after breast-conservation treatment. J Clin Oncol
2006 Sep 1;24(25):4100-6.

Paszat LF, Vallis KA, Benk VM, Groome PA, Mackillop WJ, Wielgosz A. A population-based case-
cohort study of the risk of myocardial infarction following radiation therapy for breast cancer.
Radiother Oncol 2007 Mar;82(3):294-300.

Correa CR, Litt HI, Hwang WT, Ferrari VA, Solin LJ, Harris EE. Coronary artery findings after left-
sided compared with right-sided radiation treatment for early-stage breast cancer. J Clin Oncol
2007 Jul 20;25(21):3031-7.

Taylor CW, Wang Z, Macaulay E, Jagsi R, Duane F, Darby SC. Exposure of the heart in breast
cancer radiation therapy: a systematic review of heart doses published during 2003 to 2013. Int
Radiat Oncol Biol Phys 2015 Nov 15;93(4):845-53.

Serrano JM, Gonzalez |, Del Castillo S, Muniz J, Morales LJ, Moreno F, et al. Diastolic dysfunction
following anthracycline-based chemotherapy in breast cancer patients: incidence and predictors.
Oncologist 2015 Aug;20(8):864-72.

van Riet EE, Hoes AW, Wagenaar KP, Limburg A, Landman MA, Rutten FH. Epidemiology of heart
failure: the prevalence of heart failure and ventricular dysfunction in older adults over time. A
systematic review. Eur J Heart Fail 2016 Mar; 18(3):242-52.

D'Errico MP, Grimaldi L, Petruzzelli MF, Gianicolo EA, Tramacere F, Monetti A, et al. N-terminal
pro-B-type natriuretic peptide plasma levels as a potential biomarker for cardiac damage after
radiotherapy in patients with left-sided breast cancer. Int J Radiat Oncol Biol Phys 2012 Feb
1,82(2):239-46.

Linssen GC, Bakker SJ, Voors AA, Gansevoort RT, Hillege HL, de Jong PE, et al. N-terminal pro-
B-type natriuretic peptide is an independent predictor of cardiovascular morbidity and mortality
in the general population. Eur Heart J 2010 Jan;31(1):120-7.

Shapiro CL, Hardenbergh PH, Gelman R, Blanks D, Hauptman P, Recht A, et al. Cardiac effects
of adjuvant doxorubicin and radiation therapy in breast cancer patients. J Clin Oncol 1998
Nov;16(11):3493-501.

Darby SC, Ewertz M, McGale P, Bennet AM, Blom-Goldman U, Bronnum D, et al. Risk of ischemic
heart disease in women after radiotherapy for breast cancer. N Engl J Med 2013 Mar 14;
368(11):987-98.









or

Long-term psychological distress
in breast cancer survivors and
their matched controls:

a cross-sectional study

S.W.M.C. Maass, L.M. Boerman, P.F.M. Verhaak,
J.Du, G.H. de Bock, A.J. Berendsen

Maturitas. 2019 Dec; 130:6-12
Late Breaking Abstract, European Breast Cancer Conference, 2018



ABSTRACT

Introduction: Breast cancer survivors often experience psychological distress shortly
after diagnosis. Long-term psychological effects, however, have not been clearly
demonstrated.

Methods: This cross-sectional cohort study included 350 breast cancer survivors and
350 age-matched and general-practitioner-matched women. The median follow-up was
10 years. Using logistic regression we compared breast cancer survivors with controls
on having (severe) symptoms of depression and/or anxiety, as measured with the
Hospital Anxiety and Depression Scale. In multivariable logistic regression, we adjusted
the results for a history of depression or prescription of antidepressants.

Results: Larger proportions of breast cancer survivors experienced symptoms of
depression (10.6%) compared with controls (4.9%) and symptoms of anxiety (18.6%)
compared with controls (16.3%). The odds of symptoms of depression (OR 2.3, 95%ClI
1.3-4.2), severe symptoms of depression (OR 3.3, 95%CI 1.1-10.3) and severe symptoms
of anxiety (OR 2.1, 95%(Cl, 1.1-4.0) were significantly higher for breast cancer survivors
than for controls, even after adjusting for history of depression or prescription of
antidepressants. No significant difference was seen for mild symptoms of anxiety.

Conclusions: Breast cancer survivors have an increased risk of symptoms of depression,
including severe symptoms, and severe symptoms of anxiety compared with controls,
for up to at least 10 years after diagnosis.



Psychological distress among long-term breast cancer survivors

INTRODUCTION

Breast cancer is the most common cancer in women [1,2]. Fortunately, the survival of
breast cancer has improved due to better screening and better treatments [3]. Numbers
from the Netherlands show a 5-year survival rate of up to 88% [4]. Hence, the number
of breast cancer survivors is also increasing.

The diagnosis of cancer and its treatment can have a great impact on a patient's
psychological well-being [5-8]. However, both the clinicians and the patients may not
be aware of possible long-term psychological impact and patients may not receive the
proper support. No long-term follow up data are available with respect to the occurrence
of psychological distress in breast cancer patients [9]. Therefore, it is important to know
how prevalent long-term psychological distress is among breast cancer survivors. For
women with breast cancer, this impact is mainly studied in the first five years after
diagnosis when they still have follow-up controls with their oncologists [10]. In this period,
Burgess et al. found a prevalence of 48% for depression, anxiety, or both for breast cancer
survivors [11]. Which, they said, is twice as high as in the general female population. A
recent systematic review of studies (2015) on symptoms of depression and anxiety among
breast cancer survivors showed a widely distributed prevalence of 9.4-66.1% and 17.9-
33.3%, respectively [10]. A few of the studies included women beyond the five years after
diagnosis, and only two focused solely on women five years or more after their diagnosis
of breast cancer [12,13]. One of these two found that 13% of women experienced severe
symptoms of depression [12]. However, they did not have a control population to evaluate
if this proportion is more than on average. The other study evaluated women 5, 10 or 15
years after breast cancer diagnosis on quality of life and found that they had a higher
score on symptoms of anxiety than random control women [13]. Unfortunately, the patient
group and the control group significantly differed on age, environment (urban/rural) and
income, which might have had an influence on the comparability on psychological well-
being. Studies after 2015 have only been performed within the first years of diagnosis or
in a hospital setting [14,15].

For clinicians, survivors, and future guidelines, it is important to know if psychological
distress is more prevalent among long-term breast cancer survivors than among women
without cancer, in order to provide sufficient long-term support. Therefore in this study,
we assessed symptoms of depression and anxiety at least five years after the diagnosis of
breast cancer and compared with the results of women without a history of cancer, who
were of the same age and general practitioner (GP).
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METHODS

Context

In the Netherlands, all citizens are registered with a GP in their own residential area [16].
These GPs use electronic patient registers with coding systems of diagnosis (International
Classification for Primary Care, ICPC) and medication prescriptions (Anatomical Therapeutic
Chemical classification system, ATC) [17,18]. GPs are gatekeepers to secondary healthcare,
which means that patients have to be referred by their GPs to medical specialists.

BLOC study design

Data for this study was derived from the Breast cancer Long-term Outcome of Cardiac
dysfunction (BLOC)-study [19]. The primary outcome of the BLOC-study was the
prevalence of long-term systolic and diastolic cardiac dysfunction among breast cancer
survivors in comparison to matched controls. This cross-sectional cohort included 350
breast cancer survivors treated with chemo- and/or radiotherapy at least five years
ago, and 350 randomly selected women from the same age and GP from the Northern
part of the Netherlands (Supplementary Fig. 1), recruited from 80 GPs. The control was
randomly selected from the same GP database, from all women of the same age (+/- 1
year) as the breast cancer survivor. Exclusion criteria for the control were a history of
cancer or cancer treatment. In both groups, women were excluded if they were not able
to come to the university hospital according to their GP due to severe mental or physical
illness. At the time of the cross-sectional assessment, the GP files of both breast cancer
survivors and controls were searched for the code P76 and the date of the first diagnosis
of depression was extracted. Furthermore, the first prescriptions of antidepressants
(ATC-code NO6A), anxiolytics (ATC-code NO5B), and hypnotics and sedatives (ATC-code
NO5C) were analysed. Since the antidepressant amitriptyline can also be prescribed as an
analgesic, it was excluded when prescribed for pain. The date of diagnosis of women with
breast cancer functioned as the index date for the matched women. Therefore, the time
since diagnosis for the control group is the time since the index date. The median age at
the time of breast cancer diagnosis was 51 years (inter-quartile range [IQR] 45-57). The
median follow-up was 10 years (IQR 7-14) years. The study is registered at clinicaltrials.
gov [ID:NCT01904331]. The medical ethics committee of the University Medical Center
Groningen (UMCG) approved this study, and all participants gave written informed consent.
The study was performed in accordance with the Declaration of Helsinki.

Current study end-points

The primary outcome was the prevalence of (severe) symptoms of depression and/or
anxiety as measured by the Hospital Anxiety and Depression Scale (HADS) [20]. This
guestionnaire measures symptoms of both depression (HADS-D) and anxiety (HADS-A).
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It is a self-reported scale with 14 items scoring each 0-3, with a maximum score of 21
for either symptoms of depression or anxiety. Cut-off values are = 8 for mild symptoms
of depression/anxiety and = 11 for severe symptoms of depression/anxiety. The HADS
has been validated for both the general population and the breast cancer population
[21,22]. The secondary outcomes were the prevalence of a diagnosis of depression
as registered by GPs after the diagnosis of breast cancer and/or a prescription of
antidepressants after breast cancer diagnosis.

Statistical analyses

In the analysis, a diagnosis of depression and/or prescription of an antidepressant
could be a determinant as well as an outcome. Survivors and controls with the first
diagnosis of depression and/or first prescription of an antidepressant before the date
of breast cancer diagnosis were considered as having a ‘history of depression’. It is
important to adjust for a history of depression, since depression is often a recurrent
diagnosis. Survivors and controls with the first diagnosis of depression and/or first
prescription of an antidepressant after the date of breast cancer diagnosis were
considered as having an ‘outcome of depression’. The diagnosis of depression and
prescription of antidepressants were combined since some GPs may have the tendency
to prescribe antidepressants for depression without coding a diagnosis of depression.

Table 1 describes participants' characteristics at the time of breast cancer diagnosis,
including the number of survivors with a history of depression and the use of
psychotropic medication before the date of breast cancer diagnosis. In Table 2,
the outcomes are described. For future comparability with other studies, both the
continued and dichotomous values of the HADS are reported and tested with the
Mann-Whitney U test.

In univariate logistic regression analyses, breast cancer survivors were compared to
controls on the odds of having (severe) symptoms of depression and (severe) symptoms
of anxiety as scored with the HADS, and on having diagnosis of depression and/or first
prescription of an antidepressant after the date of breast cancer diagnosis (Table 2).
In this way, odds ratios (ORs) and 95% confidence intervals (95% Cls) were estimated.
To adjust for having a history of depression, multivariable logistic regression analyses
were performed by adding this variable (Table 3 and 4). Data is presented stratified
for depression and anxiety. In univariate logistic regression analyses the time since
diagnosis for breast cancer survivors with increased HADS-scores were compared to
the time since diagnosis for other breast cancer survivors.
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To visualize the effect of time since follow-up, a graphical overview of the course of
symptoms of depression and anxiety over time was constructed. The percentage of
breast cancer survivors with an increased score on the HADS was compared to the
percentage of controls, grouped by time since diagnosis, per two years. The minimum
of women per time-subgroup had to be 20. All analyses were performed with the use
of IBM SPSS statistics 23.

RESULTS

No significant differences were found between breast cancer survivors or controls
regarding patient and therapy characteristics (Table 1) [19]. Only a prescription of
hypnotics/sedatives before breast cancer diagnosis was significantly higher among
controls compared to breast cancer survivors, respectively 9.4% and 3.7%.

All woman completed the HADS questionnaire at the time of inclusion (median 10 years
after breast cancer diagnosis). At this time 3.7% of breast cancer survivors experienced
severe symptoms of depression compared to 1.1% of controls; a significant difference
OR 3.3 (95%Cl, 1.1-10.3). Concerning severe symptoms of anxiety, there was a significant
difference between breast cancer survivors (8%) compared to controls (4%; OR 2.1
[95%CI, 1.1-4.0]), (Table 2).

The proportion of women with mild symptoms of depression was significantly higher
for breast cancer survivors compared to controls (10.6% versus 4.9%; OR 2.3 [95%CI,
1.3-4.2]). For mild symptoms of anxiety, the difference was not significant 18.6% versus
16.3%; OR 1.2 [95%Cl, 0.8-1.7]).

The answer to the HADS-D question ‘I feel as if | am slowed down' showed the largest
difference; 20.3% of BC survivors responded very often/almost-all-the time compared to
9.5% of the controls.

No significant differences were seen between breast cancer survivors and controls
when comparing the continuous score on the HADS-D or HADS-A, p-values 0.197 and
0.056, respectively. After the diagnosis of breast cancer, no differences were seen in the
registration of GPs concerning the diagnoses of depression or prescription of medication.
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Table 1. At the time of breast cancer diagnosis or index date 2: Characteristics of breast
cancer survivors and matched controls.

Breast cancer Controls

survivors

(N = 350)° (N =350)°
Age at breast cancer diagnosis or index date for matched 51 (45-57) 51(45-57)
control; years, median (IQR)

N (%) N (%)

Breast cancer treatment as registered in the hospital and general practitioners files
Chemotherapy 175 (50.0)
Anthracycline-based 142 (81.1) -
Cumulative anthracycline dose; mg/m?, median (IQR) ¢ 238 (228-240) -
Trastuzumab 13 (3.7) -
Anti-hormonal treatment 146 (41.7) -
Radiotherapy 295 (84.3) -

Diagnosis of depression or prescriptions before the time of breast cancer diagnosis or index
date for matched control 3¢

History of depression: 36 (10.3) 36 (10.3)
diagnosis of depression or antidepressants

A diagnosis of depression 14 (4.0) 21(6.0)
A prescription of any antidepressants 29 (8.3) 24 (6.9)
A prescription of anxiolytics 39 (11.1) 37 (10.6)
A prescription of hypnotics or sedatives 13 (3.7) 33 (9.4)

2 The date of breast cancer diagnosis from the survivor was made identical for the matched control (index date);
> There were no statistically significant differences between groups, tested with Chi-square test or Mann-Whitney
U test, except for a prescription of hypnotics or sedatives; numbers in bold means significant at p <0.05 level;

¢ Doxorubicin isotoxic dose, information available for 108 survivors (76%);

4 Extracted from electronic patient files of general practitioners.

Multivariable analysis

After adjusting history of depression as registered by the GPs before the date of breast
cancer, all odds were significantly higher for breast cancer survivors compared to controls:
severe symptoms of depression (HADS-D= 11; OR 3.3 [95%CI 1.1-10.3]), severe symptoms
of anxiety (HADS-A= 11; OR 2.1 [95%CI 1.1-4.1]), mild symptoms of depression (HADS-D=
8; OR 2.3 [95%CI 1.3-4.21) and mild symptoms of anxiety (OR 2.1 [95%CI 1.1-3.2]). This is
shown in Table 3.
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Table 2. At time of cross-sectional measurement: Univariate comparison of outcomes
between breast cancer survivors and matched controls.

Breast cancer Controls breast
survivors cancer survivors
(N = 350) (N = 350)
Follow-up duration ?; years, median 10 (7-14) 10 (7-14)
(IQR)
Age: years, median (IQR) 63 (57-68) 63 (57-68)
N (%, 95%CI) N (%, 95%Cl) OR (95%Cl) °

Depression
HADS-Depression ¢

HADS-D =8 37 (10.6, 7.3-13.9) 17 (4.9, 2.6-1.2) 2.3 (1.3-4.2)

HADS-D =11 13 (3.7,1.7-5.7) 4 (11, 0.0-2.3) 3.3 (1.1-10.3)

Continuous median (IQR) ¢ 2 (1-4) 2 (1-4) 0.197
Anxiety
HADS-Anxiety ¢

HADS-A=8 65 (18.6,14.4-22.7) 57 (16.3,12.3-20.2) 1.2 (0.8-1.7)

HADS-A =11 28 (8.0, 5.1-10.9) 14 (4.0,1.9-6.1) 2.1(1.1-4.0)

Continuous median (IQR) ¢ 5(3-7) 4 (3-6) 0.056
Diagnosis of depression or prescriptions after time of breast cancer diagnosis or index date for
matched control &¢
First diagnosis of depression 18 (5.1, 2.8-7.5) 13 (3.7,1.7-5.7) 1.4 (0.7-2.9)
First prescription of any antidepressant 41 (M7, 8.3-15.2) 39 (111, 7.8-14.5) 1.1(0.71.7)
First prescription of any anxiolytics 46 (13.1,9.5-16.8) 49 (14.0,10.3-17.7) 0.9 (0.6-1.4)
First prescription of any hypnotics or
sedative 41 (1.7, 8.3-15.2) 34 (9.7, 6.5-12.9) 1.2 (0.8-2.0)

@ The date of breast cancer diagnosis from the survivor was made identical for the matched control (index date);
° Numbers in bold means significant at p <0.05 level;

¢Explanation: HADS = 8 = Symptoms of mild depression (HADS-D) or anxiety (HADS-A) and HADS =11 = symptoms
of severe depression (HADS-D) or anxiety (HADS-A);

4 Tested with Mann-Whitney U test;

¢ Extracted from electronic patient files of general practitioners.
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Table 3. Regression analyses: Comparison of outcomes at the time of cross-sectional
measurement from the Hospital Anxiety Depression Scale (HADS) - Depression and
Anxiety, between breast cancer survivors and matched controls. @
HADS-D=8 HADS-D=11 HADS-A=8 HADS-A:=11
OR (95%CI) OR (95%CIl) OR (95%CI) OR (95%Cl)

Univariate regression analyses °

History of breast cancer No 1 1 1 1
Yes 2.3(1.3-4.2) 3.3(1.1-10.3) 1.2(0.8-1.7) 2.1 (1.1-4.0)
History of depression ¢ No 1 1 1 1

Yes 1.3 (0.6-2.1) 19(0.5-6.8) 1.8(1.0-3.2) 2.2(0.97-4.9)

Multivariable regression analyses ° (adjusted for each other)

History of breast cancer No 1 1 1 1
Yes 2.3 (1.3-4.2) 3.3 (1.1-10.3) 1.2 (0.8-1.7) 2.1(1.1-4.1)

History of depression ¢ No 1 1 1 1
Yes 1.3 (0.6-3.1) 19(0.5-69) 1.8 (1.0-3.2) 2.2(0.97-5.0)

3 Explanation: HADS-D (Depression) = 8 = mild symptoms of depression and HADS-D = 11 = severe symptoms of
depression, HADS-A (Anxiety) = 8 = mild symptoms of anxiety and HADS-A = 11 = severe symptoms of anxiety;
> Numbers in bold means significant at p <0.05 level;

¢The determinant ‘history of depression’ was defined as a diagnosis of depression and/or prescription of an
antidepressant before the date of breast cancer diagnosis or index date.

Time since diagnosis

Time since diagnosis was not associated with symptoms of (severe) depression or anxiety
among breast cancer survivors. The figures visualize the proportion of women (breast
cancer survivors and controls) with (severe) symptoms of depression (Fig. 1) or anxiety
(Fig. 2) with a specific follow-up duration. The proportion of women with severe or mild
symptoms of depression and severe symptoms of anxiety is higher among the breast
cancer survivors than among the controls for every time-subgroup.
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Mild symptoms of depression
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Figure 1. Percentage of breast cancer survivors and controls with symptoms of
depression, per two years after breast cancer diagnosis. @

@ Since the minimum of women per time-subgroup was 20, the subgroup goes up to 13-14 years after breast
cancer diagnosis.
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Mild symptoms of anxiety
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Figure 2. Percentage of breast cancer survivors and controls with symptoms of anxiety,
per two years after breast cancer diagnosis.?

@ Since the minimum of women per time-subgroup was 20, the subgroup goes up to 13-14 years after breast
cancer diagnosis.
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DISCUSSION

To our knowledge, no other study included women at least five years after breast cancer
diagnosis from the general population and compared their symptoms of depression and
anxiety with women of the same age without any cancer. When discussing the findings,
it is important to realize that a large proportion of the long-term breast cancer survivors
in our study did not experience symptoms of depression or anxiety (89.4% and 81.4%,
respectively) at the moment of measurement. This does not exclude the possibility that
they have experienced symptoms of depression or anxiety at an earlier stage, that might
have recovered since then.

Assessing proportions of symptoms

There is some discrepancy in literature regarding the proportions of breast cancer
survivors with symptoms of depression and anxiety [10]. Some studies report comparable
results, were others report different figures [12,23,24]. The prevalence of women with
symptoms of depression and anxiety found in this study is low in comparison to other
studies [25,26]. The main explanations for these differences are the differences in
follow-up time, differences in age of the included women, and the differences in applied
guestionnaires. The controls from our study had a lower proportion of women with severe
symptoms of depression or anxiety compared to a European female population [27].
However, these proportions were within the confidence intervals of our control population:
2.9% severe symptoms of depression and 10.0% severe symptoms of anxiety, respectively.
The European population was selected at random and might have included women with
(@ history of) cancer. In addition, the difference might be due to the younger age of the
participants in the European population, which is associated with an increased score on
the HADS questionnaire for symptoms of depression and anxiety [28-301.

Comparison symptoms with controls

We found an increased odds of severe symptoms of depression and anxiety among long-
term breast cancer survivors compared to controls. The mean scores in this study did not
significantly differ. Claus et al. found significant higher mean scores for severe symptoms
of depression among breast cancer survivors than among controls, measured with the
CES-D questionnaire (mean follow-up 5.8 years) [31]. Klein et al. compared mean scores
for severe symptoms of anxiety among long-term breast cancer survivors and controls and
found significantly higher mean scores for survivors, measured with the STAI questionnaire
(5,10 or 15 years after breast cancer diagnosis) [13]. We found an increased odds of mild
symptoms of depression among long-term breast cancer survivors compared to controls.
None of the studies compared mild symptoms of depression or anxiety among breast
cancer survivors and controls. Hoffman et al. evaluated psychological distress in a long-
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term cancer survivors cohort (22.9% breast cancer, =5 years after diagnosis) and found
significantly more psychological distress among cancer survivors than among controls
without cancer, measured with the self-reporting K6 scale, designed to assess nonspecific
psychological distress [32].

History of depression

A previous diagnosis of depression or prescription of antidepressants before the cancer
diagnosis had no effect on the odds of having (severe) symptoms of depression or
severe symptoms of anxiety for breast cancer survivors in comparison to controls in our
population. In contrast, other research defined a history of depression as a risk factor for
depression after breast cancer, but in that study the outcome measure was a diagnosis
of depression and not symptoms of depression [11]. Interestingly, in our study all women
(survivors and controls) with a history of depression had significantly more mild symptoms
of anxiety. One could hypothesize that women with a history of depression are more
anxious than others, perhaps by nature or they might fear recurrence of psychological
distress. However, this was not the aim of this study and not evaluated further.

Time since diagnosis

Time since diagnosis was not associated with having (severe) symptoms of depression
and severe symptoms of anxiety for breast cancer survivors. These results are in-line
with the results of another study among survivors two to ten years after diagnosis [33].
Additionally, in a large long-term cancer survivors cohort more than five years after cancer
diagnosis, no association was found with time since diagnosis [32]. A significant difference
of symptoms of depression one year after diagnosis compared to women in the general
population appeared to decline in the following years [10]. A complete decline was not
supported by the results of our study, as the time since diagnosis had no significant effect
on the elevated odds of breast cancer survivors having symptoms of depression.

Strengths and limitations

The main strength of this study is that we have included a random sample of women from
the general population. Although no other study included this unselected population,
it can be argued that our population still does not include the mean breast cancer
patient. Which is true, because the included patients were slightly younger and a higher
percentage received radiotherapy. Therefore, we might underestimate the occurrence of
anxiety and depression. Also, breast cancer survivors are more likely to be underdiagnosed
than controls, because signs of depression or anxiety might be interpreted as “natural”
consequences of cancer [7]. The median follow-up of 10 years is a strength, because it
focusses exclusively on the long-term effects. In order to achieve a uniform outcome, we
let all the participants complete the HADS guestionnaire, hereby relying on the symptoms
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the women are experiencing at that point in time, rather than on patients' help-seeking
or doctors’' coding behaviour. It is important to realize that the HADS questionnaire
only measures symptoms of depression; for an actual diagnosis of depression a clinical
interview has to be performed. However, the HADS-D and HADS-A have a sensitivity
and specificity of approximately 0.80 for depression and anxiety [34]. Furthermore, we
adjusted for a history of depression before breast cancer as registered by GPs to ensure
that an already psychologically delicate group did not influence the results. In both groups,
women with depression or depressive symptoms might be less inclined to participate,
making the comparison equal. Missing from our data is the diagnosis of anxiety disorder;
unfortunately, this data was not retrieved from the GP databases. Notable, controls had
more prescriptions of hypnotics/sedatives at the time of breast cancer diagnosis than
the breast cancer survivors. However, the effect on the results is expected to be minimal
since the number was comparable at the time of cross-sectional assessment. It should be
taken into account that socioeconomic (SES), occupational and marital status were not
assessed in this study.

Conclusions

At least five years after breast cancer, breast cancer survivors have a higher prevalence
of (severe) symptoms of depression and severe symptoms of anxiety, even after adjusting
for a history of depression prior to breast cancer. Future studies should take into account
factors such as fatigue and SES. However, in our study more than 80% of long-term breast
cancer survivors did not have mild or severe symptoms of depression or anxiety.
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>5 years

Patient #1 @ 1
Control #1

Patient #2
Control #2

Patient #3
Control #3

Patient #4
Control #4

Patient #350
Control #350

Cross-sectional assessment

Assessment general practitioner files:
- Diagnosis breast cancer & therapy
1. @ Date breast cancer (BC) diagnosis (after 1980) - First diagnosis depression

2. @ Index date for control women with same age and general practitioner (GP) - First prescription antidepressants

3. Follow-up for both patients and controls (=5 years)
4.  Cross-sectional assessment (June 2013 - February 2016) Assessment hospital files:

5 History of depression (determinant) - Breast cancer therapy details

A First diagnosis depression before BC diagnosis/index date
u]

. First prescription before BC diagnosis/index date Questionnaire:
6. Outcome of depression (outcome) - Hospital Anxiety and Depression
A . First diagnosis depression after before BC diagnosis/index date Scale
a - First prescription antidepressant after before BC diagnosis/index date

Supplementary figure 1. Design of the study.
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ABSTRACT

Background: Fatigue is the most common and persistent symptom among women in
the first five years after a breast cancer diagnosis. However, long-term prevalence of
fatigue, among breast cancer survivors, needs further investigation.

Aim: To compare fatigue experienced by long-term breast cancer survivors with that in
a reference population and to evaluate the determinants of that fatigue.

Design and Setting: A cross-sectional cohort study of 350 breast cancer survivors =5
years after diagnosis and a reference population of 350 women matched by age and
general practitioner.

Method: Fatigue was measured using the Multidimensional Fatigue Inventory (MFI-20),
and a sum score of >60 (multidimensional fatigue) was the primary outcome. Logistic
regression was applied to compare the prevalence of multidimensional fatigue between
the survivor and reference populations, adjusted for body mass index (BMI) and for
cardiovascular and psychological variables. Odds ratios (ORs) and 95% confidence
intervals (95%Cls) were estimated. Logistic regression was applied to evaluate the
determinants of multidimensional fatigue among the survivors.

Results: Breast cancer survivors (median 10 years after diagnosis), more often
experienced multidimensional fatigue than the reference population (26.6% versus
15.4%; OR, 2.0 [95%CI, 1.4-2.9]), even after adjusting for confounders. The odds
of multidimensional fatigue were also higher among survivors with symptoms of
depression (32.2% versus 2.7%; OR, 17.0 [95%ClI, 7.1-40.5]) or anxiety (41.9% versus
10.1%; OR, 6.4 [95%CI, 3.6-11.4]).

Conclusion: One in four breast cancer survivors experience multidimensional fatigue and
fatigue occurs more frequently than in women of the same age and general practitioner.
This fatigue appears to be associated with symptoms of depression and anxiety.
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INTRODUCTION

Breast cancer is the most common cancer among women [1], and due to an ageing
population, its incidence is increasing in Western countries [2]. Fortunately, better
treatment regimens mean that survival has also increased over recent decades, leading
to a growth in the number of long-term survivors [3]. A downside of this has been that
a growing population of women are experiencing the negative long-term effects of
breast cancer therapy [4]. Among these effects, fatigue is the most common complaint
among survivors, with a prevalence of 40%-80% [5,6]. Fatigue can be distressing
and can severely affect daily life, potentially persisting into the long term [7]. Several
mechanisms have been described to explain fatigue in survivors. It may be related to
the disease itself, to the treatment, or to the physical or psychological side effects
[8], having known associations with anxiety, depression, and cardiac dysfunction
[9,10]. Fatigue also appears to be multidimensional, with different subtypes described,
including general, physical, or mental fatigue, as well as reduced activity and reduced
motivation [11]. Despite being studied extensively among breast cancer survivors, little
is known about the long-term prevalence of fatigue in this population. Indeed, most
studies have only reported data up to 5 years after diagnosis, and they have not
compared fatigue among survivors to that among women with no cancer [12-16]. Given
that fatigue is common in the general population, and the prevalence varies between
studies (10.8%-21.6%) [17,18], such a comparison is necessary to enable the accurate
interpretation of the data.

In this study, we evaluated the prevalence of multidimensional fatigue, and its persistence
over time, among long-term breast cancer survivors compared to a reference population.
We also evaluated the association of multidimensional fatigue with factors such as breast
cancer treatment, cardiac dysfunction, depression, and anxiety.

METHODS

Context

In the Netherlands, almost all inhabitants are registered with a general practitioner
(GP). All GPs record clinical contacts in electronic databases in which they assign codes
according to the International Classification for Primary Care, and prescribed medication
is coded using the Anatomical Therapeutic Chemical classification system [19,201.
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BLOC Study

This present study was embedded in the previously published cross-sectional BLOC
study [21,22], which was designed to explore the long-term effects of breast cancer
treatment on cardiac dysfunction and psychological distress. Between 2013 and 2016,
we compared 350 women treated for breast cancer 5 or more years previously to
350 women with no history of cancer matched by age and GP. Women with a local/
locoregional recurrence were included if the recurrence was diagnosed more than five
years ago. Half of the breast cancer survivors were treated with chemotherapy (with
or without radiotherapy) and the other half were treated with radiotherapy alone.
After receiving written informed consent, all participants completed questionnaires,
underwent echocardiography, and had their BMI calculated. Details of cancer treatment
and cardiovascular diagnoses were extracted from hospital files and GP medical
records. The study was registered at ClinicalTrials.gov (accessed on 25 January 2021)
(ID: NCT0O1904331) and approved by the medical ethics committee of the University
Medical Center Groningen (UMCG).

Current Study

For the current study, we compared multidimensional fatigue between the two
cohorts and explored the factors associated with multidimensional fatigue in breast
cancer survivors. These factors included age, time since breast cancer diagnosis,
type of cancer treatment, systolic cardiac dysfunction, cardiovascular disease (CVD),
depression, and anxiety.

Primary Outcome

Multidimensional fatigue was measured with the Dutch version of the 20-item
Multidimensional Fatigue Inventory (MFI-20) questionnaire [23]. This measures five
subtypes of fatigue: general fatigue, physical fatigue, mental fatigue, reduced activity,
and reduced motivation. In turn, each subtype has four questions that are each scored
on a five-point Likert-scale to give subtypes scores of 4-20. Fatigue was considered
present for a subtype if the subtype score was >12 [24], and multidimensional fatigue
was considered present if the total score was »60 [25]. Participants were also classified
as having severe multidimensional fatigue if they scored »12 on all subtypes.

Variables

Information on CVD was obtained from the electronic medical records of the
participants’ GPs. All CVD diagnoses up to the time of the cross-sectional study were
included. A list of CVD codes that were included is provided in Supplementary Data
S1. The presence of any of these codes in the participant’s file was taken to indicate a
diagnosis. Echocardiography was also performed to measure systolic cardiac function,
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which we defined as a left ventricle ejection fraction (LVEF) <54%, using the biplane
method of disk summation (modified Simpson's rule) recommended by the European
Association for Cardiovascular Imaging/American Society of Echocardiography
(EACVI/ASE) [26].

Depression and anxiety were assessed using the Hospital Anxiety and Depression
Scale (HADS), a self-reporting questionnaire that comprises subscales for symptoms of
depression (HADS-D) and anxiety (HADS-A). Each subtype consists of seven items, with
scores ranging from O to 3 per item. For this study, we used a cut-off of =8 per subscale to
indicate the presence of depression or anxiety symptoms (includes both mild and severe).
The HADS performs well in recognizing depression and anxiety disorders [27]. Contrasting
with other questionnaires to identify depression or anxiety symptoms, the HADS does not
include a question about tiredness or sleeping difficulties [23].

Statistics

Medians and interquartile ranges (IQRs) are reported to describe continuous variables,
whereas numbers and percentages are reported to describe categorical variables. For the
purpose of analyses, the date of breast cancer diagnosis, functioned as the index date
for the matched control. Hereby, we could make a comparison between the breast cancer
survivors and matched controls, including adjusting for time since diagnosis. Univariate
logistic regression was used to evaluate the prevalence of multidimensional fatigue (sum
score »60), and its persistence over time, among long-term survivors compared to the
reference population. We set the presence of multidimensional fatigue (yes or no) as
the outcome of interest and stratified the analyses according to time since diagnosis for
women <10 years and those at =10 years after diagnosis. In multivariable logistic regression,
the results were adjusted for time since diagnosis =10 years, BMI »30, LVEF <54%, CVD
=1, HADS-D =8, and HADS-A =8. The presence of severe multidimensional fatigue and the
fatigue subtypes were evaluated in the same way. In addition, an independent-samples
t-test was conducted to compare the mean sum MFI score for breast cancer survivors to
the mean sum MFI of the reference population. This analysis was repeated, stratified for
time since diagnosis for women <10 years versus =10 years after breast cancer diagnosis.

We performed further univariate logistic regression analyses to evaluate the associations
between being a breast cancer survivor with or without multidimensional fatigue (the
outcome) and the various factors of interest (the determinants). The following factors were
considered: age > 30, LVEF 65 years at assessment, =10 years since diagnosis, BMI > 30,
treatment (chemo- and or radiotherapy), hormonal therapy, CVD =1, LVEF <54%, HADS-D
= 8, and HADS-A = 8. We applied a full model in the multivariable logistic regression,
adjusting for all variables and describing the absolute effects of statistically significant
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associations between the factors and multidimensional fatigue. This was repeated for
severe multidimensional fatigue and all fatigue subtypes. All analyses were performed
using IBM SPSS Statistics for Windows, Version 26.0 (IBM Corp., Armonk, NY, USA)

RESULTS

Participants had a median age of 63 (IQR 57-68) years and breast cancer survivors had
a median follow-up duration of 10 (IQR 7-14) years after diagnosis (Table 1). A total of 22
breast cancer survivors were included (=5 years) after a local/locoregional recurrence.

Fatigue among Survivors and Reference Population

Breast cancer survivors experienced multidimensional fatigue significantly more often
than the reference population (26.6% vs. 15.4%; OR, 2.0 [95%Cl, 1.4-2.9]; Table 2). This
remained for survivors 10 years after diagnosis (24.3% vs. 16.9%; OR, 1.6 [95%CI, 0.95-
2.61). The mean sum score of the MF| was significantly higher for breast cancer survivors
in comparison to the reference population. Moreover, breast cancer survivors in both
stratified groups (time since diagnosis <10 years or =10 years) had significantly higher
mean sum scores on the MFI than the reference population.

Severe multidimensional fatigue was significantly more prevalent among survivors than
in the reference population, (6.6% vs.1.7%; OR, 4.0 [95%(Cl, 1.6-10.1]), as was each fatigue
subtype: general fatigue (40.7% vs. 25.4%; OR, 2.0 [95%Cl, 1.5-2.8]), physical fatigue
(32.6% vs. 20.9%; OR, 1.8 [95%ClI, 1.3-2.6]), reduced activity (24.0% vs. 14.0%; OR, 1.9
[95%(Cl, 1.3-2.9]), reduced motivation (17.8% vs. 11.7%; OR, 1.6 [95%Cl, 1.1-2.5]), and mental
fatigue (26.3% vs.14.3%; OR, 2.1[95%Cl, 1.5-3.1]). After adjusting for time since diagnosis
(=10 years), BMI > 30, systolic cardiac dysfunction, CVD, depression, and anxiety, the odds
remained significant for all fatigue subtypes except for reduced motivation.

Fatigue among Breast Cancer Survivors

As shown in Table 3, symptoms of depression or anxiety were significantly more
common among breast cancer survivors with (OR, 17.0 [95%Cl, 71-40.5]) than without
(OR, 6.4 [95%CI, 3.6-11.4]) multidimensional fatigue. These odds remained significant
after adjusting for age, time since diagnosis (=10 years), BMI > 30, chemo- and or
radiotherapy, hormonal therapy, systolic cardiac dysfunction, CVD, depression, and
anxiety. Multidimensional fatigue among breast cancer survivors was not significantly
associated with cardiac dysfunction (OR, 1.3 [95%Cl, 0.7-2.5]) or CVD (OR, 1.8 [95%ClI,
0.97-3.3]). Finally, multidimensional fatigue was experienced by 81.1% of the survivors
with symptoms of depression and by 60.0% of those with symptoms of anxiety, with both
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being considerably higher than the 26.6% (95%Cl, 22.0-31.5%) observed among all breast
cancer survivors (Table 4). Comparable data were observed for severe multidimensional
fatigue and all subtypes of fatigue.

Table 1. Characteristics of breast cancer survivors and a reference population at the
time of assessment [21,22]. @

Breast Cancer Controls
Survivors f (n = 350)
(n = 350)
Age; years, median (IQR) 63 (57-68) 63 (57-68)
Time since diagnosis of breast cancer or index date; years, 10 (7-14) 10 (7-14)
median (IQR)
BMI > 30, n (%) 69 (19.7%) 70 (20%)
n (%) n (%)
Breast cancer stage
Stage O 13 (3.7%)
Stage | 123 (35.1%)
Stage |l 161 (46%)
Stage Il 28 (8%)
Unknown 25 (71%)
Breast cancer treatment °
Chemotherapy © 175 (50.0%) -
Radiotherapy ¢ 295 (84.3%) -
Hormonal therapy 146 (41.7%) -
Variables
LVEF <54% 52 (15.3%) 24 (7.0%)
CVD =1 54 (15.4%) 31(8.9%)
Cardiac risk factor © 139 (39.7%) 135 (38.6%)
HADS-D =8 37 (10.6%) 17 (4.9%)
HADS-A=8 65 (18.6%) 57 (16.3%)

21QR = interquartile range; BMI = body mass index; LVEF = left ventricle ejection fraction; CVD = cardiovascular
diseases; HADS = Hospital Anxiety and Depression Scale.

> As registered in the hospital and general practitioners’ files.

¢ Including breast cancer survivors who have received chemo- and radiotherapy n = 120 (68.6%), and breast
cancer survivors who have received chemotherapy and hormonal therapy n =109 (62.3%).

4Including breast cancer survivors who have received radiotherapy and hormonal therapy, n = 37 (21.1%).

e Cardiac risk factors: diabetes, hypertension, or dyslipidemia.

fIncluding 22 breast cancer survivors = 5 years after a local/locoregional recurrence.
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Table 2. Scores on fatigue amongst breast cancer survivors (n = 350) in comparison to

a reference population (n = 350), measured with the MFI-20 guestionnaire. @

Breast Cancer Survivors

n =350

Reference Population

n =350

Multidimensional fatigue
All women (n = 350)
Sum score >60, n (%)

93 (26.6%)

54 (15.4%)

Physical fatigue

n (% >12)

Median (25-75%)
Reduced activity

n (% >12)

Median (25-75%)
Reduced motivation

n (% >12)

Median (25-75%)
Mental fatigue

n (% >12)

Median (25-75%)

14 (32.6%)
10 (6-14)

84 (24.0%)
9 (6-12)

62 (17.8%)
8 (5-11.5)

92 (26.3%)
8 (5-13)

Sum score, mean (SD) ¢ 49.0 (17.9) 42.7 (15.7)
Time since diagnosis <10 yrs (n = 161) 47 (29.2%) 22 (13.7%)
Sum score, mean (SD) 50.9 (19.1) 41.3 (14.6)
Age: median 61 (IQR 55-67) years
FU: median 7 (IQR 6-8) years
Time since diagnosis =10 yrs (n =189) 46 (24.3%) 32 (16.9%)
Sum score, mean (SD) 47.3 (16.8) 43.8 (16.5)
Age: median 65 (IQR 58-69) years
FU: median 14 (IQR 11-17) years
Severe multidimensional fatigue
All'5 subtypes scores »12, n (%) 23 (6.6%) 6 (1.7%)
Fatigue, subtypes
General fatigue
n (% >2)¢ 142 (40.7%) 89 (25.4%)
Median (25-75%) 11(7-15) 9 (5-13)

73 (20.9%)
10 (6-14)

49 (14.0%)
9 (6-12)

41 (1.7%)
8 (5-1.5)

50 (14.3%)
8 (5-13)

@ MFI = Multidimensional Fatigue Inventory; IQR = interquartile range; FU = follow-up; BMI = body mass index;
LVEF = left ventricle ejection fraction; CVD = cardiovascular diseases; HADS = Hospital Anxiety and Depression

Scale; OR = odds ratio; Cl = confidence intervals.

bSignificant results are in bold.

¢ Multivariable analysis for breast cancer adjusted for time since diagnosis =10 years, BMI > 30, LVEF > 54%, CVD

=1, HADS-D = 8, HADS-A = 8.

96



Fatigue among long-term breast cancer survivors

Univariate Multivariable
Analyses Analyses
OR (95%Cl) ® OR (95%Cl) b¢
2.0 (1.4-2.9) 1.7 (1.1-2.6)
2.6 (1.5-4.5) 2.0 (1.0-3.7)
1.6 (0.95-2.6) 1.5 (0.8-2.7)
4.0 (1.6-10.1) 3.1(1.2-8.3)
2.0 (1.5-2.8) 1.9 (1.4-2.8)
1.8 (1.3-2.6) 1.6 (1.1-2.3)
1.9 (1.3-2.9) 1.7 (1.1-2.6)
1.6 (1.1-2.5) 1.3 (0.8-2.1)
2.1 (1.5-3.1) 2.0 (1.3-3.1)

4 Tested with the independent-samples t-test, significant p < 0.05.
¢ Definitions: fatigue, subtype score >12; multidimensional fatigue, overall score >60; severe multidimensional
fatigue, all subtypes score >12.
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Table 3. Comparison of breast cancer survivors with (n = 93) and without (n = 257)
multidimensional fatigue. @

Survivors with
Multidimensional Fatigue
n=93
n (%)
Age at time of assessment >65 years No 54 (58.1%)
Yes 39 (41.9%)
Time since diagnosis breast cancer =10 years No 47 (50.5%)
Yes 46 (49.5%)
BMI > 30 No 80 (86.0%)
Yes 13 (14.0%)
CT (+/-RT) No 44 (47.3%)
Yes 49 (52.7%)
Hormonal therapy No 47 (50.5%)
Yes 46 (49.5%)
LVEF <54% No 72 (77.4%)
Yes 16 (17.2%)
CVD =1 No 73 (78.5%)
Yes 18 (19.4%)
HADS-Depression = 8 No 63 (67.7%)
Yes 30 (32.3%)
HADS-Anxiety = 8 No 54 (58.1%)
Yes 39 (41.9%)

2 Definition: multidimensional fatigue, overall score >60.
®BMI = body mass index; RT = radiotherapy; CT = chemotherapy; LVEF = left ventricle ejection fraction; CVD =
cardiovascular diseases; HADS = Hospital Anxiety and Depression Scale; OR = odds ratio; Cl = confidence intervals.
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Survivors without Univariate Analyses Multivariable Analyses
Multidimensional Fatigue
n = 257
n (%) OR (95%CI) ¢ OR (95%Cl) «¢

162 (63.0%) 1 1

95 (37.0%) 1.2 (0.8-2.0) 1.2 (0.6-2.2)
114 (44.4%) 1 1
143 (55.6%) 0.8 (0.5-1.3) 0.8 (0.5-1.5)
201 (78.2%) 1 1

56 (21.8%) 0.6 (0.3-1.1) 0.5(0.2-1.2)
131 (51.0%) 1 1
126 (49.0%) 1.2 (0.7-1.9) 1.0 (0.6-2.0)
152 (59.1%) 1 1
105 (40.9%) 1.4 (0.9-2.3) 1.3(0.7-2.4)
215 (83.7%) 1 1

36 (14.0%) 1.3 (0.7-2.5) 0.9 (0.4-1.9)
223 (86.8%) 1 1

34 (13.2%) 1.8 (0.97-3.3) 1.9 (0.9-4.0)
250 (97.3%) 1 1

7 (2.7%) 17.0 (7.1-40.5) 8.9 (3.4-23.5)
231(89.9%) 1 1

26 (10.1%) 6.4 (3.6-11.4) 3.7 (1.9-7.3)

¢ Significant results are in bold.
¢ Adjusted for: age at the time of assessment > 65 years, time since diagnosis =10 years, BMI > 30, treatment
(chemo- and or radiotherapy), hormonal therapy, LVEF > 54%, a diagnosis of CVD, HADS-D = 8, HADS-A = 8.
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Table 4. Fatigue among breast cancer survivors (n = 350) overall and stratified for women
with symptoms of depression (n = 37) or anxiety (n = 65). @

All Breast Cancer HADS- HADS-Anxiety
Survivors Depression = 8 =8
n =350 n =37 n=65
n (%; 95%Cl's)° n (%) n (%)
Multidimensional fatigue 93 (26.6%; 22.0-31.5) 30 (81.1%) 39 (60.0%)
Severe multidimensional fatigue 23 (6.6%; 4.2-9.7) 10 (27.8%) 13 (20.3%)
Fatigue, subtypes
General fatigue 142 (40.7%; 35.4-45.9%) 30 (83.3%) 45 (70.3%)
Physical fatigue 14 (32.6%; 27.7-37.8) 28 (75.7%) 39 (60.0%)
Mental fatigue 92 (26.3%,; 21.7-31.2) 27 (73.0%) 44 (67.7%)
Reduced activity 84 (24.0%; 19.6-28.8) 22 (59.5%) 28 (43.1%)
Reduced motivation 62 (17.8%; 13.9-22.1) 23 (62.2%) 26 (40.0%)

@HADS = Hospital Anxiety and Depression Scale; Cl = confidence intervals.
> Bold if the percentage with fatigue is higher than the upper bound of the 95%ClI for the group ‘All breast
cancer survivors'.

DISCUSSION

Summary

A quarter of the long-term breast cancer survivors in our cohort experienced multidimensional
fatigue, and this occurred significantly more often than in a reference population of the same
age. After considering the time since diagnosis, survivors experienced more fatigue than the
reference population. Multidimensional fatigue among survivors was significantly associated
with symptoms of depression and anxiety, but not with cardiac dysfunction or CVD. Indeed,
breast cancer survivors with symptoms of depression or anxiety had higher levels of all
fatigue subtypes. There is a need for greater awareness of persistent multidimensional
fatigue and psychological problems in these women.

Comparison with Existing Literature

Fatigue is known to be a persistent symptom after treatment for breast cancer [28]. In
our study, we additionally confirmed that this fatigue persists for a longer period than
has previously been reported. Indeed, after a median follow-up of 10 years, 26.6% of
breast cancer survivors experienced multidimensional fatigue, which is consistent with
previous estimates from studies with shorter follow-up periods. A meta-analysis of patients
with several types of cancer, reported a pooled prevalence of fatigue of 26.9% with a
maximum follow-up of 10 years [29]. Studies of breast cancer survivors =5 years after
diagnosis report prevalence rates of 16%-35% [13,30-32]. These estimates are particularly
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noteworthy given that we included survivors with a median of 10 years' follow-up (IQR 7-14
years), whereas other researchers have included survivors up to 7 years after diagnosis,
except for Bower et al., who included patients up to 10 years after diagnosis (mean 6.3 +
1.0 years). In addition, Cella et al. reported that, =5 years after diagnosis, 33% of breast
cancer survivors experienced at least 2 weeks of fatigue in the month before they were
interviewed [28]. The wide range of estimates can be explained by the use of different
guestionnaires and contrasting time periods from diagnosis.

Overall, we showed that the differences in multidimensional fatigue between breast
cancer survivors and controls were statistically significant up to 10 years after diagnosis,
supporting the results of studies with different methodologies [33,34]. However, in this
study, also breast cancer survivors 10 or more years after diagnosis scored significantly
higher on fatigue than the reference population. The relatively older age of our long-
term breast cancer survivors may contribute both to their symptom burden and to the
persistence of fatigue, similar to the results of a study amongst older breast cancer
survivors questioned 3 years after diagnosis [35]. After 10 years of follow-up, however, any
differences become less significant because of the increase in the prevalence of fatigue
among the reference population. This finding was also reported in a study comparing
cancer patients of different ages with the general population [36].

In the present study, symptoms of depression and anxiety were significantly associated with
multidimensional fatigue among long-term breast cancer survivors. Similarly, other researchers
have established an association between fatigue, depression, and anxiety in studies of breast
cancer survivors over 2 years [37]. Bower et al., for example, found an association between
psychological factors and adverse fatigue trajectories up to 6 years after diagnosis [38].

Strengths and Limitations

A strength of this study is that we performed the comparison with a reference population
matched by age and GP. This approach allowed us to separate the effects of breast cancer
and its treatment from the effects of ageing over the long study duration. By including
a random sample of breast cancer survivors and then enquiring about fatigue, we are
also able to provide a more accurate prevalence measure than had we relied on women
visiting a clinic. Another strength is that we only included breast cancer survivors at least
5 years after diagnosis, which resulted in a cohort median of 10 years since diagnosis.
Although previous studies have reported that fatigue is persistent, none has used such a
long follow-up period. Given the increasing number of long-term breast cancer survivors,
it is important to know if fatigue persists this long after diagnosis. Measuring fatigue with
the MFI-20 was also beneficial because it includes multiple fatigue subtypes, allowing for
these to be stratified and for key issues to be identified.
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Despite the strengths of our research, it is important to note that using strict cut-offs
for the fatigue and severe fatigue subtypes may have resulted in an underestimation of
the true prevalence [39]. Another limitation is that GPs may have coded inconsistently,
which could have led to cases of CVD being missed and an underestimation of CVD
diagnoses. By matching survivors and controls by the same GP, we anticipate that the
impact on the comparison should be minimized. However, absolute numbers could have
been underestimated and resulted in an underpowered analysis of the association with
multidimensional fatigue. In addition, we did not adjust for all known determinants for
fatigue [29,40]. We also measured cardiac function by echocardiography rather than the
gold standard of cardiovascular MRI [41], although this should be tempered with knowledge
that measuring the ejection fraction by Simpson’s 2D echo has been shown to produce
comparable results [42]. Finally, the cross-sectional design precludes any comment on the
course and causality related to fatigue among breast cancer survivors.

Implications for Research and/or Practice

Of note, approximately a quarter of breast cancer survivors still experienced
multidimensional fatigue after more than 10 years of follow-up. However, because more
women in the reference population also experienced multidimensional fatigue as women
aged, the statistical significance of the difference was lost over time. Future research
should explore this finding and the course of fatigue in a longitudinal study.

Regarding the clinical implications, our findings indicate that GPs should be vigilant for
long-term (multidimensional) fatigue. Other research has shown that physical activity
and exercise improve cancer-related fatigue, depression, and overall quality of life [43].
If fatigue is related to depression or anxiety, these could be modifiable factors that could
improve fatigue if targeted appropriately. Fortunately, treatment options for depression
and anxiety have proven to be as effective in cancer survivors as in the general population
[44]; for example, cognitive behavioural therapy has been proven effective in breast
cancer survivors [45]. It was also evident that depression and anxiety were associated
with reduced motivation among breast cancer survivors, possibly implying that survivors
with fatigue and reduced motivation may have depression or anxiety, or that stimulating
motivation may be a necessary first step towards improvement.
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ABSTRACT

Purpose: Various long-term symptoms can manifest after breast cancer treatment, but
we wanted to clarify whether these are more frequent among long-term breast cancer
survivors than matched controls and if they are associated with certain diagnoses.

Methods: This was a cross-sectional, population-based study of 350 breast cancer
survivors treated with chemo- and/or radiotherapy =5 years (median 10) after diagnosis
and 350 women without cancer matched by age and primary care physician. All women
completed a questionnaire enquiring about symptoms, underwent echocardiography
to assess the left ventricle ejection fraction, and completed the Hospital Anxiety and
Depression Scale. Cardiovascular diseases were diagnosed from primary care records.
In a multivariable logistic regression analysis, symptoms were adjusted for the long-
term effects and compared between cohorts and within the survivor group.

Results: Concentration difficulties, forgetfulness, dizziness, and nocturia were more
frequent among breast cancer survivors compared with controls, but differences
could not be explained by cardiac dysfunction, cardiovascular diseases, depression, or
anxiety. Intermittent claudication and appetite loss were more frequent among breast
cancer survivors than controls and associated with cardiac dysfunction, depression, and
anxiety. Breast cancer survivors treated with chemotherapy with/without radiotherapy
were at significantly higher odds of forgetfulness and nocturia, but significantly lower
odds of dizziness, compared with breast cancer survivors treated with radiotherapy
alone.

Conclusions: Intermittent claudication and appetite loss are common among breast
cancer survivors and are associated with cardiac dysfunction and mood disorders.
Other symptoms varied by whether the patient underwent chemotherapy with/without
radiotherapy (forgetfulness and nocturia) radiotherapy alone (dizziness).
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INTRODUCTION

The incidence of breast cancer has increased over recent decades [1], but thanks
to better staging and treatment, there has been a marked increase in the number of
long-term survivors [2]. Most women are treated with chemo- and/or radiotherapy, and
although highly effective, these may cause long-term effects, such as cardiac dysfunction,
depression, anxiety, concentration difficulties, and forgetfulness. Indeed, previous studies
have showed that breast cancer survivors treated with chemo- and/or radiotherapy may
develop systolic cardiac dysfunction or cardiovascular disease (CVD) up to 10 years after
diagnosis [3-7]. In women, such dysfunction often has a vague onset that can lead to
undertreatment [8]. Long-term breast cancer survivors are also at a higher odds of
depressive and anxiety symptoms than their peers with no history of cancer [9-12].
Cognitive effects, such as concentration difficulties and forgetfulness, are known effects
of chemotherapy [13,14]. Overall, timely diagnosis and treatment can lessen the impact
on quality of life of these long-term sequelae.

Women often experience symptoms that have low predictive value, making it hard to match
the correct diagnosis and therapy. In addition, the same symptoms are often reported
to primary care physicians (PCPs) by women without cancer, making it unclear if the
incidence is truly increased in breast cancer survivors (see Box 1). It is essential that PCPs
have a clear understanding of this issue because all inhabitants of the Netherlands are
registered with a PCP, and for most long-term survivors, hospital follow-up is discontinued
after 5 years. Given that the PCP is responsible for long-term care and that their electronic
patient records include all diagnoses by International Classification of Primary Care (ICPC)
code [45], their practices offer an ideal setting to assess long-term effects.

In this study, we aimed to identify which symptoms are more prevalent among long-
term breast cancer survivors compared with a reference population with no history of
cancer. Furthermore, we wanted to determine if symptoms are associated with cardiac
dysfunction, CVD, depression, anxiety, or a history of breast cancer treatment with
chemotherapy and/or radiotherapy.

METHODS

Study design and sample

The present analysis is based on data derived in the cross-sectional BLOC study (Breast
cancer Long-term Outcome Cardiac dysfunction). In brief, the BLOC study compared the
prevalence of cardiac dysfunction between women in two groups: 350 treated for breast
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cancer with chemo- and/or radiotherapy »>5 years after diagnosis (the breast cancer
survivor group); and 350 with no history of cancer or chemotherapy (the control group).
Additional details have been described elsewhere [5].

Box 1. lllustrative Case

A 56-year-old woman presented with fatigue, palpitations, and loss of
concentration 7 years after treatment for breast cancer (including chemo- and
radiotherapy). These symptoms were affecting her daily functioning, so she
sought treatment or reassurance from a primary care physician. The physician
was uncertain whether the presenting symptoms were due to the well-known
long-term effects of breast cancer (e.g., cardiac dysfunction, CVD, depression
or anxiety), the history of breast cancer treatment, or some other etiology.

Women were included from the electronic patient records of 80 PCPs in the north of the
Netherlands if they had been free of disease for at least 5 years. ICPC code X78, for breast
cancer, was the primary inclusion criterion (668 invited, 350 responded; response rate,
52%). The exclusion criteria were treatment for other types of cancer or for rheumatic
arthritis, age >80 years, or metastasis at the time of diagnosis. For each included survivor,
we randomly selected a control woman of the same age from the same PCP records if
they had no history of cancer or chemotherapy (1365 invited, 350 responded; response
rate, 26%). All participants filled out a written consent form.

Of the breast cancer survivor group, 175 received chemotherapy (with or without
radiotherapy) and 175 received radiotherapy alone. In the chemotherapy (with or without
radiotherapy) subgroup, 81.1% were treated with anthracyclines (doxorubicin [n = 53] or
epirubicin [n = 89]) and 68.6% received additional radiotherapy. No patient received high-
dose doxorubicin (>400 mg/m?) or epirubicin (*900 mg/m?) [15]. In general, radiotherapy
in the Netherlands in this cohort consisted of LINAC-based photon tangential fields to a
dose of 50 Grey with or without a boost up to 66 Grey [16], and 97% of the survivors were
irradiated after 1990. Hormonal therapy was given to 146 breast cancer survivors, and
this usually stopped after five years.

The BLOC study found that breast cancer survivors more often had systolic cardiac
dysfunction (left ventricular ejection fraction [LVEF] <54%) and more diagnoses of CVD

compared with controls. Crucially, these associations remained after adjustment for

10



Symptoms among long-term breast cancer survivors

relevant covariates at diagnosis and at the time of the cross-sectional assessment [5]. In
addition, breast cancer survivors more often had (severe) symptoms of depression and
anxiety, even after adjusting for a diagnosis of depression and/or antidepressant use at
the time of breast cancer diagnosis and for the time since diagnosis [12].

Current study

In the current analysis, all 700 women from the BLOC study were included and interviewed
by trained medical students about the occurrence of 18 specific symptoms during the
previous 3 weeks, following a structured anamnestic questionnaire (single item scale) [171.
The primary outcome was the prevalence of these symptoms compared between breast
cancer survivors and controls. The secondary outcome was the prevalence of symptoms
among breast cancer survivors treated with chemotherapy (with or without radiotherapy)
compared with those who received radiotherapy alone.

Instruments

Outcomes for cardiac dysfunction, CVD, depression, or anxiety were included to assess the
possible association with symptoms. Systolic cardiac dysfunction was defined as an LVEF
<54%, according to the European Association of Echocardiography/American Society of
Echocardiography guideline [18]. CVD was diagnosed based on the presence of certain
ICPC codes in the electronic patient record (Supplement 1). Symptoms of depression and
anxiety were measured with the Hospital Anxiety and Depression Scale (HADS) that has
depression (HADS-D) and anxiety (HADS-A) subscales. Each subscale has seven items
that are scored 0-3, giving a maximum score of 21[19,20]. Both subscales have acceptable
specificities and sensitivities (0.80) and perform well when assessing symptom severity
and the presence of anxiety disorders and depression in primary care patients [21].

Analyses/statistics

Descriptive data are reported as medians and interquartile ranges (IQRs) for continuous
variables and as numbers with percentages for discrete variables. In univariate logistic
regression analysis, the presence of each symptom was compared between breast cancer
survivors and the reference population, reporting estimated odds ratios (ORs) and 95%
confidence intervals (95%Cls). Any symptoms with ORs =1.5 were adjusted by the LVEF value,
presence/absence of CVD, and HADS scores (total, HADS-D, and HADS-A) and the adjusted
ORs were considered stable if they remained unchanged or changed by <10% from baseline.
Analysis of these symptoms was stratified to compare breast cancer survivors who received
chemotherapy with/without radiotherapy and those who received radiotherapy alone. Given
that women who received radiotherapy alone were older, analysis was adjusted for age at
assessment. A P-value of <0.05 was considered statistically significant. All analyses were
performed using IBM SPSS for Windows, Version 23.0 (IBM Corp., Armonk, NY).
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RESULTS

Symptoms among breast cancer survivors versus the reference population

Table 1shows the characteristics of the 700 women included in the cross-sectional BLOC study.
The median time since breast cancer diagnosis was 10 (IQR 7-14) years and the median age
at assessment was 63 (IQR 57-68) years. More breast cancer survivors were diagnosed with
diabetes mellitus than controls (8.3% versus 4.3%). Table 2 shows that six of the eighteen
included symptoms were experienced more by breast cancer survivors than by the reference
population. Breast cancer survivors experienced the following significantly more often than
the reference population: concentration difficulties (22.9% versus 10.6%; OR 2.5 [95%CI,
1.6-3.8]), forgetfulness (22.9% versus 14.6%; OR 1.7 [95%Cl, 1.2-2.6]), dizziness (271% versus
18.0%; OR 1.7 [95%ClI, 1.2-2.4]), and nocturia (25.7% versus 18.6%; OR 1.5 [95%ClI, 11-2.2])
(Table 2).

Symptoms with ORs 1.5 were entered into multivariate analysis and adjusted for LVEF, CVD,
HADS-total, HADS-D, and HADS-A (Table 3). Of note, the ORs for concentration difficulties,
forgetfulness, dizziness, and nocturia remained significant and changed minimally after
adjustment. However, although breast cancer survivors were at a significantly higher odds
than the reference population for experiencing appetite loss in the univariate analysis
(6% versus 2.6%; OR 2.4 [95%ClI, 1.1-5.4]; Table 2), this did not remain significant after
adjusting for CVD, HADS, HADS-D, and HADS-A (Table 3). Breast cancer survivors were also
at significantly increased odds of experiencing intermittent claudication in the univariate
analysis (7.3% versus 3.5%; OR 2.2 [95%Cl, 1.1-4.6]; Table 2), but this did not remain after
adjustment for LVEF, CVD, or HADS-A (Table 3).

Symptoms in breast cancer survivors: chemotherapy versus radiotherapy only

We analyzed the eight symptoms with ORs =1.5 and found that three were significantly
different between the two groups (Table 4). Compared with breast cancer survivors who
received radiotherapy alone, those who received chemotherapy (with/without radiotherapy)
had a higher odds of forgetfulness (OR 1.8 [95%ClI, 1.0e3.0]) and nocturia (OR 1.9 [95%ClI,
1.1-3.2]), whereas the odds of dizziness was lower (OR 0.6 [95%Cl, 0.4-0.971). These results
remained significant after adjusting for LVEF, CVD, HADS, HADS-D, and HADS-A.
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Table 1. BLOC study: Characteristics of breast cancer survivors and the reference

population. [5,12]

Breast cancer Reference
survivors population
N = 350 N = 350
Years Years
Median (IQR)? Median (IQR)
Time since breast cancer diagnosis 10 (7-14) -
Age at cross-sectional assessment 63 (57-68) 63 (57-68)
N (%) N (%)
Adjuvant therapy
Chemotherapy 175 (50.0) -
Anthracycline-base 142 (40.6) -
Cumulative anthracycline dose; mg/m?, median (IQR) 238 (228-240) -
Radiotherapy 295 (84.3) -
Hormonal therapy 146 (41.7) -
Comorbidity ®
Cardiovascular diseases 49 (14.0) 26 (7.4)
Risk factors for CVD ®
Dyslipidemia 54 (15.4) 58 (16.6)
Hypertension 108 (30.9) 106 (30.3)
Diabetes mellitus 29 (8.3) 16 (4.6)
Median (IQR) Median (IQR)
Left ventricular ejection fraction (LVEF) © 58 (55-61) 59 (57-62)
Hospital Anxiety and Depression Scale (HADS) 7 (4-11) 6 (4-10)
HADS-Depression 2 (1-4) 2(1-4)
HADS-Anxiety 5 (3-7) 4 (3-6)

Significant results are in bold.
¢1QR = interguartile range.
> As registered in files of the general practitioner.

< Measured by Simpson’s biplane (61.8%) or BiPQ/estimate (38.2%), not available for women with atrial fibrillation
during measurement (N = 6) and women with immeasurable LVEF (N =14).
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Table 2. Symptom comparison between breast cancer survivors and the reference

population.
Breast cancer Reference Univariate
survivors population comparison
(N = 350) (N = 350)
N (%) N (%) OR (95%CI) ®
Concentration difficulties 80 (22.9) 37 (10.6) 2.5 (1.6-3.8)
Forgetfulness 80 (22.9) 51(14.6) 1.7 (1.2-2.6)
Dizziness 95 (27.1) 63 (18.0) 1.7 (1.2-2.4)
Nocturia 90 (25.7) 65 (18.6) 1.5 (1.1-2.2)
Appetite loss 21(6.0) 9 (2.6) 2.4 (1.1-5.4)
Intermittent claudication 23 (7.3) 1(3.5) 2.2 (1.1-4.6)
Chest pain 32 (90 21(6.0) 1.6 (0.9-2.8)
Abdominal bloating 72 (20.6) 53 (15.1) 1.5 (0.98-2.1)
Cough when lying down 47 (13.4) 34 (9.7) 1.4 (0.9-2.3)
Shortness of breath after exertion 106 (30.3) 87 (24.9) 1.3 (0.9-1.8)
Fatigue after exertion 97 (27.7) 79 (22.6) 1.3 (0.9-1.9)
Palpitations 82 (23.4) 66 (18.9) 1.3 (0.9-1.9)
Edema ankles 65 (18.6) 51(14.6) 1.3 (0.9-2.0)
Radiating chest pain 10 (3.0) 8 (2.4) 1.2 (0.5-3.2)
Cold extremities 130 (37) 121(34.6) 11(0.8-1.5)
Constipation 64 (18.3) 57 (16.3) 1.1(0.8-1.7)
Weight gain 33(9.4) 30 (8.6) 11(0.7-1.9)
Sleeping difficulty 140 (40.0) 140 (40.0) 1.0 (0.7-1.4)

Significant results are in bold.
2 OR = Odds Ratio, unadjusted.
> The multivariate analysis only performed when the odds ratio is 1.5 or higher.
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DISCUSSION

The aim of this study was to investigate which symptoms are more prevalent among breast
cancer survivors in comparison to women with no history of cancer. And, to assess the
association with several diagnoses associated with breast cancer and its therapy. We found
that breast cancer survivors experienced concentration difficulties, dizziness, forgetfulness,
and nocturia more often than a reference population. Given that we found no association
with systolic cardiac dysfunction, CVD, depression, or anxiety, it is plausible that these
symptoms were associated with the chemotherapy or radiotherapy given during breast
cancer treatment. Survivors also experienced more intermittent claudication and appetite
loss: the former was associated with breast cancer treatment, systolic dysfunction, CVD,
and anxiety; and the latter was associated with breast cancer treatment, CVD, depression,
and anxiety. Among the survivors who received chemotherapy (with/ without radiotherapy),
forgetfulness and nocturia were more frequent and dizziness was less frequent compared
with the breast cancer survivors who received radiotherapy alone. Notably, most of the
symptoms were not significantly more present among breast cancer survivors.

Consistent with our results, several studies have found that long-term breast cancer
survivors treated with chemotherapy experienced more cognitive impairment (i.e.,
forgetfulness and concentration difficulties) than reference populations [23-27]. However,
the methods used in these studies were heterogeneous, making comparison difficult.
Dizziness has been associated with breast cancer survivors in previous studies and has
been shown to have a negative effect on quality of life [28], but this symptom can result
for other reasons [29]. Only one other study has mentioned nocturia as a symptom of
breast cancer survivors [30], but that was done in the context of discussing the control of
postmenopausal symptoms and did not compare the frequency of nocturia between cases
and controls. However, given that hormone replacement therapy is not recommended for
breast cancer survivors, this might explain the high incidence of nocturia in this group.
Another explanation could be the high prevalence of diabetes mellitus among the breast
cancer survivors in this study, since nocturia is associated with uncontrolled blood glucose
levels. Some guidelines do include symptom-specific advice, but these mainly cover
disorders instead of individual symptoms, except for fatigue [31-33]. To our knowledge,
there is no available literature on the prevalence of intermittent claudication or appetite
loss in long-term survivors of breast cancer.
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Table 3. Symptoms adjusted for in the multivariate analysis, comparing breast cancer
survivors with an age- and PCP-matched reference population.

Multivariate analyses, OR (95%Cl) ®

LVEF (continuous) CVD (dichotomous)
Concentration difficulties 2.5 (1.6-3.9) 2.6 (1.7-3.9)
Forgetfulness 1.7 (1.2-2.6) 1.8 (1.2-2.6)
Dizziness 1.7 (1.2-2.4) 1.6 (1.1-2.3)
Nocturia 1.5 (1.0-2.1) 1.5 (1.0-2.1)
Appetite loss 2.5 (1.1-5.8) 2.2(0.99-49)
Intermittent claudication 2.0 (0.9-4.2) 2.1(0.99-4.4)
Chest pain 1.5 (0.8-2.7) 1.4 (0.8-2.5)
Abdominal bloating 1.4 (0.95-21) 1.4 (0.97-2.)

Significant results are in bold.

@ The multivariate analysis only performed when the odds ratio is 1.5 or higher. Data were adjusted for left
ventricular ejection fraction (LVEF), cardiovascular disease (CVD), and for scores on the HADS, HADS-D
(depression subscale), and HADS-A (anxiety subscale).

Table 4. Symptoms reported by breast cancer survivors after adjusting for age at time
of assessment.

Breast cancer Breast cancer
survivors treated with  survivors treated with
chemotherapy radiotherapy
(N =175) (N =175)
N (%) N (%) OR (95%ClI)

Nocturia 52 (29.7) 38 (21.7) 1.9 (1.1-3.2)
Forgetfulness 50 (28.6) 30 (170 1.8 (1.0-3.0)
Concentration difficulties 48 (27.4) 32 (18.3) 1.3(0.7-2.2)
Abdominal bloating 40 (22.9) 32 (18.3) 0.99 (0.6-1.7)
Appetite loss 1(6.3) 10 (5.7) 0.99 (0.4-2.5)
Chest pain 14 (8.0) 18 (10.3) 0.8 (0.4-1.8)
Intermittent claudication 9 (51 14 (8.0) 0.6 (0.3-1.6)
Dizziness 38 (21.7) 57 (32.6) 0.6 (0.4-0.97)

Significant results are in bold.
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Multivariate analyses, OR (95%Cl) ®
HADS (continuous) HADS-D (continuous) HADS-A (continuous)
2.3 (1.5-3.6) 2.3 (1.5-3.6) 2.4 (1.5-3.8)
1.6 (1.1-2.4) 1.6 (1.1-2.4) 1.6 (1.1-2.4)
1.6 (1.1-2.3) 1.6 (1.1-2.3) 1.6 (1.1-2.3)
1.5 (1.0-2.1) 1.5 (1.0-2.1) 1.5 (1.0-2.1)
2.1(0.9-4.6) 21(0.9-4.7) 2.2 (0.98-4.9)
2.1(1.0-4.4) 2.2 (1.0-4.5) 2.1(0.99-4.4)
1.4 (0.8-2.5) 1.5 (0.8-2.7) 1.4 (0.8-2.6)
1.3 (0.9-2.0) 1.4 (0.9-2.0) 1.3 (0.9-2.0)

A major strength of this study is that we used an unselected population of breast cancer
survivors from primary care, which helps to increase the generalizability of our data.
Comparing these with a reference population matched by age and PCP further improved
the rigor of our analysis. Another strength is that the median follow-up for the included
breast cancer survivors was 10 years, which contrasts favorably with most other studies
that have only focused on the first 5 years after diagnosis; as such, ours includes the
increasingly important population of long-term survivors. Our assumption was that
hormonal therapy will have the greatest effects during treatment, and not in the long
term [34]. As a consequence, we hypothesize that the observed effects are not caused
by hormonal treatment. We also compared the relationship between various symptoms
and both cardiovascular problems and psychological distress in long-term breast cancer
survivors. Other studies have reported on the quality of life for survivors, but it must be
noted that experiencing symptoms themselves may ultimately have a negative effect
on the quality of life [35-37]. One might argue that using the HADS to define depression
or anxiety is inferior to a structured psychological interview, despite having excellent
psychometric properties, and that this may have led to an underestimation of the
association of symptoms to depression or anxiety. In order to rule out results based on
chance future research should confirm our results. Finally, because of the cross-sectional
design, it is only possible to draw conclusions about associations and not about causality.

Research has indicated that there is increased primary healthcare utilization among breast
cancer survivors [38]. The PCP has a key role in managing symptoms among this growing
population that is at risk of long-term sequelae. It is therefore important that PCPs pay
attention to these symptoms to manage their negative impact on quality of life [39,401.
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Chapter 6

This must start by recognizing symptoms and knowing if they are associated with previous
breast cancer treatment. In this study, we confirmed that this association existed, even
after adjusting for well-known long-term effects with overlapping symptomatology (e.g.,
cardiac dysfunction, CVD, depression, and anxiety). When breast cancer survivors consult
their PCP with vague symptoms, the differential diagnosis should include all long-term
effects of breast cancer treatment, even if more than 10 years has elapsed since diagnosis
[512]. When these have been excluded, positive reassurance could be provided through
awareness that these symptoms are common among breast cancer survivors, even though
the etiology is not known [41]. Possible treatments for symptoms include cognitive therapy
or mindfulness, which have been proven to improve long-term symptoms of forgetfulness
and concentration difficulty in breast cancer survivors [42-44]. The possibility of these
symptoms and treatments should also be included in the information given to patients
at the time of a breast cancer diagnosis to keep the patient informed and to help them
pre-empt and deal with their symptoms.

Conclusions

Up to 10 years after diagnosis, breast cancer survivors experience intermittent claudication,
appetite loss, concentration difficulties, forgetfulness, dizziness, and nocturia significantly
more often than peers matched by age and PCP, without cancer. Intermittent claudication
and appetite loss are associated with cardiovascular dysfunction, depression, and
anxiety. Concentration difficulties, forgetfulness, dizziness, and nocturia are significantly
associated with a history of breast cancer (therapy).

18



Symptoms among long-term breast cancer survivors

REFERENCES

10.

n.

12.

13.

14.

15.

16.

17.

Otten JD, Broeders MJ, Fracheboud J, Otto SJ, de Koning HJ, Verbeek AL. Impressive time-
related influence of the Dutch screening programme on breast cancer incidence and mortality,
1975-2006. Int J Canc 2008;123: 1929-34.

Vervoort MM, Draisma G, Fracheboud J, van de Poll-Franse LV, de Koning HJ. Trends in the usage
of adjuvant systemic therapy for breast cancer in The Netherlands and its effect on mortality.
Br J Canc 2004;91:242-7.

Caram ME, Guo C, Leja M, et al. Doxorubicin-induced cardiac dysfunction in unselected patients
with a history of early-stage breast cancer. Breast Canc Res Treat 2015;152:163e72.

Zambetti M, Moliterni A, Materazzo C, et al. Long-term cardiac sequelae in operable breast cancer
patients given adjuvant chemotherapy with or without doxorubicin and breast irradiation. J Clin
Oncol 2001;19:37e43.

Boerman LM, Maass SWMC, van der Meer P, et al. Long-term outcome of cardiac function
in a population-based cohort of breast cancer survivors: a cross-sectional study. Eur J Canc
2017;81:56e65.

Taylor C, Correa C, Duane FK, et al. Estimating the risks of breast cancer radiotherapy: evidence
from modern radiation doses to the lungs and heart and from previous randomized trials. J Clin
Oncol 2017;35:1641e9.

Lenihan DJ, Cardinale DM. Late cardiac effects of cancer treatment. J Clin Oncol 2012;30:3657e64.
Keteepe-Arachi T, Sharma S. Cardiovascular disease in women: understanding symptoms and
risk Factors 2017;12:10.

Crespi CM, Ganz PA, Petersen L, Castillo A, Caan B. Refinement and psychometric evaluation of
the impact of cancer scale. J Natl Cancer Inst 2008;100: 1530e41.

Klein D, Mercier M, Abeilard E, et al. Long-term quality of life after breast cancer: a French
registry-based controlled study. Breast Canc Res Treat 2011;129:125e34.

Suppli NP, Johansen C, Christensen J, Kessing LV, Kroman N, Dalton SO. Increased risk for
depression after breast cancer: a nationwide populationbased cohort study of associated factors
in Denmark, 1998-2011, vol. 32; 2014. p. 3831e9.

Maass S, Boerman L, Verhaak P, Du J, de Bock G, Berendsen A. Long-term psychological distress
in breast cancer survivors and their matched controls: a cross-sectional study. Maturitas
2019;130:6e12.

Ahles TA, Root JC, Ryan EL. Cancer- and cancer treatmenteassociated cognitive change: an
update on the state of the Science 2012;30:3675e86.

Brezden CB, Phillips K, Abdolell M, Bunston T, Tannock IF. Cognitive function in breast cancer
patients receiving adjuvant. Chemotherapy 2000;18: 2695e701.

Zamorano JL, Lancellotti P, Rodriguez Munoz D, et al. ESC Position Paper on cancer treatments
and cardiovascular toxicity developed under the auspices of the ESC Committee for Practice
Guidelines: the Task Force for cancer treatments and cardiovascular toxicity of the European
Society of Cardiology (ESC). Eur Heart J 2016 2016;37:2768e801.

Taylor CW, Nisbet A, McGale P, et al. Cardiac doses from Swedish breast cancer radiotherapy
since the 1950s. Radiother Oncol 2009;90:127e35.

Vliet A. Protocollair CVRM 2013;3:95-6.

19




Chapter 6

20.

21.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

120

Lang RM, Badano LP, Mor-Avi V, et al. Recommendations for cardiac chamber quantification by
echocardiography in adults: an update from the American Society of Echocardiography and the
European Association of Cardiovascular Imaging. J Am Soc Echocardiogr 2015;28(1):39. el4.
Zigmond AS, Snaith RP. The hospital anxiety and depression scale. Acta Psychiatr Scand
1983;67:361e70.

Herrmann C. International experiences with the Hospital Anxiety and Depression Scale-a review
of validation data and clinical results. J Psychosom Res 1997;42:17e41.

Bjelland I, Dahl AA, Haug TT, Neckelmann D. The validity of the Hospital Anxiety and Depression
Scale: an updated literature review. J Psychosom Res 2002;52:69e77.

Ahles TA, Saykin AJ, Furstenberg CT, et al. Neuropsychologic impact of standard-dose
systemic chemotherapy in long-term survivors of breast cancer and lymphoma. J Clin Oncol
2002;20:485e93.

Nguyen CM, Yamada TH, Beglinger LJ, Cavanaugh JE, Denburg NL, Schultz SK. Cognitive features
10 or more years after successful breast cancer survival: comparisons across types of cancer
interventions 2013;22:862e8.

Silverman DH, Dy CJ, Castellon SA, et al. Altered frontocortical, cerebellar, and basal ganglia
activity in adjuvant-treated breast cancer survivors 5e10 years after chemotherapy. Breast Canc
Res Treat 2007;103:303e11.

Stouten-Kemperman MM, de Ruiter MB, Boogerd W, Veltman DJ, Reneman L, Schagen SB. Very
late treatment-related alterations in brain function of breast cancer survivors 2015;21:50e61.
de Ruiter MB, Reneman L, Boogerd W, et al. Late effects of high-dose adjuvant chemotherapy on
white and gray matter in breast cancer survivors: converging results from multimodal magnetic
resonance imaging. Hum Brain Mapp 2012;33:2971e83.

Conde DM, Pinto-Neto AM, Cabello C, Santos-Sa D, Costa-Paiva L, Martinez EZ. Quality of life in
Brazilian breast cancer survivors age 45e65 years: associated factors. Breast J 2005;11:425e32.
Post RE, Dickerson LM. Dizziness: a diagnostic approach. Am Fam Physician 2010;82:361e8.
Bruno D, Feeney KJ. Management of postmenopausal symptoms in breast cancer survivors
2006;33:696€e707.

Denlinger CS, Sanft T, Baker KS, et al. Survivorship, version 2.2018. NCCN clinical practice
guidelines in oncology 2018;16:1216e47.

Andersen BL, Rowland JH, Somerfield MR. Screening, assessment, and care of anxiety and
depressive symptoms in adults with cancer: an American Society of Clinical Oncology guideline
adaptation 2014;11:133e4.

Khatcheressian JL, Hurley P, Bantug E, et al. Breast cancer follow-up and management after
primary treatment: American Society of Clinical Oncology clinical practice guideline update. J
Clin Oncol 2013;31:961e5.

Buijs C, de Vries EG, Mourits MJ, Willemse PH. The influence of endocrine treatments for breast
cancer on health-related quality of life. Cancer Treat Rev 2008;34:640e55.

Runowicz CD, Leach CR, Henry NL, et al. American cancer society/American society of clinical
oncology breast cancer survivorship care guideline 2016;66: 43e73.

Huang H, Tsai W, Chou W, et al. Quality of life of breast and cervical cancer survivors. BMC Wom
Health 2017;17:30.

Arraras JI, Manterola A, lllarramendi JJ, et al. Quality of life evolution in elderly survivors with
localized breast cancer treated with radiotherapy over a threeyear follow-up 2018;41:74e81.



38.

39.

40.

41.

42.

43.

44.

45.

Roorda C, Berendsen AJ, Groenhof F, van der Meer K, de Bock GH. Increased primary healthcare
utilisation among women with a history of breast cancer. Support Care Canc 2013;21:941e9.
Von Ah D, Habermann B, Carpenter JS, Schneider BL. Impact of perceived cognitive impairment
in breast cancer survivors, vol. 17; 2013. p. 236e41.

Ashley Henneghan M. When do | get my brain back? Breast cancer survivors' experiences of
cognitive problems. Clin J Oncol Nurs 2015;19:180.

Thomas KB. General practice consultations: is there any point in being positive? Br Med J
1987;294:1200e2.

Bail JR, Ivankova N, Heaton K, Vance DE, Triebel K, Meneses K. Cancer-related symptoms and
cognitive intervention adherence among breast cancer survivors: a mixed-methods study. Cancer
Nurs 2019.

Vance DE, Frank JS, Bail J, et al. Interventions for cognitive deficits in breast cancer survivors
treated with chemotherapy. Canc Nurs 2017;40:E11e27.

Cifu G, Power MC, Shomstein S, Arem H. Mindfulness-based interventions and cognitive function
among breast cancer survivors: a systematic review. BMC Canc 2018;18:1163.

Lambert H, Woods M. The International Classification of Primary Care (ICPC). 1987.






CW:@\( ]

Summary and general discussion






Summary and general discussion

SUMMARY AND GENERAL DISCUSSION

Introduction

Over the course of this thesis (2014-2021), | noticed a change in awareness of the presence
of long-term effects in survivors after completing breast cancer treatment. At the start,
colleagues and friends usually rejected my hypothesis that long-term breast cancer
survivors still experience the effects of breast cancer and its treatment. This contrasted
with the experience of survivors, who recognized this as a problem, regularly thanked
us for choosing this topic, and expressed their hope for the recognition that treatment-
related symptoms are persistent. Nowadays, when | talk about our findings with colleagues
and friends, the first response is “this is already known.” Indeed, awareness has now
been raised by the Dutch Breast Cancer Society, the Dutch Cancer Society, the Dutch
Heart Foundation, and by our presentations. This increased awareness and recognition
of long-term effects experienced by breast cancer survivors is a positive development.
An illustrative case is shown below.

Illlustrative case

A 63-year-old woman presents to her general practitioner (GP) with vague
complaints. She was diagnosed with breast cancer and treated with surgery,
chemotherapy, and radiotherapy 11 years ago. She feels less motivated to take
on new challenges, feels dizzy, and has difficulty concentrating during long
conversations. Because these symptoms affect her daily life, she seeks help
from her GP. Together, they wonder if the presenting complaints could be traced
back to the breast cancer diagnosis and its treatment.

Aim of this thesis

The main objective of this thesis and of the BLOC study was to gain insight into the
prevalence of long-term physical and psychological effects among long-term survivors
of breast cancer. More specifically, we explored the prevalence of, and the relationships
between, various disorders and symptoms in breast cancer survivors, including
cardiovascular disease, systolic cardiac function, depression, anxiety, fatigue, forgetfulness,
and dizziness.
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Chapter 7

SUMMARY OF MAIN FINDINGS

We found that, beyond 5 years after breast cancer treatment, women have more left
ventricle cardiac dysfunction, cardiovascular disease, and N-terminal prohormone of
brain natriuretic peptide (NT-proBNP) elevation, than matched controls without cancer.
Women in this group also experience more anxiety, depression, and fatigue. Breast cancer
survivors also experience more dizziness, concentration problems, forgetfulness, and
nocturia.

In chapter 2, we performed a systematic review of the current literature on long-term
symptoms of depression or anxiety in breast cancer survivors (>1 year after breast cancer
diagnosis), which revealed a wide range in prevalence. Survivors were shown to be at
higher risk of long-term symptoms of depression than the general female population, with
this risk persisting beyond 5 years after diagnosis and normalizing over time. However,
we found no increased prevalence of anxiety symptoms among breast cancer survivors.

Chapters 3 to 6 concerned the Breast cancer Long-term Outcome Cardiac dysfunction
(BLOC) study. In this study, we compared 350 long-term breast cancer survivors against
a reference population of 350 women who had no history of cancer (matched by age
and GP). The breast cancer survivors received either chemotherapy (with or without
radiotherapy) or radiotherapy alone (175 per group), and they were followed up for a
median of 10 years from diagnosis.

In chapter 3, the first article arising from the BLOC study, we explored the prevalence of
long-term cardiovascular effects. The main finding was that breast cancer survivors are at
increased risk of mild left ventricular systolic dysfunction (LVEF <54%), with dysfunction
present in 15.3% of all survivors compared with 7.0% in the reference population. At the
clinically relevant LVEF cut-off of <50%, however, we found no significant difference in
prevalence when comparing the survivor and reference groups. Overall, left ventricular
diastolic dysfunction was high in both the breast cancer survivor (43.4%) and the
reference (39.5%) groups. Breast cancer survivors more often had increased NT-proBNP
levels (36.0%) than the reference group (27.1%), and those treated with chemotherapy
(with or without radiotherapy) more often had cardiovascular disease than the reference
population.

In chapter 4, the BLOC study focused on long-term depression and/or anxiety symptoms.
We found that long-term breast cancer survivors more often experienced symptoms of
mild depression, severe depression, and severe anxiety than the reference population.
There was also a significant association between symptoms of anxiety and a history of
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diagnosed depression or antidepressant prescribing before the cancer diagnosis, but this
association was lacking for (severe) symptoms of depression and severe symptoms of
anxiety.

Chapter 5 focused on multidimensional fatigue, revealing that it was experienced by
a quarter of breast cancer survivors, which was significantly more often than in the
reference population. This fatigue was associated with symptoms of depression and
anxiety. Irrespective of the time since diagnosis (median 10 years), breast cancer survivors
experienced significantly more fatigue than the reference population.

In chapter 6, the emphasis was on various symptoms and their possible association with
the long-term effects of breast cancer and its treatment. Breast cancer survivors more
often experienced concentration difficulties, dizziness, forgetfulness, and nocturia than the
reference population. These symptoms did not seem to be associated with systolic cardiac
dysfunction, cardiovascular disease, depression, or anxiety. Survivors also experienced
more intermittent claudication and appetite loss than the reference population. On the one
hand, intermittent claudication was associated with systolic cardiac function, cardiovascular
disease, and anxiety symptoms. On the other hand, appetite loss was associated with
cardiovascular disease, depression symptoms, and anxiety symptoms. Finally, when we
compared breast cancer survivors by the treatment received, it was shown that those
treated with chemotherapy (with or without radiotherapy) experienced more nocturia and
forgetfulness while those treated with radiotherapy alone experienced more dizziness.

%} {QIL% * 1in 3 have elevated NT-proBNP levels (36%; controls 27.1%)

{1} @ q} * 1in 4 experience multidimensional fatigue (26.6%; controls 15.4%)
{1} g} q} {} * 1in 5 experience symptoms of anxiety* (18.6%;controls 16.3%)
{} {1‘} {} {} @ {T} * 1in 7 have mild systolic cardiac dysfunction** (15.3%; controls 7.0%)
%} {QIL% q} ﬁ% ﬁ% %} {} * 1in 8 have a cardiovascular disease (14.0%; controls 7.4%)
@ @j} q} @ {1} %} @} @ * 1in 9 experience symptoms of depression (10.6%; controls 4.9%)

Figure 1. Outcomes for 350 breast cancer survivors and the reference population,
included in the BLOC-study.

Abbreviations: BLOC, Breast Cancer Long-term Outcome Cardiac Dysfunction study; NT-proBNP, N-terminal
prohormone of brain natriuretic peptide. *Non-significant. **Mild dysfunction was defined by a left-ventricular
ejection fraction <54%.

127




Chapter 7

COMPARISON WITH CURRENT LITERATURE

Cardiovascular effects

Other research looking at cardiovascular effects in breast cancer survivors treated with
chemotherapy (with or without radiotherapy) for periods >5 years after diagnosis have
found a lower prevalence of systolic cardiac dysfunction (LVEF <54%), with rates of
5.1%-11.5% versus our 14.8% [1,2]. However, they have found a comparable prevalence
of LVEF<50%, with rates of 1.9%-8.0% compared to the 4.1% in this study [2-5]. These
studies were limited by not comparing their results with a reference group [1-5], including
only hospital-based populations (which makes comparison difficult) [1-5], and by having
a maximum follow-up of 10 years [1,3]. Thus, the present thesis adds value in four ways.
First, we performed comparison with a reference group. Second, we included a population-
based cohort instead of a hospital-based cohort. Third, we followed women for a median
of 10 years after diagnosis (interquartile range, 7-14 years). Fourth, all women underwent
echocardiography, regardless of the presence of symptoms, which allowed us to include
cases of asymptomatic systolic cardiac dysfunction.

We included 175 breast cancer survivors treated with radiotherapy alone. Although prior
studies have evaluated other cardiac outcomes, such as comparing left- and right-sided
breast irradiation [6-10], ours was the first study to evaluate long-term systolic cardiac
dysfunction in this important cohort. We found no difference in outcomes between left-
and right-sided radiotherapy, possibly due to the more refined radiotherapy protocol that
is less spread, and therefore, less harmful to the heart and coronary arteries [11].

There were high rates of left ventricular diastolic dysfunction in both the breast cancer
survivor (43.4%) and the reference (39.5%) groups, which corresponds to rates mentioned
in the literature (15.8%-52.8%) [12]. Although breast cancer survivors had the same
increased risk as the reference population, GPs should be aware that the prevalence of
LV diastolic is high in women aged >60 years and may require different treatment to LV
systolic dysfunction.

In line with our study, a high prevalence of increased NT-proBNP has been reported among
breast cancer survivors. We reported an increase in 36.0% of cases while Caram et al.
reported an increase in 46.0% with a shorter follow-up (6 years) [1]. Given that a raised
NT-pro BNP is related to cardiac mortality and heart failure, it is important to be aware of
this risk, and if necessary, monitor these women [13]. NT-proBNP is an easy and affordable
tool that has a high negative predictive value for excluding chronic heart failure [14].
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Psychological effects

At least 1 year after breast cancer diagnosis

Studies included in the systematic review by Zainal et al. [15] showed prevalence rates
ranging from 1% to 56% for depression in survivors of breast cancer, consistent with our
systematic review. The wide range in both reviews was due, in part, to the use of different
guestionnaires with varied definitions of depression. For example, Zainal et al. found a
higher prevalence of depression with the Center for Epidemiological Studies-Depression
(CES-D) questionnaire and Beck Depression Inventory (BDI) than with the Hospital Anxiety
and Depression Scale (HADS). Overall, our numbers were lower than those reported by
Zainal et al., probably because we excluded studies evaluating the first year after a breast
cancer diagnosis.

When focusing on the results for the CED-D questionnaire only, we saw that the
prevalence of depression decreased after the first year from diagnosis. Although all three
questionnaires are valid and reliable tools for evaluating depression, diagnosis requires
a formal diagnostic interview. Therefore, we have taken care to write about symptoms of
depression or anxiety rather than diagnoses. The HADS offers the best approach to the
outcome of a diagnostic interview, which was one of the main reasons we included it in
the BLOC study [16].

A more recent systematic review (2018) evaluated mental health outcomes among breast
cancer survivors and compared the results of women beyond1year after diagnosis to those
with no history of cancer [17]. They found a higher risk for anxiety and depression among
breast cancer survivors, but as in our systematic review, they produced wide confidence
intervals [17]. The prevalence of anxiety symptoms among breast cancer patients ranged
from 10% to 50% in that study, whereas we found a range from 17.9% to 33.3%. The
diversity in questionnaires may again explain the wide range in prevalence.

Beyond 5 years after diagnosis (BLOC study)

The prevalence rates for mild symptoms of depression (measured with the HADS-D)
among breast cancer survivors were 10.6% in the BLOC study and 13.0% in the systematic
review, with severe symptoms present in 3.7% and 3.9%, respectively. Concerning anxiety
(measured with the HADS-A) mild symptoms were present in 18.6% in the BLOC study
and 27.2% in the systematic review, whereas severe symptoms were present in 8.0% and
9.8%, respectively. Overall, the percentages reported in the review were slightly higher
than those reported in the BLOC study because of the shorter mean follow-up of 4 years
in the systematic review.
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In the BLOC study, we confirmed the hypothesis that (severe) symptoms of depression
and severe symptoms of anxiety are associated with the presence of a history of breast
cancer. Similarly, a nationwide study in Denmark, with a follow-up period of up to 8 years,
concluded that long-term breast cancer survivors are at increased risk for depression [18].

We did not find a significant association between a history of diagnosed depression or of
antidepressant prescription before the breast cancer diagnosis and (severe) symptoms
of depression or severe symptoms of anxiety after the breast cancer diagnosis. However,
women with symptoms of depression before the breast cancer diagnosis were found to
be at increased risk of anxiety symptoms after their diagnosis. A recent systematic review
of breast cancer survivors with and without a history of mental disorders found that an
increased risk of depression or anxiety after the breast cancer diagnosis was unrelated
to a history of mental problems [17].

Fatigue

The 26.6% prevalence of multidimensional fatigue in long-term breast cancer survivors
is comparable with that reported in other studies of fatigue in this cohort (range, 16%-
35%) [19-22]. This is remarkable given that we used a longer median follow-up of 10
years after breast cancer diagnosis, while other studies have had a median follow-up
of approximately 5 years (range, 1 month to 10 years). In the BLOC study, comparison
with a reference population also revealed that breast cancer survivors experienced
multidimensional fatigue more often, consistent with the results of other studies with
different methodologies [23,24]. Supporting our study, a systematic review by Abrahams
et al. found a strong relation between fatigue and symptoms of depression or anxiety [25].
Our findings add to their systematic review by including a long median time from diagnosis
and by performing comparison to a reference population with no history of cancer.

Symptoms

We evaluated the symptoms experienced long-term after treatment for breast cancer.
These do not always reflect a specific disease or condition, often resulting in vague
presentations, but they do reflect a patient burden that may prompt contact with a GP.
Previous research has revealed that this symptom burden can be high [26] and results
in more GP visits [271], requiring the GP to search for the underlying pathology. However,
as shown in our study, there is an inter-relationship between these symptoms in breast
cancer survivors with not only cardiac dysfunction but also with symptoms of depression
or anxiety.
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IMPLICATIONS OF OUR FINDINGS

Key message

The key message of this thesis is that long-term effects occur after the successful treatment
of breast cancer and that these may persist for more than a decade after diagnosis. By
increasing awareness of long-term effects, patients and health care practitioners alike
will be better placed to recognize and acknowledged them, which is imperative for breast
cancer survivors.

GPs need to know about the long-term effects because they provide most long-term health
care for breast cancer survivors. As in the illustrative case, women might present to the
GP with symptoms that are not always explained by defined diseases, and it is up to GPs to
consider whether these might be long-term effects of breast cancer or its treatment. However,
other health care providers should also be aware of these long-term effects. Oncologists
should discuss their possibility when outlining treatment options to newly diagnosed women
of how they can affect physical and psychological wellbeing. Psychologists treating women for
depression (either newly diagnosed or with a history of breast cancer over 10 years ago) will
need to consider the potential association with a history of breast cancer and its treatment.
Perhaps of even greater importance, the survivor should know that symptoms may persist
or occur up to 10 years after diagnosis so that she is better placed to seek help or guidance.

Cardiac dysfunction

Long-term symptoms may be caused by (mild) systolic cardiac dysfunction, cardiovascular
disease, or heart failure. Given this, GPs should consider taking a cardiac history and
perform a physical examination or blood tests. Testing may need to be ordered earlier
for women with a history of breast cancer than for women without a history of cancer.

If one or more tests are abnormal, the GP may need to consider a check-up by the
cardiologist. By contrast, if a result is only slightly abnormal or the patient has comorbidity,
the GP can include the patient in their preventive program for cardiovascular risk
management. Standard blood tests for cardiac risk assessment include lipid profile (e.q.,
LDL cholesterol, HDL cholesterol, total cholesterol, triglycerides), glucose, creatinine/
eGFR, and the albumin-creatinine ratio. Based on our findings, we would then recommend
including an NT-proBNP blood test for breast cancer survivors. Although one might
consider including all breast cancer survivors in such a program, our study data do not
support the general position that having a history of breast cancer is an independent
risk factor for cardiovascular disease. However, for women with a history of chronic
comorbidity or cardiac risk factors, we recommend that careful consideration should be
given to including them in a cardiovascular risk management program.
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Psychological effects, fatigue, and other symptoms

Depression or anxiety can also occur in the long-term effect among breast cancer survivors.
The GP or other health care worker should include this in their differential diagnoses when
a breast cancer survivor visits the practice. Survivors may be direct in stating that they are
feeling depressed or anxious, or indirect by expressing vague, even physical, symptoms. It
is important to explore these symptoms further because they can severely affect quality
of life and may increase morbidity and mortality. GPs should also consider the association
between depression or anxiety and symptoms such as fatigue, appetite loss, intermittent
claudication, chest pain, or abdominal bloating. Multiple treatments have been shown to
be effective at treating depression or anxiety among cancer survivors [28].

Fatigue was already known to be the most prevalent and persistent complaint in women
treated for breast cancer. In this research, we demonstrated that it can persist for a long
time. Given the potential for fatigue to have a severe effect on daily life, GPs should be
especially aware of this as a potential long-term effect. Physical activity programs may
help to alleviate fatigue [29].

It's not over when it's over

Acknowledgment was a recurring topic in discussions with breast cancer survivors. Many
women indicated that they received a lot of attention from family and friends, at work, in the
hospital, and from the GP during the first 5 years. Beyond that, however, when they received
a “clean bill of health,” they reported that people around them seemed to forget about their
breast cancer or paid it no more attention. A substantial proportion of survivors were unable
to forget, partly because having breast cancer is such a life event and partly because some are
still experiencing the effects of breast cancer diagnosis and treatment. It is important for this
group that these long-term symptoms after breast cancer and its therapy be acknowledged.

Mention should also be given to the definition of the term “survivor,” which is currently
being debated. The National Cancer Institute considers a person a survivor from the
day of diagnosis, whereas others only use the term after 5 years of survival. However,
some breast cancer survivors themselves disagree with the use of this term entirely, and
elsewhere, the National Health Service in England speaks of “people living with or beyond
cancer”, while in Italy, oncologists have used the terms “cured” or “cancer-free.” However,
oncology practitioners tend to be hesitant to use the term “cured” because they cannot
know for certain that a cancer will not return.

A systematic review of long-term symptoms in cancer survivors, entitled “It's not over
when it is over” [26], accurately captures the feeling of many breast cancer survivors.

Therefore, should we consider breast cancer a chronic disease? | would disagree because
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most survivors will not experience long-term effects and because labeling breast cancer a
chronic disease may result in unnecessary medicalization. Indeed, we found that symptoms
persisted beyond 10 years in only a small group of survivors. Awareness could be better
accomplished in other ways, such as existing campaigns by different cancer societies or
by including the need to consider long-term effects in guidelines.

In conclusion, | recommend that women should be made aware of the potential for long-
term effects from breast cancer and its treatment in a small group of survivors. This
approach will facilitate recognition, acknowledgment, and treatment. However, | would
stop short of labeling breast cancer a chronic disease.

Future research

The BLOC study was a cross-sectional cohort study of 350 women with a history of
breast cancer from different databases in the north of the Netherlands, including 350
randomly selected women of the same age and from the same GP practice. This helped
not only to evaluate the number of women having long-term physical or psychological
problems but also to compare these data with the general population. In turn, this made
it possible to assess the risks for breast cancer survivors. Although we evaluated the
codes for diagnosis and medication before and after the breast cancer diagnosis based
on longitudinal data from GP records, the echocardiography, blood test, and questionnaire
results were evaluated based on cross-sectional data. This represents an important
limitation because we could only describe one point in time, limiting our conclusions to
associations rather than causality. A fully longitudinal study would provide much more
useful information about the course of the physical and psychological problems. Therefore,
we are in the process of setting up the BLOC2 study, which will include follow-up of the
same breast cancer survivors and reference population after a minimum of 8 years later.
Each participant will undergo repeat echocardiography and blood testing. In the BLOC
study, we focused on women with complaints (especially psychological distress, fatigue,
and other symptoms) who were seeking acknowledgment. In the BLOC2 study, we hope
to predict beforehand who will develop these complaints so that we can better target care
and support. For the GP, this might help to clarify those women at risk and who should
be included in a cardiovascular risk management program, who should undergo regular
check-up, or who should be referred to a cardiologist or psychologist.
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CONCLUSIONS / TAKE HOME MESSAGE

Breast cancer survivors more often have mild systolic dysfunction and/or experience more
symptoms of depression, anxiety, multidimensional fatigue, and other symptoms than
women of the same age and GP with no history of cancer. By understanding which long-
term effects are associated with breast cancer and its treatment, and by knowing which
determinants are associated with them, we can improve awareness among physicians,
emphasizing the role of the GP. There is a need to acknowledge that breast cancer
survivors could have symptoms associated with breast cancer and its treatment for up to
10 years after diagnosis. We must also improve the information provided to patients and
survivors about these long-term effects. Even though symptoms are often mild, they may
significantly affect day-to-day lives. By seeking an association with symptoms of anxiety
and depression, we considered modifiable determinants that could be improved. We hope
this information can be used to improve future guidelines and increase awareness of long-
term symptoms experienced by breast cancer survivors.

Highlights

e Concerning long-term effects: knowledge leads to recognition, which leads
to acknowledgement.

e Fortunately, most breast cancer survivors will not experience long-term
effects; however, we must recognize those who do.

e When in doubt, cardiac dysfunction must be excluded, followed by an
assessment of psychological needs.

e Psychological needs are underestimated and undertreated, causing
distress and reduced quality of life among breast cancer survivors.

e Long-term effects should receive appropriate attention in breast cancer
guidelines.
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Borstkanker treft 1 op de 8 vrouwen in Nederland en de incidentie neemt toe. Gelukkig is
de vijfjaarsoverleving gestegen tot 88% dankzij continue verbetering in behandelingen,
screening en stadiéring. Dit betekent dat de populatie van vrouwen met borstkanker in
de voorgeschiedenis, steeds groter wordt. Ook deze vrouwen kunnen negatieve effecten
van borstkanker en de behandeling ervan ervaren. Onderzoek heeft zich voorheen met
name gericht op vrouwen in de eerste vijf jaar na de diagnose borstkanker en nog onder
behandeling in het ziekenhuis. De studie beschreven in dit proefschrift richt zich op
vrouwen bij wie de diagnose tenminste vijf jaar geleden is gesteld. Zij vallen vaak weer
onder de zorg van de huisarts.

In hoofdstuk 1 staat een introductie over de huidige behandelingen voor borstkanker, de
organisatie van zorg en de huidige kennis van de langetermijneffecten van borstkanker
en de behandelingen. Vanuit het oogpunt van de vrouwen met borstkanker in de
voorgeschiedenis wordt het belang van deze kennis voor hen belicht. Deze vrouwen willen
weten wat ze op de lange termijn kunnen verwachten. Vanuit het oogpunt van de huisartsen
wordt hun rol ten aanzien van de langetermijnzorg voor vrouwen met borstkanker in de
voorgeschiedenis besproken, zoals welke langetermijneffecten zijn te verwachten, hoe
vaak het voorkomt en hoe deze vrouwen het beste te begeleiden of behandelen.

Hoofdstuk 2 beschrijft de systematische review waarin symptomen van depressie en angst
op de lange termijn na borstkanker worden beschreven. Gezien de beperkte literatuur over
de langetermijneffecten, zijn studies geincludeerd vanaf 1jaar na de diagnose borstkanker.
De verschillende studies laten uiteenlopende prevalenties zien voor zowel symptomen van
depressie als angst. Bij het samenvoegen van de verschillende resultaten wordt gezien dat
vrouwen met borstkanker in de voorgeschiedenis vaker symptomen van depressie hebben
dan vrouwen uit de referentie populatie, ook vijf jaar na diagnose. Dit verschil lijkt in de
loop van de tijd te normaliseren. Symptomen van angst komen niet vaker voor bij vrouwen
met borstkanker in de voorgeschiedenis dan bij vrouwen in de algehele populatie.

Hoofdstuk 3 tot en met 6 beschrijven de resultaten uit de Breast cancer Long-term
Outcome Cardiac dysfunction (BLOC)-studie. In deze cross-sectionele studie worden
350 vrouwen die meer dan vijf jaar geleden werden gediagnostiseerd en behandeld
voor borstkanker vergeleken met 350 vrouwen, van dezelfde leeftijd en huisartspraktijk,
zonder kanker in de voorgeschiedenis. De helft van de vrouwen met borstkanker in de
voorgeschiedenis is behandeld met chemotherapie (met of zonder radiotherapie) en de
andere helft alleen met radiotherapie. De diagnose borstkanker was gemiddeld tien jaar
geleden.
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Hoofdstuk 3, het bronartikel van de BLOC-studie, kijkt naar de prevalentie van langetermijn-
cardiovasculaire-effecten. De primaire uitkomst is dat vrouwen met borstkanker in de
voorgeschiedenis vaker milde linker ventrikel systolische disfunctie (LVEF <54%) hebben,
namelijk 15.3% in vergelijking met 7.0% in de referentie groep. Bij de klinisch relevante
afkapwaarde van LVEF <50%, is dit verschil niet langer significant. De prevalentie van
linker ventrikel diastolische disfunctie is in beide groepen vrijwel gelijk, bij vrouwen met
borstkanker in de voorgeschiedenis 43.4% en 39.5% bij de referentiegroep. De vrouwen
met borstkanker in de voorgeschiedenis hebben vaker een verhoogde NT-proBNP waarde
(36.0%) dan de referentie groep (27.1%). Vrouwen met borstkanker in de voorgeschiedenis
behandeld met chemotherapie (met of zonder radiotherapie) hebben vaker hart- en
vaatziekten (12.0%) dan de referentie groep (5.7%).

Hoofdstuk 4 gaat over symptomen van depressie en angst op de lange termijn na
borstkanker. Er blijkt dat de vrouwen met borstkanker in de voorgeschiedenis, gemiddeld
tien jaar na diagnose, vaker symptomen van depressie (10.6%) en ook ernstige depressie
(3.7%) ervaren dan de referentie populatie (respectievelijk 4.9% en 1.1%). Symptomen
van angst worden niet significant vaker ervaren door vrouwen met borstkanker in de
voorgeschiedenis (18.6%) dan door de referentie populatie (16.3%). Daarentegen
komen ernstige symptomen van angst wel vaker voor bij vrouwen met borstkanker in de
voorgeschiedenis (8.0%), dan bij de referentie populatie (4.0%). De resultaten blijken
geen associatie te hebben met de tijd sinds diagnose.

Hoofdstuk 5 gaat over multidimensionale vermoeidheid (algemeen, fysiek, activiteit,
motivationeel en mentaal). Dit hoofdstuk laat zien dat een kwart van de vrouwen met
borstkanker in de voorgeschiedenis multidimensionale vermoeidheid ervaart (26.6%)
gemiddeld tien jaar na diagnose. Dit is significant meer dan de referentie populatie
(15.4%). Daarnaast blijkt een associatie tussen vermoeidheid bij vrouwen met borstkanker
in de voorgeschiedenis en met symptomen van depressie of angst. Al blijkt geen associatie
met o.a. type behandeling voor borstkanker, cardiale disfunctie, hart- en vaatziekten of
tijd sinds diagnose.

In hoofdstuk 6 wordt gekeken naar een variatie van klachten en hun mogelijke
associatie met de eerder onderzochte fysieke en psychische langetermijneffecten na
(de behandeling voor) borstkanker. Vrouwen met in de voorgeschiedenis borstkanker
ervaren vaker concentratieproblemen, duizeligheid, vergeetachtigheid en nycturie, dan
vrouwen in de referentie populatie. Deze klachten hebben geen associatie met systolische
cardiale disfunctie, hart- en vaatziekten, symptomen van depressie of angst. Vrouwen
met in de voorgeschiedenis borstkanker ervaren ook vaker claudicatio intermittens en
een verminderde eetlust. De claudicatio intermittens klachten hebben een associatie
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met systolische cardiale disfunctie, hart- en vaatziekten en symptomen van angst.
De verminderde eetlust is geassocieerd met hart- en vaatziekten en symptomen van
depressie en angst. Daarnaast is gekeken naar het verschil tussen het type behandeling
voor borstkanker. Vrouwen die werden behandeld met chemotherapie (met of zonder
radiotherapie) voor borstkanker hebben vaker klachten van nycturie en vergeetachtigheid.
Vrouwen die alleen met radiotherapie werden behandeld voor borstkanker ervaren vaker
duizeligheid.

Hoofdstuk 7 geeft een samenvatting van de resultaten en aanbevelingen. De resultaten
zijn gespiegeld aan de huidige literatuur. De belangrijkste boodschap is dat vrouwen
00k na een succesvolle behandeling van borstkanker op de lange termijn nog fysieke en
psychische klachten kunnen ervaren als gevolg van borstkanker of de behandeling daarvan.
Het is belangrijk dat hier kennis over is, zodat de patiénten en zorgverleners het kunnen
herkennen, erkennen en eventueel een behandeling kunnen starten. Gelukkig ervaren de
meeste vrouwen geen langetermijneffecten. Op basis van de resultaten uit de BLOC-studie
wordt niet geadviseerd om alle vrouwen die behandeld zijn voor borstkanker preventief
naar de cardioloog te verwijzen of op te nemen in het cardiovasculair risicomanagement
(CVRM) programma. Dit omdat de systolische cardiale disfunctie meestal mild is en niet
klinisch relevant. Maar als er meerdere risicofactoren aanwezig zijn, specifieke klachten
of onderzoek aanwijzingen geeft voor cardiale disfunctie, is dit wel te overwegen.
Psychische klachten na borstkanker worden onderschat en onderbehandeld. Gedurende
de behandeling is hier gelukkig steeds meer aandacht voor, maar uit dit onderzoek blijkt
dat ook na de eerste vijf jaar deze klachten een grote rol kunnen spelen en er aandacht
voor moet zijn. Vermoeidheid blijkt de meest voorkomende klacht. Gezien de grote impact
op het dagelijks leven zou deze klacht meer aandacht moeten krijgen en verder uitgediept
moeten worden, zodat er eventueel een gerichte behandeling gezocht kan worden om
de klachten te verlichten. In de (huisartsgeneeskundige) richtlijnen voor borstkanker zou
meer aandacht moeten komen voor het herkennen, begeleiden en behandelen van de
langetermijneffecten na borstkanker.
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{QIL% {QIL% * 1 op de 3 heeft verhoogde NT-proBNP spiegels (36%; controles 27.1%)
{} {} {‘} * 1 op de 4 ervaart multidimensionale vermoeidheid (26.6%; controles 15.4%)
%} %} ZF ZF * 1 op de 5 ervaart symptomen van angst* (18.6%; controles 16.3%)
4} 4} Q Q Q Q * 1 op de 7 heeft milde systolische cardiale disfunctie**  (15.3%; controles 7.0%)

@ @ q} q} q} 4} 4} * 1 op de 8 heeft hart- en vaatziekten (14.0%; controles 7.4%)
%} %} q} q} q} {} {} {} * 1 op de 9 ervaart symptomen van depressie (10.6%; controles 4.9%)

Figuur 1. Uitkomsten van de 350 vrouwen met in de voorgeschiedenis borstkanker en
de referentiegroep, uit de BLOC-studie.

Afkortingen: BLOC, Breast Cancer Long-term Outcome Cardiac Dysfunction study; NT-proBNP, N-terminal
breinnatriuretisch peptide. *Niet-significant. **Milde disfunctie werd gedefinieerd als een linker ventrikel ejectie
fractie van <54%.
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DANKWOORD

Allereerst wil ik alle 700 deelneemsters bedanken. Dankzij jullie hebben we dit onderzoek
kunnen uitvoeren, conclusies kunnen trekken en kunnen zorgen voor verbetering in de
zorg voor vrouwen met borstkanker in de voorgeschiedenis.

Ook wil ik alle huisartsen, assistentes en ondersteuners bedanken, die ondanks hun
drukke werkzaamheden hebben meegewerkt.

Dr. Berendsen, lieve Annette, dit hele promotie-avontuur is bij jou begonnen. Jouw
enthousiasme was vanaf het eerste mailcontact aanstekelijk en één van de redenen dat
ik de definitieve overstap naar de huisartsgeneeskunde heb gemaakt, hier heb ik geen
dag spijt van gehad! Bedankt voor je vertrouwen in mij, je continue ondersteuning en
wijze (levens-)lessen. Ook na je pensioen was je altijd bereikbaar voor feedback en jouw
klinische blik was keer op keer een toevoeging. Annette, je wijsheden leven voort in onze
oncologie-overleggen en zullen nog vele malen bij toekomstige promovendi herhaald
worden. Veel dank voor alles!

Prof. dr. de Bock, lieve Truuske, als aspirant-epidemioloog had ik me geen betere
begeleider kunnen wensen. De research meetings en het overleg dat we hadden waren
een mooie verdieping, zowel professioneel als persoonlijk. Het was mooi om te zien hoe
het je persoonlijke doel is om elk van de promovendi te zien slagen, maar ook welkom laat
voelen en zichzelf laat zijn. Ook hoe je ondanks je drukte zo snel reageert op de stukken is
ongeévenaard. Ik kijk er naar uit om in de toekomst met je samen te blijven werken voor
de vervolgstudie, BLOC-II.

Prof. dr. Verhaak, beste Peter, met name voor de psychologische manuscripten had je
altijd belangrijke input. Regelmatig kwam je nog met een belangrijke referentie om te
includeren in de stukken. Ook wist je goed aan te geven wanneer ik misschien net wat te
kort door de bocht ging in mijn uitleg of te strakke deadlines stelde. Ik heb het gewaardeerd
dat je ook na je pensioen zo betrokken bent gebleven en regelmatig de trein vanuit Utrecht
naar Groningen hebt gepakt.

Verder wil ik de leden van de beoordelingscommissie prof. dr. Scherpbier-de Haan, prof.

dr. Rutten en prof. dr. Dekker bedanken voor het beoordelen van mijn proefschrift en de
bijdrage aan de verdediging.
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Prof. dr. Berger, beste Marjolein, ook al was ik niet jouw promovenda, bedankt dat je
altijd interesse bent blijven tonen in mij en de BLOC-studie, ook als onderdeel van het
projectteam.

Dr. Brandenbarg, beste Daan, als post-doc heb je je in korte tijd ontwikkeld tot de kern van
de oncologie-tak van de afdeling Huisartsgeneeskunde en Ouderengeneeskunde. Net als
bij Annette mochten we je geen baas noemen, maar voor overleg ben je altijd beschikbaar.
Mede dankzij jou is er na flink doorzetten subsidie gekomen voor BLOC-Il en heb ik er alle
vertrouwen in dat we ook deze studie tot een succes gaan maken.

Liselotte, samen hebben we heel hard gewerkt om de BLOC-studie een succes te maken
en dat is zeker gelukt. Bijzonder is dat ondanks jouw co-schappen en mijn werk in de
huisartspraktijk, de studie nooit stil heeft gelegen. Janka, bedankt voor al jouw inzet
voor de BLOC-studie, jij was de constante factor als een van ons weg was en hebt heel
veel werk voor ons verzet. Kamer 4.11 was altijd gezellig met jou en we missen je bij de
onderzoeksafdeling.

Over het oncologie team gesproken. Mariken, we zijn ongeveer tegelijk begonnen en
het was een plezier om met je te werken. Ik heb bewondering voor hoe jij het werk als
onderzoeker invult, ik hoop op nog meer gezamenlijke projecten. Geertje, jij kwam er later
bij, maar was vanaf dag één part of the team. Ik heb je al veel te lang niet fysiek gezien
en wat ik daarin het meeste mis zijn onze gesprekjes tussendoor over van alles en niets.
Olaf, Famke, Jolien en Niek, bedankt voor het sterke teamgevoel, ook al zien we elkaar in
deze tijd maar weinig. Beste Carriene, naast dat ik je werk meerdere malen geciteerd heb,
heb ik met veel plezier met je samengewerkt voor de systematische review. Over citaties
gesproken, 315 and counting..! Laurine, ik ben heel blij met jou als mijn opvolger voor de
vervolgstudie van BLOC, BLOC-II. Ik kijk uit naar onze verdere samenwerking.

Eén van de krachten van de BLOC-studie was de samenwerking tussen de verschillende
afdelingen. Daarom ook veel dank naar de projectgroep, Peter van der Meer, Jourik
Gietema, John Maduro en Anne Crijns. Jullie mening wordt altijd zeer gewaardeerd en
we kijken uit naar een vervolg van de samenwerking voor BLOC-II. Bij de cardio research wil
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