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ABSTRACT 

 

Aims Women with breast cancer have reported difficulties with memory, attention, and concentration 

during or after adjuvant treatment. Whether these symptoms are side effects of treatment has not been 

established. The aim of this project was to determine the effects of early-stage breast cancer (BC) 

diagnosis and treatment on cognitive functions, quality of life, and psychological wellbeing. A secondary 

aim was to identify any associations between cognitive, psychosocial, somatic, and treatment factors and 

time to return to work (RTW) among women treated for early-stage BC. 

Methods From the mammography screening program at Stockholm South General Hospital, we 

prospectively enrolled women aged 40 to 69 years who had a positive radiographic finding. All women 

completed the Headminder Web-based neuropsychological battery Cognitive Stability Index for response 

speed, processing speed, memory, and attention before diagnosis (T1), after surgery but before adjuvant 

treatment (T2), 6 months after starting adjuvant treatment (T3), and after another 3 months of follow-up 

(T4). Women with BC were divided into those receiving chemotherapy, hormone therapy, or no adjuvant 

medical therapy. Women eventually determined not to have BC served as healthy controls. At each test 

session, depression, anxiety, and quality of life were measured using the Swedish version of the Beck 

Depression Inventory, the Beck Anxiety Inventory, and the European Organisation for Research and 

Treatment of Cancer Quality of Life Questionnaire and its BC supplementary measure. The secondary 

aim was addressed by comparing the above-mentioned scores from BC women who had returned to work 

with those who had not, at both T3 and T4. We also reviewed the medical certificates of women still on 

sick leave at 8, 11, and 18 months after diagnosis to determine why they had not returned to work. 

Results and Conclusion Of the 146 women enrolled, 77 had BC, of whom 18 received 

chemotherapy; 45, hormone therapy, and 14, no adjuvant medical therapy; 69 were healthy controls. At 

baseline, only response speed and processing speed differed significantly between groups. Our results 

suggest that a diagnosis of BC and subsequent surgery are not associated with substantial cognitive 

decline. However, the lack of improvement in attention at retest among BC patients may suggest a 

decline. Further, our results indicate subtle cognitive changes related to time and treatment. 

Chemotherapy may impair memory and response speed in women with BC, a finding consistent with 

those reported for BC survivors after adjuvant medical treatment. Breast cancer surgery and adjuvant 

treatment, irrespectively of type, reduces quality of life and psychological wellbeing, mostly related to 

time course. Global quality of life health status improved to baseline after 11 months from diagnosis. 

However, poor body image and lower subjective cognitive functions were sustained and should be 

addressed in long-term survivors of breast cancer to improve overall quality of life. Chemotherapy is 

associated with longer periods of sick leave. Cognitive functioning, objectively measured, does not 

predict RTW. Independently of any adjuvant therapy, most women eventually return to work in a few 

months. The ability to predict RTW after BC treatment should help prepare higher-risk women for 

delayed RTW and allow earlier interventions to restore their social relations and quality of life.  
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1 INTRODUCTION 

Breast cancer is the most common malignancy affecting women in Sweden, 

accounting for about 30% of cancer cases in women annually 
1
. Breast cancer incidence 

increases with age, and survival rates have continuously improved 
1
 as a result of better 

systemic early detection through screening, effective diagnostic pathways, and more 

effective local and systemic treatment. Thus, the number of women who survive this 

cancer is rising, which has increased interest in the longer-term effects of treatment, 

such as general functioning, quality of life, and return to work. 

Today, cancer treatments are complex and include surgery, chemotherapy, 

endocrine treatment, and targeted therapies. These treatments reduce health-related 

quality of life, and women receiving adjuvant therapy often report difficulties with 

memory, attention, and concentration 
2,3

. 

The effect of breast cancer and its treatment on cognitive functions remains an 

important area of research; therefore we conducted a longitudinal, prospective study to 

investigate the cognitive functions in women who had been screened for breast cancer, 

before breast cancer was diagnosed, after surgery, and after adjuvant treatment. 

We sought to determine whether measures of cognitive function changed over 

time in women with early breast cancer treated with surgery and adjuvant 

chemotherapy, adjuvant hormone therapy, or no adjuvant medical therapy and whether 

these measures differed from those of healthy women. We assessed cognitive function 

before cancer was diagnosed and therefore before primary and adjuvant treatment. Our 

design is unique in that our control group consisted of healthy women without breast 

cancer but who had undergone the same stresses of diagnostic re-assessment. 

 

1.1  BREAST CANCER DIAGNOSIS AND TREATMENT 

The Swedish Two-Country Trial of mammographic screening was the first 

breast screening trial to show a 30% reduction in breast cancer mortality from 

screening with mammography alone, among 40-to-74-year-old women invited to 

screening 
4
. The County of Stockholm’s decision to screen all women aged between 40 

and 50 years was made coincidentally at the start of our study, leading to more re-

assessment of healthy women in this age group. The mammography screening program 

at the Mammography Department of Stockholm South General Hospital serves healthy 

women living in Stockholm County aged 40 to 69 years. The program examined about 

800 women weekly in 2006. About 20 (2.5%) of these women are recalled each week 
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for further assessment as a result of positive mammographic findings, and 10 of these 

are examined by an oncologist or a breast surgeon, 5 of whom are eventually diagnosed 

with breast cancer.  The other 10 women, in whom further mammograms from several 

angles revealed no evidence of breast cancer, continue with the standard 

mammography screening program. 

If a suspicious “spot” is identified on a screening mammogram, the woman is 

asked to return for further assessment with complementary radiographic views. The 

radiologist then decides whether the radiograph is benign, probably benign, or remains 

suspicious for cancer. Women with benign findings are asked to return at the next 

scheduled routine screening exam, 18 to 24 months later. Women with findings that are 

probably benign or suspicious for cancer are referred to an oncologist or a breast 

surgeon for further examination and to undergo fine-needle aspiration cytology or 

biopsy. 

Breast surgery is considered primary treatment for early breast cancer. 

Complete surgical resection has been a critical part of management since the late   

1800s 
5
. The aims of surgery are to completely resect the primary tumor to reduce the 

risk of local recurrences and to stage the tumor and axillary lymph nodes to obtain 

prognostic information. Breast conservation surgery (sector resection) is now the 

standard of care for women with early-stage breast cancer. Notwithstanding, 

mastectomy is indicated for some women on the basis of tumor size or location, 

multifocality, or inflammation and may be chosen by the patient. At least two-thirds of 

women are eligible for breast conservation surgery, but rates of mastectomy vary both 

geographically and institutionally 
6
. Radiotherapy is important after breast-conserving 

surgery because it can reduce the incidence of local recurrence and may improve 

overall survival in specific settings 
7
.  

In early-stage breast cancer, potentially viable tumor cells can be disseminated; 

the role of systemic adjuvant therapy is to destroy these cells 
8
. Adjuvant systemic 

therapy refers to chemotherapy, hormonal therapy, and targeted biological agents 

administered after the primary tumor is resected. Incorporating adjuvant systemic 

therapies into the multidisciplinary management of breast cancer has improved disease-

free and overall survival rates 
6
. Indications for adjuvant systemic therapy after surgery 

are established prognostic factors, including age, menopausal status, co-morbidities, 

axillary-lymph-node involvement, tumor size, tumor grade, and intrinsic biological 

features of the tumor, including proliferation rate, hormone receptor status, and 

expression of human epidermal growth factor receptor 2 (HER-2) 
9,10

. 
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1.2 OVERVIEW OF COGNITIVE FUNCTIONING 

Cognitive functions commonly include a variety of skills, such as the ability to 

process information automatically (processing speed), the ability to react and decide 

automatically (response speed), attention, calculation, imagination, learning, memory, 

and visuospatial abilities 
11

.  

For cognitive processing to occur, sensory inputs from the external environment 

are registered in primary sensory areas in both cerebral hemispheres, particularly in the 

temporal, parietal, and occipital lobes 
12

. Cognitive processing requires a degree of 

alertness, attention and concentration. All input is screened in relation to previous 

experiences stored in the subject’s memory, and then processed, with the left cerebral 

hemisphere predominantly processing verbal information, and the right hemisphere 

processing visuospatial information. New information proceeds to the highest level of 

central processing, which involves abstraction, concept formation, reasoning, and 

logical analysis and is performed throughout the cerebral cortex rather than in discrete 

areas 
12

. Processing is followed by an appropriate response to the initial stimulus. 

Impairment at the highest level of central processing can affect a subject’s ability to 

function in a logical and meaningful way, even though he or she may appear to be 

relatively intact 
12

.   

Age and education are important predictors and modifiers of cognitive 

functions and so are often corrected for in standard neuropsychological tests 
11

. Other 

variables that may affect cognitive function, but are more difficult to correct for, 

include depression, anxiety, pain, fatigue, and hemoglobin concentration. 

Cognitive function can be assessed with neuropsychological tests. Most 

comprehensive neuropsychological batteries assess several domains, such as executive 

functioning, processing speed, memory, attention, verbal, and visual learning 
11

. Self-

reports are not valid assessments of cognition because they are affected by mood and 

fatigue 
13,14

. Studies of women treated for breast cancer have detected alterations mostly 

in the frontal-subreast cancerortical circuitry, which affects memory, processing speed, 

response speed, and attention 
15

. Therefore, a test battery adequately sensitive to these 

domains is preferred. Further, the psychometric properties of test-retest reliability and 

the availability of alternative test forms are important 
16

. 
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1.3 REVIEW OF THE LITERATURE 

The earliest evaluations of cognitive function after chemotherapy in patients 

with solid tumors appeared in 1974 
17,18

. Several other reports of cognitive impairment 

related to treatments of solid tumors, such as chemotherapy for non-small-cell lung 

cancer, have subsequently been published 
19-22

. Larger studies have been conducted in 

the past 10 years, mostly among early-stage breast cancer patients because this group is 

large and has a high survival rate. Early studies of cognitive outcomes were primarily 

cross-sectional, although more recent studies have been prospective. 

 

1.3.1  Cross Sectional Studies  

The first investigations of cognitive function in women with breast cancer were 

cross-sectional studies conducted on women receiving adjuvant chemotherapy after a 

primary diagnosis and surgery of early breast cancer. These studies showed that the 

prevalence of impaired cognitive function was 28% to 75% among women with breast 

cancer treated with chemotherapy 
23-26

. There were, however, marked methodological 

differences in that some studies used only cognitive screening measures and others used 

comprehensive neuropsychological test batteries. In addition, the definition of cognitive 

impairment was not consistent across these studies, which may in part explain the 

variability in the prevalence of cognitive impairment 
15,27

.  

A few studies have also shown a dose-response relationship, with high-dose 

chemotherapy being associated with more severe cognitive impairment in women with 

breast cancer than in women treated with standard-dose chemotherapy 
23,25,28

.  

The effect of adjuvant hormone therapy on cognition has also been investigated, 

primarily with cross-sectional studies. The most-cited study found no cognitive 

differences between former and non-users of selective estrogen receptor modulators 

(SERMs), but current users had lower mean scores on narrative writing tasks 
29

. Further 

studies comparing SERM users to aromatase inhibitors users or to healthy controls 

found that both hormone therapies impaired verbal memory and processing speed 
30-32

. 

Overall, the cognitive domains affected by adjuvant treatment included 

memory, response speed, and visuospatial skills 
23-26,33,34

.  

 

1.3.2 Longitudinal Studies  

To overcome the limitations of cross-sectional studies, longitudinal studies were 

started to evaluate cognitive performance 
35-38

. In some prospective studies, between 

20% and 30% of women with breast cancer had lower cognitive function than that in 



 

5 

healthy controls, even before starting adjuvant treatment 
15,39

, mostly in memory, 

attention, processing, and response speed 
40

.  

 Cognitive declines after diagnosis and before breast cancer surgery have been 

reported 
13

. Women with breast cancer who underwent more invasive surgery for breast 

cancer exhibited greater cognitive decline than did women who underwent biopsy only 

41
. Primary breast cancer surgery may adversely affect cognitive functions. 

Postoperative cognitive dysfunction has been documented in the early weeks after 

major noncardiac surgery, with the elderly being at risk 
42

. Cardiac surgery can also be 

complicated by cognitive decline 
43

. Neither regional nor general anesthesia affect the 

incidence of postoperative cognitive dysfunction 
42

.  

Prospective studies have also reported that about 30% of women experience 

some cognitive decline after chemotherapy 
13,44,45

. To determine whether persistent 

cognitive dysfunction is a consequence of chemotherapy in breast cancer patients, 

prospective studies have controlled for the effects of hormone therapy on cognition. 

However, these studies are few and contradictory 
46-48

. For example, 

neuropsychological performance was worse in women receiving both chemotherapy 

and hormone therapy than in women treated with chemotherapy alone 
34,38,44

.  

Many women who have undergone chemotherapy usually continue with 

hormone therapy for up to 5 years. The few studies of these women suggest that those 

undergoing both treatments had the most pronounced cognitive disruption 
34,38,44

, and 

the domains of cognition that are impaired appear to be related to the type of endocrine 

therapy 
31

.  

 

1.3.3 Brain Imaging Studies 

Neuroimaging studies using magnetic resonance imaging (MRI) and positron-

emission tomography (PET) suggest that chemotherapy may be associated with both 

structural and functional changes in the brain. Studies using MRI have found reduced 

brain volumes and diffuse atrophy of the gray matter in the frontal and temporal brain 

regions 
49-51

 and of the white matter in the genu of the corpus callosum 
52

 over the 

course of chemotherapy. Partial recovery off gray matter density was noted one year 

after treatment. Women not exposed to chemotherapy or healthy controls had no such 

reductions in brain volume.  

Studies with PET describe abnormal functional brain activation of glucose 

metabolism particularly in the frontal regions of women treated with chemotherapy. 
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These studies also suggested that women may be able to compensate for changes by 

recruiting additional brain structures to perform a given task 
53

.  

The neuroprotective mechanisms of SERMs on brain function have also been 

assessed in two studies, one using both MRI and PET, which found no neuroprotective 

effects for Tamoxifen 
62

 and the other, using only PET, did 
54,55

. 

 

1.3.4 Neurophysiological Studies  

Electrophysiological studies using event-related potential and 

electroencephalography (EEG) have found neurophysiological differences between 

women receiving high or standard doses of chemotherapy and women with cancer but 

not undergoing chemotherapy. Alpha rhythms measured by event-related potentials and 

EEG varied by 0.05 Hz or greater. A variation of alpha rhythm ≥ 0.5 Hz, considered to 

be pathological in 42% (7/17) of women receiving high-dose chemotherapy, in 13% 

(2/16) of those receiving standard-dose therapy, and in none (0/14) of the women who 

received only local treatment 
56

. Neuropsychological test results for alpha rhythms were 

not correlated with EEG results. Other studies have found that the P3 component 

(thought to be related to decreased activity in the norepinephrine system) was lower in 

women with breast cancer receiving chemotherapy than in women not receiving 

chemotherapy and that different chemotherapy regimens have different effects on brain 

functioning 
57

.  

 

1.3.5 Studies using Genetic Techniques and Inflammatory Markers  

Certain genetic variations may be associated with a higher risk of long-term 

cognitive changes 
58

. Cancer survivors with at least one ε4 allele of the apolipoprotein 

E gene scored significantly lower in visual memory and spatial ability and lower in 

executive function, although not significantly so, then did survivors who did not carry 

an ε4 allele 
59

. The results of this study support the hypothesis that the ε4 allele of the 

apolipoprotein E gene may be a potential genetic marker for increased vulnerability to 

chemotherapy-induced cognitive decline. 

Elevated levels of pro-inflammatory cytokines may be related to cognitive 

problems 
58

. In breast cancer patients, interleukin-6 (IL-6) levels increased after 3 days 

of treatment with paclitaxel but not in those treated with a combination 5-flourouracil, 

cyclophosphamide, and methotrexate 
60

.  Higher levels of IL-6 are associated with 

poorer executive function 
61

. Menopausal women have altered cytokine levels, 
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including increased levels of IL-6 
62

, which are also associated with difficulties in 

learning and memory 
63

.  

 

1.3.6 Animal Studies  

The effect of chemotherapeutic agents on cognitive functions has mostly been 

studied in breast cancer survivors, as mentioned above. However, animal studies have 

found acute chemotherapy-related deficits in tasks requiring involvement of the 

hippocampus and frontal system, as well as increased rates of cell death, and decreased 

rates of cell division in regions involved in neurogenesis, and progressive damage to 

white matter tracts.  A Methotrexate-5-flourouracil 
64

 combination, a single dose of 

cyclophosphamide 
65

, and an Adriamycin-Cytoxan combination 
66

 can impair memory-

related behavior in mice. Interestingly, the anti-oxidant N-acetyl cysteine prevented this 

chemotherapy-induced memory impairment, suggesting that some of the damage could 

be mediated by oxidative stress 
66

. The chemotherapy agents were associated with 

increased cell death and decreased cell division in the subventricular zone, the dentate 

gyrus of the hippocampus (regions involved in neurogenesis), and in the corpus 

callosum in treated animals; neural progenitor cells and oligodendrocytes were 

particularly vulnerable 
67,68

. Mice exposed to doxorubicin had increased cortical and 

hippocampal levels of tumor necrosis factor alpha (TNF-α), hyperactivation of 

microglia, oxidative stress, mitochondrial dysfunction, and increased neural cell death, 

despite the fact that doxorubicin was not detected in the brain 
69,70

. These studies 

suggest that chemotherapy is neurotoxic in the brain and that inflammation may be 

mediate cognitive difficulties by reducing neural transmission. 

 

1.4 QUALITY OF LIFE 

Among quality-of-life studies in cancer patients, breast cancer has received the 

most attention for several reasons. The number of women with breast cancer is 

increasing, and early detection and treatment of breast cancer have improved life 

expectancy. Breast cancer also affects women’s identities, making quality-of-life 

assessment vital for those who lose a breast
71

. 

After diagnosis, women with breast cancer have poorer physical functioning 

than do healthy controls 
72,73

. At the end of primary treatment after surgery for breast 

cancer, women who had a mastectomy or received chemotherapy reported lower 

physical functioning than did women who had a sector resection or no chemotherapy 
74

. 

Moreover, symptoms, including muscle stiffness, breast sensitivity, aches and pains, 
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daytime sleepiness, and difficulty concentrating, were common among patients in all 

groups and were associated with poor physical functioning and emotional wellbeing. 

Sexual functioning was worse for women who received chemotherapy than for those 

who did not, regardless of the type of surgery 
75

. Although physical and treatment-

related problems are frequent 1 month after breast cancer surgery, most women recover 

during the year after surgery 
76

. Cross-sectional studies of long-term breast cancer 

survivors 
77,78

 and longitudinal studies of recently treated breast cancer patients 
79,80

 

have suggested that adjuvant systemic treatment is associated with more severe and 

persistent physical symptoms.  

Substantial evidence suggests that further medical workups after an abnormal 

screening mammogram have adverse psychological effects on women 
81

. Psychological 

wellbeing is often impaired by anxiety and depression, which are the most important 

co-morbidities and treatment-related side effects cancer and its treatment, affecting one-

third of cancer patients and persisting for months or years 
82-85

. The cancer diagnosis, 

fears and concerns regarding death and disease recurrence, poorer body image, and 

altered perceptions of femininity, sexuality, and attractiveness can impair psychological 

wellbeing after treatment 
71

. 

 

1.5 RETURN TO WORK 

Breast cancer is the most common cancer among women in Sweden, and about 

half of affected women are of working age. Breast cancer may affect the ability to work 

during or after treatment. A recent Swedish study reported that 41 of 102 women 

treated for primary early-stage breast cancer still had not returned to work 10 months 

after surgery 
86

. 

Work-related absences from sickness are high among women treated for breast 

cancer with chemotherapy 
87

, but the majority of these women continue working after 

treatment 
88

. The factors associated with survivors’ ability to continue to work include 

type of cancer, type of treatment, health status, level of education, and physical 

workload 
88

. Work-related absences immediately after breast cancer surgery are also 

high and are associated with lower self-reported health status and younger age 
89

. 

Among women one year after a diagnosis of breast cancer, treatment factors, such as 

axillary node dissection and chemotherapy; psychosocial factors, such as life 

satisfaction and coping; as well as high demands at work, were important in the 

decision to return to work 
86,90

.  

Despite several studies on return to work (RTW) and dozens of clinical trials to 
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find better diagnostic methods and to detect the side effects of breast cancer treatment, 

the impact of cancer and its related factors on the ability to work after treatment needs 

to be further studied and identified. Side effects of breast cancer treatment include 

anxiety, depression, fatigue, cognitive dysfunction, post-traumatic stress symptoms, 

lymph edema, and chronic pain 
87

. Women receiving adjuvant treatment 
40

, especially 

chemotherapy, often report difficulties with memory, attention, and executive function 

2,3
, which may be obstacles to  returning to work. Moreover, breast cancer survivors 

who had less pain, less depression, and less anxiety reported a higher quality of life 
91

 

and were more likely to return to work earlier.  

In Sweden, physicians assess a patient’s functional capacity and ability to work. 

They record the results of this assessment and their reasons for recommending 

continued sick leave in a medical certificate that is part of the patient’s medical record. 

These assessments may also provide insight into what factors are associated with 

delayed RTW.  
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2 AIMS 

 

Paper I: To determine whether a diagnosis of breast cancer and the subsequent sector 

resection or mastectomy affects cognitive functions in women. 

 

Paper II: To determine whether measures of cognitive function change in women with 

early-stage breast cancer after surgery and adjuvant chemotherapy, adjuvant hormone 

therapy, or no adjuvant medical therapy and whether these measures differ from those 

of healthy women.  

 

Paper III: To determine the impact of breast cancer diagnosis and its treatment on 

quality of life, depression, and anxiety in women with newly diagnosed breast cancer. 

 

Paper IV: To identify any associations between cognitive, psychosocial, somatic, and 

treatment factors with RTW among women treated for early-stage breast cancer. 

Further, to determine any relationships between objective measures of these factors and 

oncologists’ opinions in the medical certificate for justifying reduced work capacity in 

women who had not yet returned to work. 
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3 MATERIAL AND METHODS 

 

3.1 PARTICIPANTS 

3.1.1 Patient Cohort (study I and III) 

From September 2006 to March 2009, we approached 256 consecutive women 

from the mammography screening program at Stockholm South General Hospital who 

were reassessed for breast cancer as a result of a positive radiographic finding. Women 

were enrolled after oral and written consent was obtained. The study was approved by 

the ethics committee of the Karolinska Institute. 

On their first assessment visit, all women completed a questionnaire asking for 

information regarding social status, work status, menopause status, and current and 

previous health conditions. We excluded women with a history of malignancy, with a 

past or current neurological or psychiatric disorder (defined according to International 

Statistical Classification of Diseases and Related Health Problems), or with a history of 

chemotherapy, cranial radiotherapy, bone marrow transplantation, or severe head 

trauma.  

Enrolled women were divided into two main groups: those whose follow-up 

biopsies indicated breast cancer and a control group whose follow-up biopsies did not. 

 

3.1.2 Patient Cohort (study II) 

The breast cancer group consisted of women with early-stage breast cancer 

(ductal carcinoma in situ, stage 1 or 2). All enrolled women with breast cancer 

underwent surgery. All women with breast cancer were treated at the Department of 

Oncology, Karolinska University Hospital/Stockholm South General Hospital. 

Within the breast cancer group, we identified three subgroups: a group of 

women who received adjuvant chemotherapy, a group who received adjuvant hormonal 

therapy, and a group who received no adjuvant medical therapy.  

After baseline assessment, two women with breast cancer were excluded; one 

was diagnosed with rheumatoid arthritis and the other one received neo-adjuvant 

chemotherapy. 
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3.1.3 Patient Cohort (study IV) 

For this study, we assessed a subset of the larger sample of women aged 40 to 

64 years who reported having worked part-time or full-time before their original 

diagnosis and who had received adjuvant therapy.  

 

3.1.4 Clinical Variables 

Information on clinical variables—menopausal status; tumor characteristics, 

including stage, grade (Elston-Ellis), hormone receptors (estrogen receptor, 

progesterone receptor), HER-2 receptor, methods of surgery, and adjuvant treatment—

was obtained from the patient’s questionnaire, medical record, and pathology reports. 

 

3.2 TESTING PROCEDURE 

3.2.1 Testing Procedure (Studies I through III) 

All women completed a web-based battery of neuropsychological tests at the 

Department of Oncology, Karolinska University Hospital, in Swedish, mostly between 

noon and 7 pm.  A trained supervisor was available in the room to assist them. Women 

were tested four times (T): T1, at enrollment (a baseline measurement before 

reassessment results and diagnosis); T2, after surgery (about 2 months after diagnosis 

but before beginning adjuvant therapy); T3, after adjuvant therapy (about 8 months 

after diagnosis, which was about 1 month after completion of chemotherapy and about 

6 months after start of hormone therapy); and T4, 4 months after the completion of 

adjuvant chemotherapy, or about 11 months after diagnosis. Healthy women were 

tested at the same intervals: after enrollment (before reassessment results and diagnosis) 

and at 2, 8, and 11 months after enrollment.  

At each of the four test sessions, anxiety, depression, and quality-of-life were 

measured, and blood samples were obtained for routine measurements of thyroid 

function, hemoglobin count, and menopausal status. 

 

3.2.2 Testing Procedure (Study IV) 

For this study, we used the test results at two times, T3 and T4: about 8 months 

after diagnosis, which was 1 month after the completion of chemotherapy or 6 months 

after the start of hormonal therapy and about 11 months after diagnosis. 
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3.3 MEASUREMENTS 

3.3.1 Assessment of Cognitive Function (studies I, II, and IV) 

The women completed the Headminder Web-based neuropsychological battery 

Cognitive Stability Index, administered in Swedish 
92

, which provides objective 

measures of attention, memory, response speed, and processing speed. The Index was 

designed to monitor cognitive status in healthy, at-risk, and affected populations. It is 

designed primarily for use in prospective studies and consists of a series of repeatable 

neurocognitive subtests 
93

. The 10 subtests assessed the above-mentioned four 

cognitive domains. These four domains have been validated against several traditional 

neuropsychological tests and have reliable psychometric properties 
92

.  

Response speed, is correlated with Trail Making A and B (tests of visual 

attention and task switching; r = 0.73, r = 0.74, respectively). Processing speed is 

correlated with the Symbol Digit Modalities Test (a test of executive functions, such as 

problem solving, planning, organizational skills, selective attention, inhibitory control, 

and some aspects of short term memory 
11

; r = 0.58), and the Symbol Search Test (a 

measure of intelligence 
11

; r = 0.65). Memory is correlated with the Buschke Selective 

Reminding Test (a test for verbal memory and immediate recall 
11

; r = 0.52). Attention 

is correlated with Digit Span (a test for short-term memory 
11

; r = 0.62). Test-retest 

reliability between the first and second assessment ranged from 0.68 to 0.80, with 

significant practice effects seen only in processing speed 
93

. No keyboard skills are 

required. The test takes 30 minutes to complete.  

Higher summary scores for attention and memory and lower summary scores 

for processing speed and response speed indicate higher levels on their respective 

domains. 

3.3.2 Assessment of Depression and Anxiety (studies I through IV) 

Depression and anxiety were assessed at each test session with the Swedish 

versions of the Beck Depression Inventory, Second Edition (BDI-II), and the Beck 

Anxiety Inventory (BAI) 
94,95

. The BDI-II questionnaire contains 21 items scored on a 

scale of 0 to 3. Total scores are interpreted as follows: 0 to 13, no to minimal 

depression; 14 to 19, mild depression; 20 to 28, moderate depression; and 29 to 63, 

severe depression. The BAI questionnaire also contains 21 items scored on a scale of 0 

to 3. Total scores are interpreted as follows: 0 to 7, minimal anxiety; 8 to 15, mild 

anxiety; 16 to 25, moderate anxiety; and 26 to 63, severe anxiety. Scale scores on both 

inventories were analyzed as continuous measures.  Women with raw scores of 15 or 
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higher on either the BDI-II or the BAI were classified as clinically distressed and those 

with scores below 15 were classified as healthy.  

 

3.3.3 Assessment of Quality of Life (studies I through IV) 

We assessed quality of life with the Swedish version of the European 

Organisation for Research and Treatment of Cancer Quality of Life Questionnaire 

(EORTC QLQ C-30)
 96

, a standardized and validated instrument that measures quality 

of life in cancer patients in clinical trials. It consists of 30 items measuring 5 functional 

scales (physical, role, cognitive, emotional, and social functioning), 9 symptom scales 

(fatigue, pain, nausea-vomiting, dyspnea, sleep disturbance, appetite loss, constipation, 

diarrhea, and financial impact), and one global quality-of-life scale 
97

.  

Women with breast cancer were also assessed with the EORTC QLQ Breast 

Cancer Module (QLQ BR-23), a validated instrument for measuring quality of life 

among breast cancer patients in various disease stages and undergoing various 

treatments 
98

. The 23 QLQBR-23 items assess 4 functioning scales (body image, sexual 

function, sexual satisfaction/enjoyment, and future perspective) and 4 symptom scales 

(systemic therapy side effects, breast symptoms, arm symptoms, and reaction to hair 

loss).  

Scores for each scale range between 0 and 100. For scales evaluating global 

health and function, higher scores represent higher functioning and better health. For 

scales evaluating symptoms, higher scores reflect more symptoms and more severe 

illness. 

 

3.3.4 Assessment of Comments in the Medical Certificate (study IV) 

Information from the medical certificate regarding RTW was collected at both 

T3 (after adjuvant therapy) and T4 (11 months after diagnosis) and additionally at 18 

months after diagnosis. Reasons regarding the patient’s ability to return to work were 

categorized as 1) reduced general condition of health (a state of lower physical, mental, 

or social wellbeing); 2) somatic signs and symptoms (lymphedema, neuropathy); 3) 

psychological (depression and anxiety); 4) cognitive impairment; and 5) climacteric 

complaints (hot flushes or dryness).  
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4 RESULTS AND DISCUSSION 

My interest in studying the effects of breast cancer diagnosis and treatment on 

cognitive functions began 7 years ago, when several of my patients at the outpatient 

department reported difficulties with memory, attention, and concentration during or 

after adjuvant treatment for breast cancer. These women related their symptoms to the 

beginning of adjuvant treatment and wondered whether these symptoms were side 

effects of the treatment. Unfortunately, I could not confirm whether or not the 

symptoms were treatment-related side effects. A literature search quickly revealed that 

this question was not well studied.   

A growing body of literature suggests that adjuvant therapy for breast cancer 

may be associated with subtle impairments in both cognition and quality of life. The 

first investigations were cross-sectional and found that the prevalence of cognitive 

impairment ranged from16% to 75% 
24,28,35,99

. However, these studies were cross-

sectional, lacked baseline testing, and involved small samples. (In fact, we found no 

published studies that assessed baseline cognitive status before breast cancer diagnosis.) 

Later longitudinal studies found that 20% to 30% of women with breast cancer had 

lower cognitive function than did healthy controls, even before starting adjuvant 

treatment 
15,39

. However, these studies also found that treatment can lower 
100

, not 

affect, or even improve cognitive function 
100,101

. Thus, differences in design and 

methodology mean that these results need to be interpreted cautiously. 

 

4.1 PATIENT CHARACTERISTICS 

Of the 256 women eligible to participate in the study, 146 completed the first 

round of testing and 121 completed the fourth (Figure 1). 

 

4.2 DEMOGRAPHIC CHARACTERISTICS  

Healthy women were a mean of 8 years younger than women with breast cancer 

(51 vs. 59 years; P<0.01), probably as a result to the County of Stockholm’s decision to 

screen all women aged between 40 and 50 years, which lead to more re-assessment of 

healthy women in this age group.  

The two groups had similar proportions of women with more than 12 years of 

school and those with less than 12 years. Moreover, an age-adjusted analysis found no 

significant difference in education levels among the three adjuvant treatment groups 

and healthy controls. However, the non medically treated group was not as 
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homogenous in its age-adjusted education level as other groups (Figure 2). About 70% 

of women in both groups were married or cohabiting. 

 

Figure 1. Disposition of 146 women in a test of cognitive function after 1) notification 

of a positive mammographic screening test, 2) after the diagnosis was ruled out or after 

sector resection or mastectomy, 3) after 6 months or after adjuvant treatment, and 4) 

after an additional 3 months follow-up. 
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Healthy Control (n=69) 
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Did not meet inclusion criteria (n=42) 

Declined to participate (n=66) 

Analysed at time 2 

Healthy Control (n=63) 
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No Surgery (n=51) 

Lost to follow-up (n=6) 

 

Analysed at time 2 (Before adjuvant 

therapy) 

Breast Cancer (n=71) 

Mastectomy (n=19) 
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Excluded from analysis (n=2) 

Lost to follow-up (n=1) 

Analysed at time 3 (After adjuvant therapy) 

(n=68) 
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Hormone therapy (n=41) 

No medical treatment (n=12) 

Analysed at time 3 (n=57) 

 

Lost to follow-up (n=2) 

 

Lost to follow-up (n=2) 

 

Analysed at time 4 (11-months after 
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Time 3 

Time 4 

Lost to follow-up (n=6) 

 
Excluded from analysis (n=2) 

Lost to follow-up (n=4) 
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Figure 2. Age and education of 146 women screened for breast cancer, by eventual 

diagnoses and type of adjuvant treatment. 
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4.3 TUMOR AND TREATMENT CHARACTERISTICS  

Of the 77 women with breast cancer, 12 (16%) had stage 0 breast cancer and 

did not receive any adjuvant medical treatment, 41 (53%) had stage 1 cancer and 

mostly received hormone therapy, and 24 (31%) had stage 2 breast cancer (Table 2).  

 

Table 2. Tumor Characteristics of 77 Women with Early Breast Cancer  

Tumor characteristic 

Chemotherapy 

(n = 18) 

n (23%) 

Hormone 

Therapy 

(n = 45) 

n (59%) 

No Adjuvant 

Medical Therapy 

(n = 14) 

n (18%) 

Breast cancer stage    

0 0               1 (2) 11 (79) 

1 3 (17) 35 (78) 3 (21) 

2 15 (83) 9 (20)                0 

Hormone Receptor status     

Positive 17 (94) 45 (100) 2 (14) 

Negative            1 (6)   0 12 (86) 

Her2neu Receptor status     

Positive 6 (33) 0                0 

Negative 12 (67) 45 (100) 14 (100) 

Elston Ellis grade    

1 2 (11) 23 (51)                0  

2 7 (39) 17 (38) 2 (14) 

3 9 (50)              4 (9) 1 (7) 

 

Women with breast cancer were divided into three subgroups on the basis of the 

adjuvant therapy, the second round of testing. Chemotherapy was indicated in 17 

women, of whom 9 received intravenous FEC (5-fluorouracil 600 mg/m
2
, epirubicin 75 

mg/m
2
, and cyclophosphamide 600 mg/m

2
 every 3 weeks for 6 cycles) and 8 received 

intravenous TAC (docetaxel 75 mg/m
2
, doxorubicin 50 mg/m

2
, and cyclophosphamide 

600 mg/m
2
 every 3 weeks for 6 cycles). All women were offered standard antiemetic 

treatment. Hormonal treatment was indicated in 45 women, 33 of whom were 

prescribed tablet Tamoxifen 20 mg/day and 12 of whom were prescribed tablet 

Arimidex 1 mg/day. Finally, 14 did not require adjuvant treatment.  

Of the 59 women undergoing radiotherapy to the chest wall or residual breast, 

with or without exposure to the regional lymph nodes, 17 were in the chemotherapy 

group, 34 were in the hormone group, and 8 did not receive adjuvant therapy.  

The hormone group had received treatment for 6 months and had completed 

radiotherapy if needed after surgery. None in the chemotherapy group had started 
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hormone treatment or radiotherapy after surgery. At 11 months of follow-up, the 

chemotherapy group had completed radiotherapy and started hormone treatment (n 

=17), with or without trastuzumab (n= 6) if needed. 

 

4.4 PAPER I 

The aim of the study was to determine the effect of breast cancer diagnosis and 

surgery on cognitive function. Cognitive decline before initiation of adjuvant treatment 

has been reported 
13,15,39

, and a diagnosis of breast cancer has been suggested as a 

potential risk factor for cognitive impairment. 

The groups differed significantly in response speed and processing speed, at 

baseline, before diagnosis. Women undergoing surgery for breast cancer showed no 

significant changes in memory, attention, response speed, or processing speed after 

treatment in either the adjusted or the unadjusted models. The adjusted covariates were 

age, education level, pain, B-hemoglobin, depression, and anxiety. Healthy women 

whose follow-up biopsies ruled out breast cancer, improved significantly in attention (P 

= 0.02) and in processing speed (P < 0.02)  after surgery. After primary treatment, 

women with breast cancer differed significantly from healthy controls only in attention 

after adjusting for confounders (P = 0.04; Figure 3).  

Of the 77 women with breast cancer, 55 had sector resection and 22 had 

mastectomy with sentinel node dissection, with or without axillary dissection (Figure 

1). To determine whether more invasive surgery adversely affected cognition, we took 

into account type of surgery in a separate model because diagnostic lumpectomy was 

also performed in 13 healthy controls. Scores for attention and processing speed were 

lower, but not significant so, in women undergoing more invasive surgery 

(mastectomy) than in other women (Figure 4).  

Our sample was divided almost equally between women with high and low 

levels of education, which is an important predictor of cognitive functions in healthy 

individuals. As did we, Lezak 
11

 reported that higher education level was related to 

better performance on objective measures, and we found that women with breast cancer 

and lower education levels showed a greater propensity for cognitive decline, although 

the decline was not statistically significant. One should consider the impact of lower 

education level on cognitive functions in women with breast cancer before starting 

treatment.  

We did not correct for practice effects in our analyses. Relatively small 

improvements in test results at the second session are often caused by an increased 
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knowledge of what to expect on the test. However, lack of improvement on some tasks 

after repeated testing may indicate pathology 
40,102

. Our results showed no overall 

improvement in cognitive functions in breast cancer patients after surgery. The lack of 

an expected practice effect among breast cancer patients may actually indicate a 

possible deficit. Therefore, it appears that a subgroup of breast cancer patients may be 

vulnerable to cognitive decline, which is consistent with other findings 
13,41

.  

 

Figure 3. The unadjusted slopes of four neuropsychological domains by group and 

across time points. Higher scores for attention and memory indicate higher functioning. 

Lower scores for processing and response speed indicate higher functioning. 

 

 
 

We found that attention significantly improved over 2 months time period for 

healthy women but not for those with breast cancer. This difference may be explained 

by diagnosis- and surgery-related, stress-response symptoms among breast cancer 

patients and stress-relief among healthy women.  Scores on attention and working 

memory can be lower for women with breast cancer after surgery than for healthy 

controls 
39,103

. Breast cancer diagnosis and surgery can obviously be traumatic, given 
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the threat to life and bodily integrity and the experience of disfiguration and 

disability. In turn, these posttraumatic symptoms may precede cognitive compromise 

and have been identified in some breast cancer survivors 
104

.  

We found no relationship between cancer diagnosis and cognitive functions, 

depression, anxiety, or quality of life. Mean BDI-II and BAI scores indicate that neither 

group was distressed before diagnosis or after surgery. Quality of life scores, including 

participants’ self-reported cognitive problems, did not change significantly during the 

study. 

 

Figure 4. The unadjusted slops of four neuropsychological domains by surgery group. 

Higher scores for attention and memory indicate higher functioning. Lower scores for 

processing and response speed indicate higher functioning. 

 

 
 

4.5 PAPER II 

The aim of the study was to determine the effects of adjuvant therapy on 

cognitive function over time in women with early breast cancer and to determine 

whether the cognitive scores differed from those of healthy women.  

Our results showed that scores for memory, attention, processing speed, and 

response speed changed among women with early breast cancer and healthy controls 
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over the study period. Further, healthy controls almost always performed better than did 

the women with breast cancer, on all four cognitive domains. Women with breast 

cancer in the youngest tertile (40 to 50 years old) performed better on all four domains 

than did older women with breast cancer. 

Women with cancer improved in response speed (P = 0.004), processing speed 

(P < 0.01), and attention (P = 0.002) but not in memory (Figure 5). The change in the 

memory scores differed between women with breast cancer and healthy controls over 

time  (P <0.01 for the interaction). The absence of the expected practice effect in 

memory in the breast cancer group compared to healthy controls may indicate a decline 

in memory 
36,40,102

. The difference in memory scores between women with and without 

cancer (P = 0.04) was confirmed by taking the three breast cancer treatment groups  

into account. Other studies have also found a cognitive decline after chemotherapy, 

with or without SERMs 
35,44,105

. However, still other studies have found no change in 

neuropsychological performance among breast cancer patients receiving standard 

adjuvant treatment 
101,106-108

.  

 

Figure 5. The unadjusted slopes of four neuropsychological domains by group and 

across time points. Higher scores for attention and memory indicate higher functioning. 

lower scores for processing and response speed indicate higher functioning. 
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We analyzed separately the three breast cancer treatment groups over time 

(Figure 6). In the chemotherapy group, response speed improved significantly after 

surgery (P <0.01) from before diagnosis but declined significantly (P < 0.01) 1 month 

after completing chemotherapy and remained low after 3 months of follow-up. Memory 

scores declined after completing chemotherapy (P < 0.01) but improved, although not 

significantly so, at the 11-month follow-up. This finding supports the result of another 

longitudinal study that evaluated 41 breast cancer patients receiving chemotherapy and 

40 breast cancer patients receiving only radiotherapy, at baseline, post-treatment and at 

a 3-month follow-up 
36,103

.  

 

Figure 6. The unadjusted slopes of four neuropsychological domains by group and 

across time points. Higher scores for attention and memory indicate higher functioning. 

Lower scores for processing and response speed indicate higher functioning. 

 

 
 

In the hormone therapy group, processing speed (P < 0.01) and attention (P < 

0.01) scores were higher at 11months than they were before diagnosis. These results 

conflict with those of other studies, albeit cross-sectional, which reported that hormone 

treatment impairs processing speed 
30,32,48

. We found also that after beginning hormone 

treatment, cancer patients’ memory scores tended to be lower than those of healthy 

controls, suggesting possible age-, disease-, or host-related factors 
41,109

.  

Women not receiving adjuvant medical therapy had mostly stage 0 breast 

cancer and were the only treatment group that improved in response speed (P = 0.02), a 
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finding consistent with a study showing that women with more severe disease (stages 

from I to III) had longer reaction times than did women with stage 0 disease and 

healthy controls 
110

. Further, we found that processing speed declined after treatment 

but recovered significantly (P < 0.01) at the 11-month follow-up. 

We analyzed potential associations between objective measures of cognitive 

performance and covariates. Age was associated with reduced processing and response 

speeds, which may be caused by several factors, such as volume loss in the brain and 

the loss of structural integrity in the white matter, particularly in the prefrontal cortex 

(Figure 7). Also, medical co-morbidities and reduced immunological function may be 

associated with cognitive decline 
111

. Similarly, women with less education may be 

more at risk for impaired memory, attention, and processing speed (Figure 8).  

 

Figure 7. The Mean scores of two neuropsychological domains by age tertiles and 

across time points. Lower scores for processing and response speed indicate higher 

functioning. 

 

   

 

 

As have other studies, we found no association between objective cognitive 

performance and depression or anxiety 
112

. Also as in several other studies, we did not 

detect any association between neuropsychological test scores and subjective reports of 

cognitive function 
28,34,113

.  

Further, hemoglobin counts, pain, and fatigue scores included in all models as 

time-varying covariates showed no main effects or interactions. Also, adding baseline 

domain scores, educational level, and age tertiles in all models showed that younger 

women had a significantly better performance only in memory over time. 
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Figure 8. Mean scores of four neuropsychological domains by education level and 

across time points. Higher scores for attention and memory indicate higher functioning. 

Lower scores for processing and response speed indicate higher functioning. 

 

   

   

   

4.6 PAPER III 

The aim of the study was to determine the impact of breast cancer diagnosis and 

its treatment on quality of life of women with newly diagnosed breast cancer. Our 

results showed that quality of life scores for all functional scales, global health status, 

fatigue, dyspnea, sleep disorders, and appetite loss differed significantly between 

groups over time. 

Being recalled for further investigation after an abnormal screening 

mammogram is stressful for many women 
81

. We found evidence of this stress in our 

study when, during re-assessment, women’s psychological wellbeing and emotional 

functioning were mildly impaired. 

Shortly after diagnosis and after surgery, women with breast cancer reported 

poorer quality of life and psychological wellbeing than did healthy controls (Figure 9). 

Surgery, irrespective of surgery type, impairs quality of life and can increase depression 

and anxiety, mostly as a result of side effects, such as pain and fatigue. 
114

. We found 

that women with breast cancer consistently reported having pronounced arm and breast 

symptoms shortly after surgery and that persisted over 11 months time.  
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Figure 9. Mean quality-of-life scores for 76 women with breast cancer (red lines) and 

69 healthy controls (blue lines), from before cancer diagnosis to about a year later. For 

scales evaluating global health and function, higher scores represent higher functioning 

and better health. For scales evaluating symptoms, higher scores indicate more 

symptoms and more severe illness. 

Physical Functioning  Role Functioning  Emotional Functioning 

     

Cognitive Functioning  Social Functioning  Global health status / QoL 

     

Fattigue  Nausea / Vomiting  Pain 

     

Dyspnoea  Sleep disorder/Insomnia  Constipation 

     

Diarhoea  Financial Problems  Appetite loss 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Women with breast cancer reported poorer postsurgical physical, role, 

cognitive, and social functioning and poorer global health status, 8 months after 

diagnosis. However, by the end of the study, mean scores in almost all QLQ scales, 

except cognitive functioning, had improved (Figure 9). Emotional functioning 

improved in both groups over time, a finding consistent with studies showing that 

emotional problems declined after the start of treatment 
115

. These changes may reflect 

stress relief and that women have learned how to cope with their cancer. 

Women with breast cancer reported higher systematic therapy side effects and 

hair loss after surgery, as a result of treatment over time (effect size 14% and 11% 

respectively). Sexual functioning was reported to be low after surgery, and although it 

improved, it was still low at the last follow-up assessment. Other studies have also 

reported that sexual dysfunction occurs as a result of treatment-induced premature 

menopause 
116

. Body image declined during the study, whereas marked arm and breast 

symptoms were always reported over time. 

Mean scores for anxiety and depression did not differ significantly between 

groups at baseline. However, mean depression and anxiety scores differed between 

groups as a result of treatment over time (effect size 14% and 15%, respectively) and at 

most, only about 30% of women were clinically anxious or clinically depressed, 

postsurgical. Others have also report that psychological wellbeing is affected in one-

third of cancer patients 
82-84

. 

 

4.7 PAPER IV  

The aim of the study was to determine whether cognitive changes, lower quality 

of life, and higher depression and anxiety scores affect return to work among women 

after treatment for breast cancer.  

A subset of 44 women who received adjuvant therapy and were working before 

the study was selected; 29 who had returned to work and 15 who were still on sick 

leave.  

Of the 17 women who completed adjuvant chemotherapy and the 8-month data 

collection process, all but 1 continued with adjuvant endocrine treatment. Moreover, at 

the time of 8-month data collection 20 women had received endocrine treatment for 6 

months and had completed radiotherapy if needed. Adjuvant medical treatment was not 

indicated in 6 women. Of the 32 women undergoing radiotherapy to the chest wall or 

residual breast, with or without exposure to the regional lymph nodes, 17 were in the 
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chemotherapy group, 10 were in the hormone group, and 5 did not receive adjuvant 

medical therapy.  

At the 8- and 11-month data collection times, scores on the four cognitive 

domains did not predict RTW. Women with more advanced disease, who received 

chemotherapy, and whose overall quality of life was lower took longer to return to 

work. Lower scores on physical, social, and role functioning, and also lower scores on 

body image and future perspective were also associated with RTW. More severe 

systemic therapy side effects, sleep disturbance, dyspnea, breast symptoms, and arm 

symptoms likewise prolonged RTW (Table 3). Others have also reported that women 

with breast cancer treated with chemotherapy do not return to work as soon as women 

not treated with chemotherapy 
79,86,117

. 

We found that 32% (14/44) of women had not returned to work 11 months after 

breast cancer diagnosis and that 9% (4/44) had not returned to work 18 months after 

breast cancer diagnosis. Johnsson et al.
 84,

 found that 41 of the 102 women they studied 

had not returned to work after 10 months, and Balak et al. 
116 

found that 35% of the 72 

women they studied also did not returned to work after 12 months. In our study, women 

on sick leave at baseline had more severe and persistent physical and psychosocial 

symptoms, which improved over the 11months of follow-up, consistent with other 

studies 
79

. We also found that early RTW was associated with higher physical and 

social function and less severe treatment-related symptoms.  

Women on sick leave were more likely to be more depressed and anxious than 

were working women. In contrast, working women were not psychologically 

distressed, had an overall better quality of life, and reported lower treatment-related 

side effects than did women on sick leave. 

At the 8-month data collection point, the most common reasons in the medical 

certificate for justifying continued sick leave were lower general condition of health 

and somatic symptoms. Although most women, independently of the type of adjuvant 

treatment, had regained their general health at the 11-month follow-up appointment, 

somatic symptoms persisted among those reporting them at baseline. Statements on the 

medical certificate 8 and 11 months after breast cancer diagnosis were related to 

systemic side effects and support our finding that treatment-related symptoms were the 

main predictors of RTW. 

 



 

29 

 

Table 3. A Pairwise Comparison and Association between Quality of Life and Tumor 

Characteristics among Breast Cancer Treated women Returning to Work (n=29) vs. 

Remaining on Sick Leave (n=15). 

 Adjusted *  Unadjusted*  

Variable 

Odds ratio 

95% CI P 

Odds ratio 

95% CI P 

Physical functioning 0.83 

0.74 to 0.90 

<0.001 

 

0.90 

0.84 to 0.94 

<0.001 

 

Role functioning 0.94 

0.91 to 0.96 

<0.001 

 

0.95 

0.92 to 0.97 

<0.001 

 

Social Functioning 0.96 

0.93 to 0.99 

<0.001 

 

0.97 

0.95 to 0.99 

0.01 

Dyspnea 1.07 

1.04 to 1.11 

<0.001 

 

1.03 

1.01 to 1.06 

<0.001 

 

Sleep disturbance 1.02 

1.01 to 1.05 

<0.001 

 

1.02 

1.01 to 1.03 

0.01 

Body image 0.92 

0.87 to 0.96 

<0.001 

 

0.95 

0.92 to 0.97 

<0.001 

 

Future perspective 0.96 

0.93 to 0.98 

0.01 0.98 

0.96 to 0.99 

0.02 

Systemic therapy side 

effects 

1.07 

1.03 to 1.13 

<0.001 

 

1.07 

1.03 to 1.11 

<0.001 

 

Breast symptoms 1.03 

1.01 to 1.07 

0.03 1.02 

1.00 to1.05 

0.04 

Arm symptoms  1.06 

1.02 to 1.10 

<0.001 

 

1.04 

1.02 to 1.07 

<0.001 

 

Her 2-positive 10.42 

2.19 to 65.32 

0.01 5.05 

1.43 to 20.65 

0.01 

Elston grade 3.64 

2.01 to 7.31 

<0.001 

 

2.63 

1.55 to 4.78 

<0.001 

 

Involved lymph 

nodes  

18.80 

5.32 to 90.69 

<0.001 

 

12.80 

4.46 to 42.59 

<0.001 

 

* Population-average models from general estimating equations with and without 

adjustments for age, education, marital status, and work status at baseline. 
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5 CONCLUSIONS AND CLINICAL IMPLICATIONS  

The work presented in this thesis provides insight into various effects of breast 

cancer diagnosis and treatment on cognitive functions, quality of life and womens´ 

ability to return to work, over an 11-month observational period. 

In our first paper, we found that cognitive functions before diagnosis did not 

change after breast cancer diagnosis and subsequent surgery. However, we did find that 

having a mastectomy and a lower education level were associated with greater 

propensity for cognitive decline, which needs to be further investigated. Therefore, it 

appears that a subgroup of breast cancer patients may be vulnerable to cognitive 

decline.  

In our second paper, we evaluated the same women and healthy controls 6 and 

9 months later using the same neuropsychological test battery and questionnaires. We 

did not observe any major cognitive changes over time, but all women improved on 

most cognitive functions, except for memory. Our results suggest that 6 and 9 months 

after surgery, regardless of the type of adjuvant treatment received, memory scores 

were below baseline scores.  

In our third paper, we found that breast cancer patients reported marked 

declines in their quality of life and psychological well being but, at the same time, 

showed no major reductions in attention, processing speed, or response speed. Global 

health status returned to baseline after 11 months. However, some women had 

sustained problems, such as poor body image and subjective cognitive function, that 

may require treatment to improve overall quality of life.  

In our fourth paper, we found that women who had received chemotherapy, 

more advanced disease with lymph-node involvement, and positive HER-2 status were 

less likely to return to work at either 8 or 11 months after diagnosis. However, we 

found no association between objective cognitive function and return to work among 

women treated with chemotherapy. 

We conclude that attention scores in breast cancer patients do not change after 

diagnosis and surgery. Subtle but clinically meaningful cognitive changes, particularly 

in memory, are related to time course and treatment. Moreover, the changes we found 

in cognitive function are consistent with those reported by breast cancer survivors after 

adjuvant medical treatment, especially chemotherapy. Chemotherapy is associated with 

several other factors that reduce quality of life. We found that breast cancer surgery and 

adjuvant treatment, irrespectively of type, temporarily reduces health-related quality of 
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life and psychological wellbeing. However, independently of any adjuvant treatment, 

overall quality of life improves and most women eventually return to work in a few 

months.  

In conclusion, older and less-educated women with breast cancer, who undergo 

mastectomy and receive adjuvant chemotherapy are at risk for cognitive decline. These 

women should, before starting treatment, complete the neuropsychological tests we 

used here. In this way, we can, in routine clinical practice, easily screen for women  

with these symptoms and identify any depression, anxiety, or cognitive impairment. 

We can use this knowledge to target support resources in a more efficient way. In the 

long run, this change in care should reduce sick leave time and accelerate the 

rehabilitation process.  
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