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ABBREVIATIONS 


CEF  Cyclophosphamide, epirubicine, fluorouracil
 CMF Cyclophosphamide, methotrexate, 


fluorouracil


DBCG Danish Breast Cancer Cooperative Group
 EORTC European Organization for Research and 


Treatment of Cancer


EORTC QLQ-C30 EORTC Quality of Life Questionnaire-Core-30
 HADS/HAD Scale Hospital Anxiety and Depression Scale
 HRQL Health-related quality of life


OS Overall survival


RFS Recurrence-free survival


1.  BACKGROUND AND INTRODUCTION 


A cancer diagnosis has tremendous consequences for most per-
 sons who experience it. In the case of breast cancer the initial 
 treatment usually consists of surgery, and after the operation 
 many patients are recommended one or more additional treat-
 ments including radiotherapy, chemotherapy, and hormonal 
 treatment. All these factors may, of course, impact the patients’ 


quality of life.  


This thesis deals with the scientific challenges and clinical results 
 of a study aiming at assessing the impact of breast cancer and its 
 treatment on the patients’ quality of life.  


Studies of the nature, prevalence, and intensity of problems and 
 symptoms experienced by the patients are often referred to as 
 health-related quality of life (HRQL) research.  


HRQL research deals with subjective experiences and poses many 
 challenging scientific questions. Therefore, in the clinically moti-
 vated study reported here much attention was directed towards 
 methodological issues. 


1.1  Epidemiology of breast cancer 


Breast cancer is the most common cancer in women and the 
 incidence of the disease has been increasing for several years. In 
 2003 breast cancer was diagnosed in 4,044 women in Denmark 
 [1] and in 2005 breast cancer accounted for the death of 1,255 



Health-related quality of life in early breast cancer  



Methodological and clinical studies 

Mogens Groenvold 



(2)women [2]. A woman living in Denmark has an 8.9% risk of breast 
 cancer [3]. Breast cancer is rare in men: the prevalence is less 
 than 1/100 of the prevalence in women, corresponding to about 
 30 new cases per year [1]. Most women diagnosed with breast 
 cancer have ‘locoregional disease’ (as opposed to metastatic 
 disease) meaning that the disease is still ‘local’ or ‘regional’; there 
 is no evidence of distant metastases. This does not, of course, 
 preclude that there may be microscopic metastases.  


This thesis deals with locoregional breast cancer in women.  


1.2  Treatment of breast cancer 


The treatment of primary, locoregional breast cancer consists of 
 surgery with or without additional adjuvant therapy. Surgery is 
 performed to remove the breast tumour and metastases in local 
 lymph nodes, and involves either tumourectomy (also called 
 lumpectomy) or mastectomy (removal of the breast). Surgery is 
 the most important part of the treatment of breast cancer.  


Adjuvant therapy has the aim of curing some patients who would 
 otherwise die from recurrence of breast cancer or delaying such 
 recurrence. Clearly, there is no point in giving adjuvant therapy if 
 the patient has already been cured via the operation. Therefore, 
 the need for adjuvant therapy is elucidated by examination of a 
 number of prognostic factors. During the last decades the prog-
 nostic factors used most widely have been metastatic spread to 
 the axilla, tumour size, the tumour’s content of hormonal recep-
 tors, and its malignancy. Patients who based on these variables 
 have been classified as being at low risk of recurrence have not 
 been offered any adjuvant therapy whereas high-risk patients 
 have been offered such treatment. 


Adjuvant therapy includes local radiotherapy against the breast 
 area [4] and systemic treatments against (micro)metastases, 
 which may have spread in the body. Systemic adjuvant therapy 
 includes endocrine therapy (treatments aimed at suppressing the 
 effect of oestrogen), chemotherapy (cytotoxic drugs, often given 
 in combination) and, relatively recently, monoclonal antibodies 
 such as trastuzumab [5-7]. In some instances neo-adjuvant ther-
 apy has been used before surgery but usually adjuvant therapy is 
 given after the operation. 


A range of clinical and pathological variables are used to guide the 
 choice of adjuvant therapy, including the tumour’s hormone 
 receptor status, and HER-2 protein, and whether the woman is 
 premenopausal or postmenopausal. 


Around 1990, when this study was initiated, the value of combi-
 nation chemotherapy was well proven [8]. In Denmark the com-
 bination CMF (cyclophosphamide, methotrexate, fluorouracil) 
 was considered the standard therapy, mainly for premenopausal 
 women at high risk of recurrence [9]. In other parts of the world 
 alternative combinations, mainly those including anthracyclines, 
 were considered the standard. Postmenopausal women at high 
 risk of recurrence were generally offered tamoxifen although sub-
 groups were offered chemotherapy.  


Changes in chemotherapy since the initiation of the DBCG 89 
 Program [9] will be discussed in the two chapters dealing with 
 chemotherapy studies.  


The treatment of primarily metastatic breast cancer and recur-
 rent breast cancer is different from that of primary locoregional 
 breast cancer and is outside the scope of this thesis.  


1.3  The DBCG 89 studies 


The Danish Breast Cancer Co-operative Group (DBCG) was estab-
 lished in 1977. It is one of the first examples of a nationwide 
 collaboration between the surgical, medical, oncological, patho-


logical, and radiological hospital departments involved in the 
 treatment of a disease [10]. DBCG has developed guidelines and 
 protocols for randomised trials, and was one of the first examples 
 of the development and successful implementation of national 
 guidelines standardising the treatment of a disease [10]. In 1989, 
 when DBCG released its DBCG 89 Program, it included guidelines 
 for diagnosis and treatment of primary breast cancer as well as 
 three randomised trials [9].  


These guidelines included the definitions of the group of patients 
 considered low risk, i.e. those who were likely to have been cured 
 through surgery, and those considered high risk, i.e. with a risk of 
 breast cancer recurrence justifying additional, systemic treatment 
 [9]. 


DBCG 89 A was the protocol describing the follow-up program for 
 low risk patients not offered any systemic adjuvant therapy. 


Subgroups of the patients were offered local radiotherapy. The 
 protocol did not involve randomisation. 


Briefly, the three randomised trials had the following research 
 questions. The DBCG 89 B trial randomised premenopausal 
 women with receptor-positive tumours between standard CMF 
 chemotherapy and ovarian ablation. It had been suggested that 
 among premenopausal women with receptor-positive tumours 
 the effect of chemotherapy was mediated via its reduction of 
 hormone production in the ovaries [11, 12] rather than a cyto-
 toxic effect. The research question was mainly whether ovarian 
 ablation was as effective as chemotherapy [9].  


The DBCG 89 C trial included postmenopausal women in a trial 
 comparing three endocrine regimens. The standard at that time 
 was tamoxifen for one year. This standard was compared with 
 two years of tamoxifen and with six months of tamoxifen fol-
 lowed by six months of megestrol acetate. Thus, this trial com-
 pared two durations of tamoxifen therapy and compared the 
 combination of two drugs against one drug. 


The DBCG 89 D trial had a 2x2 design, i.e., it had two research 
 questions and included a double randomisation resulting in a 
 total of four treatment arms. The trial included premenopausal 
 and postmenopausal patients who, in general, were at relatively 
 higher risk of recurrence than the patients allocated to the two 
 other trials. The first research question was whether the standard 
 chemotherapy regimen CMF could be improved by exchanging 
 one of the three drugs with another, i.e., CEF. The other research 
 question was whether the drug pamidronate could reduce the 
 risk of or the morbidity from bone metastases.  


The DBCG 89 protocols are described in more detail in the Meth-
 ods section.  


1.4  Reasons for assessing HRQL in the DBCG 89 studies 
 It was well known that patients diagnosed with and treated for 
 breast cancer might experience many different symptoms and 
 problems. There were three main reasons for assessing HRQL in 
 the DBCG 89 protocols.  


1.4.1  End-points in randomised trials 


As outlined above, DBCG 89 B investigated whether ovarian abla-
tion had the same effect on survival as chemotherapy. The idea 
was that if the treatments had a similar anti-tumour effect then it 
might be preferable for the patient to avoid chemotherapy. On 
the other hand, during the discussions when the HRQL was 
planned it was also suggested that ovarian ablation might be 
worse than chemotherapy: the menopause and sterility induced 
by ovarian ablation was permanent whereas in some patients 
treated with chemotherapy menstruation may persist or return. 



(3)Although ovarian ablation was briefer and thought to be associ-
 ated with fewer side effects, it was argued that these patients 
 might for example have a greater risk of depression in the follow-
 ing years. These considerations motivated a comparison of the 
 HRQL outcomes in the two treatment arms.  


No HRQL studies of tamoxifen or megestrol acetate had been 
 conducted (paper I). The evidence concerning tamoxifen was 
 about side effects (i.e., not from studies based on patient-report) 
 and some was almost at the anecdotal level but nevertheless it 
 was frequently mentioned that tamoxifen was associated with 
 depression [13, 14]. If the combination of two drugs were shown 
 to improve survival, this combination could be a new standard 
 recommended to millions of future patients and it would be of 
 great interest to know whether a gain in survival probabilities was 
 accompanied by better or worse HRQL outcomes. The same could 
 be said about the comparison of two durations of tamoxifen. Year 
 two of the study where one group had completed tamoxifen 
 treatment while the other was still on this treatment gave the 
 opportunity to study the HRQL associated with tamoxifen treat-
 ment in a randomised trial. Thus, it was of interest to use the 
 DBCG 98 c trial to investigate whether there was a difference in 
 the HRQL impact between tamoxifen and megestrol acetate, and 
 whether the patients randomised to two years of tamoxifen had 
 worse HRQL in the second year than those treated for one year 
 only. 


Finally, the DBCG 89 d protocol made an HRQL study highly rele-
 vant. The trial compared the standard CMF chemotherapy with 
 the CEF regimen. It was well known that CEF was more frequently 
 associated with alopecia whereas it was unknown whether there 
 were other differences in HRQL outcomes. Clearly, if it were 
 shown that CEF was more effective than CMF it was important to 
 know whether a potential gain in survival was ‘paid for’ by worse 
 HRQL. 


Two levels of use of HRQL data in the interpretation of random-
 ised clinical trials can be listed. First, and simpler, the researchers 
 can use this information in their interpretation of results. If, for 
 example, the available research data show no difference in sur-
 vival between two treatments with regard to survival but the 
 HRQL data show a clear advantage, then researchers can con-
 clude that this is an argument in favour of the mildest treatment. 


Second, the availability of HRQL can be used as a means of shar-
 ing the total information about treatments with patients and thus 
 as a means of providing the patients access to more insight in the 
 results forming the basis for treatment decisions. This is because 
 the HRQL data may convey information about consequences of 
 treatment that would otherwise be part of the doctors’ overall 
 evaluation of ‘what is best for you’. In other words, HRQL data 
 might be a way of obtaining a better basis for decision-making 
 because important information – which otherwise would be 
 undocumented – could become accessible for the patient. 


The research questions posed in the three trials of the DBCG 89 
 Program thus clearly motivated HRQL assessment but no study of 
 HRQL was included when the protocols were designed. Shortly 
 after the publication of the DBCG 89 Program I approached the 
 DBCG and proposed to assess HRQL in the trials. The proposal 
 was received very positively and a parallel ‘add-on-study’ of HRQL 
 was launched when funding from the Danish Cancer Society had 
 been obtained. 


1.4.2  Descriptive information  


The second category of arguments for assessing HRQL in the 
 DBCG 89 Program concerned the opportunity of using it as a 


means of obtaining descriptive information about the longitudinal 
 impact of both the disease and its treatment on HRQL. There 
 were two main ways to use information about the frequency and 
 course of the various symptoms and problems following breast 
 cancer diagnosis and treatment:  


A.  To be able to inform future patients about the consequences 
 of the disease and the various treatments, and  


B.  To give health care professionals insights which could be 
 used to alleviate or prevent symptoms and problems (this 
 also includes the potential use in continuous quality devel-
 opment).  


Not only the randomised trials but also the very detailed guide-
 lines standardising the treatment procedures across the country 
 served to improve the opportunities for obtaining useful informa-
 tion. 


Another important point is that knowledge about the patient-
 experienced consequences of treatments (and relevant treatment 
 alternatives) is a necessary basis for the informed consent re-
 quired by Danish law (Patientrettighedsloven, Lov om patienters 
 retsstilling, lov nr. 482 af 01/07/1998; Sundhedsloven, Lov nr. 546 
 af 24/06/2005, www.retsinfo.dk accessed June 2007).  


Further, knowledge about likely consequences of treatments may 
 make the patient feel safe because she knows what is going to 
 happen and can prepare herself for this. By this it is not meant 
 that all patients should always be given the maximal amount of 
 information – this may neither be desirable nor practically possi-
 ble – but the information given to each patient should be based 
 on knowledge that is as scientifically sound as possible.  


Thus, HRQL data might improve information to patients, might 
 facilitate greater patient involvement in treatment decisions 
 (‘empowerment’ via access to information), and might serve as a 
 basis for better prevention or alleviation of symptoms and prob-
 lems.  


1.4.3  Investigation of the psychosocial consequences of cancer 
 At a more general level, a longitudinal study of a large group of 
 breast cancer patients using relevant questionnaires was antici-
 pated to be able to elucidate questions of general scientific and 
 clinical interest. Relatively little was known about the course of 
 the various consequences of the disease and treatment over 
 time. Little was known about differences between sub-groups of 
 patients (e.g., younger versus older, more or less affluent pa-
 tients, and between patients differing with regard to social net-
 work). Comparisons of sub-groups could clarify which patients 
 managed the situation the best and the worst and information 
 could be used to identify groups of patients in need of additional 
 care. 


Another, more basic research question, which could be elucidated 
 via HRQL data, was whether there was any association between 
 psychological distress and the risk of death from cancer. At the 
 time of initiation of this study there was evidence of an associa-
 tion between self-rated health and survival in general population 
 studies [15, 16]. Furthermore, Spiegel’s randomised study pub-
 lished in 1989 [17], which indicated that metastatic breast cancer 
 patients taking part in support groups had better survival, had 
 generated renewed interest in the possible relationships between 
 psychological distress and breast cancer survival. 


In sum, there were strong arguments for assessment of HRQL in 
the DBCG 89 protocols.  



(4)1.5  Breast cancer from the patient perspective and HRQL 
 evaluation 


Seen from the patient’s perspective, a diagnosis of breast cancer 
 may have multiple implications. It may be viewed as a sudden, 
 unexpected threat to life, may cause acute hospitalisation, usually 
 involves surgery with the removal of a breast or part of a breast, 
 creates a need for medical decisions, may necessitate additional 
 treatments, and may give rise to symptoms and practical prob-
 lems. These and many other factors may cause an acute and 
 severe disruption of the patient’s daily life [18]. All this creates a 
 strong need for mental adaptation, which it is hoped will lead to 
 successful readjustment to a new situation. Thus, for many pa-
 tients a diagnosis of cancer is a turning point in their life: habits 
 and daily life activities are reviewed and are possibly changed. All 
 these aspects may be investigated in various research projects 
 but clearly a single study may elucidate only parts of the experi-
 ence of breast cancer. 


The present study falls within the category of ‘health-related 
 quality of life’ (HRQL) research. Initially, the term ‘quality of life 
 research’ was used when describing medical studies of patients’ 


experiences of disease and treatment but recognising that many 
 aspects of quality of life are unrelated to health, the term HRQL 
 became preferred [19, 20]. 


There is no single, universally accepted definition of HRQL as-
 sessment but ‘… there seems to be an emerging consensus that 
 generic HRQL takes into account levels of physical, mental, social, 
 and role functioning, and includes abilities, relationships, percep-
 tions, life satisfaction, and well being.’ [20]. HRQL assessment is 
 thus based on the WHO definition of health [19]. A fundamental 
 characteristic of HRQL assessment (in contrast to ‘toxicity rating’ 


carried out by physicians) is that it is preferably based on patient 
 self-report [21, 22].  


When this study was initiated it was viewed as controversial 
 whether the subjective experience resulting from breast cancer 
 and breast cancer treatment could be investigated via question-
 naires in a way that was sufficiently robust seen from a scientific 
 point of view to allow such results to influence decision-making 
 and clinical practice. I was often challenged when reading the 
 scientific literature, following the debate in the field, and when 
 presenting the project to colleagues and research partners. Some 
 of the objections were: 


•  All patients react differently to cancer; their reactions are 
 subjective and fluctuating; it is impossible to investigate this 
 scientifically (clinicians). 


•  A questionnaire does not produce anything that can be used 
 scientifically; we all know that when completing a question-
 naire we tick some boxes but we could equally well have 
 ticked other responses – much of it happens arbitrarily or at 
 random, and the process is subject to all kinds of different 
 and uncontrollable bias. A questionnaire cannot produce 
 valid data (clinicians). 


•  Quantitative research methods such as questionnaires are 
 not suitable for assessment of subjective experiences or, 
 more generally, quality of life. Qualitative methods are 
 needed; theoretical frameworks must be developed. Other-
 wise, results will be useless and potentially misleading (psy-
 chologists, etc.). 


•  It is practically impossible – with the resources potentially 
 available to such a project – to carry out a longitudinal ques-
 tionnaire study involving large numbers of patients across 
 the entire country; it will not be feasible to identify the pa-
 tients at the right time, to get their consent, or to organise 


the collection of questionnaires at the right time (various col-
 leagues). 


•  The current methodology applied to analysis of question-
 naires is misleading and outdated; instead, newer statistical 
 methods (which at that time were virtually unknown to al-
 most all leading scientists in the field) have to be used (stat-
 isticians). 


Given the many arguments in favour of conducting a large study 
 of HRQL in the DBCG 89 Program, I took the objections seriously 
 and discussed them and the methodological challenges with 
 advisors and colleagues. The resulting research plan was an at-
 tempt at establishing a study that could provide results that were 
 useful in relation to the research questions, that overcame the 
 practical obstacles, and that at the same time investigated the 
 scientific quality of the results, i.e. their validity and reliability.  


When initiating the study the problems around delineation of the 
 field of enquiry (i.e., that it could rightly be argued that it was 
 impossible to assess a huge and ill-defined concept such as ‘qual-
 ity of life’) led to the following definition of aims in the clinical 
 research protocol: ‘… to describe how, how much, and for how 
 long the quality of life is affected by each kind of adjuvant treat-
 ment…’  [23](p. 8). A quality of life study was defined as ‘a map-
 ping of treatment-related physical and psychological symptoms 
 and effects on social, sexual, and work-related matters’ [23](p. 8). 


It was added that ‘The term ‘quality of life’ is thus used in a rela-
 tively narrow meaning. General investigation of the quality of life 
 concept is not central to the research project. It is concerned with 
 the assessment of a number of matters that are significant to 
 quality of life’ (p. 8). 


As stated above, the concept HRQL became widely used at a later 
 stage with the same motivation, i.e. to use a more specific and 
 less pretentious term than ‘quality of life’ [24, 25]. As stated by 
 Ferrans in a recent review, ‘… the term HRQL draws a line be-
 tween those facets of life that are primarily health related and 
 those that are not.’ [24](p. 14-15). Thus, the initial conceptualisa-
 tion made in the present study was in line with the subsequent 
 development in the research field. 


The study has resulted in publications investigating HRQL in a 
 general population sample (paper V), a paper studying psycho-
 logical distress in breast cancer patients compared to the general 
 population (paper VI), and papers on the impact of chemotherapy 
 compared to no adjuvant therapy (paper VII) or versus ovarian 
 ablation on HRQL (paper VIII). It was also investigated whether 
 psychological distress in newly diagnosed breast cancer patients 
 was related to survival (paper IX). Based on this study an article 
 investigating whether operation type (mastectomy or lumpec-
 tomy) was related to social class [26], a book chapter investigat-
 ing whether there were social differences in the reactions to 
 breast cancer chemotherapy [27], and a methodological article 
 partly based on this study [28] were written; these publications 
 are not included in the thesis. The same is the case, of course, for 
 a Master’s thesis [29] and a PhD thesis [30] using data from the 
 study. The methodological parts of the study, which were added 
 after the clinical HRQL study had been implemented, are intro-
 duced in the following sections. 


1.6  Validity and reliability in HRQL research 


This section briefly reviews some of the concepts related to valid-
ity and reliability in HRQL research. The concepts were explored 
in more detail in my PhD thesis [31] and are extensively described 
in the literature [25].  



(5)Validity refers to the truth of scientific results or statements. All 
 scientific fields have their approaches to assessment of validity 
 and reliability. In HRQL a typical definition is ’Validation of in-
 struments is the process of determining whether there are 
 grounds for believing that the instrument measures what it is 
 intended to measure, and that is useful for its intended purpose.’ 


[32](p.45). Validity can be viewed as absence of systematic error. 


In contrast, reliability refers to absence of unsystematic error. 


This means that while validity problems will influence the results 
 of a scientific study irrespective of its sample size, suboptimal 
 reliability can be compensated for by a sufficient sample size.  


Many different terms are used to categorise the approaches used 
 to validate questionnaires in HRQL research. Useful overall cate-
 gories are content, construct, and criterion validity [25]. These 
 terms are defined and discussed in detail in my PhD thesis [31]. 


1.6.1  Content validity 


Content validity refers to the extent to which the questionnaire 
 has the content needed to elucidate the research question. This 
 implies that content validity (like other aspects of validity) is not 
 an ability that a questionnaire can possess (it is often stated in the 
 literature that ‘this questionnaire has proven validity and reliabil-
 ity’); instead, content validity is related to a specific application of 
 a questionnaire. For example, a questionnaire may have a high 
 degree of content validity when used to assess the symptoms 
 resulting from one chemotherapy regimen while it may have poor 
 content validity when used to evaluate another chemotherapy 
 regimen if it misses the main problem resulting from that chemo-
 therapy regimen, e.g., neurotoxicity, as discussed in relation to 
 palliative care trials [33].  


The work aimed at assuring the content validity of a question-
 naire usually includes a literature review combined with inter-
 views with patients and health care professionals. The overall 
 research question for the study should be used as the delineation 
 of the literature review and as the basis for the questions asked in 
 the interviews, for example ‘which consequences do patients 
 experience as a result of the disease or treatment?’ Many conse-
 quences may be identified, and to select which of these to include 
 in the questionnaire it is often desirable to obtain ratings of the 
 relevance and importance of the issues from relevant patients. 


Paper I reports the work aimed at developing a content valid 
 questionnaire for this study. 


1.6.2  Construct validity 


Construct validity concerns the constructs (concepts) used in the 
 study or the research field. It is thus a theoretical way of ap-
 proaching the validity discussion. However, in practice the theo-
 retical questions are often not formulated and instead, standard 
 statistical manoeuvres are often carried out and interpreted as 
 numbers without proper acknowledgement of their meaning and 
 theoretical justification.  


Construct validity may concern important aspects related to the 
 construction of multi-item scales. There are three main reasons 
 for making multi-item scales: (a) to reduce measurement error 
 (i.e., increase reliability), (b) to reduce the number of variables in 
 the statistical analysis (often a careful attempt at obtaining good 
 content validity results in a large number of items, which may 
 result in an excessive number of results and problems resulting 
 from multiple hypothesis testing), or (c) because the concept in 
 question is best measured via multiple questions (e.g., one may 
 want to capture various aspects of depression).  


Irrespective of the reasons for construction of multi-item scales 
 and the many advantages they may produce, there is a consider-
 able risk that multi-item scales may lead to loss or distortion of 
 information obtained by the items. It is problematic if important 
 information about the research question disappears or is modi-
 fied during the transition from items to scales. If, for example, we 
 want to know the consequences of a new kind of chemotherapy 
 and an item on dizziness shows that patients experience this 
 problem, then it is problematic if this symptom is overlooked 
 because we have analysed the dizziness item as part of a ‘symp-
 tom scale’ where the effect on dizziness is diluted and we there-
 fore incorrectly conclude that the treatment is not associated 
 with any symptoms.  


There are several other potential problems associated with the 
 creation and use of multi-item scales and still such multi-items 
 scales are usually necessary. One of the newer approaches to the 
 validation of multi-item scales is analysis for differential item 
 functioning (DIF), previously called item bias analysis. In contrast 
 to the traditional approach to construct validation, where one or 
 more separate ‘validation studies’ are performed and are later 
 referred to as proper justification of ‘construct validity’ or ‘psy-
 chometric robustness’ of the questionnaire, DIF analyses have the 
 advantage of being able to examine the multi-item scales specifi-
 cally in relation to particular research questions.  


Paper II is an application of DIF analysis to one of the question-
 naires used in this study and examines the ability of the question-
 naire to compare groups varying with regard to treatment and 
 age. DIF analysis was also used in the studies reported in papers 
 VI, VII, and VIII. The results were not included in the published 
 papers due to space restrictions but are included in this thesis. 


An entirely different way of approaching construct validity testing 
 was also used in this study. While the researcher can make sure 
 that the relevant items are included in the questionnaire and can 
 make sure that multi-item scales do not distort the information 
 obtained in the individual items, an additional, important ques-
 tion may be raised: do patients give the right answers when they 
 complete the questionnaire?  


Answers to questions about subjective matters do not exist be-
 fore the question is asked; they are constructed by the individual 
 through complicated processes [34]. Patients may misunderstand 
 the questions asked, they may misunderstand the response cate-
 gories or the way they relate to the question, or they may in error 
 tick the wrong response options. Furthermore, patients may 
 understand the questions and response options differently from 
 that intended – not due to errors or misunderstandings, but 
 simply because their reality is different from that of a healthy, 
 academically trained researcher who has thought and read about 
 the issues for months or years.  


These considerations could be summarised into a basic question 
of whether questionnaire items are a valid way of obtaining in-
formation about the topics they are supposed to measure. Does 
our item on sleeplessness give valid insight into breast cancer 
patients’ problems with sleeplessness? It is easy to imagine nu-
merous sources of error. Paper III describes a method developed 
to elucidate whether patients understand questionnaire items in 
the same way as do the researchers conducting the study. If this 
were the case, it would be unlikely that major errors occurred 
during patient completion of the questionnaire. Additional results 
not included in Paper III are included in this thesis. 



(6)1.6.3  Criterion validity 


Criterion validity is usually the third way of approaching the valid-
 ity of HRQL questionnaires. The idea is that if an external criterion 
 is available then the validity of the questionnaire can be meas-
 ured directly against this criterion. However, when the question-
 naire is used to measure symptoms and experiences such criteria 
 are rarely available. However, if for example a questionnaire is 
 used to determine whether patients are depressed, an interview 
 with a psychiatrist can be used as a criterion.  


Criterion validity in the traditional sense was not evaluated in this 
 research project but the study comparing patients’ responses to 
 the questionnaire against data based on an interview (i.e., using 
 the interview results as the criteria) can be viewed as an assess-
 ment of criterion validity. 


1.7  Problems related to lack of a priori hypotheses and multiple 
 significance testing 


One of the basic principles of statistics is that the statistical 
 methods should be used to test hypotheses – not to trawl the 
 data searching for ‘significant’ associations. It follows from this 
 that hypotheses should be formulated a priori, i.e., before the 
 data is collected. A closely related principle is to limit the number 
 of statistical tests carried out in a data set. Otherwise, problems 
 of multiple hypothesis testing may occur (see also paper IV). 


The present study is an example of the difficulties one may en-
 counter when implementing statistical principles in clinical re-
 search. Many of the planned comparisons of groups had never 
 been done before and therefore the basis for formulating a priori 
 hypotheses was sparse. Furthermore, a questionnaire aiming at 
 covering as many of the relevant symptoms and problems as 
 possible would naturally contain a large number of variables. And 
 on top of this, it was planned to follow patients over time, so six 
 measurements of each variable would be available. 


Two different approaches to these problems were applied in this 
 study. Concerning one of the main research questions of the 
 study – which aspects of HRQL are affected by chemotherapy? – 
 there was considerable literature available and thus it was possi-
 ble to use this literature to formulate hypotheses (papers I and 
 IV). These hypotheses were not formulated in the original proto-
 col as usually required in order to be a priori hypotheses, but 
 were subsequently extracted from the literature review used to 
 compose the questionnaire (paper I). Thus, they were a priori 
 formulated in the sense that they were based on data collected 
 before the study.  


Another solution was explored in relation to some of the other 
 planned comparisons. Given that there were no published studies 
 having compared for example chemotherapy to ovarian ablation, 
 it was difficult to formulate well-motivated hypotheses. A staff 
 survey was conducted to elucidate whether health care profes-
 sionals treating breast cancer patients had expectations that 
 could be used to formulate hypotheses that could guide the 
 statistical analysis (paper IV). 


2.  AIMS


The overall aims of this study were to evaluate the impact of early 
 breast cancer and adjuvant therapy on health-related quality of 
 life (HRQL) and to assess whether psychological distress had 
 prognostic significance. This involved the following specific aims: 


1)  To compose a questionnaire measuring the impact of early 
 breast cancer and adjuvant therapy on health-related quality 
 of life (paper I) and to employ this questionnaire longitudi-
 nally in breast cancer patients.  


2)  To investigate whether the multi-item scales included in the 
 questionnaire were adequate representations of the infor-
 mation collected through their items (paper II). 


3)  To investigate whether patients understood and responded 
 to the items of the questionnaire in the same way as did the 
 researchers (paper III).  


4)  To investigate whether the views and experiences of health 
 care professionals are useful in handling problems related to 
 hypothesis testing in the analysis and interpretation of 
 health-related quality of life data (paper IV).  


5)  To facilitate the interpretation of results from breast cancer 
 patients: to use the same questionnaire(s) to investigate the 
 HRQL of a sample of women from the general population 
 (papers V and VI). 


6)  To investigate the prevalence of anxiety and depression in 
 newly diagnosed breast cancer patients as compared to 
 women selected randomly from the general population (pa-
 per VI). 


7)  To investigate whether there are differences in HRQL be-
 tween premenopausal low-risk patients not offered any sys-
 temic therapy and patients on chemotherapy (paper VII). 


8)  To investigate whether there are differences in HRQL be-
 tween premenopausal patients with receptor-positive tu-
 mours randomised to chemotherapy or ovarian ablation 
 (paper VIII). 


9)  To investigate whether psychological distress and other 
 HRQL variables carry prognostic information independent of 
 biological variables (paper IX). 


3.  PATIENTS AND METHODS


3.1  Design


This was a prospective, longitudinal questionnaire-based study of 
 (1) consecutive patients included in the DBCG 89 A protocol for 
 follow-up of low-risk patients, and (2) consecutive patients ran-
 domised in the trials in DBCG 89 protocols B, C, D [9]. A cross-
 sectional study of Danish women randomly selected from the 
 general population and a small, cross-sectional survey of health-
 care professionals were also included.  


3.2  The DBCG-89 Protocols


The DBCG 89 Program for Treatment and Follow-Up of Patients 
 with Primary, Operable Breast Cancer [9] contains guidelines for 
 the surgical, medical, and oncological therapy of breast cancer. It 
 also includes guidelines for follow-up, for pathological proce-
 dures, and a detailed description of the various tests and exami-
 nations involved in the diagnosis of early breast cancer.  


3.2.1  Inclusion criteria


The protocol had the following general inclusion criteria [9, 10]: 


1)  Female less than 75 years 


2)  Primary, unilateral, histologically proven breast cancer, 
 excluding in situ carcinomas and inflammatory cancer, 
 treated with lumpectomy or mastectomy and axillary dissec-
 tion 


3)  No prior neoplastic disease (except cutaneous cancer and 
 cervical cancer in situ). 


For patients fulfilling the general inclusion criteria, the DBCG 89 
Program provided a decision-sheet to determine risk of recur-
rence and the adjuvant systemic therapy. Using this sheet any 
patient could be placed in one of four categories. Protocols A, B, 



(7)C, and D determined the treatment and follow-up of these pa-
 tients.  


In contrast to systemic therapy, local treatment did not depend 
 on protocol allocation but was determined by common guide-
 lines. Local radiotherapy against the residual breast was offered 
 to patients who had undergone lumpectomy (breast-conserving 
 therapy with removal of the tumour). Local radiotherapy was 
 additionally offered to patients who were up to 45 years old and 
 had four or more positive lymph nodes, and to all patients whose 
 tumour had not been radically removed. 


Patients allocated to protocol A were viewed as low-risk patients 
 and were not offered any systemic therapy. These patients had 
 tumour-negative axillary nodes and tumours up to 50 mm. Most 
 hospitals also required that premenopausal women had histologi-
 cal grade I (low-grade malignancy) tumours. Of the 59 hospitals 
 reporting patients to DBCG, 50 agreed to inform patients about 
 the present study and only Protocol A patients from these hospi-
 tals were included in the HRQL study. 


Each of the three other protocols described the standard systemic 
 adjuvant therapy for the particular sub-group of breast cancer 
 patients and included a randomised trial comparing this standard 
 therapy to one or more other treatment regimens. Patients allo-
 cated to one of these protocols were informed about the ran-
 domised trial at the department taking care of adjuvant therapy. 


The patients accepting randomisation were subsequently ran-
 domised by telephoning the DBCG Secretariat. Patients not ac-
 cepting randomisation were offered the standard therapy.  


In addition to the general inclusion criteria, the specific inclusion 
 criteria for the protocols were: 


DBCG 89: Premenopausal, node-positive, and receptor-positive 
 DBCG 89 C: Postmenopausal, node-positive, and receptor-
 positive/unknown 


DBCG 89 D: Premenopausal, node-positive, and receptor-
 negative/unknown, premenopausal, node-negative, and histo-
 logical grade II-III (medium-high grade malignancy) (most hospi-
 tals), or postmenopausal, node-positive, and receptor-negative. 


3.2.2  Treatments


The randomised trials in the three protocols [9] were:  


DBCG 89 B: (1) Standard CMF (cyclophosphamide, methotrexate, 
 fluorouracil) chemotherapy versus (2) ovarian ablation. CMF was 
 given as nine cycles of intravenous cyclophosphamide 600 
 mg/m2, methotrexate 40 mg/m2, 5-fluorouracile 600 mg/m2 
 every three weeks. Ovarian ablation was irradiation (five doses of 
 three Gy against the pelvic region) or (rarely) surgical oophorec-
 tomy 


DBCG 89 C: (1) Standard tamoxifen 30 mg daily for one year ver-
 sus (2) tamoxifen for 2 years versus (3) tamoxifen for 6 months 
 followed by megestrol acetate 160 mg daily for 6 months 
 DBCG 89 D: (1) Standard CMF (cyclophosphamide, methotrexate, 
 fluorouracil) chemotherapy versus (2) CEF (cyclophosphamide, 
 epirubicine, fluorouracil) chemotherapy. The CMF regimen was 
 the same as in Protocol b. CEF was given as CMF with meth-
 otrexate substituted by epirubicine 60 mg/m2. In addition, this 
 protocol randomised patients between no additional therapy (1 
 or 2) versus oral pamidronate 150 mg twice daily for four years 
 (arms 3 or 4).  


3.3  Relationship between study populations and the nine papers
 The relationship between the nine papers included in this thesis 
 and the study populations is shown in Fig. 1. Thus, papers II (DIF 
 analyses), III (validation), and IX (survival) were based on patients 
 from all DBCG 89 protocols. Paper VI (low-risk patients versus 
 general population sample) included breast cancer patients from 
 Protocol A. Paper VII (CMF chemotherapy versus no chemother-
 apy) included premenopausal patients from Protocol A (control 
 group) and premenopausal patients randomised to CMF chemo-
 therapy in Protocols B and D. Finally, paper VIII included patients 
 from Protocol B. 


3.4  Development, composition, and pilot testing of question-
 naire


The development of the questionnaire to be used in this study is 
 the subject of paper I, which includes a detailed description. The 
 development took place as summarised below.  


3.4.1  Literature review


The literature was searched for publications describing the quality 
 of life impact of breast cancer adjuvant therapy. The review was 
 based on MEDLINE searches, reference lists of identified articles, 
 and other sources. Papers dealing with chemotherapy, endocrine 
 therapy, and ovarian ablation were identified. From each article, 
 data about patient-reported negative effects of the treatments 
 were extracted, and a list summarising the results was made. 


Because no articles dealing with ovarian ablation or endocrine 
 therapies were identified in the literature review a gynaecologist 
 was consulted about whether any likely effects of these treat-
 ments were missing from the list of issues made from the litera-
 ture review. 


In order to avoid unimportant issues, the list resulting from the 
 literature review was examined in the interviews described be-
 low, and issues not considered severe or frequent were removed. 


The literature review also included a review of existing question-
 naires that could be used for breast cancer patients.  


3.4.2  Interviews with patients


A convenience sample of 14 breast cancer patients attending the 
 outpatient clinic at the Department of Oncology, State University 
 Hospital (Rigshospitalet) was interviewed. The interviews con-
 sisted of two parts. First, in an open (qualitative) part, interview-
 ees were asked about how they experienced adjuvant therapy 
 and how it affected their daily lives. After having completed this 
 description, they were asked to nominate the three most impor-
 tant negative effects of adjuvant therapy. In a second, structured 
 part of the interview, interviewees were asked to what extent 
 they had been bothered by each of the issues on the list devel-
 oped in the literature review. Finally, 8 of the 14 patients who 
 had filled in the preliminary version of the questionnaire (de-
 scribed below) were interviewed about the acceptability of the 
 questionnaire. 


3.4.3  Construction of questionnaire


The construction of the questionnaire was based on the review of 
 the HRQL impact of adjuvant therapy as well as the interviews. 


The existing questionnaires were reviewed and new items were 
developed. When constructing the items the same simple and 
brief structure as used in the EORTC QLQ-C30 was used when 
possible. However, changes to the structure or the response 
categories were made if this was thought to improve the items. It 
quickly became clear that the questionnaire would become rela-



(8)tively long, and therefore, each issue was represented with one 
 item only, except if it was judged that more items were needed to 
 measure the concept adequately. 


3.4.4  Pilot study


The preliminary questionnaire was pilot tested in 84 breast can-
 cer patients at the outpatient clinic at the Department of Oncol-
 ogy, State University Hospital (Rigshospitalet). All patients with a 
 planned visit within a one-week pilot study period were eligible. 


Terminal patients, patients visiting the clinic for the first time, and 
 patients above 75 years of age were, however, not included. In 
 addition to the 74 patients fulfilling these criteria, 8 patients from 
 the clinic, who were interviewed later, were also included. The 
 questionnaire was sent to the patients by post with an accompa-
 nying letter asking them to complete the questionnaire at home 
 and bring it with them to their visit to the clinic a few days later. 


The questionnaire also included a ‘debriefing form’ containing 
 questions about the questionnaire. 


 The pilot study was also used as the basis for a small ‘known-
 groups comparison’ [25, 35] in order to test whether the ques-
 tionnaire could detect differences between patients in chemo-
 therapy (N=23) and patients not receiving any treatment (N = 23).  


3.4.5  Sociodemographic variables


In addition to the HRQL questionnaire described above a brief 
 questionnaire was constructed to collect information on marital 
 and cohabitation status, number of children, and education. The 
 social class classification developed by the Danish Social Research 
 Institute was used, and items to collect the relevant information 
 for this were made [36]. Based on these data social class was 
 assigned ‘manually’ to each participant in the breast cancer and 
 the general population (see below) studies. The social class classi-
 fication has five levels ranging from V (unskilled worker) to I (the 
 most affluent; includes academics and groups of self-employed 
 and employed persons) [36, 37]. In the coding, the ‘family social 
 class’ (as recommended in [36](p. 15)) was used for married, 
 cohabiting, or widowed women: social class was determined both 
 for the woman and for her husband/cohabitant. Each woman was 
 then assigned the higher of the two values [36](p. 14).  


3.4.6  Adaptation of the questionnaire to the general population 
 study


The basis for the general population study was the questionnaire 
 developed for breast cancer patients. However, items that were 
 obviously related to cancer treatment and might give the respon-


dents an impression that they were suspected of having a disease 
 were omitted. 


3.5  The questionnaire study in DBCG 89


3.5.1  Inclusion of patients


The present study included consecutive patients registered in 
 protocol A, as well as consecutive women randomised in the 
 three protocols 89 B, 89 C, and 89 D. Accrual to the questionnaire 
 study was initiated on 1 June 1991 and the goal was to include 
 100-150 fully evaluable patients in each of the 11 protocol arms 
 [23, 31].  


It could be problematic to send a letter with a questionnaire to a 
 patient who was not prepared for this and who might be worried 
 about how the information about her disease and treatments had 
 become available to researchers at the University of Copenhagen. 


To prevent this problem, I contacted all surgical, medical, and 
 oncological departments in Denmark who were involved in 
 treatment of patients with primary breast cancer and asked them 
 to hand out a written information sheet to all patients diagnosed 
 with breast cancer. The departments involved in adjuvant therapy 
 did this by adding the information about the questionnaire study 
 to the standard information used to give information about the 
 relevant DBCG protocol. The surgical departments, which were 
 the vast majority, organised to hand out the information sheet as 
 part of their routine. A total of 59 departments reported patients 
 to the DBCG during the study period and 50 of these agreed to 
 distribute this information, and Protocol A patients from these 
 departments were included.  


The ‘initial information letter’ explained that a questionnaire 
 study was going on and that some patients would receive a letter 
 with more details about this. It emphasised that the patient was 
 not asked to make a decision as to whether she would participate 
 at that time – the letter was informing about the possibility that 
 the patient could be contacted only. The letter included the ad-
 dress of the office of the HRQL study and the information that if 
 the patient did not want to receive the more detailed letter about 
 the study she could indicate this and would thus not be con-
 tacted. 


Every weekday during the inclusion phase, the DBCG Secretariat 
 mailed a list of all patients registered in Protocol A or randomised 
 in one of the three protocols to the office of the HRQL study at 
 the Department of Social Medicine, University of Copenhagen.  


The design of the study determined that in order to get compara-
 ble results across the different protocols and treatment arms, 
 Table 1  


Relationship between study population and the nine papers. 


Paper  DBCG 89 protocol and treatment arm 


A pre  A post  B1  B2  C1  C2  C3  D1  D2  D3  D4  General 


population 


Convenience 
 sample 


Nurses, 
 doctors 


I  • 


II  •  •  •  •  •  •  •  •  •  •  • 


III  •  •  •  •  •  •  •  •  •  •  • 


IV  • 


V  • 


VI  •  •  • 


VII  •  •  • 


VIII  •  • 


IX  •  •  •  •  •  •  •  •  •  •  • 


Pre: premenopausal; Post: postmenopausal 



(9)questionnaires had to be completed by the patients at the same 
 point in time, measured from the date of diagnosis, irrespective 
 of protocol. Therefore, patients registered by the DBCG Secre-
 tariat later than the planned date for the first questionnaire, i.e., 
 7 weeks postoperatively, were excluded from the HRQL study.  


3.5.2  Questionnaire administration
 Information letter 


The questionnaire was sent to the patients by post. A patient 
 information sheet explaining the purpose of the study, emphasis-
 ing that participation was voluntary, that the patient could with-
 draw at any time without any consequences, and that the infor-
 mation they provided would be kept confidential, accompanied 
 the first questionnaire. It was also stated that no information 
 would be released from the questionnaire to the hospitals in-
 volved in the treatment and care of patients. Finally, the letter 
 contained instructions about when the questionnaire was to be 
 completed (see below). A stamped, addressed response envelope 
 was enclosed.  


Timing of questionnaires 


The questionnaires were sent to the patients to be completed at 
 1, 3, 5, 9, 15, and 24 months after the date of randomisation. The 
 questionnaires to patients in protocol A, who were not random-
 ised, were sent at the same points in time, measured from the 
 operation. To do this, the average time from operation to ran-
 domisation in protocols B, C, and D was determined.  


The patients in chemotherapy were asked to complete the ques-
 tionnaires seven days after they had their chemotherapy. The 
 letters were sent out a few days before the estimated date of 
 completion. All other patients were asked to complete the ques-
 tionnaire as soon as possible. As a result, all patients in the study 
 completed the questionnaires at the same number of days after 
 their operation irrespective of which protocol they were allo-
 cated.  


In the beginning of the study, the questionnaires were sent out 
 based on preliminary estimations. After about two months and 
 again 2-3 months later the schedule was reviewed by examining 
 the data for all patients entered. The preliminary schedule was 
 found to be very accurate in achieving ‘simultaneous’ completion 
 of questionnaires across protocols, but a few, small revisions 
 were made to optimise the schedule. 


Reminders 


Patients who did not return the questionnaires were sent re-
 minders after two, four, and six weeks. The reminders were care-
 fully written to emphasise that study participation was voluntary, 
 and to take into account that some chemotherapy patients would 
 have to wait for some time before completing the questionnaire. 


A questionnaire and a response envelope was enclosed with the 
 first and third reminders. 


Ethical committee approval 


The Danish ethics committees approved the HRQL study 
 (V.200.1873/90, V.200.2067/91).  


3.6  General population study


3.6.1  Identification of study sample


A random sample of women living in Denmark was obtained from 
 the Danish Central Population Register (CPR). All women who 
 were born on a particular date in all odd years from 1913 to 1971 
 were identified. As described in paper V, a colleague conducted a 
 parallel study, and the women identified from the CPR were 
 randomly distributed between the two studies. Up to 200 pa-
 tients in each 10-year age stratum were included in the present 
 study. 


3.6.2  Questionnaire administration


The women were contacted by post in April 1992 following the 
 same procedures as for the breast cancer study (see above) ex-
 cept that they were sent only one questionnaire. Of course, the 
 information was different and emphasised that we did not con-
 tact them because we thought they were ill. However, the 
 women were encouraged to participate even if they were ill. 


3.7  Analysis for differential item functioning (DIF)


The multi-item scales of the EORTC QLQ-C30 were analysed for 
 DIF in relation to age and treatment (chemotherapy) using three-
 way contingency tables (paper II). A table was made for each 
 combination of item and exogenous variable, controlling for scale 
 score. The null-hypothesis of no association between item and 
 exogenous variable after control for scale score was tested by 
 calculation of the partial gamma [38]. The two-sided test prob-
 ability for partial gamma equal to zero was found via Monte Carlo 
 simulation (1000 simulations) using a computer program [39]. 


The same approach to DIF testing was used in each of the papers 
 comparing groups of patients differing as to treatment (papers VI-
 VIII). The grouping variable used in each study was used as ex-
 ogenous variable. In addition, age was also included as exogenous 
 variable in paper VI. However, due to space restrictions these 
 results were removed from the papers during the peer-review 
 process. The results are summarised in this thesis (Appendix A). 


3.8  Testing whether patients and researchers understand ques-
 tionnaire items in the same way


The method was developed for this and a parallel study [40-43] in 
 response to our concerns about the validity of patient-completed 
 questionnaires (paper III). The principle was to compare patient 
 responses to the questionnaire against an observer’s rating of the 
 same patients’ open-ended responses to the same questions. The 
 observer was the researcher who had composed the question-
 naire. A high extent of agreement between the patient responses 
 to the questionnaire given before the interview and the observer 
 ratings would indicate that, in general, patients had understood 
 the items in the same way as the observer and thus that the items 
 were not to a large extent misunderstood or erroneously com-
 pleted. 


The study was carried out in collaboration between two studies, 
 the present study and one including gynaecological cancer pa-
 tients conducted by Marianne Klee. From the present study 57 
 patients, who had already completed one or two of the six se-
 quential questionnaires were randomly selected. In addition, 88 
 gynaecological cancer patients were invited to take part. The 
 EORTC QLQ-C30 was used in both studies, and all patients could 
 therefore be used in the analysis of this questionnaire (paper III). 


In contrast, the HAD Scale and the DBCG 89 Questionnaire were 
used in breast cancer patients only (Appendix B). 



(10)Between 1 and 24 hours after having completed the question-
 naire at home (and having put the questionnaire in a sealed enve-
 lope) the participants were interviewed by a nurse via telephone. 


The interviewer asked the same questions as in the questionnaire 
 but the patients were asked to respond using their own words 
 and to avoid using the response categories used in the question-
 naire. The interviews were tape-recorded and were subsequently 
 rated by an observer (M. Groenvold for the breast cancer pa-
 tients, M. Klee for the gynaecological cancer patients). The ob-
 server made qualitative comments during the rating. 


The questionnaires completed by the patients before the inter-
 view were compared to the observer rating based on the inter-
 view. For each item, the overall agreement (i.e., the proportion of 
 cases where the patient and the observer had given identical 
 responses) and the (weighted) kappa were estimated. A priori it 
 was decided that kappa values equal to or below 0.40 indicated 
 potential validity problems, values up to 0.60 also deserved atten-
 tion, whereas values of 0.61-1.00 indicated acceptable results 
 [44]. A detailed description of the methodology is provided in 
 paper III. 


3.9  Staff survey


3.9.1  Identification of study sample


Almost all patients in DBCG 89 protocols B, C, and D were treated 
 at one of the five comprehensive cancer centres or at one of four 
 regional oncological departments. We contacted 46 health care 
 professionals working at these nine centres/departments, 19 
 physicians and 27 nurses (paper IV). These included the consult-
 ant and head nurse in charge of breast cancer treatment, who 
 were asked to identify their most experienced colleagues. 


3.9.2  Questionnaire


A staff questionnaire was constructed by selecting 18 HRQL di-
 mensions from the patient questionnaire. We selected the di-
 mensions we thought were most likely to be affected by adjuvant 
 therapy and were most important, as based on the pilot study 
 and literature review. The staff questionnaire consisted of six 
 almost identical parts. Each concerned a comparison of two 
 groups selected from the DBCG 89 protocols. For each of the 18 
 HRQL dimensions it was asked: ‘Which group – all things being 
 equal – has the problem/symptom to the largest extent?’ 


3.9.3  Questionnaire administration 


Each health care professional received a package consisting of a 
 staff questionnaire, a patient questionnaire, an information let-
 ter, and a stamped return envelope.  


3.10  Comparison of participants and non-participants 
 In the clinical studies (papers VI-VIII) the characteristics of the 
 final groups of participants in the study were compared against 
 larger subsets of the target populations to determine whether the 
 patients actually included were similar to the target groups (de-
 tails in each paper). Age and tumour size were compared using 
 Wilcoxon's rank sum test; proportions defined by other clinical 
 variables were compared using Fisher's exact test or χ2 test. The 
 same was done to compare participants and non-participants in 
 the validation study (paper III) and to compare the groups within 
 papers VII and VIII. In paper VI the demographic characteristics of 
 breast cancer patients and the general population sample were 
 compared using ordinal logistic regression controlling for age. 


3.11  Analysis of HRQL data


3.11.1  Scoring of questionnaires


The EORTC QLQ-C30 was scored according to the Scoring Manual 
 [45]. A high score on one of the five functional scales or on the 
 global health status/quality of life scale indicates a good function, 
 whereas a high score on one of the three symptom scales or the 
 six single items indicates a high level of symptoms/problems. Two 
 of the early papers used simpler methods. In paper I the scores 
 were dichotomised. In paper II a linear transformation of EORTC 
 QLQ-C30 scores was used but the scores were not transformed to 
 0-100 (footnote to Table 2 in paper II).  


The HADS was scored according to guidelines: scores for each of 
 the two sub-scales were constructed by summation of its seven 
 items [46] when at least 6 of the 7 items were not missing.  


The DBCG 89 Questionnaire was analyzed as single items. Items 
 using the same four response as in the EORTC QLQ-C30 were 
 transformed to 0-100 scales as for EORTC items [45], except in 
 paper I where the scores were dichotomised. 


3.11.2  Group comparisons


In paper I the proportions experiencing symptoms in the two 


‘known’ groups were compared using Fisher’s exact test. In pa-
 pers II, III, V, VII, and VIII scores were compared between groups 
 using Mann-Whitney (Wilcoxon) rank sum test (two-tailed) [47]. 


In paper VI the HADS scores were compared using age as covari-
 ate in an analysis of covariance (ANCOVA) model. The same com-
 parisons were carried using the non-parametric partial gamma 
 [38, 48] with age grouped in 10-year intervals, and this method 
 was also used to compare the proportions of HADS cases. The 
 level of significance was 0.05 in all the analyses listed, except in 
 paper VII where it was 0.01 and where at least two significant 
 findings in the treatment period were required to confirm a hy-
 pothesis. The SAS statistical analysis program (SAS Institute Inc., 
 Cary, NC, USA [49]; versions 6 to 9.1) was used for all analyses 
 unless otherwise specified. 


3.12  Prognostic factor analysis


In addition to a range of clinical and biological variables (paper 
 IX), six ’HRQL’ variables were selected for analysis. The EORTC 
 QLQ-C30 emotional function scale and global quality of life item 
 and the anxiety and depression subscales of the HADS were se-
 lected as indicators of psychological distress. The EORTC QLQ-C30 
 physical function and fatigue scales and the global health item 
 were selected as indicators of physical health. Social class was 
 included to control for possible confounding (social class may be 
 related to HRQL as well as to prognosis). 


Patients were followed until 1 March 2005 resulting in a median 
 follow-up time of 12.9 years. 


The multivariate Cox proportional hazards regression analysis was 
 used to predict recurrence-free survival (RFS) and overall survival 
 (OS). The categorisation of clinical and biological variables was 
 described in the article (paper IX). To avoid over-estimation of 
 effect resulting from categorisations derived from exploratory 
 analyses of the data, all patient-rated variables were dichoto-
 mised at the median. In addition, to take the clinical definitions of 


‘case’ vs. ‘non-case’ into account, the HADS subscales were ana-
 lysed using the recommended cut-points 7/8 and 10/11 [46]. 


The analysis took place in three steps. First, multivariate ‘biologi-
cal models’ for RFS and OS were made based on the clinical and 
pathological variables. Second, each of the patient-rated variables 
and social class were added to the biological models, and the risk 



(11)ratios for that variable in combination with all variables in the 
 biological models were estimated. Third, all the ‘self-rated’ vari-
 ables and social class were added to the biological model and a 
 stepwise selection (p < 0.05) was carried out, keeping all biologi-
 cal variables.  


In addition, we carried out the final multivariate analysis resulting 
 from the procedure described above in low-risk patients (Protocol 
 A), only (N=432). These patients had not received any systemic 
 adjuvant therapy but some had radiotherapy; this variable was 
 included in the model. 


When the proportional hazards assumption was not fully satisfied 
 we compared the results using the variable against an analysis 
 stratified by that variable. Two-sided p-values based on the Wald 
 test statistic were estimated. The SAS software package version 
 9.1 was used. 


4  RESULTS & DISCUSSION 


4.1  Questionnaire development, composition, and pilot testing 
 (paper I) 


Based on the literature review a list of issues was made. Because 
 no articles dealing with ovarian ablation or endocrine therapies 
 were identified in the literature review a gynaecologist was con-
 sulted and asked whether any likely effects of these treatments 
 were missing in the list. Two issues were added in order to assess 
 consequences of low levels of oestrogen; ‘vaginal dryness’ and 


‘urinary incontinence’. Based on recommendations in the litera-
 ture [50], the issues about sexuality were supplemented with 


‘sexual satisfaction’. A number of issues were removed from the 
 list because they were not considered severe or frequent or were 
 difficult to operationalize.  


As a result of the review of available instruments, two question-
 naires, which were widely used internationally, were selected for 
 this study. The EORTC QLQ-C30 [35, 45, 51], a 30-item question-
 naire developed by the European Organisation for Research and 
 Treatment of Cancer Quality of Life Group [52] was selected 
 because it covered many of the issues identified in the literature 
 review, because it was considered to be well-structured (consist-
 ing of brief multi-item scales as well as single items), because of 
 its format with simple questions and response options, and be-
 cause it was developed in a cross-cultural, mainly European con-
 text.  


To assess anxiety and depression, the two psychological con-
 structs reported most frequently in the literature, the Hospital 
 Anxiety and Depression Scale (HAD Scale) [46] was selected. This 
 questionnaire was widely used [22, 53-56] and was recom-
 mended for cancer studies [57, 58]. It consists of 14 items consti-
 tuting two seven-item scales for anxiety and depression, respec-
 tively. 


To assess social network/contact, four items from the Danish 
 Glostrup Population Studies were selected [59]. 


In addition, 19 items, including one open-ended item for supple-
 mentary comments, were developed.  


The 14 interviews with patients generally confirmed the decisions 
 made during the choice of issues for the questionnaire, and the 
 pilot testing with 58 patients confirmed that the questionnaire 
 was acceptable. However, a few revisions of questionnaire devel-
 oped for the study were made. Three items about vaginal dis-
 charge, weight gain, and wearing wig and two ‘administrative’ 


items about dates for treatment and questionnaire completion 
 were added. Two items on consequences of surgery were re-
 moved because they were considered out of focus, and one item 


on cohabitation was moved to the questionnaire on demograph-
 ics. The wordings of a few of the newly developed items were 
 modified.  


Thus, the 69-item questionnaire used in this study consisted of 
 the EORTC QLQ-C30 (30 items), 21 items developed for the study, 
 four items on social network/contact, and the HAD Scale (14 
 items).  


In the analysis for papers VII and VIII not all of the items were 
 reported. The four items on social network/contact had been 
 included in order to be used as covariates in analyses, not as 
 outcome variables. The item on sexual satisfaction was excluded 
 due to ambiguous interpretation. Finally, the two ‘administrative’ 


items and the item for comments were not used as outcome 
 variables. In papers VII and VIII the 17 remaining items developed 
 for this study have been named the DBCG 89 Questionnaire (the 
 English translation is shown in the Appendix of paper VIII). 


In the general population study we used the same questionnaire 
 except that eight obviously cancer-related items (e.g., the items 
 on hair loss) were removed (paper V). 


4.2  The questionnaire(s) used in this study compared to other 
 questionnaires 


How does the content of the questionnaire combination used in 
 this study compare with questionnaires used in other studies? 


Table 4 (section 4.9.6) shows the content of the three question-
 naires used in this study. Table 4 also includes findings about 
 chemotherapy in this and other studies, organised according to 
 the structure of our questionnaire as further discussed in section 
 4.9.6. Obviously, other studies have used other questionnaire 
 combinations. The results, which could not be organised accord-
 ing to the content of our questionnaire(s), are summarised in 
 Table 5.  


Thus, taken together, Tables 4 and 5 illustrate the extent of suffi-
 ciency of the questionnaires used in the literature as measured 
 according to their ability to reflect the HRQL of breast cancer 
 patients in adjuvant chemotherapy. The two tables show that the 
 questionnaire combination used in the present study is the most 
 complete. This is further discussed in section 4.9.6. 


The two standard questionnaires, the EORTC QLQ-C30 and the 
 HAD Scale, have become widely used. The EORTC QLQ-C30 has 
 been used in thousands of studies and is the most frequently 
 used instrument in European and Canadian HRQL studies in on-
 cology [60]. The HADS has also been used extensively [61, 62]. 


Thus, our choice of these two instruments turned out to be con-
 gruent with decisions made in many subsequent studies. There-
 fore, a considerable part of our results have become comparable 
 with a large part of the literature. The DBCG 89 results are not 
 comparable to other studies, but our study (paper VII) showed 
 that a questionnaire with at least part of that content is neces-
 sary. Questionnaires are also discussed in section 4.9.6. 


4.3  Study participation  


4.3.1  Inclusion of patients  


The inclusion periods for the protocols are listed in Table 2. The 
table shows that the planned number of patients (100-150 fully 
evaluable participants per protocol arm) was reached quickly in 
protocols A and C, whereas protocols D and particularly B had 
slower accrual. The age limits for protocols A and C were in-
creased shortly after the study was initiated and therefore inclu-
sion of patients in the oldest old groups started a few months 
later. 
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