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Hematological malignancies 

 According to the WHO classification of neoplastic diseases of the hematopoietic and 

lymphoid tissues, hematological malignancies are primarily stratified by their lineage (e.g. 

myeloid and lymphoid neoplasms, plasma-cell disorders [1]. In 2005, approximately 144,000 

new patients were diagnosed with hematological malignancies in the European Economic Area 

(including Switzerland). These new cases of leukemia, Hodgkin’s and non-Hodgkin’s lymphoma 

(NHL) and myeloma account for approximately 11% of all of the new cancer patients diagnosed 

in Europe, and for approximately 12% of all cancer-related deaths [2]. 

The American Cancer Society has estimated that approximately 44,790 new cases of leukemia 

[3], 8,510 new cases of Hodgkin’s lymphoma [4], 65,980 new cases of non-Hodgkin’s 

lymphoma [5], and 20,580 new cases of myeloma [6] were diagnosed in the U.S. in 2009. In 

2009, it is estimated that there were approximately 21,870 deaths from leukemia [3], 1,290 

from Hodgkin’s lymphoma [4], 1,950 from non-Hodgkin’s lymphoma [5], and 10,580 from 

multiple myeloma [6]. 

 

Treatment of hematological malignancies 

 There are a number of treatment approaches available for hematological malignancies 

that can be organized into three categories: induction, consolidation, and maintenance therapy. 

Stem-cell transplantation (either autologous or allogeneic) is frequently applied. In addition, 

patients can be treated with monoclonal antibodies or radiotherapy. For several diseases, 

including early stages of good risk chronic lymphocytic leukemia, and asymptomatic low-grade 

non-Hodgkin’s lymphoma, a wait-and-see (active surveillance) policy can be followed [7-9]. 

 

Survival 

 The overall five year survival rates for hematological malignancies increased from 12% in 

the 1960s to 34% in 2003 for multiple myeloma, from 40% to 86% for Hodgkin’s lymphoma, 

from 31% to 64% for non-Hodgkin’s lymphoma, and from 14% to 50% for leukemia [10]. 

 

Side-effects and related problems in the treatment of hematological malignancies 

 High-dose chemotherapy (HDC) following hematopoietic stem cell transplantation 

(HSCT) is an intensive cancer therapy that has been commonly used to treat patients with 

hematological malignancies [11]. Before, during and after HDC and HSCT, patients often 

experience high levels of both physical and psychological stress. Such stress tends to occur even 

if medical treatment is successful, and is believed to negatively influence the long-term success 

of the HSCT procedure [11]. 

The physical and psychosocial problems that are frequently reported are compromised physical 

performance and an impaired level of physical functioning [12,13] and physical activity [12,14], 
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fatigue [12,15], loss of body weight [12,16], immunological / hematological changes [12,17] 

and psychological distress [12,18]. In addition, common somatic side effects (e.g. graft versus 

host disease (GVHD), infection, diarrhea, nausea, pain) likely exacerbate physical and 

psychological problems [11,18]. Other factors such as hospitalization for isolated conditions, side 

effects of other medications, rapid and unsteady changes in clinical status, and the real risk of 

dying further lead to treatment-related problems and stress. In this way, physical and 

psychosocial distress, treatment-related side effects and the disease process itself interact and 

influence the overall success of the treatment and the well-being of the patient [12]. In the end, 

all of these physical and psychological problems can have a significant effect on the quality of 

life of the patient [19,20]. Additionally, patients often experience problems with reintegration 

into the community following HDC and HSCT, [11] and may not be able to fully fulfill their 

previous social roles [21]. 

 

Cancer rehabilitation in Switzerland 

 Cancer rehabilitation aims to help patients to achieve maximum physical, social, 

psychological and vocational functioning within the limits imposed by the disease and its 

treatment [22]. Cancer patients in Switzerland generally have access to excellent diagnostic and 

therapeutic treatment procedures. However, contrary to the situation in Anglo-Saxon countries 

(e.g., the U.S., Australia, Canada), Scandinavia (e.g., Denmark, Norway, Sweden) and a number 

of countries in Western Europe (e.g., Germany, The Netherlands), Switzerland has relatively few 

inpatient and outpatient cancer rehabilitation services [23]. The need for more extensive cancer 

rehabilitation services has been recognized by several important agencies in Switzerland, 

including the Krebsliga Schweiz, the Bernische Krebsliga and Oncosuisse [23]. Currently, specific 

cancer rehabilitation programs are available at inpatient treatment facilities such as Braunwald 

(Ct. Glarus) and Montana (Ct. Valais), and between 40 and 50 outpatient exercise groups are 

available within the cantonal and regional divisions of the Krebsliga Schweiz. 

 

Physical exercise in cancer patients 

 Physical exercise (PE) has been demonstrated to improve health outcomes in breast 

cancer [24], prostate cancer [25], and head and neck cancer patients [26]. PE may be particularly 

helpful in maintaining or improving physical functioning in cancer patients [24,25]. A recently 

published meta-analysis showed a large effect of post-treatment physical activity interventions 

on upper and lower body strength, and moderate effects on fatigue and breast cancer-specific 

concerns. A small to moderate positive effect of physical activity during treatment has been 

demonstrated for physical activity level, aerobic fitness, muscular strength, anxiety, self-esteem, 

and quality of life [27]. With few exceptions, exercise is well tolerated both during and following 

treatment [27]. 
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Physical exercise in patients with hematological malignancies 

 Dimeo et al. (1996) [28] were the first to demonstrate the beneficial effects of physical 

exercise on physical performance and fatigue in hematological cancer patients undergoing 

bone-marrow transplantation. Several other studies have also reported on the salutary effects of 

physical exercise both during HDC (and HSCT) and during the rehabilitation phase on physical 

and psychological outcomes [12, 29-32]. Physical exercise appears to be particularly effective in 

stabilizing physical performance during the HSCT phase of treatment [12]. Despite these 

promising findings, however, methodological limitations, including treatment groups in a 

random and concealed manner, the lack of appropriate control groups, the lack of blinded 

assessors and failure to provide intention-to-treat analyses suggested the need for further 

research on the effectiveness of outpatient physical exercise programs on hematological cancer 

patients during the rehabilitation phase [12,29]. 

 

 The overall aim of the PhD trajectory was to develop and test the effectiveness of a 

physical exercise intervention for patients with hematological malignancies during the post-

treatment rehabilitation phase in terms of physical endurance and strength, daily walking 

activity, and health-related quality of life. To achieve this aim, several intermediate research 

activities/steps were necessary, each of which is reported in separate chapters in this thesis. 

 

Systematic review of physical exercise in cancer patients 

 The first step in this project was to systematically review the methodological quality of 

and summarize the evidence from trials examining the effectiveness of physical exercise in 

improving the level of physical functioning and psychological well being of cancer patients 

(chapter 2). The effects of physical exercise programs were examined for patients with breast 

cancer, patients with hematological malignancies and for patients with mixed solid tumors both 

during and after anti-cancer treatment. 

 

Measurement error 

 The interpretation of the results of effectiveness studies is traditionally focused on 

statistical significance rather than on clinical importance. A statistically significant difference 

between two groups of patients implies that one group of patients has improved or deteriorated 

more than can be expected by chance alone compared to another group of patients [33,34]. 

The research question addressed in chapters 3 and 4 was whether the degree of measurement 

error of the assessment protocol for the CompuFet hand-held dynamometer and CYMA step 

activity monitor 3 (SAM3), was small enough to allow one to detect a “real” change between 

pre- and post-measurements for knee extension strength and daily walking activity. Toward this 
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end, we calculated the standard error of measurement (SEM), the smallest detectable difference 

(SDD) and the limits of agreement for these measures. 

 

Walking  

 Walking is a major component of daily physical activity and the most common form of 

exercise [35]. Walking can be assessed at an hypothetical level (e.g., by posing questions about 

functional capacity), an experimental level (e.g., by assessing physical performance), and at the 

level of enacted functioning e.g., by assessing actual physical activity). In this study, we 

investigated the associations between measures of daily walking activity over a 7-day period, 

standardized walking and self-reported physical functioning among hematopoietic stem cell 

transplantation patients (chapter 5). The aim of this study was to estimate whether these 

measures are complementary (i.e., add information) or are (partially) redundant. We also 

compared daily walking activity of patients with hematological malignancies after high-dose 

chemotherapy to that of healthy subjects (chapter 4). 

 

Development and evaluation of a physical exercise intervention 

 For the central part of this thesis (chapter 6), we developed and conducted a 

randomized clinical trial to evaluate the effects of a physical exercise intervention compared to a 

usual care control group in patients with hematological malignancies who had recently 

completed HDC and HSCT. The intervention was developed on the basis of information derived 

from our systematic review [36] and other literature [37-42], and on our clinical experience. 

The physical exercise group received a 12-week supervised physical exercise program, containing 

endurance and resistive strength exercises. The program was performed twice a week in a 

physiotherapy clinic or fitness centre near the patient’s home. Ergometer-cycling or treadmill-

walking were used as cardiovascular training. The exercise was designed to maintain aerobic 

performance for at least 20 minutes at a pre-defined individual heart rate (50%, increasing to 

75% of the estimated maximum heart rate) [12]. The intensity of the cardiovascular training was 

continuously adapted to stay on the training level of the heart rate. Cardiovascular training was 

combined with progressive resistance training in order to counteract cancer-related decrease in 

muscle strength [43]. 

 

Improvement of walking activity in cancer patients 

 While patients with cancer may benefit from physical exercise programs, it is unclear, the 

extent to which short term maintenance or enhancement of physical activity levels are sustained 

over time. Thus, the last step in this thesis (chapter 7) included a systematic review of the 

literature reporting on the effectiveness of physical activity interventions on daily walking in 

patients with cancer. 
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The thesis concludes with a general discussion (chapter 8) and a summary in English, Dutch 

and German. 

 

 In summary, the series of studies reported in this thesis addressed the following research 

questions: 

 1) Is physical exercise effective in improving physical and psychological health outcomes 

in (hematological) cancer patients and what is the methodological quality of studies in this area? 

 2) What is the measurement error associated with outcome measures typically used in 

assessing the effects of physical exercise programs among patients with hematological 

malignancies, and is there a difference in walking activity between patients with hematological 

malignancies and healthy participants? 

 3) Is there a significant association between self-reported functional capacity, walking 

performance and enacted walking? 

 4) Is an outpatient physical exercise intervention following HSCT effective in improving 

physical and psychological outcomes in patients with hematological malignancies?  

 5) Can we sustain improvements in walking activity in cancer patients over extended 

periods of time? 
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