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Chapter 1

Hematologic malignancies: subtypes and treatment methods

Hematologic malignancies are a heterogeneous group of diseases that are broadly classified 

into lymphoid and myeloid malignancies [1, 2]. They develop in the hematopoietic organs, 

including the bone marrow, lymph nodes, and spleen [1, 2]. Lymphoma and multiple myeloma 

(MM) are two common subtypes of hematologic malignancies. Lymphoma is traditionally 

classified into non-Hodgkin’s lymphoma (NHL) and Hodgkin’s lymphoma (HL) [1].

Lymphoma

Non-Hodgkin’s lymphoma
There is an important distinction between aggressive and indolent subtypes of NHL. About 

40% of NHL is indolent, which means the cancer cells grow slowly and symptoms may be 

mild or may even be absent for many years [3]. Indolent NHL is generally incurable, but can 

be managed for many years [3, 4]. Patients with indolent subtypes are often under active 

surveillance (‘watchful waiting’). In early-stage disease, they may receive radiotherapy, 

while disease progression may necessitate chemo-immunotherapy [3]. Patients frequently 

experience multiple relapses and require repeated courses of chemo-immunotherapy or 

targeted therapy [3]. Follicular lymphoma (FL), the most common indolent NHL subtype, is 

typically diagnosed at a median age of 65 years [5]. Although chronic lymphocytic leukemia 

(CLL) is classified as a subtype of leukemia, its clinical characteristics closely resemble those 

of indolent lymphomas, particularly small lymphocytic lymphoma (SLL). In fact, the World 

Health Organization (WHO) recognizes CLL and SLL as a single disease entity [1]. For this 

reason, CLL is considered an indolent lymphoma subtype throughout this thesis.

Aggressive subtypes of NHL grow rapidly and tend to spread quickly, making them more 

fatal if left untreated [6, 7]. Symptoms may include swollen lymph nodes, fever, night sweats 

or weight loss [6, 7]. The most common subtype is diffuse large B-cell lymphoma (DLBCL), 

with a median age at diagnosis of 70 years [5]. Patients with aggressive subtypes require 

immediate treatment, often with curative intent and involving (multiple) courses of chemo-

immunotherapy [6, 7].

Hodgkin’s lymphoma
HL is an aggressive subtype of lymphoma. Symptoms of HL are similar to those of aggressive 

NHL, including swollen lymph nodes, night sweats, fever and weight loss [8]. HL is typically 

diagnosed in younger patients, with a median age at diagnosis of 40 years [5]. Despite its 

aggressiveness, HL remains one of the most curable lymphoma subtypes [8]. Treatment 

for patients with HL usually includes (multiple) courses of chemo-immunotherapy and/or 

radiotherapy [8].
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Multiple myeloma

Patients with MM have an aggressive and incurable cancer of the plasma cells [9]. The 

median age at diagnosis of MM is 69 years [5]. While MM is usually slow-growing at first, it can 

become more aggressive over time. Symptoms can include anemia, bone damage, recurrent 

infections, weight loss and kidney dysfunction [9]. There are many different treatment options 

for patients with MM, most of which involve (multiple) courses of chemo-immunotherapy 

and/or stem cell transplantation (SCT; mostly for younger patients) [9]. Relapses are common 

among patients with MM, and patients will often need ongoing or repeated treatment over 

time [9].

Incidence, survival and prevalence

Annually, about 5,400 people are diagnosed with lymphoma and 1,350 with MM [5]. Survival 

rates for lymphoma and MM have improved tremendously over the past two decades, with 

overall 5-year survival rates of 86-89% for patients with indolent NHL, 63-85% for patients 

with aggressive NHL, 89-96% for patients with HL, and 61-65% for patients with MM [5]. In 

2021, the 20-year prevalence of lymphoma and MM in the Netherlands was 56,145 (16,236 

indolent NHL; 11,404 CLL; 14,046 aggressive NHL; 6,801 HL; and 7,658 MM) [5]. As the 

population ages and treatment advances, the number of lymphoma and MM survivors is 

expected to reach approximately 92,500 by 2050 (Figure 1).

Figure 1. 20-year prevalence: a look into the future.

*Note. The prediction in this figure between 2024-2040 is fictional and based on the amount of increase 

of previous years as registered in the Netherland Cancer Registry (NCR) [5].

1
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Health-related quality of life and patient-reported outcomes

Despite improved survival, a significant proportion of patients report impairment in their 

Health-Related Quality of Life (HRQoL) [10-16]. About 20-40% of patients with lymphoma 

or MM report symptoms of fatigue, neuropathy, cognitive impairment, pain, or impaired 

physical, social and/or emotional functioning [10-16]. These impairments can negatively 

affect patients’ ability to function in daily activities and (return to) work [17].

As treatment strategies advance and survival rates improve, optimizing treatment duration 

and maintaining HRQoL become equally important [18]. Treatment decisions will increasingly 

prioritize the preservation of HRQoL [18-20]. HRQoL research can provide valuable insights 

to inform patients about treatment expectations and life after treatment, helping them 

to make (better) informed treatment decisions with their treating hematologist [21-23]. In 

addition, knowledge of associated risk factors will improve early detection, enable us to 

develop tailored supportive care for those in need [24, 25], and improve patient expectation 

management [24].

Rationale for this thesis

There is still a lack of understanding of the differences in HRQoL outcomes among patients 

with lymphoma or MM. What factors contribute to HRQoL impairments in 20-40% of patients, 

while others remain unaffected? Also, what do we know about the long-term trajectories 

and persistence of HRQoL outcomes? There is a need for better understanding and early 

identification of patients at risk of poor HRQoL.

Several studies have investigated HRQoL in patients with lymphoma or MM, but longitudinal 

studies of (long-term) HRQoL outcomes in a population-based setting, including detailed 

treatment characteristics, are still scarce. To date, the effects of cancer and cancer treatment 

on HRQoL have mostly been studied in relatively small samples of patients with lymphoma 

or MM [11, 14-16], have had a cross-sectional study design [11, 15], have selected patients 

from clinical trials [13-15, 20], or have started not earlier than 6 months after diagnosis [10-

12, 16, 17].

The aim of this thesis was to gain a better understanding of the differences in HRQoL 

outcomes among patients with lymphoma and MM. The revised Wilson & Cleary model 

(Figure 2 [26, 27]) links individual and environmental factors with patient-reported outcomes 

and provides a structured approach to investigating HRQoL and its influencing factors in 

patients with lymphoma and MM.
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In the revised Wilson and Cleary model, characteristics of the individual (such as age, 

sex, partner, and education) and characteristics of the environment (such as economic 

conditions) were added to the original model to acknowledge their influence across all 

domains, emphasizing a more holistic approach to HRQoL. The model describes how 

biological variables lead to a particular symptom status, which then influences functional 

status. This leads to an overall perception of health and ultimately to overall quality of life. 

Individual and environmental factors modulate these relationships [26, 27].

This thesis applied the revised Wilson and Cleary model to the clinical setting of patients with 

lymphoma and MM. Although clinical factors such as hematologic cancer type and treatment 

regimen are not formal components of the revised model, they have been specifically 

included in this thesis due to their relevance in shaping HRQoL outcomes in this population.

Figure 2. Revised Wilson & Cleary (1995) Model. Adapted from Wilson, I.B., & Cleary, P.D (1995). 
Linking Clinical Variables with Health-Related Quality of Life: A Conceptual Model of Patient Out-
comes. JAMA. 273, 59–65 [27]

Outline of this thesis

Throughout this thesis, I have examined various factors from the Wilson & Cleary model 

associated with HRQoL outcomes in lymphoma or MM patients.

1
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The aims of Chapters 2, 3 and 4 were to assess the long-term course of symptoms and 

functioning in patients with lymphoma, up to ten years after diagnosis in a prospective 

observational population-based cohort, and to investigate the proportion of patients 

with persistent symptoms and/or functional impairment. In these studies, we examined 

how individual characteristics and the co-occurrence of symptoms were associated with 

HRQoL. Individual characteristics (age, sex, partner, and education) represent personal 

and demographic attributes that can influence a person’s health experiences, behaviors, 

and access to resources. Finally, the results were compared with an age- and sex-matched 

normative population.

The aim of Chapter 5 was to investigate the impact of environmental characteristics, which 

includes factors beyond the patient’s direct control, such as economic stability, social 

support, and access to healthcare. We examined the frequency of health care utilization 

up to 11 years after diagnosis at the general practitioner, medical specialist and additional 

health care services among patients with lymphoma and MM, and compared this with a 

cancer-free normative population. We were particularly interested in potential differences 

in health care utilization associated with patients’ socioeconomic position (SEP; based on 

income level and education level).
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In Chapters 6 and 7, we aimed to better understand the impact of (self-reported) 

comorbidities, functional status and biological function on HRQoL outcomes. Functional 

status refers to the patient’s ability to perform daily activities and maintain independence. 

Comorbidities can significantly influence functional status by limiting physical capabilities, 

increasing symptom burden, and reducing overall mobility or self-sufficiency. In Chapter 6, 

we investigated how mild or moderate-severe comorbidities were associated with symptoms 

and functioning in the first year after diagnosis of lymphoma or MM. Results were compared 

to a normative population with similar comorbidities to understand the impact of cancer 

and its treatment compared to natural ageing.

Biological function encompasses physiological and biological processes that underlie 

health. Daily steps and heart rate serve as objective indicators of physical function, reflecting 

cardiovascular health and overall fitness. Chapter 7 describes the associations of physical 

activity (measured by daily steps) and overall fitness (with heart rate as a proxy-measure) with 

functioning and symptoms during the first six months after diagnosis, and during treatment, 

in newly diagnosed patients with lymphoma and MM. The aim was to better inform and guide 

patients regarding their physical activity levels during treatment.

Chapters 8 and 9 discuss the main findings of this thesis and the implications for clinical 

practice and future research.

Netherlands Cancer Registry and PROFILES

To conduct the studies in this thesis, clinical information was obtained from the Netherlands 

Cancer registry (NCR) and HRQoL data was collected within the PROFILES registry (Patient 

Reported Outcomes Following Initial treatment and Long term Evaluation of Survivorship), 

which is directly linked to the NCR [28]. The NCR routinely collects clinical data from all 

hospitals in the Netherlands that treat oncology patients. Clinical data included the 

hematologic cancer type, stage of disease, date of diagnosis, treatment regimen, the number 

of treatment cycles, and the date of birth and postcode of the patient. PROFILES is a registry 

for the study of the physical and psychosocial impact of cancer and its treatment from a 

dynamic, growing population-based cohort of both short and long-term cancer survivors. 

1
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PROFILES contains a large web-based component and details of the data collection 

methodology have been described previously [28]. For the study of physical activity, patients 

had the option to wear a Fitbit activity tracker for 14 consecutive days at the same time as 

each questionnaire.
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Chapter 2

Abstract

Little is known about the long-term Health-Related Quality of Life (HRQoL) and persistence 

of symptoms among patients with indolent Non-Hodgkin Lymphoma (iNHL). This large 

population-based longitudinal study therefore investigated the long-term HRQoL and 

persistence of symptoms and identified associated sociodemographic, clinical and 

psychological factors. Patients diagnosed between 1999 and 2014 and ≥4 months after 

diagnosis were invited for a longitudinal survey. Sociodemographic and clinical data 

were obtained from the Netherlands Cancer Registry. The EORTC QLQ-C30 and CLL-16 

were completed by 669 patients (74% response rate). Patients completed on average 4 

questionnaires. Primary treatment was active surveillance (52%), systemic therapy (31%) 

or radiotherapy (13%). Respectively, 36% reported persistent fatigue, 33% persistent 

neuropathy and 25% persistent role functioning impairment. This was 2-3 times higher 

than the age- and sex-matched normative population. Up to 10 years after diagnosis, scores 

remained relatively stable without clinically relevant changes. Comorbidities, psychological 

distress, shorter time since diagnosis, systemic therapy, younger age, education level and 

no partner were associated with worse outcomes (all p’s <0,05). Up to a third of patients 

with iNHL experience long-term persistent symptoms which do not improve over time. Early 

recognition of symptoms will help in providing tailored supportive care for those in need.

Key Words: quality of life; Non-Hodgkin-s Lymphoma; chronic fatigue; population modelling
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Introduction

Non-Hodgkin lymphoma (NHL) is one of the ten most common cancers worldwide [1, 

2]. Indolent Non-Hodgkin Lymphoma (iNHL) represents 40% of all NHL cases [3]. Clinical 

outcomes and survival rates for patients with iNHL have greatly improved in the past 

two decades [4]. As a result of longer survival, and ageing of the population, the 20-years 

prevalence in the Netherlands has increased with 40% over the last ten years. Today there 

are approximately 13,000 iNHL survivors in the Netherlands and approximately 346,000 iNHL 

survivors in the US. [5-7].

iNHL is incurable for most patients [8-10]. Patients often experience (multiple) relapses of 

their disease and need to undergo (multiple) courses of chemo-immunotherapy during the 

course of their disease [11]. The fact that these patients survive longer, does not necessarily 

mean they have a good Health Related Quality of Life (HRQoL). A limited amount of studies 

show that approximately one in three patients with NHL are at risk for adverse psychosocial 

and physical effects, such as fatigue, neurocognitive problems, appetite loss, worries, 

anxiety, sadness and financial problems, as a result of their cancer and/or its complex 

intensive treatment [9, 12-14]. To date, most HRQoL studies have focused on NHL in general or 

aggressive NHL [9, 12, 15-18] and little is known about the long-term (> 5 years post-diagnosis) 

HRQoL of patients with iNHL. Studies focusing specifically on the HRQoL of patients with iNHL 

were most often clinical trials [19-22], with a selected patient group and the main focus on 

comparing the effect of treatments on HRQoL. Other studies were cross-sectional of design, 

limiting the investigation of long-term symptoms and functional impairment in a population-

based setting [3, 13, 23, 24].

Due to the indolent nature and the longer survival, patients with iNHL are living with cancer as 

a chronic disease. More knowledge and more awareness of possible long-term consequences 

and their impact on daily life situations of patients related to family, work, household chores 

and leisure time (also known as ‘role functioning’) are needed. Up to now, it remains unclear 

how symptoms such as fatigue and neuropathy (two commonly reported problems among 

NHL patients [4, 9, 12-14, 16]) and role functioning develop over time for patients with iNHL. 

Furthermore, knowledge about associated risk factors will improve early detection, enable 

us to develop tailored supportive care for those in need [25-27] and will enhance expectation 

management of patients [25].

The aim of this study was therefore to (1) evaluate the (long-term) course of symptoms and 

role functioning among patients with iNHL, up to ten years after diagnosis in a prospective 

observational population-based cohort, (2) investigate the proportion of patients 

with persistent fatigue, neuropathy and role functioning impairment and (3) identify 

sociodemographic, clinical and psychological factors associated with this.

2
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Methods

Setting and population

Data from the south-eastern area of the population-based Netherlands Cancer Registry (NCR) 

were used to select patients diagnosed between January 1999 and July 2014 with Follicular 

Lymphoma (FL), Chronic Lymphocytic Leukemia (CLL), Small Lymphocytic Lymphoma (SLL), 

Lymphoplasmacytic lymphoma (Waldenstrom macroglobulinemia) and other iNHL subtypes, 

as defined by the International Classification of Diseases for Oncology-3 codes [28]. Patients 

18 years and older at diagnosis were included. Patients who were deceased, in transition to 

terminal care, who had serious cognitive impairment (e.g. dementia), or could not complete 

a Dutch questionnaire were excluded. Ethical approval for the study was obtained from 

a certified Medical Ethics Committee (of the Máxima Medical Centre in Veldhoven, the 

Netherlands; 0734). All patients completed informed consent.

Data Collection

Data collection was done within PROFILES (Patient Reported Outcomes Following Initial 

treatment and Long term Evaluation of Survivorship) [29]. PROFILES is a registry for the study 

of the physical and psychosocial impact of cancer and its treatment from a dynamic, growing 

population-based cohort of both short and long-term cancer survivors. PROFILES contains 

a large web-based component and is linked directly to clinical data from NCR. Details of the 

data collection method have been previously described [29].

Patients were asked to participate in a longitudinal population-based survey and were 

included at different time points. In May 2009, patients diagnosed between January 1999 and 

January 2009 were included in the study and received the first questionnaire. In the following 

5 years up to July 2014, each year newly diagnosed patients were subsequently invited to 

participate. All patients received the questionnaires starting from time of enrollment until the 

spring of 2019. Patients who started participating within three years after diagnosis received 

a questionnaire every 6 months. From three years after diagnosis the questionnaires were 

send once a year.

Study measures

To assess fatigue, neuropathy and role functioning, the Dutch validated version of the 

European Organisation for Research and Treatment of Cancer Quality of Life Questionnaire 

Core 30 (EORTC QLQ-C30) and the Dutch version of the European Organisation for Research 

and Treatment of Cancer Chronic Lymphocytic Leukemia 16 (EORTC CLL-16) were used 

[30, 31]. Answer categories range from one (not at all) to four (very much). After linear 

transformation, all scales and single-item measures range in score from 0 to 100. A higher 

score on function scales implies a better HRQoL, whereas for symptoms, a higher score refers 

to more symptoms [30]. The EORTC CLL-16 assesses disease- and treatment-related specific 
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symptoms and worries [31]. This questionnaire, originally developed for patients with CLL, 

was used among all patients with iNHL in the absence of an iNHL specific questionnaire. 

Based on comments from patients and literature review, a question about tingling in hands/

feet was added to this questionnaire. Answer categories range from one (not at all) to four 

(very much). The EORTC questions used to assess fatigue, neuropathy and role functioning 

are presented in supplement 1.

Comorbidity at the time of survey was categorized according to the adapted Self-

administered Comorbidity Questionnaire (SCQ) [32]. Psychological distress was measured 

with the Hospital Anxiety and Depression Scale (HADS) [33]. Patients with a HADS sum 

score ≥13 were categorized as ’psychologically distressed’ [34]. Patients’ marital status and 

educational level were also assessed in the questionnaire. Marital status was categorized 

in having a partner or not and educational level in low (no/primary school); medium (lower 

general secondary education/vocational training; or high (pre-university education/high 

vocational training/university).

Normative population

The normative population was selected from a reference cohort of 2040 individuals from 

the general Dutch population (CentER panel) [35]. Similar to the patients with cancer, 

they received an annual questionnaire, including the EORTC QLQ-C30, SCQ, HADS and 

sociodemographic data, in the period 2011-2015. Neuropathy was assessed once as a cross-

sectional measurement in the questionnaire of 2014. This cohort is considered representative 

for the Dutch-speaking population in the Netherlands. Individual cases (N=324) were matched 

with iNHL patients based on the same age range (5 years below and 5 years above) and the 

same sex.

Clinical relevance and persistent symptoms

The evidence-based guidelines for interpretation of the EORTC QLQ-C30 were used to 

determine clinically important symptom levels and impaired functioning [36] and clinically 

relevant changes in scores over time [37]. In the absence of a threshold for neuropathy, we 

defined patients who reported ‘a little’, ‘quite a bit’ or ‘very much’ tingling in hands or feet, 

as having clinically important neuropathy symptoms.

Persistent symptoms and functioning were assessed among all patients who had a minimum 

of two measurements. Patients’ outcomes were defined as persistent if more than half of 

their measurements (per outcome of fatigue, neuropathy and role functioning) was above 

the level of clinically importance.

2
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Statistical analyses

Statistical analyses were carried out using IBM SPSS Statistics for Windows, version 25 

(IBM Corp., Armonk, N.Y., USA). P values of <0.05 were considered statistically significant. 

Differences between different groups of respondents were analyzed with a chi-square or 

t-test, where appropriate.

To assess the course of symptoms up to 10 years after diagnosis, we performed Individual 

Growth Curve (IGC) models with maximum likelihood estimation and the rate of change 

(regression coefficient β) given per year of survival, to evaluate ‘within person systematic 

change’ and ‘between person differences’ in developmental outcomes across different waves 

over time [38]. A logistic regression analysis was performed to investigate factors associated 

with persistent symptoms and functioning impairment.

Analyses were carried out for (1) the overall iNHL group, and for (2) FL and (3) CLL/SLL 

separately.

By dichotomizing outcome scores, data loses information and analyses have less power. To 

evaluate the robustness of our findings a Generalized Estimating Equation (GEE) analysis 

based on the longitudinal outcomes of clinically important symptom levels was additionally 

performed. Outcomes of the GEE-analysis are presented in Supplement 2.

Results

Characteristics of the study population

In total, 669 patients with iNHL completed the first questionnaire (74% response rate, see 

Figure 1). Nine patients (1%) were excluded based on missing outcome variables, leaving 

660 patients with iNHL eligible for our IGC-analysis. Patients had a mean age of 64.8 years at 

inclusion and 59% were male. Seventy-one percent of the patients reported ≥1 comorbid 

conditions. Mean survival time at inclusion was 3.6 years [range 0.4-10.5 years]. Approximately 

half of patients were under active surveillance as a primary treatment (52%) (Table 1). On 

average patients completed 4 measurements (Supplement 3).

The age- and sex-matched normative population had a mean age of 61.5 years at inclusion 

and 62% were male. Sixty-eight percent of the normative population reported ≥1 comorbid 

conditions.
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Figure 1. Flow chart of the data collection process.

Table 1. Patient characteristics according to type of cancer or norm population Mean (SD) or N(%)

Characteristic All iNHL 

patients

FL 

patients

CLL / SLL 

patients

Normative 

population

N=660 N=210 N=288 N=324

N (%) N (%) N (%) N (%)

Sex:

Male 390 (59.1) 114 (54.3) 192 (66.7) 200 (61.7)

Female 270 (40.9) 96 (45.7) 96 (33.3) 124 (38.3)

Age: Mean (SD) 64.8 (11.7) 60.0 (12.0) 67.6 (9.8) 61.5 (12.2)

Years since diagnosis: Mean (SD) 3.6 (2.4) 3.9 (2.7) 3.5 (2.4)

1-2 years 214 (32.4) 68 (32.4) 91 (31.6)

2-4 years 289 (43.8) 78 (37.1) 132 (45.8)

5-8 years 97 (14.7) 36 (17.1) 41 (14.2)

8-10 years 60 (9.1) 28 (13.3) 24 (8.3)

2
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Table 1. Continued

Characteristic All iNHL 

patients

FL 

patients

CLL / SLL 

patients

Normative 

population

N=660 N=210 N=288 N=324

N (%) N (%) N (%) N (%)

Ann Arbor stage:

1 117 (17.7) 54 (25.7) 5 (1.7)

2 52 (7.9) 28 (13.3) 9 (3.1)

3 67 (10.2) 52 (24.8) 6 (2.1)

4 170 (25.8) 75 (35.7) 43 (14.9)

missing data 254 (38.5) 1 (0.5) 225 (78.1)

Primary treatment:

Active surveillance 345 (52.3) 60 (28.6) 221 (76.7)

Radiotherapy only 88 (13.3) 51 (24.3) 3 (1.0)

Systemic therapy 205 (31.1) 93 (44.3) 62 (21.5)

Unknown 22 (3.3) 6 (2.9) 2 (0.7)

Self reported comorbidity:

no comorbidity 159 (24.1) 59 (28.1) 55 (19.1) 104 (32.1)

1 comorbidity 196 (29.7) 62 (29.5) 84 (29.2) 99 (30.6)

≥2 comorbidities 272 (41.2) 77 (36.7) 133 (46.2) 121 (37.3)

missing data 33 (5.0) 12 (5.7) 16 (5.6) 0 (0)

Most frequent comorbidities:

Arthrosis 160 (24.2) 54 (25.7) 69 (24.0) 72 (22.2)

Back ache 159 (24.1) 50 (23.8) 66 (22.9) 98 (30.2)

High blood pressure 150 (22.7) 44 (21.0) 75 (26.0) 103 (31.8)

Heart diseases 115 (17.4) 26 (12.4) 64 (22.2) 35 (10.8)

Education level1:

Low 114 (17.3) 27 (12.9) 56 (19.4) 13 (4.0)

Medium 380 (57.6) 127 (60.5) 154 (53.5) 190 (58.6)

High 151 (22.9) 47 (22.4) 75 (26.0) 121 (37.3)

missing data 15 (2.3) 9 (4.3) 3 (1.0) 0 (0.0)

Partner (yes) 499 (75.6) 159 (75.7) 215 (74.7) 228 (70.4)

Note. 1 Education levels included low = no/primary school; medium = lower general secondary education/

vocational training; or high = pre-university education/high vocational training/university
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Comparison between different groups of respondents

A comparison of respondents, non-respondents and patients with unverifiable addresses 

indicated that non-respondents were significantly older (compared to patients with 

unverifiable addresses and respondents (68.0 (SD = 12.3) versus 62.6 (SD = 13.0) years; 

p<0.01)). Furthermore, non-respondents had a shorter time since diagnosis (2.8 (SD = 2.5) 

versus 3.6 (SD = 2.4) years; p<0.01) and were more frequently under active surveillance during 

primary treatment (59% versus 52%; p=0.03) compared to respondents.

Patients who participated once were more frequently lower educated compared to those 

who completed ≥2 measurements (17% versus 13%, p<0.01), they less frequently had a 

partner (75% versus 78%, p=0.04) and were less frequently under active surveillance as 

primary treatment (52% versus 56%, p=0.02). All other sociodemographic characteristics 

did not show any statistically significant differences between groups of respondents.

The course of symptoms and role functioning up to 10 years after diagnosis

Outcomes of both the linear and quadratic IGC-model are presented in supplement 4. Based 

on the model information criteria, the linear IGC-model fitted our data best and was used 

to plot growth curves for each outcome. The initial scores among patients with iNHL for 

fatigue and role functioning were clinically relevantly worse compared to the initial scores 

of the normative population (Figure 2). This large difference remained present throughout 

the following 10 years, as symptoms of fatigue and role functioning impairment increased 

for both groups. A comparison of the initial scores for neuropathy could not be made due to 

the lack of longitudinal data for neuropathy in the normative population.

Both for patients with iNHL and the normative population, symptoms of fatigue increased 

statistically significantly over time (patients with iNHL β=0.44 and p=0.03 and normative 

population β=0.66 and p=0.00). Over 10 years, this led to an increase in fatigue scores of 

approximately 4 points among patients with iNHL and 6 points in the normative population, 

which is of trivial clinical importance. The course of neuropathy symptoms remained stable, 

no significant increase or decrease was seen among patients with iNHL. Role functioning 

decreased with approximately 5 points per 10 year of survival for patients with iNHL (p=0.02) 

and with 3 points per 10 year for the normative population (p=0.24).

Similar findings were observed for subgroup analyses among patients with FL (N==210) and 

CLL/SLL (N=288).

2



28

Chapter 2

Figure 2. The course of (A) fatigue, (B) neuropathy and (C) role functioning up to 10 years 

after diagnosis.

Note. No longitudinal data was available for neuropathy in the normative population. Therefore, the 

model could not plot a growth curve.
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The proportion of patients with persistent symptoms or functioning 

impairment.

A quarter to one-third of the patients with iNHL reported persistent symptoms or role 

functioning impairment (Figure 3). Compared to the normative population this was 2 to 3 

times higher. Fatigue was the most frequently reported symptom.

Figure 3. Percentage of patients with persistent fatigue, neuropathy and role functioning 

impairment compared to a normative population.

Note. No longitudinal neuropathy data was available for the normative population, this neuropathy score 

was therefore based on a cross-sectional measurement in 2014.

Factors associated with persistent symptoms of fatigue, neuropathy and 

role functioning impairment.

Logistic regression analysis showed that among all patients with iNHL, patients who 

experienced psychological distress, who had one or more comorbid disease, and who had a 

shorter time since diagnosis had significantly higher odds for developing persistent symptoms 

of fatigue, neuropathy and role functioning impairment. Further, persistent symptoms of 

fatigue were also associated with not having a partner, a younger age and a lower education 

level. Persistent symptoms of neuropathy were also associated with receiving systemic 

therapy as primary treatment and a higher education level. Persistent role functioning 

impairment was also associated with not having a partner. Finally, patients who received 

only radiotherapy as primary treatment had lower odds for developing persistent symptoms 

of fatigue and neuropathy compared to patients under active surveillance (Table 2 and Table 

3). Excluding psychological distress from the model resulted in similar findings. Subgroup 

analyses among patients with FL and CLL/SLL showed resembling outcomes (data not shown).
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Discussion

This large population based study showed that a substantial group of patients with iNHL is 

affected by the long-term consequences of this disease and/or its treatment. A quarter to 

one-third of the patients experience persistent clinically important symptoms of fatigue, 

neuropathy and role functioning impairment. Once a symptom or functioning impairment 

is experienced, it appears to remain present up to 10 years after diagnosis.

These findings highlight the importance of investigating possible long-term consequences 

of cancer and its treatment, specifically among patients with iNHL. Patients’ daily life and 

HRQoL are greatly affected, compared with an age- and sex-matched normative population, 

which is in line with previous studies [3, 18]. Although changes in mean scores over time were 

statistically significant for fatigue and role functioning, these changes were small and unlikely 

to be clinically relevant [37]. Both patients with iNHL and the normative population report 

relatively stable outcomes, although subtle increasing symptoms. This may be explained 

by natural aging, and aging-related health effects. During the natural aging process, the 

buildup of damage across the life span eventually exceeds the body’s capacity to self-repair, 

leading to changes in body composition, energy balance, homeostasis and neuronal function 

[39]. Emerging evidence demonstrates that patients with cancer age faster, and that their 

biological age appears to be older than their chronological age (accelerated aging) [40]. Also, 

cancer treatment can induce accelerated aging in cancer survivors and has been associated 

with for example cellular senescence, stem cell exhaustion, DNA damage and epigenetic 

alterations [40, 41]. The differences in initial symptom scores of the growth curves compared 

to the normative population suggest that patients with iNHL might have experienced 

accelerated aging before, or during an early stage of their disease and/or cancer treatment 

[39].

It is well known that aging increases the risk of developing comorbidities such as 

cardiovascular disease, Alzheimer’s’ disease, Parkinson’s disease, type 2 diabetes or second 

malignancies [42]. Reported comorbidities in our study showed to be significantly associated 

with persistent symptoms and functioning impairment. The synergistic, bidirectional 

relationship between (accelerated) aging and cancer might intensify the development of 

comorbidities for patients with iNHL, greatly affecting their daily activities and HRQoL [39, 

43-45].

Consistent with the literature, we found a strong association between psychological distress 

and a lower HRQoL [46-48]. Other associated sociodemographic factors (age, education level 

and having a partner) and clinical factors (time since diagnosis and type of primary treatment) 

remained present after removing psychological distress from the model. These associations 

have previously been demonstrated in studies with shorter follow-up periods and studies 
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among a variety of cancer survivors [9, 12, 14, 16, 46, 49, 50]. However, in accordance with the 

relatively stable course of symptoms in our IGC-model, we show that the same associations 

play an important role in the development of persistent symptoms up to 10 years after 

diagnosis.

Several limitations of our study need to be acknowledged. First, patients were included 

from four months after diagnosis, meaning that data about their HRQoL and the onset of 

symptoms during the first months after diagnosis and before the start of primary treatment 

is lacking and could not be evaluated. Second, treatment data was limited to the type of 

primary treatment. No information about subsequent treatment lines and specific treatment 

agents was available. Even though the type of primary treatment was associated with 

persistent symptoms, our data have most likely led to an underestimation of treatment, as 

a group of patients who were on active surveillance during primary treatment most likely 

have received systemic therapy at a later stage. Finally, as our study included (long-term) 

survivors, we could only evaluate the outcomes of those patients who survive, introducing 

survivorship bias a known limitation in longitudinal studies with patient-reported outcomes 

among cancer patients [51]. Research shows that patients with poorer health more often drop 

out during follow-up, which may result in an underestimation of the proportion of patients 

who experience poor HRQoL outcomes. This most likely was also the case in this study.

Despite these limitations, this is, to the best of our knowledge, the first study that examined 

the prevalence of persistent symptoms and functioning impairment among patients with 

iNHL up to 10 years after diagnosis. The strengths of the study are its population-based 

sampling frame, the high response rate, and the long-term follow-up after diagnosis. The 

statistical methods used in this study are flexible in handling unbalanced data (i.e. missing 

data or inconsistent time intervals between measurements) [38].

The current study shows that a large proportion of patients with iNHL (25-39%) experience 

persistent symptoms and functioning impairment. Nevertheless, a full understanding of 

the mechanisms underlying the onset and persistence of symptoms in patients with iNHL is 

lacking. Future research should therefore include patients at diagnosis, to investigate HRQoL 

from then on. Early assessment of symptoms during active treatment is needed to gain 

insight into the onset of symptoms [52, 53]. Furthermore, more clinical variables, as well 

as physiological and biological factors, need to be included to gain insight into underlying 

mechanisms (i.e. cellular aging, inflammation levels, daily activity, dietary intake and sleeping 

patterns) of deteriorated health. This will not only improve early detection but will also enable 

us to develop tailored supportive care and treatment strategies for those in need (e.g. focused 

on modifiable lifestyle factors or coping mechanisms) [27, 54-56]. Additionally, it might also 

lead to improved symptom monitoring and better expectation management, which can help 

patients in making informed treatment decisions with their hematologist [25-27].
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In conclusion, up to 10 years after diagnosis, patients with iNHL report a substantially lower 

HRQoL compared with an age- and sex-matched normative population. A quarter to one-

third of patients reported persistent clinically important symptoms of fatigue, neuropathy 

and role functioning impairment. We would encourage clinicians to discuss symptoms and 

daily life limitations with patients at an early stage of their disease and refer patients to 

suitable supportive care if possible.
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Supplemental material

Supplement 1. Items used from the EORTC QLQ-C30 and the EORTC CLL-16 to assess fatigue, 

neuropathy and role functioning.

Outcome Question Answer categories

Not at all A little Quite a bit Very much

Fatigue Did you need to rest?

(item 10 EORTC QLQ-C30)

1 2 3 4

Have you felt weak?

(item 12 EORTC QLQ-C30)

1 2 3 4

Were you tired?

(item 18 EORTC QLQ-C30)

1 2 3 4

Neuropathy Did you have tingling hands/feet?

(Item added to the EORTC CLL-16)

1 2 3 4

Role functioning Were you limited in doing either your 

work or other daily activities?

(item 6 EORTC QLQ-C30)

1 2 3 4

Were you limited in pursuing your 

hobbies or other leisure time activities?

(item 7 EORTC QLQ-C30)

1 2 3 4

The complete questionnaires are (freely) available for academic use through the EORTC 

website:

- https://qol.eortc.org/questionnaires/

2
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Supplement 3. Flow diagram of follow-up measurements and dropout.

2
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Abstract

Introduction: Recognizing the impact of symptoms among lymphoma survivors on their 

Health-Related Quality of Life (HRQoL) is important in meeting their needs. We investigated 

the course of fatigue, neuropathy, psychological distress and their impact on HRQoL 

among diffuse large B-Cell Lymphoma (DLBCL) survivors up to 13 years after diagnosis, and 

compared it to an age- and sex-matched population.

Methods: DLBCL survivors diagnosed between 2004-2011, who survived ≥1 year were 

selected from the Netherlands Cancer Registry. Survivors were invited to complete the EORTC 

QLQ-C30, CLL-17 and the Hospital Anxiety and Depression Scale questionnaires annually 

until 2019. Linear mixed models were used to assess changes in symptoms and HRQoL over 

time and identify associated factors.

Results: 302 survivors (response rate 84%) completed a median of three questionnaires. 

Fatigue improved slightly over time but neuropathy and psychological distress remained 

unchanged; persistent symptoms were reported by 25%, 28%, and 23% of survivors, 

respectively. Having ≥two comorbidities was associated with higher fatigue (β=7.8, 

p-value<0.001), neuropathy (β=6.7, p-value=0.003) and psychological distress levels (β=2.2, 

p-value<0.001). Having received 7-8 cycles of (R-)CHOP14 was associated with higher 

neuropathy levels (β=14.5, p<0.001 compared with ≤6 cycles of (R-)CHOP21) and having 

received lymphoma treatment other than (R-)CHOP was associated with more fatigue (β=14.0, 

p-value=0.02) and psychological distress (β=4.3, p-value=0.01). Higher symptom levels were 

associated with poorer HRQoL.

Conclusion: One in four DLBCL survivors reported persistent fatigue, neuropathy or 

psychological distress, negatively impacting their HRQoL. Routine symptom monitoring by 

patients and clinicians can help detect symptoms and facilitate referral to supportive care 

for those in need.

Key words: Quality of life, fatigue, neuropathy, distress, Non-Hodgkin lymphoma, Diffuse 

Large B-cell Lymphoma, survivor, real-world data, PROFILES, prospective
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Introduction

Diffuse large B cell lymphoma (DLBCL) is the most common hematologic malignancy, with a 

world-wide incidence rate of 150.000 per year. [1] Response rates have improved remarkably 

over the last two decades since rituximab was added to CHOP chemotherapy regimen 

(cyclophosphamide, doxorubicin, vincristine and prednisone), resulting in overall survival 

rates of 60-65% after 5 years. [2, 3] Over the past decades, R-CHOP21 (administered every 

21 days) has become the standard treatment. R-CHOP14 (administered every 14 days) was 

initially explored for its potential to improve efficacy through dose intensification, but was 

found to provide similar survival rates with greater toxicity and a lower health-related quality 

of life (HRQoL). [4-6]. As the population of (long-term) lymphoma survivors is growing, [7] 

recognizing the impact of symptoms on the HRQoL is important in meeting the (supportive) 

care needs of survivors.

About one third of survivors of a hematological cancer develop symptoms that negatively 

impact HRQoL. [8] Symptoms reported after treatment for non-Hodgkin lymphoma include 

physical problems as well as fatigue, neurotoxicity, anxiety and depression or neurocognitive 

problems. [8-14] Whereas most studies of late and long-term effects focused on Hodgkin 

lymphoma survivors, [14-17] data on DLBCL survivors, particularly those who have survived 

long-term and were treated in a real-world setting, remain scarce. Furthermore, prior 

studies were limited by small sample sizes or short follow-up; had a cross-sectional design 

[18-24] or included longitudinal data but with limited time points and without the use of 

statistical methods specialized for longitudinal data; [6] some studies described a highly 

selected patient population; [16] or lacked a control group, which all restrict generalizability. 

Previous studies have highlighted a substantial symptom burden among DLBCL survivors, 

however, there is a significant knowledge gap in understanding the course and persistence 

of symptoms among DLBCL survivors, and their impact on HRQoL, particularly in patients 

long after diagnosis who were not enrolled in randomized controlled trials.

Our aim was 1) to investigate the course and persistence of symptoms of commonly reported 

symptoms in daily practice (i.e. fatigue, neuropathy and psychological distress) among DLBCL 

survivors up to 13 years after treatment in a real-world setting and evaluate the impact of 

these symptoms on patients’ HRQoL; 2) to identify risk factors associated with symptoms 

and to assess treatment-specific differences and 3) to compare scores of DLBCL survivors 

to those of an age- and sex-matched normative population without cancer; ultimately in an 

effort to better monitor future survivors and to predict who are more prone for developing 

persistent symptoms and a diminished HRQoL.

3
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Methods

Study design & population

This longitudinal survey study included survivors with DLBCL (as defined by the International 

Classification of Diseases for Oncology-3 codes) diagnosed between 2004 and 2011 selected 

from the southeast area of the Netherlands Cancer Registry (NCR). We excluded survivors 

diagnosed under the age of 18 years at diagnosis, those who were deceased (verified 

through linkage with the Central Bureau of Genealogy), individuals with serious cognitive 

impairments, and those unable to complete a Dutch questionnaire. Ethical approval for the 

study was obtained from a certified medical ethics committee (of the Maxima Medical Centre 

in Veldhoven, The Netherlands; number 0734). All patients completed informed consent.

Data collection

Data were collected within the PROFILES registry (Patient Reported Outcomes Following 

Initial treatment and Long term Evaluation of Survivorship). [25] Patients were invited to 

participate by their (former) treating physician. At study initiation in 2009, patients diagnosed 

in the period 2004-2009 received their first questionnaire. In the period 2009-2011, all newly 

diagnosed patients were subsequently invited to participate. Patients enrolled within three 

years after diagnosis received two questionnaires per year, compared to one questionnaire 

per year for patients who survived three years or more. All enrolled patients received 

questionnaires up to 2019.

Clinical data on lymphoma-related characteristics and treatment(s) were collected from the 

NCR; the validity of these data has been well described previously. [3, 6, 26-29] Assignment 

to treatment category was based on the most toxic systemic treatment before the first 

survey, and categorized as: ≤6 (or unknown number of) cycles of (R-)CHOP21 (reference 

category); ≤6 (or unknown number of) cycles (R-)CHOP14; 7-8 cycles (R-)CHOP21; 7-8 cycles 

(R-)CHOP14; high dose chemotherapy (with or without stem cell transplant); no/other/

unknown therapy. The chemotherapeutic regimens among the latter category include 

PROMACE-CytaBOM (prednisone, vincristine, methotrexate, doxorubicin, cyclophosphamide, 

etoposide, cytarabine, and bleomycin), MBVP (methotrexate, bleomycin, vincristine, and 

procarbazine) and CHVmP/BV (cyclophosphamide, doxorubicin, teniposide, prednisone, 

bleomycin, vincristine).
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Figure 1. Flow chart of the data collection process.

Abbreviations: DLBCL=Diffuse Large B Cell Lymphoma, NCR=Netherlands Cancer Registry

Study measures

Fatigue and HRQoL (summary score) were measured with the European Organization for 

Research and Treatment of Cancer Quality of Life Questionnaire Core 30 (EORTC QLQ-C30) 

[30], and scores were linearly transformed to a 0-100 range according to a standard scoring 

procedure. A clinically important level of fatigue was defined by thresholds of clinical 

importance (TCI), developed for the EORTC QLQ-C30, for fatigue this was a score of 39 or 

higher. [31] Neuropathy was measured with the EORTC Lymphocytic Leukemia questionnaire 

17 (EORTC CLL-17), as this was the only hematology-specific EORTC-questionnaire available 

at study initiation. [32] Any degree of neuropathy, ranging from a bit to very much, was 

considered clinically relevant. Psychological distress was assessed with the Hospital Anxiety 

and Depression Scale (HADS). [33] The scale consists of two seven-item subscales of anxiety 

and depression. Items are scored on a four-point scale. A sum score was obtained by adding 

all items, with a higher score indicating more psychological distress. [34] Patients with a HADS 

sum score ≥13 were categorized as ’psychologically distressed’. [35] Fatigue change scores of 

5-10, 10-15 and >15 were considered as small, medium and large clinically relevant changes. 

[36] For neuropathy, psychological distress and HRQoL, change scores of ≥13, ≥3.5 and ≥7.4, 

3
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respectively, were considered clinically relevant, equivalent to half a standard deviation. 

[37] Comorbidity was categorized according to the adapted self-administered comorbidity 

questionnaire (SCQ). [38]

Normative population

The normative population was selected from a reference cohort of 2,040 individuals from 

the general Dutch population (CentER panel) and is considered representative for the Dutch-

speaking population in the Netherlands. [39] Fatigue and comorbidities were assessed 

annually between 2011 and 2015, neuropathy and psychological distress were assessed 

once. DLBCL survivors were matched with the normative population based on the same sex 

and age (maximum range of five years). The normative population received a small financial 

reimbursement for participation.

Statistical methods

Differences in sociodemographic and clinical characteristics between respondents versus 

non-respondents, survivors versus normative population, one-time versus multiple times 

respondents and (R-)CHOP14 versus (R-)CHOP21-treated respondents were compared with 

X2-tests.

In survivors who completed at least two surveys (n=195, 65%), symptoms were defined as 

persistent if at least half of their measurements were above the TCI. Among survivors who 

completed two measurements, both scores had to be above the TCI. The proportion of 

respondents with and without persistent symptoms were compared using X2-test.

With univariable analysis, the association with treatment (R-)CHOP14 versus (R-)CHOP21 

was graphically compared. With linear mixed models, the course of fatigue, neuropathy, 

psychological distress and HRQoL was assessed in separate models. In another model the 

association of these symptoms with HRQoL was evaluated. All models included time since 

diagnosis, age at first HRQoL measurement, educational level, having a partner, self-reported 

comorbidity and most toxic systemic treatment. The model for HRQoL included the variables 

of fatigue, neuropathy and psychological distress and was controlled for the above mentioned 

sociodemographic and clinical characteristics. Records with missing values in one of the 

variables were excluded from analyses (<5%). The reference category for systemic treatment 

was receipt of six (or unknown number of) cycles of (R-)CHOP21. Correlation between variables 

was explored by Pearson correlation (no variables needed to be excluded since correlation 

coefficients did not reach ≥0.7 for any combination of variables). Effect modification between 

time and either age, sex and comorbidity was assessed by including a cross-term between 

either variables, to explore whether certain subgroups followed a deviant course of symptoms 

over time compared with the rest of the cohort. P-values <0.05 were considered statistically 

significant. All analyses were performed with Stata statistical software, version 15.0 (StataCorp).
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Results

Patients

Three hundred and fourteen patients completed the first questionnaire (response rate 84%). 

Due to missing outcome data (on fatigue, neuropathy, psychological distress or the HRQoL, 

12 patients were excluded, leaving 302 patients for analyses (Figure 1). At time of inclusion, 

the cohort consisted of 63.5% men with a median age of 67 years (IQR 56-74) and 62% had at 

least one comorbidity (Table 1). Patients completed a median of three questionnaires (IQR 

1-6); the first questionnaire was completed at a median of 2.2 years (IQR 1.6-3.3, range 0.4-6.1) 

after diagnosis, the last at 5.0 years (IQR 2.5-7.8, range 0.4-13.8) after diagnosis. Ann Arbor 

stage was quite evenly distributed and most survivors (97%) had received one treatment line 

before completion of the first questionnaire. Survivors with DLBCL Ann Arbor stage I (31%) 

most often received a combination of (immuno-)chemotherapy and radiotherapy (46%) or 

chemotherapy alone (38%) as a first line treatment, whereas the majority of survivors with 

stage II-IV (68% of the cohort) received (immuno-)chemotherapy alone (82%).

Figure 2. Persistent symptoms in DLBCL survivors and age- and sex-matched normative 

population.

Note. For survivors, a subset of participants who completed two or more questionnaires (n=195) was 

selected for analysis of persisting symptoms that were above the threshold of clinical importance.

*Only cross-sectional data on neuropathy and psychological distress were available for the normative 

population, meaning the percentage is based on a single measurement.
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Table 1. Characteristics of DLBCL survivors and age- and sex-matched normative population at 

first HRQoL measurement

Survivors 

n=302

Normative 

population 

n=328

P-value‡

Male sex, n (%) 192 (64) 204 (62) 0.72

Age, median (IQR) range, years 67 (56-74), 21-90 65 (54-73), 21-90 0.53

Time between diagnosis and first HRQoL 

measurement, median (IQR) range, years

2.2 (1.6-3.3) 0.4-6.1 NA

Number of HRQoL measurements, median (IQR) 

range

3 (1-6) 1-11 4 (3-5) 2-5 0.82

Education, n (%) <0.001

 Low 46 (15) 15 (5)

 Medium 186 (61) 160 (49)

 High 67 (22) 151 (46)

 Missing 3 (1) 2 (0.6)

Partner, n (%) <0.001

 No 62 (21) 144 (44)

 Yes 236 (78) 184 (56)

 Missing 4 (1) 0 (0)

Self-reported comorbidity, median (IQR) range 1 (0-2) 0-9 1 (0-2), 0-5 0.04

 0 comorbidities 106 (35) 135 (41)

 1 comorbidity 103 (34) 84 (26)

 ≥ 2 comorbidities 85 (28) 107 (33)

 Missing 8 (3) 2 (0.6)

Most prevalent comorbidities, n (%)

 Arthrosis 64 (21) 70 (21) 0.77

 Hypertension 62 (21) 91 (28) 0.08

 Heart disease 58 (19) 51 (16) 0.13

 Lung disease 23 (8) 39 (12) 0.11

 Diabetes Mellitus 21 (7) 31 (9) 0.34

 Rheumatoid arthritis 23 (8) 15 (5) 0.21

Ann Arbor stage at diagnosis, n (%) NA

 I 94 (31)

 II 69 (23)

 III 69 (23)

 IV 68 (22)

 Missing 2 (0.7)

Most toxic treatment before first HRQoL 

measurement, n (%) *

NA

 No immuno-chemotherapy 3 (1)
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Table 1. Continued

Survivors 

n=302

Normative 

population 

n=328

P-value‡

 Other immuno-chemotherapy 14 (5)

 Unknown treatment 6 (2)

 ≤6 or unknown number of cycles of (R-)CHOP21 89 (29)

 ≤6 or unknown number of cycles of (R-)CHOP14 45 (15)

 7-8 cycles of (R-)CHOP21 66 (22)

 7-8 cycles of (R-)CHOP14 73 (6)

 High dose CT w/wo SCT 6 (2)

Fatigue (above TCI), n (%) 87 (29) 43 (13) <0.001

Neuropathy (any degree), n (%) 102 (34) 13 (4) <0.001

Psychological distress (HADS ≥13), n (%) 91 (30) 37 (15)

Health-related quality of life, mean (SD) 84 (15.7) 90 (10.4) <0.001

Abbreviations: CT chemotherapy, DHAP cisplatin cytarabine dexamethasone DLBCL Diffuse large B 

cell lymphoma, HADS Hospital Anxiety and Depression Scale, HRQoL Health-related quality of life, IQR 

interquartile range, n number, ProMACE-CytaBOM methotrexate doxorubicin cyclophosphamide etoposide 

(Promace) cytarabine bleomycin vincristine methotrexate (CytaBOM), QoL quality of life, (R-)CHOP (Rituximab) 

cyclophosphamide doxorubicin vincristine and prednisone, R-CVP rituximab cyclophosphamide vincristine 

and prednisone, R-PECC rituximab prednisolone etoposide chlorambucil lomustine, SD standard deviation, 

SCT stem cell transplantation, TCI threshold of clinical importance, VIM etoposide ifosfamide methotrexate, 

w/wo with or without.

‡ X2 test for heterogeneity.

* Twenty-four percent of survivors additionally received radiotherapy. The category ‘other immuno-

chemotherapy’ included i.e. R-CVP or R-PECC. The category ‘high dose CT w/wo SCT’ included i.e. R-DHAP-

VIM-DHAP or ProMACE-CytaBOM.

** Survivors in this category received radiotherapy in combination with, or following chemotherapy.

Comparison of respondents

Survivors who responded to at least one questionnaire were more likely to be male (62% 

male responders versus 47% male non-responders, p=0.008) and had a longer time between 

diagnosis and questionnaire completion (2.5 versus 1.8 years p<0.001) compared with 

survivors who did not respond or had unverifiable addresses. There were no differences in 

terms of age, Ann Arbor stage or treatment.

Survivors who participated only once (n=107) were more likely to have a partner than 

survivors who responded to multiple questionnaires (n=195); 83% vs. 68%, p=0.001. There 

were no differences in other sociodemographic or clinical variables.

Survivors who received (R-)CHOP14 (n=119) compared with survivors who received (R-)

CHOP21 (n=155) were on average younger (62.2 years vs 66.5 years, p=0.005); were more 

3
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often diagnosed with advanced stage disease (stage III/IV disease: 64% versus 34%, p<0.001); 

and they completed their questionnaire(s) sooner after diagnosis (2.0 vs. 2.9 years, p<0.001).

The normative population was successfully matched on sex and age. In the normative 

population, a higher percentage had a high level of education (46% compared to 22% among 

survivors, p=0.001) and were less likely to have a partner (56% versus 78%, p<0.001). There 

were no statistically significant differences in other sociodemographic variables between 

survivors and the normative population.

Persistent symptoms

Survivors who completed two or more questionnaires (n=195, 65%), were followed for a 

median of 5.1 years (IQR 1.9-7.0). 25% of survivors reported persistent fatigue, 28% persistent 

neuropathy and 22% persistent psychological distress (Figure 2). This was much higher than 

in the normative population (p<0.01), in whom these symptoms were reported by 12%, 4% 

and 15% of responders, respectively (for neuropathy and psychological distress one cross-

sectional measurement was available in normative population).

Survivor- and treatment-related factors associated with fatigue, 

neuropathy and distress

Figure 3 shows the course of symptoms over time for survivors who were treated with (R-)

CHOP14 and (R-)CHOP21.

In multivariable linear mixed models, patients having a shorter time since diagnosis (β=-

0.9, 95% CI -1.6- -0.1; Table 2), having comorbidities (β 
1 comorbidity

=3.5, 95% CI=0.2-6.8; β 
≥2 

comorbidities
=7.8, 95% CI=4.0-11.6) and having received other treatment than (R-)CHOP (β=14.0, 

95% CI= 1.8-26.1) reported higher levels of fatigue. In addition, survivors aged 65 years or 

older experienced lower levels of fatigue than younger survivors β
65-74 years

=-7.1, 95% CI=-14.8-

0.6; β
≥75 years

=-10.2, 95% CI=-19.9- -0.5). This difference between age groups diminished over 

time (β 
65-74 years*time since diagnosis

=1.2, 95% CI 0.1-2.3, β 
≥75 years*time since diagnosis

=3.2, 95% CI 1.4-4.9).

Neuropathy scores remained unchanged over time. Patients who received 7-8 cycles of 

R-CHOP14 (β=14.5, 95% CI 7.5-21.5) or those having two or more comorbidities (β=6.7, 95% 

CI 2.2-11.1) reported higher levels of neuropathy over time. Patients with a higher level of 

education reported lower levels of neuropathy (β=-10.2, 95% CI -19.4- -1.1).

Psychological distress scores remained unchanged over time. Factors associated with more 

psychological distress over time were one or more comorbidities (β 
1 comorbidity

=1.4, 95% CI 

0.6-2.2; β 
≥2 comorbidities

=2.2, 95% CI 1.3-3.1) and having received other treatment than (R-)CHOP 

(β=4.3, 95% CI 0.8-7.7). A medium or high level of education was associated with less distress 

(β
medium level education

=-2.9, 95% CI -5.2- -0.7); β
high level education

=-6.4, 95% CI -9.0- -3.8).
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Figure 3. Course of fatigue, physical functioning and neuropathy 1-8 years after diagnosis, 

stratified by treatment and compared to a normative population

Note. Univariable analysis, excluding measurements <1 year of >8 years after diagnosis, since they 

contained too few measurements (n<60).
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Symptoms in relation to HRQoL

Survivors with fatigue, neuropathy or psychological distress reported lower HRQoL over 

time (β
fatigue

=-3.4, 95% CI -3.6- -3.1; β
neuropathy

=-0.5, 95% CI -0.8- -0.3; β
psychological distress

=-2.3, 95% 

C -2.6- -1.9; Table 3). Similar results were obtained in a sensitivity analysis excluding survivors 

who were not treated (n=3) (data not shown).

Table 3. Linear mixed model analysis on impact of fatigue, neuropathy, psychological distress on 

HRQoL in DLBCL survivors

HRQoL

β coefficient (95% CI)

n=277

P-value

Time since diagnosis -0.02 (-0.2-0.1) 0.77

Sex

 Male 0

 Female -2.4 (-3.9- -1.0) 0.001

Age group at first (HRQoL) measurement

 <65 0

 65-74 -0.4 (-2.0-1.1) 0.59

 ≥75 -2.1 (-4.0- -0.2) 0.03

Age group at first (HRQoL) measurement*Time since diagnosis

 <65

 65-74

 ≥75

Education at first HRQoL measurement

 Low 0

 Medium -0.9 (-3.0-1.2) 0.40

 High -1.1 (-3.6-1.3) 0.37

Partner at first HRQoL measurement

 No 0

 Yes -0.4 (-2.2-1.3) 0.62

Self-reported comorbidity

 0 comorbidities 0

 1 comorbidity -1.4 (-2.5- -0.3) 0.01

 ≥ 2 comorbidities -2.4 (-3.7- -1.2) <0.001

Most toxic systemic treatment before first HRQoL measurement

 ≤6 cycles of (R-)CHOP21 0

 ≤6 cycles of (R-)CHOP14 -1.9 (-3.9-0.2) 0.07

 7-8 cycles of (R-)CHOP21 0.04 (-1.8-1.9) 0.96

 7-8 cycles of (R-)CHOP14 -1.4 (-3.2-0.5) 0.15

 High dose CT w/wo SCT -0.6 (-5.3-4.1) 0.81

 Other treatment 1.7 (-1.6-5.0) 0.31
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Table 3. Continued

HRQoL

β coefficient (95% CI)

n=277

P-value

Fatigue (per 10 points) † -3.4 (-3.6- -3.1) <0.001

Neuropathy (per 13 points) † -0.5 (-0.8- -0.3) <0.001

Psychological distress (per 3.5 points) † -2.3 (-2.6- -1.9) <0.001

Abbreviations: CI confidence interval, DLBCL Diffuse large B cell lymphoma, HRQoL Health-related quality 

of life, IQR interquartile range, n number, QoL quality of life, (R-)CHOP (Rituximab) Cyclophosphamide 

Doxorubicin Vincristine and Prednisone, SCT stem cell transplantation, TCI threshold of clinical importance

Due to missing outcome data, the model for HRQoL included 277 survivors with 965 records.

** Survivors in this category received radiotherapy in combination with, or following chemotherapy.

† HRQoL was analyzed on a 0-100 scale, with higher scores indicating better HRQoL.

Discussion

In this large, longitudinal, real-world study among DLBCL survivors up to 13 years after 

diagnosis, we observed that about a quarter of survivors reported persistent clinically 

important fatigue, neuropathy and/or psychological distress, negatively affecting their 

HRQoL. The proportion of survivors reporting these persistent symptoms was two- to seven 

times higher compared with the age- and sex-matched normative population. In multivariable 

analyses, levels of fatigue significantly improved over time (although the change scores were 

small with respect to clinical relevance), whereas the course of neuropathy, psychological 

distress remained unchanged over time.

Having comorbid conditions was associated with higher levels of fatigue, neuropathy and 

psychological distress. These findings align with prior research highlighting comorbidities 

as a significant predictor of poorer health outcomes in cancer survivors. [40] Although 

longitudinal studies in NHL survivors are scarce, the reported prevalence of persistent fatigue 

in our study (25%) is in line with earlier reported prevalences of 20-60%. [12, 23, 41, 42] The 

number of comorbidities is a risk factor for higher levels of fatigue across both our and other 

studies. Additional risk factors like female sex, lower socioeconomic status and lower social 

support were identified as risk factors for fatigue in other studies, [12, 41] though we did not 

include the latter two variables in our analyses.

Treatment-related factors played an important role in outcomes. Having received treatments 

other than (R-)CHOP (such as MBVP, promaceCYTAbom or CHVmP/BV) was associated with 

higher levels of fatigue and psychological distress. The association may be explained by 

the higher levels of toxicity of promaceCYTAbom and CHVmP/BV regimen. [43, 44] Having 

received 7-8 cycles of (R-)CHOP14 was associated with more severe neuropathy compared 
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with survivors treated with (R-)CHOP21. Our results are in concordance with other studies 

reporting on persistence of dose-dependent chemotherapy-induced neuropathy once it 

develops. [45-48] The shift towards using up to six cycles of R-CHOP21 in clinical practice 

reflects an effort to reduce treatment-related toxicity without compromising survival 

outcomes. [4-6, 8] Our findings support this trend, aligning with evidence that using less 

toxic regimens can lower the risk of dose-dependent complications like neuropathy and 

lower the treatment impact on HRQoL.

Survivors aged 65 years or older reported higher fatigue levels than younger survivors. This 

difference diminished over time. This contrasts with results among Hodgkin lymphoma 

survivors in a longitudinal analysis (adjusted for baseline fatigue and age), with results 

indicating an impaired recovery from fatigue with increasing age. [17] Of note, the median 

age of survivors in our study was 67 years, which is nearly 30 years older compared with the 

study among Hodgkin lymphoma, which may explain some of the observed differences. 

Additionally, lower educational levels were associated with higher levels of neuropathy and 

psychological distress, as described by others. [12] Educational level has previously also been 

associated with comorbidities, [49, 50] and may serve as a proxy for other underlying factors 

such as health literacy or socioeconomic status, that can influence a survivor’s ability to 

manage symptoms and access care. [51] Furthermore, unmet psychological and social needs 

have been associated with psychological distress in a longitudinal study. [52] Recognizing 

(risk factors for) development of distress and addressing unmet needs through targeted 

supportive care, may mitigate the development or progression of psychological distress in 

this population.

As survivors with fatigue, neuropathy or psychological distress reported lower HRQoL, early 

recognition of symptoms and risk factors is important for survivors and healthcare providers 

to enable tailored care. Routine symptom monitoring by both clinicians and survivors can aid 

this process. Our data may be used as a reference in daily clinical practice to better identify 

those with deviant scores and to refer to additional care. In the Netherlands, long-term 

survivorship care for DLBCL and Hodgkin lymphoma is provided through BETER survivorship 

clinics (Better care after Hodgkin lymphoma: Evaluation of long-term Treatment Effects and 

screening Recommendations), [53] which assesses health and psychosocial issues to address 

late and long-term effects. This, combined with knowledge of symptom progression helps 

guide treatment or referrals, thereby reducing symptom burden and improving HRQoL. Trials 

in advanced cancer have shown that routine symptom monitoring improves survival, likely 

due to early detection of adverse events. [54, 55]

Our study has several limitations. Since our study population originates from general 

hospitals, our results may underestimate the challenges in more complex patients, who 

may be treated in academic centers, or patients with significant comorbidities or extensive 
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treatment histories. Secondly, we did not have baseline measurements (time of diagnosis), 

making it difficult to assess changes over time or determine pre-treatment symptom burden. 

Thirdly, information on the rationale behind treatment selection was unavailable, preventing 

us from accounting for potential biases in treatment decisions. Fourthly, since limited data 

were available on relapse and subsequent treatments, treatment could not be included 

as a time-varying variable. Fifthly, although comorbidity was included as a time-varying 

variable, data on comorbidities at diagnosis were not available and we were therefore not 

able to distinguish which comorbidities were pre-existent or developed during treatment or 

as a late treatment effect. Furthermore, time from diagnosis until first questionnaire ranged 

from 0.4 to 6.1 years and survivorship bias is more likely to have occurred in the longer-term 

survivors than in short-term survivors because relapses typically occur within the first two 

years. [1] Moreover, due to survivorship bias, survivors in poorer health are more likely to drop 

out of the study during follow-up, which generally underestimates the symptom burden and 

impact on HRQoL of the remaining study population. Unfortunately, we cannot determine 

if, and what type of attrition occurred in our population. [56] The mixed models used in the 

analyses are known to perform well with survivors contributing data at different time points, 

while also accounting for missing data. [57]

The strengths of our study include the real-world design of our study with a high response 

rate, including survivors across a broad age range, shortly and longer after diagnosis. Our 

longitudinal assessment of symptoms and HRQoL, using statistical methods that robustly 

handle missing data, adds significantly to the existing literature where few longitudinal 

studies have been conducted in DLBCL lymphoma survivors. [14] We were able to include 

detailed information on primary treatment and clinical and sociodemographic variables. 

Furthermore, data were missing for only a few variables and for less than 5% of survivors.

Future studies following all patients from the same timepoint onward (preferably at diagnosis 

or before, e.g. in large prospective cohort studies) would be a preferred method to gain 

insight into the onset and persistence of symptoms in survivors of DLBCL, taking into account 

whether a comorbidity was pre-existing or developed as a late effect after treatment. As 

certain comorbidities (e.g. diabetes or cardiovascular diseases) may modify the course of 

symptoms, and might themselves be modifiable, awareness of these specific comorbidities 

may not only lead to better physical health status, but also indirectly to an improved HRQoL. 

Another future research priority could be to assess whether symptom monitoring would also 

yield beneficial health and HRQoL outcomes among DLBCL patients and survivors. [54, 55]

In conclusion, about one in four DLBCL survivors experience persistent fatigue, neuropathy 

and/or psychological distress, and these symptoms have a significant negative impact 

on HRQoL. For the total cohort, symptoms remain unchanged over time. In multivariable 

analyses, the main findings were that having comorbidities was significantly associated with 
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higher levels of fatigue, neuropathy and psychological distress and a poorer HRQoL. Higher 

levels of neuropathy were reported by survivors treated with 7-8 cycles of (R-)CHOP14, a 

regimen that has since been abandoned due to lack of benefit for patients. Early recognition 

of symptoms and associated risk factors will help provide patient-tailored supportive care 

for those in need, and routine symptom monitoring by clinicians and patients will be one 

way to facilitate HRQoL in survivors of lymphoma.
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CHAPTER 4

The course of self-perceived cognitive 

functioning among patients with 

lymphoma and the co-occurrence with 

fatigue and psychological distress.
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Abstract

Purpose: To investigate the proportion of patients with lymphoma with persistent clinically 

relevant cognitive impairment, and its relation with treatment, fatigue and psychological 

distress.

Methods: Patients with Diffuse-Large-B-Cell-Lymphoma (DLBCL), Follicular-Lymphoma 

(FL) and Chronic-Lymphocytic-Leukemia (CLL)/Small-Lymphocytic-Lymphoma (SLL), 

diagnosed between 2004-2010 or 2015-2019, were followed up to eight years post-diagnosis. 

Sociodemographic and clinical data were obtained from the Netherlands Cancer Registry 

and the Population-based HAematological Registry for Observational Studies. The EORTC 

QLQ-C30 was used to assess cognitive functioning and fatigue, and the HADS to assess 

psychological distress. Individual growth curve models were performed. Results were 

compared with an age- and sex-matched normative population.

Results: 924 patients were included (70% response rate). Persistent cognitive impairment was 

twice as high in patients (30%) compared to the normative population (15%). Additionally, 

74% of patients reported co-occurring symptoms of persistent fatigue and/or psychological 

distress. Patients with FL (-23 points, p<0.001) and CLL/SLL (-10 points, p<0.05) reported 

clinically relevant deterioration of cognitive functioning, as did the normative population 

(FLnorm -5 points, DLBCLnorm -4 points, both p<0.05). Younger age, higher fatigue and/or 

psychological distress at inclusion were associated with worse cognitive functioning (all p’s 

<0.01). Treatment appeared less relevant.

Conclusion: Almost one-third of patients with lymphoma report persistent cognitive 

impairment, remaining present up to eight years post-diagnosis. Early onset and co-

occurrence of symptoms highlight the need for clinicians to discuss symptoms with patients 

early.

Implications for Cancer Survivors: Early recognition of cognitive impairment could increase 

timely referral to suitable supportive care (i.e. lifestyle interventions) and reduce (long-term) 

symptom burden.

Key words: lymphoma; cognition; patient-reported outcome; quality of life; population-

based registry.



69

Cognitive functioning among lymphoma patients

Introduction

About 20-40% of patients with lymphoma report self-perceived cognitive impairment [1, 2], 

including memory problems and inability to concentrate. These impairments can negatively 

affect patients’ ability to function in daily activities and (return to) work [3, 4], and negatively 

impact patients’ Health-Related Quality of Life (HRQoL) [5-7].

Several studies investigated the role of chemo-immunotherapeutic agents in relation to 

self-perceived and/or tested cognitive functioning among patients with lymphoma, with 

inconsistent results [7-9]. While some studies showed that higher doses of treatment resulted 

in worse cognitive functioning [9, 10], others showed no effect, and/or demonstrated that 

cognitive impairment was related to factors of the cancer itself, fatigue and/or psychological 

distress [1, 2, 5, 6, 8, 11-13].

Large longitudinal studies of (long-term) cognitive functioning in a population-based setting 

among patients with lymphoma, including detailed treatment characteristics, are scarce 

[14]. So far, effects of cancer and cancer treatment on cognitive functioning have mostly 

been studied in relatively small samples of patients with lymphoma (i.e. maximum of 250 

participants) [6, 8, 15, 16], or with a cross-sectional or short follow-up study design (i.e. 

maximum of two years after diagnosis) [1, 6, 12, 15-19]. No comparison with longitudinal 

changes in a normative population has previously been made to evaluate the unique effect 

of lymphoma and/or its treatment in addition to normal aging.

The aims of this study were (1) to identify the proportion of patients with persistent 

clinically relevant self-perceived cognitive impairment up to 8 years after diagnosis in a 

population-based setting, and (2) to study its association with treatment, and fatigue and/or 

psychological distress, and (3) to compare the results with an age- and sex matched normative 

population. We hypothesized that patients who underwent treatment with higher toxicity 

or a higher number of treatment lines or cycles, would have worse cognitive functioning. 

We furthermore expect that worse cognitive functioning will be strongly associated with 

fatigue and psychological distress, and that patients with lymphoma report worse cognitive 

functioning compared to a normative population.

Methods

Setting and population

Two longitudinal lymphoma cohorts from the PROFILES (Patient Reported Outcomes 

Following Initial treatment and Long term Evaluation of Survivorship) registry were used 

and combined [20]. PROFILES is a registry investigating the physical and psychosocial impact 
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of cancer and its treatment. PROFILES contains a large web-based component and is linked 

directly to clinical data from the population-based Netherlands Cancer Registry (NCR). Details 

of the data collection method have been previously described [20].

Both cohorts are embedded in the NCR, which was used to select patients diagnosed 

between 2004-2010 (cohort 1), and between 2015-2019 (cohort 2), with Diffuse Large B-Cell 

Lymphoma (DLBCL), Follicular Lymphoma (FL), Chronic Lymphocytic Leukemia (CLL) or Small 

Lymphocytic Lymphoma (SLL), as defined by the International Classification of Diseases for 

Oncology-3 codes (ICD-O-3) [21]. Patients with DLBCL, FL, and CLL/SLL were selected as these 

are the most common high-grade and low-grade types of non-Hodgkin lymphoma. Patients 

diagnosed during the time between these two cohorts could not be included, as they were 

not participating in a study of the PROFILES-registry. Patients 18 years and older at time of 

diagnosis were included. Patients who were deceased, in transition to terminal care, or who 

had severe cognitive impairment (i.e. dementia) were excluded.

Ethical approval for the study was obtained from a certified Medical Ethics Committee 

(Maxima Medical Centre in Veldhoven, the Netherlands; 0734).

Procedure
Patients were enrolled at different time points. In the first cohort, patients were included 

between May 2009 and July 2014. Patients diagnosed between January 2004 and January 

2009 received the first questionnaire in May 2009. Each year newly diagnosed patients were 

subsequently invited to participate in this cohort until July 2014. All patients received yearly 

follow-up questionnaires starting from time of enrollment until the spring of 2019. The second 

cohort of patients was included between October 2015 and February 2019. Patients in this 

cohort were selected for participation 9-18 months after diagnosis and received follow-up 

questionnaires at 4, 12, and 24 months after inclusion. More details about the study design 

in this second cohort have previously been published [22].

Normative population
The normative population was selected from a reference cohort of 2040 individuals from the 

general Dutch population (CentER panel) [23]. This cohort is considered representative for 

the Dutch-speaking population in the Netherlands. Individual cases were matched based 

on age range (5 years below and 5 years above) and sex of each hematological malignancy 

(DLBCL, FL and CLL/SLL). Similar to patients with cancer, they received annual questionnaires 

between 2011-2015.
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Study measures

Clinical data
The Population-based HAematological Registry for Observational Studies (PHAROS), an 

extension of the NCR, was used to retrieve detailed treatment information for patients 

diagnosed between 2004-2010. For patients diagnosed between 2015-2019, treatment 

information was embedded in the NCR.

If patients received more than one treatment line, the treatment category was based on the 

most toxic treatment prior to inclusion. Treatment categories per hematological malignancy 

are described in the Online Resource (Online Resource 1, table 1). Additional clinical variables 

in the model were: number of treatment lines, number of treatment cycles, stage of disease 

(Ann Arbor stage for DLBCL/FL and RAI for CLL/SLL) and time since diagnosis in years.

Questionnaires
Self-perceived cognitive functioning, hereafter referred to as ‘cognitive functioning’, was 

measured using the cognitive functioning scale of the Dutch validated version of the 

European Organisation for Research and Treatment of Cancer Quality of Life Questionnaire 

Core 30 (EORTC QLQ-C30) [24, 25]. This scale consists of two items assessing inability to 

concentrate and memory problems. Fatigue was also assessed with the EORTC QLQ-C30. 

Evidence-based guidelines for interpretation of the EORTC QLQ-C30 were used to determine 

clinically important impaired cognitive functioning and fatigue [26], and clinically relevant 

changes in scores over time [27].

Psychological distress was assessed with the Hospital Anxiety and Depression Scale 

(HADS) [28]. A sum score was obtained by adding all items, with a higher score indicating 

more psychological distress [29]. Patients with a HADS sum score ≥13 were categorized as 

’psychologically distressed’ [30]. The HADS was not included in the annual questionnaire 

among the normative population.

Comorbidity at the time of survey was categorized according to the adapted Self-administered 

Comorbidity Questionnaire (SCQ) [31]. Age, sex, marital status and educational level were 

also assessed in the questionnaire.

Persistence of symptoms

For patients with at least two measurements, persistent symptoms were defined if more than 

half of their measurements were above the level of clinical importance [26]. For patients with 

two measurements, both scores had to be above the level of clinical importance. Patients 

with only one measurement were excluded from the analysis of persistent symptoms.

4
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Statistical analyses

Statistical analyses were carried out using IBM SPSS Statistics for Windows, version 27 (IBM 

Corp., Armonk, N.Y., USA). Sociodemographic and clinical differences between respondents 

and non-respondents, and between respondents who completed one versus more than one 

questionnaire, were analyzed with a chi-square or t-test, where appropriate. P values of <0.05 

were considered statistically significant.

To assess the course of cognitive functioning, linear mixed model analyses were conducted. 

The rate of change (β) was calculated per year of survival [32]. Prior to analyzing the main 

effects of treatment, unconditional models were analyzed. Second, main effects of the a priori 

determined clinical (most toxic treatment regimen received before inclusion, comorbidities) 

and sociodemographic characteristics (age, sex, educational level, having a partner), as well 

as fatigue and psychological distress at inclusion, were included in the models. To ease 

interpretation of the results, age was centered by subtracting the mean age (DLBCL 65, FL 61 

and CLL/SLL 67 years) [32]. To avoid overfitting, likelihood ratio tests were used to determine 

the inclusion of main effects for: stage of disease, number of treatment cycles and/or number 

of treatment lines, and interaction of main effects with time since diagnosis in years. The final 

model was obtained based on significant likelihood ratio tests and improved model fit based 

on a smaller Akaike Information Criterion (AIC) and Bayesian Information Criterion (BIC) value.

Analyses were carried out per hematological malignancy type (1) DLBCL, (2) FL and (3) CLL/

SLL.

Results

Characteristics of the study population

The study included 924 patients (70% response rate). Patients completed on average four 

measurements. At inclusion, mean age was 64.7 years, 62% were male and mean time since 

diagnosis was 2.1 years. Sixty-two percent reported one or more comorbid conditions, most 

frequently being high blood pressure (23%). Most patients had received one treatment line 

before inclusion (58%). Patients with DLBCL mostly received (R)-CHOP (84%; (R)-CHOP21 

59% and (R)-CHOP14 25%), and patients with FL mostly received (R)-CVP (41%). Patients with 

CLL/SLL were mostly under active surveillance (61%) before inclusion (Table 1). Flow-charts 

of the data-collection in both cohorts are shown in Figure 1.

The age- and sex-matched normative population (N=729) had a mean age of 65.0 years 

at inclusion, 63% were male and 58% reported one or more comorbid conditions, most 

frequently being high blood pressure (29%).
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Figure 1. Flowchart of the data collection.

Comparison between different groups of respondents of the 

questionnaires

Compared to respondents, non-respondents had a significantly shorter time since diagnosis. 

Non-respondents with DLBCL less often received ’R-CHOP 14 >6 cycles’ or ‘other chemo-

immunotherapy’, whereas non-respondents of FL or CLL/SLL were more often under active 

surveillance compared to respondents (data shown in Online Resource 2). Compared to 

patients who completed one questionnaire, patients with FL and CLL/SSL who completed 

more questionnaires were significantly more often higher educated. Patients with DLBCL who 

completed one questionnaire less often had a partner, and were more often psychologically 

distressed at inclusion (data shown in Online Resource 2).

Persistent cognitive impairment and the co-occurrence with fatigue and 

psychological distress

Of the total sample of patients who completed at least two measurements (N=669), 30% 

reported persistent cognitive impairment (DLBCL 30%, FL 33% and CLL/SLL 26%). Among 

the normative population 15% reported persistent cognitive impairment (DLBCL
norm

 14%, 

FL
norm

 17% and CLL/SLL
norm

 14%).

4
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Seventy-four percent (N=147) of patients with persistent cognitive impairment reported 

concurrent symptoms of persistent fatigue and/or persistent psychological distress: 23% 

in combination with persistent fatigue, 13% in combination with psychological distress and 

39% in combination with both persistent fatigue as well as persistent psychological distress 

(Figure 2).

Fifty-three percent of all patients reported no persistent symptoms at all (DLBCL 56%, FL 

46% and CLL/SLL 54%).

The course of cognitive functioning

For patients with DLBCL and CLL/SLL, unconditional models showed that between one to 

eight years after diagnosis, cognitive functioning scores remained relatively stable. For FL, 

a small clinically relevant deterioration (-6.8 points, β = -0.90 and p<0.05) was observed. 

Growth-curves for unconditional models are shown in Figure 3.

Results of adjusted models are described in Table 2 (a full overview is reported in Online 

Resource 2, Table 2-4).

DLBCL
Patients with DLBCL did not report any statistically significant or clinically relevant change of 

cognitive functioning over time. However, younger age (β = 0.31 and p<0.01), having a partner 

(β = -2.70 and p<0.05), two or more comorbidities (β = -2.79 and p<0.05), higher fatigue at 

inclusion (β = -0.26 and p<0.001), and/or more psychological distress at inclusion (β = -0.96 

and p<0.001) was associated with significantly worse cognitive functioning at inclusion. Over 

time, the negative impact of a younger age at inclusion diminished (β = -0.06 per year since 

diagnosis, p<0.01).

FL
Patients with FL reported a statistically significant, and clinically relevant, deterioration of 

cognitive functioning over time of -22.6 points (β = -2.82 and p<0.001). Cognitive functioning 

at inclusion was significantly worse for patients who had received more treatment cycles 

of chemo-immunotherapy (β = -0.63 and p<0.01), and those who reported higher fatigue 

(β = -0.29 and p<0.001) and/or more psychologically distress (β = -1.50 and p<0.001) at 

inclusion. Over time, the negative impact of psychological distress at inclusion diminished 

(β = 0.15 per year since diagnosis, p<0.05).
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Figure 3. Unconditional growth curve of cognitive functioning per hematological malignan-

cy and its comparison to the normative population.
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CLL/SLL
Patients with CLL/SLL reported a significant, and clinically relevant, deterioration of cognitive 

functioning over time of -10.1 points (β = -1.26 and p<0.05). Among patients with CLL/SLL, 

men (β = 3.91 and p<0.05), patients with a younger age (β = 0.47 and p<0.001), a lower 

education (β = 4.27 and p<0.05), higher fatigue at inclusion (β = -0.46 and p<0.001) and/or 

more psychologically distress at inclusion (β = -0.44 and p<0.001) reported significantly worse 

cognitive functioning at inclusion. Over time, the negative impact of a younger age (β = -0.09 

per year since diagnosis, p<0.05), and higher fatigue at inclusion (β = 0.03 per year since 

diagnosis, p<0.05) diminished.

Comparison with the normative population

The normative population matched for FL and for DLBCL, reported statistically significant 

and clinically relevant, deterioration of cognitive functioning over time (FL norm -4.8 points, 

β
normFL

 = -0.60 and p<0.05. DLBCL norm -3.5 points, β
normDLBCL

 = -0.44 and p<0.05).

The score of cognitive functioning at inclusion, for patients with all types of lymphoma, is 

worse compared to the normative population. However, equally to patients, higher fatigue 

at inclusion in the normative population was associated with worse cognitive functioning 

(DLBCL β
normDLBCL

 = -0.29 and p<0.001. FL β
normFL

 = -0.38 and p<0.001. CLL/SLL β
normCLL/SLL

 = -0.37 

and p<0.001). Among the normative population matched for CLL/SLL, significantly worse 

cognitive functioning at inclusion was also reported by participants with an older age 

(β
normCLL/SLL

 = -0.24 and p<0.05) and/or a lower educational level (β
normCLL/SLL

 = 7.13 and p<0.05). 

Additional associated characteristics that were observed among patients with lymphoma (i.e. 

sex, having a partner and/or comorbidities), were not associated with cognitive functioning 

in the normative population.

Discussion

This large population-based study showed that almost one-third of patients with lymphoma 

report persistent clinically relevant cognitive impairment, and almost three-quarter of these 

patients reported co-occurring symptoms of persistent fatigue and/or psychological distress. 

Treatment regimen seems to be less relevant in relation to cognitive functioning. The course 

over time is strongly associated with age and the presence of higher fatigue and/or more 

psychological distress at inclusion. Patients with FL and CLL/SLL reported a clinically relevant 

deterioration over time [27]. Similar rate of deterioration, and associations with non-clinical 

characteristics, were observed in the age- and sex-matched normative population.

The association between fatigue, psychological distress and cognitive functioning was 

the most dominant and consistent factor among all groups, independent of cancer or its 
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treatment. The co-occurrence of these symptoms might indicate the presence of a symptom 

cluster [33, 34].

Symptom clusters occur in various (mostly solid) types of cancer [34], as well as in patients 

with chronic diseases (i.e. long-COVID, chronic fatigue syndrome or multiple sclerosis) [35, 

36]. Although we hypothesized treatment toxicity to be associated with higher cognitive 

impairment, we did not observe that. Fatigue is one of the most central symptoms within a 

symptom network in patients with cancer, including lymphoma, and may play a driving role 

within this symptom cluster [37]. It might be that there are underlying mechanisms for these 

symptoms (i.e. higher inflammation levels, daily activity patterns, sleeping patterns and/or 

diet) that need to be studied more extensively.

A growing number of research shows that symptoms tend to present early in hematological 

malignancies, and remain present for many years after diagnosis [11, 38, 39]. Identifying 

symptom onset and mapping symptom networks, in relation to clinically relevant cut-

off points, is necessary to identify the patient population in need and to deliver more 

personalized (supportive) care for these patients [26, 40-43]. We therefore encourage 

clinicians to discuss symptoms of cognitive impairment, fatigue and psychological distress 

with patients in the early stages of their disease. Awareness of the clustering of these 

symptoms and assessing the level and burden of them, will improve early detection and 

symptom management [44, 45]. In addition, timely referral to supportive care (i.e. exercise or 

occupational therapy to manage energy and structure during the day) may prevent or slow 

down the worsening of symptoms [46-48].

Despite similarities in the course and co-occurrence of symptoms with age- and sex-

matched counterparts, cognitive impairment is reported twice as much among patients 

with lymphoma. Younger FL patients also reported a larger negative impact on cognitive 

functioning compared to older DLBCL and CLL/SLL patients. Deterioration of cognitive 

functioning in younger patients may be related to the importance and necessity of cognitive 

functioning during the working life. At younger age the effect of cognitive impairment most 

likely has a greater impact on daily life, working ability and return to work [49]. As shown in the 

adjusted analyses, the difference in impact between younger and older patients diminished 

over time.

Several limitations of our study need to be acknowledged. First, as a result of including 

patients at different points in time after diagnosis, time since diagnosis at inclusion was not 

similar across all participants. Most patients had received one treatment line before inclusion. 

The cancer and its treatment might have already had an effect on symptoms such as fatigue 

or psychological distress at time of inclusion [11]. As a result of this, and based on the co-

occurrence of symptoms, this may have led to an underestimation of the impact of treatment 

4
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on cognitive functioning. Second, as patients were followed for a long time after diagnosis, we 

could only evaluate the longer-term outcomes of patients who survive, potentially introducing 

survivorship bias. As a result of this, and the fact that patients with poorer HRQoL drop out 

more often during follow-up, outcomes may represent the healthier patient, which may have 

led to an underestimation of the proportion of patients who experience cognitive impairment. 

A clinically relevant deterioration of cognitive functioning over time was not observed among 

patients with DLBCL. This might be because patients with DLBCL who dropped out after 

the first measurement reported significantly higher distress than patients who participated 

more than once. Also, treatment for DLBCL is relatively more often curative and/or of shorter 

duration, which may result in less distress and possibly fewer relapses/retreatment over 

time compared to FL and CLL/SLL. Survivorship bias in inevitable in longitudinal studies 

with patient-reported outcomes among cancer patients [50-52]. Third, cognitive functioning 

was measured with a 2-item subscale focusing only on concentration and memory. This may 

have led to an underestimation of patients reporting cognitive impairment. Future research 

should include a scale that measures cognitive functioning in more detail.

Despite the limitations, the strengths of this study are its longitudinal population based 

setting and the large number of participants in combination with the availability and use 

of detailed treatment information through the NCR and PHAROS. This rich amount of 

information allows for translating outcomes to the total population of patients with DLBCL, 

FL and CLL/SLL.

In conclusion, one-third of patients with lymphoma report persistent cognitive impairment, 

remaining present up to eight years after diagnosis. The co-occurrence with persistent 

fatigue and distress is substantial. Treatment regimen seems to be less relevant. Evidence 

for effective lifestyle interventions (i.e. exercising) is arising, and are likely to be beneficial 

across outcomes of cognition, fatigue and psychological distress [37, 46-48]. We encourage 

clinicians to discuss symptoms in the early stages of the disease. This will improve early 

detection and help to identify possible symptom clusters, allowing for the development of 

more tailored supportive care and treatment strategies for those in need.
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Supplementary information – Online Resource

1. Methods:

Online Resource Table 1: Treatment categories per hematological malignancy

DLBCL FL CLL/SLL

(R)-CHOP21 ≤ 6 cycles Active surveillance/other chemo-

immunotherapyB

Active surveillance

(R)-CHOP21 > 6 cycles Radiotherapy (mono) (R)-Chloorambucil

(R)-CHOP14 ≤ 6 cycles (R)-CVP/(R)-Chloorambucil Other chemo-immunotherapyC

(R)-CHOP14 > 6 cycles (R)-CHOP

High Dose Chemotherapy (HDCT) ± Stem Cell Transplant (SCT)

Other chemo-immunotherapyA

A DLBCL other chemo-immunotherapy: (R)-CVP, (R)-Chloorambucil, Fludarabine, Vincristine, Adriamycine, 

Etoposide, Mitoxantrone, Methotrexaat, Ifosfamide, Dexamethason, (R)-PECC, Alemtuzumab, Cladribine, 

Bendamustine, Ofatumumab, Zevalin, Depocyte
B FL other chemo-immunotherapy: Interferon, FCR, Rituximab (mono), Cyclofosfamide, Vincristine, 

Adriamycine, Etoposie, Mitoxantrone, Ifosfamide, Decamethason, Methotrexaat, Alemtuzumab, Cladribine, 

Bendamustatine, Ofatumumab, Zevealin, Depocyte, (R)-PECC, R-DHAP, R-VIM, BEAM.
C CLL/SLL other chemo-immunotherapy: (R)-CHOP, (R)-CVP, FCR, R-DHAP, Rituximab (mono), Alemtuzumab, 

Bendamustine, Cladribine, Pentostatin, OBL-FC

2. Results

Comparison between different groups of respondents of the questionnaires
Compared to respondents, non-respondents had a significantly shorter time since diagnosis 

(DLBCL 1.48 (1.12) vs 2.11 (1.23) years; p<0.01. FL 1.85 (1.25) vs 2.14 (1.22) years; p<0.01. CLL/

SLL 1.90 (1.36) vs 2.21 (1.17) years; p=0.04). Moreover, non-respondents with DLBCL less often 

received ‘R-CHOP14 > 6 cycles’ or ‘Other chemo-immunotherapy’ compared to respondents 

(R-CHOP14 > 6 cycles 7% vs 15%; Other CT 5% vs 12%; p<0.001). Non-respondents with FL 

or CLL/SLL were more often under active surveillance compared to respondents (FL 54% vs 

14%; p<0.01. CLL/SLL 85% vs 61%; p<0.01), and non-respondents with FL were significantly 

more often female compared to respondents (FL 58% vs 42%; p<0.01). Non-respondents with 

CLL/SLL had a significantly higher stage of disease compared to respondents (stage 0 RAI 

9% vs 31%; p<0.001). No significant differences were observed for Ann Arbor stage (DLBCL 

and FL) or age (all types).

Compared to patients who completed one questionnaire, patients with FL and CLL/SSL who 

completed more questionnaires were significantly more often higher educated (Educational 

level ‘high’: FL 32% vs 16%; p<0.01. CLL/SLL 30% vs 20%; p<0.01). DLBCL patients who 

completed one questionnaire less often had a partner (75% vs 88%; p<0.01), and were more 

often psychologically distressed at inclusion (32% vs 21%; p=0.01).
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Abstract

Purpose: To investigate health care utilization among patients with hematologic malignancies 

and its association with socioeconomic position (SEP), and compare health care utilization 

with a cancer-free population.

Methods: Patients with aggressive lymphoma, indolent lymphoma or multiple myeloma 

(MM), diagnosed between 1999-2010 or 2015-2019, participated in longitudinal patient-

reported outcome research, up to 11 years post-diagnosis. Questionnaires assessed 

health care utilization at the general practitioner (GP), medical specialist and additional 

health care. SEP was based on education and income, categorized as low, medium or high. 

Sociodemographic and clinical data were obtained from the Netherlands Cancer Registry. 

Mixed-models and logistic regression analyses were performed.

Results: The study included 2,319 patients (71% response rate), who completed on average 

five measurements. Patients with MM reported the highest health care utilization, both at 

the GP and medical specialist. Low SEP was associated with higher utilization at the GP 

[medium education β=-0.72, p=0.01; high education β=-1.15, p<0.001], and lower utilization 

of additional physical (OR=1.7, p=0.01) and psychosocial (OR=1.5, p<0.05) care, among all 

patients. For patients with MM, high SEP was also associated with higher utilization of health 

care at the medical specialist [high education β=2.56, p<0.05].

Conclusion: Hematologic malignancy-related and SEP-related disparities in health care 

utilization were observed. To ensure equal access to health consumption, attention is needed 

for patients with a low SEP to provide better guidance in their cancer (survivorship) care.

Implications for Cancer Survivors: Improving health literacy, involving informal caregivers 

and nurse-led patient navigation may help reduce disparities in access to (additional) health 

care.

Key words: lymphoma; socioeconomic position; patient-reported outcome; disparities; 

health care utilization; population-based registry.
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Introduction

The various subtypes of hematologic malignancies require different treatments and different 

utilization of health care [1, 2]. For aggressive subtypes, treatment often involves (multiple) 

courses of chemo-immunotherapy, whereas patients with indolent subtypes are more 

likely to be under active surveillance [3-5]. Survivors of all hematologic malignancies have 

ongoing follow-up and require surveillance to monitor for possible relapse and/or potential 

(long-term) complications [3-6]. One-third of patients with hematologic malignancies report 

significant physical and/or psychosocial symptoms such as neuropathy, fatigue, or functional 

impairment, who could benefit from additional health care [3, 5, 7-9].

To receive comprehensive cancer care, good access to health care for patients with 

hematologic malignancies is needed [10-12]. However, disparities in socioeconomic position 

(SEP), defined as the social and economic factors that influence a person’s position in society 

(i.e. education and income) [13], may affect the ability to access health care services [10, 14]. 

Studies have shown that patients with a low SEP, not limited to patients with cancer, report 

higher rates of primary care utilization (i.e. general practitioner (GP)), whereas those with 

a high SEP report higher rates of utilization of specialized care (i.e. medical specialist) and 

additional health care (i.e. rehabilitation programs or physiotherapy) [10-12, 15, 16]. Moreover, 

patients with cancer, as well as cancer-free people, with a low SEP have a considerably higher 

risk of impaired Health-Related Quality of Life (HRQoL) [17].

Many European countries, such as the Netherlands, have a national health insurance system, 

with a fundamental commitment to provide equal access to health care [18]. The Dutch 

health insurance covers utilization of health care at the GP and medical specialist. Coverage 

for additional health care depends on the individual’s choice of supplementary insurance. 

In the Netherlands, people with a high SEP have higher rates of supplementary insurance 

[19, 20]. SEP-related disparities in relation to diagnosis, treatment or survival of cancer have 

been reported previously [21-23]. However, so far, no studies investigated the association 

between SEP and health care utilization after diagnosis of hematologic malignancies in a 

country with national health insurance.

The aim of this study was to investigate (1) the frequency of health care utilization up to 11 

years after diagnosis at the GP, medical specialist and additional health care among patients 

with hematologic malignancies, and compare it to a cancer-free normative population, and 

(2) differences in health care utilization associated with SEP. We hypothesized that patients 

with a low SEP would report higher rates of health care utilization at the GP, whereas patients 

with a high SEP would report higher rates of health care utilization at the medical specialist 

and additional health care, irrespective of hematologic malignancy subtype.

5
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Methods

Setting and population

Two longitudinal cohorts from the PROFILES (Patient Reported Outcomes Following Initial 

treatment and Long term Evaluation of Survivorship) registry were used [24]. PROFILES is a 

registry for the study of the physical and psychosocial impact of cancer and its treatment 

from a dynamic, growing population-based cohort of both short and long-term cancer 

survivors. PROFILES contains a large web-based component and is linked directly to clinical 

data from Netherlands Cancer Registry (NCR). Details of the data collection method have 

been previously described [24].

Both cohorts are embedded in the NCR, which was used to select patients, aged 18 years and 

older, diagnosed between 1999-2014 (cohort 1), or 2015-2019 (cohort 2), with lymphoma or 

multiple myeloma, as defined by the International Classification of Diseases for Oncology-3 

codes (ICD-O-3) [25]. Patients who were deceased, transitioning to terminal care, or had 

severe cognitive impairment (i.e. dementia) were excluded.

Patients were enrolled at different time points. In the first cohort, patients were included 

between 2009-2014. In the second cohort, patients were included between 2015-2019. All 

patients received yearly follow-up questionnaires starting from time of enrollment until the 

spring of 2019 (cohort 1) or the spring of 2021 (cohort 2).

Patients were divided into three groups: (1) aggressive lymphoma (Hodgkin lymphoma 

(HL), Diffuse Large B-Cell Lymphoma (DLBCL), Mantle Cell lymphoma, Burkitt lymphoma, 

B-cell Prolymphocytic Leukemia, lymphoma other/Not Otherwise Specified), (2) indolent 

lymphoma (Chronic Lymphocytic Leukemia (CLL), Small Lymphocytic Lymphoma (SLL), 

Follicular Lymphoma (FL), Waldenstrom, Hairy Cell Leukemia, indolent other), and (3) multiple 

myeloma (MM).

Ethical approval was obtained from a certified Medical Ethics Committee (Maxima Medical 

Centre in Veldhoven, the Netherlands; 0734).

Normative population
The normative population was selected from a reference cohort of 2040 individuals from the 

general Dutch population (CentER panel) [26]. This cohort is considered representative for 

the Dutch-speaking population in the Netherlands. Norm participants were matched based 

on the frequency distribution by stratum (defined by age categories, sex and comorbidity).
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Study measures

Health care utilization
At each questionnaire, patients reported the number of visits at the GP and medical 

specialist during the last 12 months, and if they had used additional health care (yes or 

no). If they answered yes, they could choose multiple additional health care services 

from a list. Additional health care was categorized into 3 groups: physical (rehabilitation 

program, physiotherapy and dietetics), psychosocial (psychologist, social work, creative 

therapy, oncology nurse) and informal care (peer support, family/friends, other). The 

normative population received a cross-sectional questionnaire in 2012, including frequency 

of healthcare utilization at the GP and medical specialist, without utilization of additional 

health care.

Socioeconomic position (SEP)
SEP was based on two proxy measures: educational level and median household income 

at street-level. Educational level was assessed in the questionnaire and categorized as low 

(no/primary school), medium (lower general secondary/vocational), or high (pre-university/

high vocational/university). Information about median household income at 6-digit postal 

code levels was used from 2016, covering an average 17 households each, and divided into 9 

categories based on income levels of the entire Dutch population. These data were provided 

by Statistics Netherlands and linked to the NCR [27]. Median household income at street-level 

was categorized as low (first to third category), medium (fourth to sixth category), or high 

(seventh to ninth category).

Additional sociodemographic and clinical information
Primary treatment was retrieved from the NCR and classified into Stem Cell Transplant (SCT), 

systemic therapy (chemotherapy, targeted therapy, immunotherapy, and hormone therapy), 

radiotherapy (mono), active surveillance, and other/unknown treatment. Comorbidity at the 

time of survey was measured using the adapted Self-administered Comorbidity Questionnaire 

(SCQ) [28], and categorized in having no, one or ≥ 2 comorbidities. Age, sex and marital status 

were also assessed in the questionnaire.

Statistical analyses

Statistical analyses were performed using IBM SPSS Statistics for Windows, version 29 (IBM 

Corp., Armonk, N.Y., USA). Sociodemographic and clinical differences between respondents 

and non-respondents, and between respondents who completed one versus more than one 

questionnaire, were analyzed by chi-squared or t-test, as appropriate. P values <0.05 were 

considered statistically significant.

Mixed-model analyses were conducted to assess health care utilization at the GP and medical 

specialist. The rate of change in the number of visits (β) was calculated per year of survival [29]. 

5
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The Spearmann rank correlation test was used to test for correlation between our variables 

of interest, being SEP (educational level and income level). Inclusion of both variables 

was based on a weak correlation (< 0.3) and improved model fit (based on a lower Akaike 

Information Criterion and Bayesian Information Criterion value). Additional main effects of 

a priori variables were also included in the models, being hematologic malignancy group, 

clinical characteristics (treatment, comorbidities) and sociodemographic characteristics 

(age, sex, having a partner). To evaluate SEP-related differences in the utilization of additional 

health care (yes versus no) logistic regression analyses were performed, including the same 

a priori defined variables.

Results

Characteristics of the study population

The study included 2,319 patients (71% response rate). Patients completed on average 

five measurements. A flow-chart of the data-collection is shown in the supplement 

(Supplement 1).

At inclusion, mean age was 63.2 years, 62% were male and mean time since diagnosis was 

3.1 years. Most patients had a medium educational level (57%), and a medium income level 

(52%). Patients with aggressive lymphoma and MM were mostly treated with systemic therapy 

(90% and 52%, respectively), while patients with indolent lymphoma were mostly under 

active surveillance (48%; Table 1).

The cancer-free normative population (N=357) had a mean age of 63.1 years at inclusion, 62% 

were male. Most participants reported a medium educational level (54%), and a medium 

income level (53%).

Questionnaire non-respondents had a significantly lower income level than respondents 

(respectively 27% vs. 17% for low income; 51% vs. 52% for medium income; 22% vs. 31% for 

high income, p<0.001). Questionnaire non-respondents also had a significantly shorter time 

since diagnosis (1.7 vs. 3.1 years, p<0.001), were more often under active surveillance (32% 

vs. 23%, p<0.001), and were more often female than respondents (45% vs. 38%, p<0.001). 

Respondents who completed more than one questionnaire (N=1680) were more likely to 

have higher education (29% vs. 19%, p<0.001) and higher income (33% vs. 27%, p=0.003), 

than respondents who completed only one questionnaire (N=640). Furthermore, they had 

statistically significantly less comorbidities, a shorter time since diagnosis and more often a 

partner, than respondents who completed one questionnaire (data not shown).
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Table 1: Characteristics of the study population at inclusion

Characteristic Total lymphoma 

and MM patients

Aggressive 

lymphoma

Indolent 

lymphoma

Multiple 

myeloma

Normative 

population

N=2319 N=1034 N=941 N=344 N=357

N (%) N (%) N (%) N (%) N (%)

Hematologic malignancy n/a

DLBCL 622 (27) 622 (60)

HL 265 (11) 265 (26)

Mantle Cell lymphoma 81 (4) 81 (8)

Burkitt lymphoma 12 (1) 12 (1)

B-PLL 3 (<1) 3 (<1)

Lymphoma other/NOS 51 (2) 51 (5)

CLL/SLL 364 (16) 364 (39)

FL 298 (13) 298 (32)

Waldenstrom 84 (4) 84 (9)

Hairy Cell leukemia 45 (2) 45 (5)

Indolent other 150 (7) 150 (16)

MM 344 (15) 344 (100)

Sex

Male 1430 (62) 631 (61) 585 (62) 214 (62) 220 (62)

Female 888 (38) 403 (39) 355 (38) 130 (38) 137 (38)

missing data 1 (<1) 0 (0) 1 (<1) 0 (0) 0 (0)

Age: Mean (SD) 63.6 (13.8) 60.3 (16.3) 65.8 (11.3) 67.3 (9.4) 63.1 (13.7)

Median 65.8 63.9 66.7 67.3 65.0

Range 18-91 18-91 22-90 36-89 24-90

Years since diagnosis: 

Mean (SD)

3.1 (2.3) 3.2 (2.4) 3.2 (2.4) 2.5 (1.6) n/a

Median 2.2 2.1 2.2 2.1

Range 0.4-11.0 0.4-10.5 0.4-11.0 0.4-10.3

<2 years 1010 (44) 462 (45) 396 (42) 152 (44)

2-5 years 878 (38) 359 (35) 352 (37) 167 (49)

5-8 years 273 (12) 139 (13) 118 (13) 16 (5)

8-11 years 157 (7) 74 (7) 74 (8) 9 (3)

missing data 1 (<1) 0 (0) 1 (<1) 0 (0)

Stage

Ann Arbor/Rai Ann Arbor Ann Arbor/Rai n/a n/a

I/0 464 (20) 234 (23) 137/65 (22)

II/1 393 (17) 270 (26) 69/32 (11)

III/2 304 (13) 194 (19) 93/13 (11)

IV/3 507 (22) 236 (23) 200/6 (22)

/4 24 (1) n/a /13 (1)

missing data 627 (27) 100 (10) 313 (33)

5
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Table 1: Continued

Characteristic Total lymphoma 

and MM patients

Aggressive 

lymphoma

Indolent 

lymphoma

Multiple 

myeloma

Normative 

population

N=2319 N=1034 N=941 N=344 N=357

N (%) N (%) N (%) N (%) N (%)

Primary treatment n/a

SCT 128 (6) 33 (3) 0 (0) 95 (28)

Systemic therapy 1425 (61) 928 (90) 319 (34) 178 (52)

Radiotherapy (mono) 149 (6) 20 (2) 113 (12) 16 (5)

Active surveillance 539 (23) 35 (3) 449 (48) 55 (16)

Other/unknown 78 (3) 18 (2) 60 (6) 0 (0)

Educational level1

Low 320 (14) 123 (12) 141 (15) 56 (16) 23 (6.4)

Medium 1325 (57) 585 (57) 535 (57) 205 (60) 194 (54.3)

High 606 (26) 293 (28) 239 (25) 74 (22) 140 (39.2)

missing data 68 (3) 33 (3) 26 (3) 9 (3) 0 (0.0)

Income level2

Low 390 (17) 153 (15) 164 (17) 73 (21) 55 (15)

Medium 1204 (52) 563 (54) 477 (51) 164 (48) 190 (53)

High 720 (30) 315 (31) 298 (32) 107 (31) 110 (31)

missing data 5 (<1) 3 (<1) 2 (<1) 0 (0) 2 (<1)

Self reported comorbidity:

no comorbidity 724 (31) 373 (36) 269 (29) 82 (24) 131 (37)

1 comorbidity 701 (30) 305 (30) 294 (31) 102 (30) 105 (29)

≥2 comorbidities 750 (32) 290 (28) 331 (35) 129 (38) 118 (33)

missing data 144 (6) 66 (6) 47 (5) 31 (9) 3 (1)

Most frequent comorbidities

Arthrosis 514 (22) 199 (19) 225 (24) 90 (26) 85 (24)

High blood pressure 507 (22) 211 (20) 207 (22) 89 (26) 121 (34)

Heart diseases 402 (17) 175 (17) 166 (18) 61 (18) 63 (18)

Anemia 275 (12) 57 (6) 153 (16) 65 (19) 13 (4)

Lung diseases 230 (10) 94 (9) 104 (11) 32 (9) 36 (10)

Diabetes 204 (9) 75 (7) 97 (10) 32 (9) 38 (11)

Partner (yes) 1767 (76) 777 (75) 719 (76) 271 (79) 253 (71)

1 = educational level categorized as low (no/primary school), medium (lower general secondary/vocational), 

or high (pre-university/high vocational/university).

2 = median household income at street-level categorized as low (first to third category), medium (fourth to 

sixth category), or high (seventh to ninth category).

*Abbreviations: DLBCL = Diffuse Large B-Cell Lymphoma, HL= Hodgkin Lymphoma, B-PLL = B-cell 

Prolymphocytic Leukemia, NOS = Not Otherwise Specified, CLL = Chronic Lymphocytic Leukemia, SLL = Small 

Lymphocytic Lymphoma, FL= Follicular Lymphoma, MM = Multiple Myeloma, SCT = Stem Cell Transplant.
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Frequency of health care utilization among hematologic malignancies.

Figure 1 shows the mean number of visits at the GP and medical specialist, and the percentage 

of additional health care utilization per hematologic malignancy. During the first 2 years after 

diagnosis, the highest number of visits at the GP and medical specialist were reported by 

patients with MM, Mantle cell lymphoma, HL or DLBCL. From 2 years after diagnosis, the 

highest number of visits at the GP and medical specialist were reported by patients with MM, 

Mantle cell lymphoma, CLL/SLL or Waldenstrom. Compared to the cancer-free normative 

population, patients with hematologic malignancies reported almost twice as many visits 

at the GP, and three to four times as many visits at the medical specialist.

Of the total group of patients, 49% reported to have used some additional health care, most 

frequently being physical care during the first 2 years after diagnosis (58%). Patients with 

aggressive lymphoma reported the highest utilization of physical and psychosocial care. 

Compared to physical and psychosocial care, the utilization of informal care was relatively 

low in all groups. However, over time, the utilization of informal care remained at similar 

levels, while the utilization of physical and psychosocial care decreased.

Over time, the frequency of visits at the GP remained relatively stable for all hematologic 

malignancy groups (Table 2 and Supplement 2; β=-0.14 per year since diagnosis, p<0.00). 

The frequency of visits at the medical specialist decreased significantly (β=-0.33 up to -0.75 

per year since diagnosis, p<0.001).

Patients with MM reported significantly higher health care utilization than patients with 

lymphoma both at the GP (β=0.96, SD 0.29, p<0.001) and medical specialist (β=3.09, SD 

0.41, p<0.001). Because patients with MM in our sample were on average 7 years older than 

patients with aggressive lymphoma, we tested for possible effect modification by adding 

an interaction term (hematologic malignancy group*age) to the models, which appeared 

statistically significant for utilization of care at the medical specialist (p<0.05, data not shown). 

We therefore stratified the analyses for the utilization of health care at the medical specialist 

by hematologic malignancy group.

5
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Figure 1. Frequency of health care utilization at the General Practitioner and medical spe-

cialist, and the percentage of utilization of additional health care per hematologic malig-

nancy.

A Patients with Burkitt lymphoma and B-cell Prolymphocytic Leukemia were excluded for the frequency of 

health care utilization at the GP and medical specialist, based the small sample size for these malignancies 

(N < 25). B For additional health care utilization patients were divided into three groups, based on the small 

proportions of utilization per hematologic malignancy.
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Associations between health care utilization and SEP.

Health care utilization at the GP and medical specialist
Patients with a medium or high educational level reported significantly lower health care 

utilization at the GP compared to patients with a low educational level, also when controlled 

for sociodemographic and clinical characteristics (Figure 2 and Table 2), although higher 

utilization at the GP was also associated with having 1 or more comorbidities. These 

disparities based on educational level persisted over time. No disparities in the utilization 

of health care at the GP were observed for income level (Table 2 and Supplement 3).

Among patients with aggressive or indolent lymphoma, no disparities in health care 

utilization at the medical specialist were observed for SEP. In contrast, among patients with 

MM, a higher educational level was associated with significantly higher utilization of care at 

the medical specialist, compared to those with a low educational level (Figure 2 and Table 

2). Furthermore, visits at the medical specialist were significantly higher among patients with 

aggressive or indolent lymphoma who had 1 or more comorbidities and among patients with 

indolent lymphoma who received systemic therapy or other/unknown therapy as primary 

treatment, compared to patients who were under active surveillance. Finally, patients with 

aggressive lymphoma who were younger and/or female, and male patients with MM, also 

reported higher utilization of care at the medical specialist. 5
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Utilization of additional health care services
Patients with a high educational level reported statistically significantly higher use of 

additional physical (OR=1.7, p=0.01) and psychosocial (OR=1.5, p=0.04) care during the first 

2 years after diagnosis, compared to patients with a low educational level (Figure 3).

Figure 3. Percentage of utilization of additional health care per educational level and income 

level, including Odds Ratios and p-values for logistic regression analyses.

*Note. OR = Odds Ratio. Additional health care categories: physical (rehabilitation program, physiotherapy 

and dietetics), psychosocial (psychologist, social work, creative therapy, oncology nurse) and informal 

care (peer support, family/friends, other).

5
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Patients with a high income level reported significantly lower utilization of informal care 

(OR=0.6, p=0.02) during the first 2 years, and significantly higher utilization of psychosocial 

care (OR=1.5, p=0.03) from 2 years after diagnosis, compared to those with a low income level.

Furthermore, utilization of additional health care was significantly higher among patients 

who received more intensive treatment, and patients who were younger and/or female (data 

not shown).

Discussion

In this large population-based study among patient with indolent NHL, aggressive NHL 

and MM, the highest utilization of health care at the GP, medical specialist and additional 

informal care was reported by patients with MM. Patients with aggressive lymphoma reported 

the highest utilization of additional physical and psychosocial care. In all hematologic 

subgroups, patients with a low SEP reported higher utilization of health care at the GP, and 

lower utilization of additional physical and psychosocial care. Among patients with MM, a 

high SEP was also associated with higher utilization of health care at the medical specialist.

Higher health care utilization among patients with MM can be explained by the fact that MM is 

an aggressive and incurable hematologic malignancy [30], for which after first line treatment 

with intensive (systemic) therapy, many treatment options are available [31, 32]. As shown 

in our analyses for additional health care, higher utilization of physical and psychosocial 

health care among patients with aggressive lymphoma is most likely because these patients 

receive more intensive treatment than patients with indolent lymphoma [4], and are relatively 

younger than patients with MM.

Observed SEP-related disparities may be partly explained by the association between SEP 

and health-literacy [33-35]. Patients with a low SEP may have (more) difficulty understanding 

their diagnosis, treatment options, and self-care practices as a result of lower health literacy 

[11, 36]. They may therefore be unaware of available services, or struggle to navigate the 

health care system, resulting in (more) fragmented or inadequate care [10, 36], and possibly 

more GP visits. Patients with a high SEP may have a better understanding of the complexity 

of their disease and the many treatment options available, especially for MM. In addition, 

higher levels of health-literacy may unconsciously create biases among GP’s that affect their 

referral patterns, potentially leading to delayed referral of patients with a lower SEP because 

they are less likely to effectively advocate for their needs [37].

For patients with solid types of cancer several studies have investigated strategies to integrate 

primary care (GP) into survivorship care [38, 39]. Although the GP already plays an important 
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role in the continuous and comprehensive care of (cancer) patients, results have shown that 

their confidence and knowledge in providing cancer survivorship care varies and is limited 

in the management of physical effects and prevention/surveillance of recurrence [38, 39]. 

Studies about the role of the GP and medical specialist in cancer survivorship care are still 

limited. For patients with hematologic malignancies it is not known if follow-up care at the 

GP may be appropriate or if patients are likely to be better served by follow-up care at the 

medical specialist. To optimize survivorship care this should be evaluated in future research.

Another explanation for the observed disparities could be the individual choice of 

supplementary health insurance. Patients with a low SEP are expected to have fewer financial 

resources to choose supplemental health insurance and can/will therefore make less use 

of those. In addition, people with a low SEP are known to have lower insurance-literacy 

(i.e. the knowledge, ability, and confidence to make insurance choices, and use the plan 

once enrolled) [40]. Patients with a low SEP may therefore be sub-optimally insured, face 

unexpected costs, or suffer from inadequate coverage for additional health care [40, 41]. That 

the individual choice of insurance can lead to limited access to health care services is also 

observed in other European countries (i.e. Belgium, Israel or Germany) with similar national 

health insurance systems [42, 43].

Addressing SEP-related disparities in cancer care is critical, as patients with a low SEP report 

significantly higher symptom burden and impaired functioning after cancer diagnosis, 

with poor HRQoL [33, 44]. More equitable access to additional physical and psychosocial 

health care may therefore be particularly beneficial for patients with a low SEP. In addition, 

disparities in health care utilization itself may also affect HRQoL, which could exacerbate 

the effect of low SEP on impaired HRQoL [45].

Implementation of nurse-led patient navigation, with a direct patient care role that connects 

patients with clinical providers and their support systems [46], could offer patients with a 

low SEP more personalized, easy-to-understand information about their disease and care 

options [34, 35]. This might contribute to early screening and identification of patients in 

need, and may help guide patients through the health care system [44, 47]. Active symptom 

monitoring with patient-reported outcomes could involve patients more actively in their 

own care process, and increase awareness of their symptoms and needs [48, 49]. Involving 

informal caregivers, who can provide support related to health information, might be 

beneficial to empower patients, and to help patients monitor symptoms and effectively 

advocate for their needs [50].

This study has several strengths including the long follow-up period, and the large sample 

size, including patients with different and rare hematologic malignancies. Some limitations 

must be acknowledged; as study participation by itself was lower in patients with lower SEP, 

5
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the results of this study will most likely underestimate disparities in health care utilization 

based on SEP. In addition, information on patients’ insurance was not available, making it 

difficult to determine the exact role of individual insurance in the observed disparities in 

utilization of additional health care.

In conclusion,  despite national health insurance in the Netherlands, SEP-related disparities 

in health care utilization were observed among patients with hematologic malignancies. The 

gap seems the largest for use of additional health care among patients with a low SEP, who 

also have a higher risk of poor HRQoL. Improving health literacy, involving informal caregivers 

and implementing nurse-led patient navigation may help reduce disparities in access to 

(additional) health care, which could ultimately improve HRQoL outcomes and cancer care 

for patients with hematologic malignancies in the Netherlands, regardless of SEP.
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Online resource 1: Flow-chart of the data collection
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Online resource 2: Fixed effects of linear mixed models for health care utilization at the general 

practitioner and medical specialist before controlling for effect modification by hematologic 

malignancy group.

General 

practitioner

Medical 

specialist

N=2149 N=2156

Estimate SE p-value Estimate SE p-value

Initial status 3.59 0.61 <0.001 6.57 0.86 <0.001

Linear growth1: time since diagnosis in years -0.14 0.03 <0.001 -0.56 0.05 <0.001

Socioeconomic position

Educational level2 low  ref  ref

medium -0.72 0.26 0.01 0.41 0.37 0.27

high -1.15 0.30 <0.001 0.55 0.43 0.20

Income level3 low  ref  ref

medium 0.32 0.25 0.21 0.22 0.35 0.54

high 0.16 0.28 0.57 0.29 0.39 0.45

Sociodemographic

Age 0.01 0.01 0.12 -0.01 0.01 0.35

Sex (male = ref) -0.22 0.18 0.21 0.30 0.25 0.23

Partner (no = ref) 0.34 0.21 0.11 -0.49 0.30 0.10

Clinical

Hematologic 

malignancy group

Indolent lymphoma  ref  ref

Aggressive lymphoma 0.22 0.23 0.32 -0.24 0.32 0.45

Multiple myeloma 0.96 0.29 <0.001 3.09 0.41 <0.001

Primary treatment Active surveillance  ref  ref

Radiotherapy (mono) 0.25 0.39 0.52 -0.55 0.54 0.31

Systemic therapy -0.09 0.25 0.74 0.78 0.35 0.03

SCT 1.35 3.65 0.71 3.87 5.01 0.44

Other/unknown -0.38 0.48 0.43 2.42 0.66 <0.001

Comorbidity None  ref  ref

1 0.49 0.18 0.01 1.29 0.27 <0.001

≥2 1.72 0.19 <0.001 2.25 0.29 <0.001

1 = The linear rate of change in the number of visits (β) was calculated per year of survival.

2 = educational level categorized as low (no/primary school), medium (lower general secondary education/

vocational training), or high education (pre-university education/high vocational training/university).

3 = median household income on street-level categorized as low (first to third category), medium (fourth 

to sixth category), or high income (seventh to ninth category).
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Abstract

With the increasing prevalence of comorbidity in an ageing population, it is crucial to 

better understand the impact of comorbidity on health-related quality of life (HRQoL) after 

lymphoma or multiple myeloma (MM) diagnosis. We included 261 newly diagnosed patients 

(67% response rate) diagnosed with lymphoma or MM between October 2020 and March 2023 

in a longitudinal survey. The European Organisation for Research and Treatment of Cancer 

(EORTC) questionnaires were used to measure generic and disease-specific HRQoL. Evidence-

based guidelines for interpretation of the EORTC questionnaires were used to identify clinical 

importance. Patients were classified as having ‘no comorbidity’, ‘mild comorbidity’ (e.g. 

arthrosis or rheumatism), or ‘moderate-severe comorbidity’ (e.g. heart or lung disease), using 

the adapted self-administered comorbidity questionnaire. At diagnosis, the mean age was 

64 years, 63% were male and 38% reported no comorbidity, 33% mild comorbidity, and 29% 

moderate-severe comorbidity. Patients with mild or moderate-severe comorbidity reported 

clinically relevant worse HRQoL at diagnosis than patients without comorbidity. One year 

post-diagnosis most outcomes showed clinically relevant improvement, irrespective of 

comorbidity. However, outcomes of physical functioning (β=-7.9, p<0.05), global health status 

(β=-7.6, p<0.05), bone pain (β=8.1 to 9.1, p<0.05), muscle/joint pain (β=14.5 to 18.8, p<0.01) 

and muscle weakness (β=10.4 to 15.6, p<0.05) improved less among those with comorbidity, 

and clinically relevant differences between comorbidity groups persisted over time. With 

clinically relevant worse HRQoL at diagnosis and less recovery of HRQoL during the first year 

after diagnosis in patients with comorbidity, consideration of both prognosis and HRQoL is 

important when making treatment decisions.

Key words: symptoms; lymphoma; real-world data; patient-reported outcome; quality of 

life; comorbidity.
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Introduction

Patients with lymphoma or multiple myeloma (MM) have a median age of 69 years at 

diagnosis [1, 2]. The incidence of these malignancies increases with age, except for Hodgkin’s 

lymphoma, and most patients suffer from one or more comorbidities [1]. These comorbidities 

are mostly mild such as hypertension or arthrosis, but 10-15% have a severe comorbidity 

(e.g. heart disease) at diagnosis [3-5]. With a higher prevalence of (multiple) comorbidities in 

an ageing population [6], a better understanding of the impact of comorbidity on patients 

with lymphoma or MM is needed.

Research shows that from 6-12 months after diagnosis, cancer survivors with comorbidity 

experience higher (persistent) symptom burden and worse functioning than those without 

comorbidity [7-10]. Comorbidity is an important factor in the treatment decisions made in 

daily clinical practice [11, 12]. Patients with (more) severe comorbidity are more likely to 

receive less toxic treatment, and are often excluded from stem cell transplantation (SCT) 

or clinical trials [13-17]. Over time, treatment decisions will increasingly prioritize preserving 

health-related quality of life (HRQoL) in these patients [17, 18].

Knowledge of HRQoL during the diagnostic phase of newly diagnosed patients with 

lymphoma or MM, treated in daily clinical practice, is limited. Most HRQoL studies during the 

first year after diagnosis of lymphoma or MM have been conducted in clinical trial settings, 

with a selection of specific treatment regimens and often excluding patients with severe 

comorbidity [5, 15, 19-22], or they have not started earlier than six months after diagnosis [23, 

24]. Therefore, a better understanding of the impact of comorbidity is needed. This will help 

to improve treatment decisions, early symptom management, and develop interventions to 

improve (long-term) HRQoL outcomes in patients with comorbidity [15, 25, 26].

The aims of this study were to investigate if (1) there are clinically relevant differences in 

HRQoL at diagnosis and during the first year after diagnosis among patients with lymphoma 

or MM with no, mild or moderate-severe comorbidity in a real-world setting, (2) the HRQoL 

of patients with comorbidity deteriorates more over time than those without, (3) whether 

higher toxicity treatment or SCT would increase deterioration of HRQoL, and (4) patients 

return to similar HRQoL levels as an age- and sex-matched normative population 12 months 

after diagnosis. We hypothesized that (1) patients with more severe comorbidity would report 

worse HRQoL, (2) that comorbidity would have a negative impact on HRQoL over time, with 

either accelerated deterioration and/or less recovery up to 12 months after diagnosis, and 

(3) that high toxicity treatment is associated with worse HRQoL, irrespective of comorbidity.
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Methods

Setting and population

Data collection was done within PROFILES (Patient Reported Outcomes Following Initial 

treatment and Long term Evaluation of Survivorship), a registry for the study of the physical 

and psychosocial impact of cancer and its treatment [27]. PROFILES is linked directly to 

clinical data from the population-based Netherlands Cancer Registry (NCR).

Patients diagnosed with lymphoma or MM between October 2020 and March 2023, as defined 

by the International Classification of Diseases for Oncology-3 codes (ICD-O-3) [28], and aged 18 

years and older at the time of diagnosis, were invited to participate in a longitudinal survey. At 

the time of diagnosis, their treating hematologist or nurse practitioner gave them the patient 

information sheet and asked if they agreed to be contacted by a researcher. After receiving 

consent, the hematologist/nurse practitioner gave the research team the patients’ name and 

telephone number. Within 2-4 days after notification the patient was contacted by the research 

team to discuss the study content and their willingness to participate. If patients wanted to 

participate, they could choose to receive a paper or online questionnaire, after giving informed 

consent. Patients completed questionnaires between diagnosis and the start of treatment, 

and at three, six and twelve months after diagnosis. Patients with severe cognitive impairment 

(e.g. dementia), or who were transitioning to end-of-life care were excluded. To compare 

participating patients with the total population of newly diagnosed patients in participating 

hospitals, clinical information on group-level was obtained from the NCR.

Patients were categorized into three groups: (1) indolent lymphoma (low grade Non-Hodgkin 

Lymphoma (LG-NHL) or Chronic Lymphocytic Leukemia/Small Lymphocytic Lymphoma 

(CLL/SLL)), (2) aggressive lymphoma (Hodgkin Lymphoma (HL) or high grade Non-Hodgkin 

lymphoma (HG-NHL)), and (3) Multiple Myeloma (MM). Ethical approval for the study was 

obtained from a certified Medical Ethics Committee (of the Maxima Medical Centre in 

Veldhoven, the Netherlands; NL20.011 and NL78561.015.21).

Study measures

Comorbidity was measured using the adapted Self-administered Comorbidity Questionnaire 

(SCQ) [29]. Patients were categorized into groups according to whether they reported ‘no 

comorbidity’, ‘mild comorbidity’, or ‘moderate-severe comorbidity’, at time of the first 

questionnaire. Similar to categorization of comorbidity in the Charlson Comorbidity Index 

(CCI), patients were classified as having moderate-severe comorbidity if they reported 

heart disease, stroke, diabetes, kidney disease, liver disease, chronic pulmonary disease, 

or a previous solid malignancy [11]. Patients who reported hypertension, anemia or other 

blood disorders, arthrosis, rheumatism, thyroid disease, ulcer, depression or COVID-19 were 

classified as having mild comorbidity.
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The Dutch validated versions of the European Organisation for Research and Treatment of 

Cancer (EORTC) questionnaires were used to measure HRQoL. The EORTC Quality of Life 

Questionnaire Core 30 (QLQ-C30) was used to measure 15 scales of generic HRQoL, among all 

patients in this cohort. Disease-specific items were obtained from the EORTC disease-specific 

questionnaires (EORTC Hodgkin Lymphoma 27 (HL27), Non-Hodgkin Lymphoma High-Grade 

29 (NHL-HG29), Non-Hodgkin Lymphoma Low-Grade 20 (NHL-LG20), Chronic Lymphocytic 

Leukemia 17 (CLL17), and Multiple Myeloma 20 (MY20)) [30-32]. Disease-specific items were 

selected based on their corresponding content in the different questionnaires per subtype. 

Nine disease-specific items were selected for patients with indolent or aggressive lymphoma, 

and eleven disease-specific items for patients with MM. Answer categories of the EORTC 

questionnaires range from one (not at all) to four (very much). After linear transformation, all 

scales and single-item measures range in score from 0 to 100. A higher score on a functioning 

scale indicates better functioning, whereas a higher score for symptoms indicates higher 

symptom burden [30]. Evidence-based guidelines for interpretation of the EORTC QLQ-C30 

were used to identify clinically relevant differences between groups of comorbidity [33], and 

clinically relevant changes over time [34] for generic symptoms and functioning. For disease-

specific symptoms, the recommendations of Osoba et al were used to identify clinically 

relevant differences between groups of comorbidity and clinically relevant changes over 

time [35, 36].

Clinical information about hematologic subtype, stage of disease, time since diagnosis, 

initial treatment regimen, and number of treatment cycles was obtained from the NCR. The 

initial treatment was categorized as ‘no systemic therapy’ (no treatment/active surveillance/

radiotherapy), ‘systemic therapy’, or ‘systemic therapy + SCT’. An overview of the treatment 

regimens according to hematologic malignancy group and comorbidity is provided in Online 

Resource 1.

Patients’ age, sex, marital status and educational level were also assessed in the 

questionnaire.

Comparison with a normative population without cancer

A normative population was selected from a reference cohort of 2040 individuals from the 

general Dutch population (CentER panel) to compare outcomes one year after diagnosis 

between patients and people without cancer [37]. This cohort is considered representative for 

the Dutch-speaking population in the Netherlands. Norm participants were matched based 

on the frequency distribution by stratum (defined by age categories and sex) per hematologic 

malignancy group. The normative population received a questionnaire in 2017, including 

the EORTC QLQ-C30, neuropathy and sociodemographic data. Other than neuropathy, no 

disease-specific items were available in the normative population.

6
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Statistical analyses

Statistical analyses were carried out using IBM SPSS Statistics for Windows, version 29 

(IBM Corp., Armonk, N.Y., USA). P values of <0.05 were considered statistically significant. 

Sociodemographic and clinical differences between questionnaire participants and the total 

population of newly diagnosed patients were analyzed with a chi-square or t-test, where 

appropriate. To identify potential confounding between comorbidity and age, the Spearmann 

rank correlation test was used.

Mixed models were performed to analyze the course of HRQoL during the first year after 

diagnosis. Main effects of the a priori determined clinical characteristics (comorbidity and 

initial treatment category, and for aggressive lymphoma also the hematologic malignancy 

HL vs. HG-NHL) and sociodemographic characteristics (age, sex, educational level, having a 

partner) were included in the models. To avoid overfitting, likelihood ratio tests were used to 

assess and determine the inclusion of main effects for the number of treatment cycles. The final 

model was obtained based on significant likelihood ratio tests and improved model fit based 

on a smaller Akaike Information Criterion (AIC) and Bayesian Information Criterion (BIC) value.

Analyses were carried out per hematologic malignancy subgroup (1) indolent lymphoma, (2) 

aggressive lymphoma and (3) multiple myeloma.

Results

Characteristics of the study population

Of the 389 patients referred by their treating hematologist/nurse practitioner, 82% 

(N=319 patients) were willing to participate, 70% (N=271 patients) completed at least one 

questionnaire, and clinical data were available for 67% (N=261 patients). Questionnaire data 

for the 24 (lymphoma) and 26 (MM) HRQoL outcomes were complete for 96%-100%. Patients 

completed on average three measurements. Response rates at T1, T2 and T3 were 63%, 57% 

and 38% respectively. Two percent (N=7) of patients were lost to follow-up due to death. A 

flow-chart of the data-collection is shown in Figure 1.

At inclusion, mean age was 64 years, 63% were male. Thirty-eight percent of patients reported 

no comorbidity (LG-NHL 32%, HL 67%, HG-NHL 42% and MM 26%), 33% mild comorbidity 

(LG-NHL 41%, HL 21%, HG-NHL 27% and MM 38%), and 29% reported moderate-severe 

comorbidity (LG-NHL 27%, HL 13%, HG-NHL 31% and MM 35%) at inclusion. Most commonly 

reported comorbidities were hypertension (27%), anemia or other blood diseases (20%) and 

arthrosis (20%). The most commonly reported moderate-severe comorbidities were heart 

disease (12%), chronic pulmonary disease (10%) and diabetes (10%). Age and comorbidity 

had a weak correlation (0.03, p<0.001), meaning there was no confounding.
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Characteristics of all participants, per subgroup, are presented in Table 1.

Figure 1. Flow-chart of the data-collection

6



132

Chapter 6

Table 1. Characteristics of the study population at diagnosis

Characteristic Total 

cohort

LG NHL HL HG NHL MM

N=261 N=75 N=24 N=107 N=55

N (%) N (%) N (%) N (%) N (%)

Sex

Male 165 (63.2) 43 (57.3) 15 (62.5) 74 (69.2) 33 (60.0)

Female 96 (36.8) 32 (42.7) 9 (37.5) 33 (30.8) 22 (40.0)

Age Mean (SD) 64.0 (14.1) 67.6 (9.7) 41.3 (19.4) 65.5 (12.8) 66.1 (9.6)

range 19-86 37-84 19-75 28-86 43-85

Self-reported comorbidity

No 99 (37.9) 24 (32.0) 16 (66.7) 45 (42.1) 14 (25.5)

Mild 86 (33.0) 31 (41.3) 5 (20.8) 29 (27.1) 21 (38.2)

Moderate-Severe 75 (28.7) 20 (26.7) 3 (12.5) 33 (30.8) 19 (34.5)

missing data 1 (0.4) 0 (0.0) 0 (0.0) 0 (0.0) 1 (1.8)

Most frequent comorbidity

High blood pressure 71 (27.2) 22 (29.3) 3 (12.5) 27 (25.2) 19 (34.5)

Anemia 52 (19.9) 21 (28.0) 1 (4.2) 10 (9.3) 20 (36.4)

Arthrosis 51 (19.5) 19 (25.3) 2 (8.3) 20 (18.7) 10 (18.2)

Heart diseases 31 (11.9) 7 (9.3) 1 (4.2) 17 (15.9) 6 (10.9)

Diabetes 25 (9.6) 9 (12.0) 1 (4.2) 11 (10.3) 4 (7.3)

Stage of diseasea

I 28 (10.7) 6 (8.0) 0 (0.0) 22 (20.6)

II 35 (13.4) 4 (5.3) 12 (50.0) 19 (17.8)

III 33 (12.6) 13 (17.3) 7 (29.2) 13 (12.1)

IV 90 (34.5) 34 (45.3) 5 (20.8) 51 (47.7)

Unknown 2 (0.8) 1 (1.3) 0 (0.0) 1 (0.9)

Missing data 73 (28.0) 17 (22.7) 0 (0.0) 1 (0.9) 55 (100.0)

Initial treatment categoryb

No systemic treatment 53 (20.3) 37 (49.3) 1 (4.2) 6 (5.6) 9 (16.4)

Systemic therapy 175 (67.0) 38 (50.7) 23 (95.8) 93 (86.9) 21 (38.2)

Systemic therapy + SCT 33 (12.6) 0 (0.0) 0 (0.0) 8 (7.5) 25 (45.5)

No. of chemo- immunotherapy cycles initial treatment: Mean (SD)

1-4 cycles 95 (36.4) 6 (8.0) 19 (79.2) 40 (37.4) 30 (54.5)

5-6 cycles 77 (29.5) 18 (24.0) 4 (16.7) 53 (49.5) 2 (3.6)

>6 cycles 24 (9.2) 12 (16.0) 0 (0.0) 4 (3.7) 8 (14.5)

Maintenance treatment 4 (1.5) 0 (0.0) 0 (0.0) 0 (0.0) 4 (7.3)

Missing data 8 (0.0) 2 (2.5) 0 (0.0) 4 (2.8) 2 (3.4)
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Table 1. Continued

Characteristic Total 

cohort

LG NHL HL HG NHL MM

N=261 N=75 N=24 N=107 N=55

N (%) N (%) N (%) N (%) N (%)

Educational levelc

Low 9 (3.4) 4 (5.3) 0 (0.0) 5 (4.7) 0 (0.0)

Medium 152 (58.2) 46 (61.3) 14 (58.3) 63 (58.9) 29 (52.7)

High 99 (37.9) 25 (33.3) 9 (37.5) 39 (36.4) 26 (47.3)

missing data 1 (0.4) 0 (0.0) 1 (4.2) 0 (0.0) 0 (0.0)

Partner (yes) 216 (82.8) 67 (89.3) 14 (58.3) 88 (82.2) 47 (85.5)

Note. a = Ann Arbor stage, not available for patients with MM, b = treatment category ‘no systemic treatment’ 

contains: no treatment, active surveillance, chirurgical treatment or radiotherapy (mono), c = educational 

level categorized as low (no/primary school), medium (lower general secondary/vocational), or high (pre-

university/high vocational/university).

Abbreviations: LG NHL = Low Grade Non-Hodgkin Lymphoma, HL= Hodgkin Lymphoma, HG NHL = High 

Grade Non-Hodgkin Lymphoma, MM = Multiple Myeloma.

Questionnaire participants compared with the total population of newly 

diagnosed patients.

Participating patients were more likely to have an aggressive subtype (LG-NHL 30% vs. 39%, 

HL 9% vs. 6%, HG-NHL 39% vs. 34%; p=0.01), and were more likely to receive active treatment 

(chemo/immunotherapy 45% vs. 30%, chemo/immunotherapy + radiotherapy 12% vs. 4%, 

SCT 9% vs. 5%; p<0.01) compared to the total population of newly diagnosed patients in 

the participating hospitals. In addition, participants were significantly younger (63 vs. 68 

years; p<0.01). No significant differences were observed for sex and stage of disease (data 

not shown).

HRQoL during the first year after diagnosis.

Indolent lymphoma
At baseline, among patients with indolent lymphoma, both those with mild and moderate-

severe comorbidity reported clinically relevant worse scores on 6 of the 15 QLQ-C30 scales, 

and 4 of the 9 disease-specific items, compared to those without comorbidity (Table 2 and 

Online Resource 2). The differences were the largest for physical functioning, global health 

status/quality of life (QoL), bone pain, muscle/joint pain and muscle weakness (Figures 2-4). 

Patients with moderate-severe comorbidity also reported clinically relevant better scores 

on 4 of the 15 QLQ-C30 scales, and 1 of the 9 disease-specific items, compared to patients 

without comorbidity.

6
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Figure 2. Corrected mean values for physical functioning, role functioning and global health 

status/quality of life stratified per hematologic malignancy group and comorbidity
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Figure 3. Corrected mean values for fatigue and pain symptoms, stratified per hematologic 

malignancy group and comorbidity
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Figure 4. Corrected mean values for bone pain, muscle/joint pain (lymphoma)/hip pain (MM), 

and neuropathy stratified per hematologic malignancy group and comorbidity
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Over time, most of the HRQoL outcomes showed small to medium clinically relevant 

improvements, irrespective of comorbidity. However, symptoms of diarrhea, neuropathy and 

financial problems worsened over time in patients with no or mild comorbidity. Compared to 

patients without comorbidity more deterioration was observed in the course of symptoms for 

bone pain, muscle/joint pain and muscle weakness in patients with mild and or moderate-

severe comorbidity (Online Resource 2).

With respect to treatment, patients who received systemic therapy reported statistically 

significantly more neuropathy symptoms over time than patients without systemic therapy 

(β=-21.5, p<0.05). Furthermore, irrespective of their comorbidity, patients who received 5-6 

cycles reported worse cognitive functioning during the first year compared to patients who 

received 1-4 cycles of systemic therapy (β=-21.0, p=0.01).

Compared to the age- and sex-matched normative population one year after diagnosis, 

patients with mild or moderate-severe comorbidity reported clinically relevant worse scores 

on 10 of the 15 QLQ-C30 scales and for neuropathy. Better levels of HRQoL than the normative 

population were observed on 2 of the 15 QLQ-C30 scales (Online Resource 3).

Aggressive lymphoma
At baseline, among patients with aggressive lymphoma, those with moderate-severe 

comorbidity reported clinically relevant worse scores on 11 of the 15 QLQ-C30 scales, and 

7 of the 9 disease-specific items, compared to patients without comorbidity. The largest 

differences were reported for physical and role functioning, and symptoms of fatigue, pain, 

and feeling sick (Table 2 and Online Resource 2). Patients with mild comorbidity however, 

reported better scores on 6 of the 15 QLQ-C30 scales, and 2 of the 9 disease-specific items 

at diagnosis, compared to patients without comorbidity.

Over time, similar to patients with indolent lymphoma, almost all HRQoL outcomes showed 

clinically relevant improvement one year after diagnosis, irrespective of comorbidity. 

However, clinically relevant differences persisted between patients with moderate-severe 

comorbidity and those without, with worse HRQoL in patients with moderate-severe 

comorbidity. Moreover, patients with moderate-severe comorbidity, had worse HRQoL on 

4 of the 15 QLQ-C30 scales, and 5 of the 9 disease-specific items, compared to those without 

comorbidity (Figures 2-4, Table 2 and Online Resource 2).

With respect to treatment, patients who received 5-6 cycles of systemic therapy, compared 

to 1-4 cycles, reported significantly lower physical functioning (β=-8.6, p=0.01), more fatigue 

(β=8.8, p<0.05), insomnia (β=10.8, p<0.05), neuropathy (β=7.3, p<0.05), lack of energy (β=9.1, 

p<0.05) and sudden tiredness (β=12.3, p<0.05) during the first year.
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Compared to the age- and sex-matched normative population one year after diagnosis, 

patients with mild or moderate-severe comorbidity reported clinically relevant worse scores 

on 11 of the 15 QLQ-C30 scales and neuropathy. Better levels of HRQoL than the normative 

population were observed on 1 of the 15 QLQ-C30 scales.

Multiple Myeloma
At baseline, patients with MM with mild or moderate-severe comorbidity reported clinically 

relevant worse scores on 9 of the 15 QLQ-C30 scales, and 7 of the 11 disease-specific items, 

compared to those without comorbidity. The largest differences were observed for fatigue, 

pain, appetite loss, bone pain, hip pain and drowsiness (Table 2 and Online Resource 2). In 

contrast, patients with moderate-severe comorbidity also reported better scores on 1 of the 

15 QLQ-C30 scales, and 3 of the 11 disease-specific items at diagnosis.

Over time, irrespective of comorbidity, most outcomes had a medium clinically relevant 

improvement. Symptoms of neuropathy did not improve but became clinically relevant worse 

(Figures 2-4). Patients with moderate-severe comorbidity reported more deterioration of 

drowsiness and future perspective. Other HRQoL outcomes did not recover less in patients 

with comorbidity than in those without comorbidity.

With respect to treatment, almost half of MM patients received ‘systemic therapy + SCT’ 

(45.5%), and these were relatively more likely to be patients without comorbidity (no 71%, 

mild 33% and moderate-severe 37%). To better understand the HRQoL outcomes for 

comorbidity and the relation with SCT, we additionally stratified the corrected means among 

patients with MM for SCT (Figures 2-4). Patients with MM who underwent SCT, reported 

clinically relevant worse role functioning, global health status/QoL, more fatigue and pain, 

as well as more symptoms of bone pain, hip pain and neuropathy, compared to patients with 

MM who did not undergo SCT (data not shown).

Finally, compared to patients with lymphoma, functional impairment and symptom burden 

among patients with MM were considerably, and clinically relevant worse (Figures 2-4).

Compared to the age- and sex-matched normative population one year after diagnosis, 

patients with mild or moderate-severe comorbidity reported clinically relevant worse scores 

on 12 of the 15 QLQ-C30 scales and neuropathy. Similar or better HRQoL scores than the 

normative population were observed on 2 of the 15 QLQ-C30 scales.

6
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Discussion

This study found that patients with mild or moderate-severe comorbidity had clinically 

relevant worse HRQoL at diagnosis and during the first year after diagnosis, compared to 

patients without comorbidity. One year after diagnosis most outcomes of HRQoL showed 

clinically relevant improvement compared to baseline, irrespective of comorbidity. However, 

patients with mild or moderate-severe comorbidity showed less improvement in HRQoL than 

those without comorbidity. Across all hematologic malignancy groups, patients who received 

more systemic therapy cycles or who underwent SCT reported worse HRQoL, irrespective of 

comorbidity. One year after diagnosis most patients with lymphoma or MM reported worse 

HRQoL than the age- and sex-matched normative population.

These findings align with existing literature on HRQoL differences between patients with and 

without comorbidity from 6-12 months after diagnosis [7-10]. In addition, our findings show 

that HRQoL differences between patients with or without comorbidity present themselves at 

time of diagnosis, and persist over time. Across all hematologic malignancy groups, patients 

with moderate-severe comorbidity reported consistently lower physical functioning, worse 

global health status/QoL, and a higher symptom burden (especially for fatigue and/or 

drowsiness) compared to those without comorbidity. Similar problems and clinically relevant 

improvements have been reported in newly diagnosed patients with lymphoma or MM and 

comorbidity in clinical trials [5, 19-22]. When patients with moderate-severe comorbidity 

were excluded, HRQoL mean scores were slightly higher and symptoms of fatigue and pain 

showed better recovery over time than in our study [5, 21]. In clinical trials that included 

patients with moderate-severe comorbidity, HRQoL means and recovery over time were 

similar to our study [22]. Over time, the absolute HRQoL difference between patients with 

and without comorbidity remains consistent. Accounting for the lower HRQoL in patients 

with moderate-severe comorbidity, this may suggest that HRQoL outcomes from clinical 

trials are useful for predicting HRQoL outcomes in a larger population, despite the exclusion 

of patients with more severe comorbidity.

The largest HRQoL differences were observed in disease-specific items. Although most 

outcomes had clinically relevant improved one year after diagnosis, symptoms of bone 

pain, muscle/joint pain and neuropathy worsened. These symptoms might benefit from 

(better) symptom monitoring and/or pain management during and after treatment, in order 

to improve (long-term) HRQoL and patient expectations [26, 39]. Regular individualized 

HRQoL assessment and using patient-reported outcomes in clinical practice allow for timely 

intervention or referral to supportive care if needed [40]. This will enable providing more 

personalized care and informed treatment decisions while preserving HRQoL as much as 

possible.
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With respect to hematologic malignancy group, patients with MM had persistently and 

clinically relevant worse HRQoL than patients with indolent or aggressive lymphoma. This 

may be due to the fact that MM is an incurable subtype with a relatively longer treatment 

duration of high toxicity treatment [41, 42]. Prolonged systemic treatment negatively affects 

HRQoL in patients with MM [5], and it is important that the focus of treatment is not only 

on improving overall survival but also on optimizing treatment duration and maintaining 

HRQoL [18]. Recovery of HRQoL to similar levels as the age- and sex-matched normative 

population was only observed in 3-5 QLQ-C30 scales. In particular, patients’ global health 

status/quality of life scores are similar or better one year after diagnosis, which may be the 

result of adjusted internal standards, values, or conceptualization of HRQoL (response-shift) 

[43]. The lower HRQoL in patients compared to the normative population one year after 

diagnosis are comparable to outcomes in studies that investigated HRQoL of patients from 

6-12 months after diagnosis [4, 23, 24, 44].

Due to the real-world data setting, treatment regimens were highly heterogeneous. As a 

result specific regimens were represented by small proportions of patients, leading to a 

more general categorization of treatment and systemic therapy. Nonetheless, results 

showed that patients who received more systemic therapy cycles had statistically significant 

lower physical functioning, increased fatigue, and more persistent neuropathy symptoms, 

irrespective of comorbidity or hematologic malignancy. Patients who underwent SCT 

reported the lowest role functioning, global health status/QoL, and an increased symptom 

burden compared to those who did not undergo SCT. More detailed information on specific 

treatment regimen, and possibly related treatment decisions based on comorbidity and 

expected toxicity, may provide further insight into which patient characteristics or treatment 

regimens are specifically associated with poor HRQoL.

Our results indicate that in aggressive subtypes of hematologic malignancies, the impact 

of mild or moderate-severe comorbidity at diagnosis appears to be somewhat less relevant 

for HRQoL. Namely, patients with aggressive lymphoma or MM with moderate-severe 

comorbidity had statistically significantly and clinically relevant worse HRQoL, while in 

patients with indolent lymphoma worse HRQoL was also observed in patients with mild 

comorbidity. Both the more aggressive subtype of the disease, as well as the more toxic 

treatment, may have a greater impact on HRQoL over time, which may outweigh the impact 

of comorbidity at diagnosis.

The strengths of our study include HRQoL measures at diagnosis, the real-world data setting 

including patients with more severe comorbidity, and the disease-specific symptoms that 

were measured. However, some limitations must be acknowledged. First, although the 

SCQ has moderately strong correlations with a standard medical record-based measure 

of comorbidity, the use of patient self-reported comorbidity may have led to under- or 

6
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overestimation of comorbidity [29]. Second, although we have aligned the classification 

of mild or moderate-severe comorbidity with the CCI, the 12 conditions in the SCQ do not 

provide detailed information on severity. Without information on severity, it is difficult to 

compare the burden of one or more comorbidities. The severity and the total number of 

comorbidities were not taken into account when classifying patients, and the classification 

may not always be accurate enough [11]. Third, follow-up data are likely to be affected by 

patient drop-out, especially between 6 and 12 months after diagnosis. Patient drop-out 

may have led to possible under- or overestimation of HRQoL at 12 months post-diagnosis, 

potentially affecting the clinically relevant differences and/or the differences with the 

normative population [45, 46].

In conclusion, newly diagnosed patients with lymphoma or MM who have mild or moderate-

severe comorbidity have clinically relevant worse HRQoL during the first year after diagnosis 

than patients without comorbidity. Regardless of comorbidity, patients treated with more 

cycles of systemic therapy and/or SCT reported worse HRQoL than those treated with less 

toxic treatment. Recognition and awareness of comorbidity and HRQoL at diagnosis may be 

an important prognostic factor for long-term HRQoL. We strongly recommend that clinicians 

consider both prognosis and the presence of comorbidity and HRQoL at diagnosis when 

making treatment decisions. This will improve symptom management in patients with 

comorbidity and help maintain HRQoL over time.
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SUPPLEMENTAL MATERIAL

Online Resource 1. Categorization of treatment regimens per hematologic malignancy group and 

comorbidity

Comorbidity Total Initial treatment 

category

Indolent lymphoma No Mild Moderate

-Severe

No treatment 0 1 0 1 A

Active surveillance 9 16 7 32 A

Tumorexcision 0 0 1 1 A

Radiotherapy mono 0 3 1 4 A

Rituximab mono 1 1 1 3 B

R-CHOP21 6 2 3 11 B

R-CHOP21 + MTX it 1 0 0 1 B

R-CVP 5 5 3 13 B

CVP 0 0 2 2 B

R-Chloorambucil 1 0 0 1 B

BR 0 1 1 2 B

DRC 0 2 1 3 B

Systemic chemotherapy (other) 1 0 0 1 B

Aggressive lymphoma No Mild Moderate

-Severe

Total

Active surveillance 1 2 1 4 A

Tumorexcision 2 0 3 5 A

R-CHOP21 31 20 21 72 B

CHOP21 6 1 0 7 B

R-miniCHOP 1 0 2 3 B

MiniCHOP 0 0 2 2 B

R-CHOP (other) 0 1 0 1 B

R-CHOP21 + MTX it 3 3 1 7 B

CEOP 1 0 0 1 B

R-ABVD 0 1 0 1 B

ABVD 9 2 1 12 B

AVD 0 0 1 1 B

BrAVD 0 1 0 1 B

Escalated BEACOPP 5 0 0 5 B

GEMOX 0 1 0 1 B

R-CHOP21 + SCT 2 2 0 4 C

R-CHOP nno + SCT 0 0 1 1 C

ABVD + SCT 0 0 1 1 C
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Online Resource 1. Continued

Comorbidity Total Initial treatment 

category

Multiple Myeloma No Mild Moderate

-Severe

Total

No treatment 0 2 0 2 A

Active surveillance 2 2 2 6 A

Radiotherapy mono 0 1 0 1 A

BD 0 0 1 1 B

RD 0 2 1 3 B

Daratumumab mono 0 0 1 1 B

Daratumumab + MPV 1 5 3 9 B

Daratumumab + VRD 0 0 1 1 B

DRd/DLd 0 2 3 5 B

VTD 1 0 0 1 B

BD + SCT 0 0 2 2 C

VCD + SCT 0 1 0 1 C

VTD + SCT 4 5 1 10 C

Daratumumab + VTD + SCT 5 1 3 9 C

Daratumumab + VRD + SCT 1 0 1 2 C

 Note. Treatment category A = no systemic therapy, B = systemic therapy = reference group, C = systemic 

therapy + Stem Cell Transplantation.

Abbreviations for treatment regimens: (R)-CHOP = (rituximab)-cyclophosphamide doxorubicine vincristine 

prednisone, MTX it = intrathecal methotrexate, CEOP = cyclophosphamide etoposide oncovin (vincristine) 

prednisone, (R)-ABVD = (rituximab)-adriamycin (doxorubicin) bleomycin vinblastine dacarbazine, 

BrAVD = brentuximab doxorubicin vinblastine dacarbazine, BEACOPP = bleomycin etoposide adriamycine 

cyclophosphamide vincristine, procarbazine prednisone , GEMOX = gemcitabine oxaliplatin, SCT = stem 

cell transplantation, (R)-CVP = (rituximab)-cyclophosphamide vincristine prednisone, BR = bendamustine 

rituximab, DRC = dexamethasone rituximab cyclophosphamide, BD = bortezomib dexamethasone, 

RD = lenalidomide dexamethasone, MPV = melphalan prednisone bortezomib, VRD = bortezomib 

lenalidomide dexamethasone, DRd/DLd = daratumumab lenalidomide dexamethasone, VTD = bortezomib 

thalidomide dexamethasone, VCD = bortezomib cyclophosphamide dexamethasone.

6
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Online Resource 3. Uncorrected mean outcomes of the EORTC QLQ-C30 and neuropathy in the 

age- and sex-matched normative population, compared to patients with lymphoma or MM one 

year after diagnosis

EORTC QLQ-C30 

and Neuropathy

Normative 

population

Patients one year 

after diagnosis

Clinically relevant 

different one year 

after diagnosisa, b
Mean (SD) Comorbidity 

level

Mean (SD)

Indolent lymphoma

Physical functioning 89.2 (15) no 89.7 (16) No

mild 82.5 (15) Small (-)

moderate-severe 91.9 (11) No

Role functioning 88.6 (20) no 93.6 (13) No

mild 83.3 (20) No

moderate-severe 81.5 (31) Small (-)

Emotional functioning 89.2 (16) no 94.2 (12) -

mild 88.6 (12) -

moderate-severe 88.9 (17) -

Cognitive functioning 91.4 (15) no 91.0 (19) No

mild 87.7 (13) Small (-)

moderate-severe 92.6 (17) No

Social functioning 93.9 (15) no 94.9 (14) No

mild 88.6 (17) Small (-)

moderate-severe 88.9 (24) No

Global health status / QoL 78.1 (17) no 94.2 (9) Large (+)

mild 78.1 (20) No

moderate-severe 85.2 (11) Small (+)

Fatigue 16.4 (19) no 12.0 (16) No

mild 22.8 (20) Small (-)

moderate-severe 17.3 (26) No

Nausea / Vomiting 2.5 (9) no 0.0 (0) No

mild 7.9 (13) Small (-)

moderate-severe 0.0 (0) No

Pain 14.1 (22) no 5.1 (18) Small (+)

mild 13.2 (20) No

moderate-severe 9.3 (22) No

Dyspnoea 7.6 (18) no 5.1 (18) No

mild 15.8 (26) Small (-)

moderate-severe 0.0 (0) Small (+)

6
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Online Resource 3. Continued

EORTC QLQ-C30 

and Neuropathy

Normative 

population

Patients one year 

after diagnosis

Clinically relevant 

different one year 

after diagnosisa, b
Mean (SD) Comorbidity 

level

Mean (SD)

Insomnia 16.3 (25) no 7.7 (15) Small (+)

mild 21.0 (20) Small (-)

moderate-severe 14.8 (24) No

Appetite loss 3.5 (13) no 2.6 (9) No

mild 7.0 (18) No

moderate-severe 7.4 (15) No

Constipation 4.2 (13) no 0.0 (0) No

mild 8.8 (15) Small (-)

moderate-severe 0.0 (0) No

Diarhoea 4.2 (13) no 2.6 (9) No

mild 14.0 (23) Medium (-)

moderate-severe 11.1 (17) Medium (-)

Financial difficulties 3.5 (13) no 2.6 (9) No

mild 3.5 (11) No

moderate-severe 3.7 (11) No

Neuropathy  4.6 (12) no 9.0 (15) No

mild 10.5 (19) Small (-)

moderate-severe 7.4 (12) No

Aggressive lymphoma

Physical functioning 89.8 (15) no 91.7 (11) No

mild 83.5 (19) Small (-)

moderate-severe 73.0 (28) Medium (-)

Role functioning 89.6 (20) no 80.3 (23) Small (-)

mild 77.5 (33) Small (-)

moderate-severe 65.0 (35) Medium (-)

Emotional functioning 88.9 (18) no 85.4 (17) -

mild 83.3 (21) -

moderate-severe 79.6 (24) -

Cognitive functioning 91.8 (15) no 83.8 (21) Small (-)

mild 79.0 (27) Medium (-)

moderate-severe 80.0 (27) Medium (-)

Social functioning 93.8 (16) no 87.4 (16) Small (-)

mild 83.3 (22) Small (-)

moderate-severe 76.7 (31) Large (-)
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Online Resource 3. Continued

EORTC QLQ-C30 

and Neuropathy

Normative 

population

Patients one year 

after diagnosis

Clinically relevant 

different one year 

after diagnosisa, b
Mean (SD) Comorbidity 

level

Mean (SD)

Global health status / QoL 77.9 (17) no 78.3 (13) No

mild 76.5 (21) No

moderate-severe 74.6 (20) No

Fatigue 15.5 (19) no 25.9 (23) Small (-)

mild 27.1 (21) Small (-)

moderate-severe 32.2 (27) Medium (-)

Nausea / Vomiting 2.9 (11) no 1.5 (5) No

mild 2.2 (6) No

moderate-severe 6.7 (17) Small (-)

Pain 13.8 (22) no 5.1 (11) Small (+)

mild 8.0 (22) No

moderate-severe 22.5 (29) Small (-)

Dyspnoea 7.8 (18) no 14.1 (20) Small (-)

mild 14.5 (26) Small (-)

moderate-severe 18.3 (20) Medium (-)

Insomnia 14.5 (24) no 19.2 (29) Small (-)

mild 13.0 (26) No

moderate-severe 28.3 (33) Medium (-)

Appetite loss 3.7 (14) no 3.0 (13) No

mild 4.4 (11) No

moderate-severe 13.3 (25) Small (-)

Constipation 4.3 (13) no 8.1 (20) No

mild 7.3 (17) No

moderate-severe 16.7 (25) Small (-)

Diarhoea 3.9 (13) no 5.1 (19) No

mild 1.5 (7) No

moderate-severe 5.0 (12) No

Financial difficulties 3.2 (13) no 3.0 (10) No

mild 2.9 (10) No

moderate-severe 0.0 (0) Small (+)

Neuropathy  4.2 (11) no 9.1 (14) Small (-)

mild 15.2 (20) Medium (-)

moderate-severe 19.2 (30) Medium (-)

6
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Online Resource 3. Continued

EORTC QLQ-C30 

and Neuropathy

Normative 

population

Patients one year 

after diagnosis

Clinically relevant 

different one year 

after diagnosisa, b
Mean (SD) Comorbidity 

level

Mean (SD)

Multiple myeloma

Physical functioning 90.0 (15) no 70.5 (17) Medium (-)

mild 67.1 (16) Large (-)

moderate-severe 83.9 (11) Small (-)

Role functioning 88.7 (21) no 64.3 (37) Medium (-)

mild 55.6 (29) Large (-)

moderate-severe 77.8 (27) Small (-)

Emotional functioning 87.8 (18) no 96.4 (7) -

mild 79.4 (22) -

moderate-severe 91.7 (17) -

Cognitive functioning 90.9 (15) no 69.1 (33) Large (-)

mild 82.2 (17) Medium (-)

moderate-severe 77.8 (20) Medium (-)

Social functioning 93.3 (16) no 81.0 (15) Medium (-)

mild 77.8 (22) Large (-)

moderate-severe 86.1 (16) Small (-)

Global health status / QoL 77.4 (18) no 77.4 (10) No

mild 66.1 (23) Medium (-)

moderate-severe 80.0 (15) No

Fatigue 16.9 (20) no 33.3 (19) Medium (-)

mild 33.3 (21) Medium (-)

moderate-severe 20.4 (11) No

Nausea / Vomiting 3.3 (12) no 2.4 (6) No

mild 12.2 (18) Medium (-)

moderate-severe 0.0 (0) Small (+)

Pain 14.3 (23) no 21.4 (31) Small (-)

mild 38.9 (27) Large (-)

moderate-severe 25.0 (25) Small (-)

Dyspnoea 7.9 (18) no 9.5 (16) No

mild 22.2 (21) Medium (-)

moderate-severe 11.1 (27) No

Insomnia 17.9 (26) no 14.3 (18) No

mild 20.0 (17) No

moderate-severe 11.1 (17) Small (+)
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Online Resource 3. Continued

EORTC QLQ-C30 

and Neuropathy

Normative 

population

Patients one year 

after diagnosis

Clinically relevant 

different one year 

after diagnosisa, b
Mean (SD) Comorbidity 

level

Mean (SD)

Appetite loss 3.8 (14) no 4.8 (13) No

mild 15.6 (17) Small (-)

moderate-severe 5.6 (14) No

Constipation 4.6 (14) no 9.5 (16) Small (-)

mild 17.8 (25) Medium (-)

moderate-severe 5.6 (14) No

Diarhoea 3.6 (12) no 9.5 (16) Small (-)

mild 8.9 (23) Small (-)

moderate-severe 5.6 (14) No

Financial difficulties 3.7 (14) no 4.8 (13) No

mild 0.0 (0) Small (+)

moderate-severe 0.0 (0) Small (+)

Neuropathy  5.0 (11) no 28.6 (13) Large (-)

mild 31.1 (23) Large (-)

moderate-severe 33.3 (37) Large (-)

a. Clinically important differences one year after diagnosis are based on the evidence-based guidelines 

of Cocks et al. [33, 38] for the EORTC QLQ-C30 and of Osoba et al. [35, 36] for neuropathy.

b. (-) means that patients have a worse HRQoL score than the normative population, (+) means that 

patients have a better HRQoL score than the normative population.

6
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Abstract

Purpose: Physical activity is associated with better health-related quality of life (HRQoL). We 

investigated daily steps and heart rate using wearable activity trackers in newly diagnosed 

patients with hematologic cancers in the first year after diagnosis, and their associations 

with HRQoL.

Methods: In this observational cohort study, 314 patients completed HRQoL questionnaires 

at diagnosis, three, six, and twelve months. A subgroup of 130 patients wore Fitbit Inspire HR 

trackers for two weeks during each measurement. HRQoL was measured using the EORTC 

QLQ-C30 and disease-specific modules. Mixed models assessed associations between daily 

steps (physical activity), heart rate (general fitness/health status) and HRQoL over time. 

Outcomes were presented based on quartiles of daily steps.

Results: Daily steps ranged from about 3,000 (first quartile) to 11,000 (fourth quartile). 

Patients in the first quartile were older, more likely to be male, overweight, current smokers, 

report ≥2 comorbidities and/or have multiple myeloma diagnosis, and less likely to have 

higher education or income, compared to the fourth quartile. Clinically relevant better HRQoL 

increased with step count, but plateaued at high activity (±8,000 steps/day). Higher heart 

rate was associated with greater symptom burden. For every 1000 additional steps per day, 

physical (β=1.0 p<0.001) and role (β=1.1 p=0.03) functioning, global health status/QoL (β=1.0 

p<0.001), fatigue (β=-0.9 p=0.03) and dyspnea (β=-1.1 p=0.01) improved significantly.

Conclusion: General fitness/health status at diagnosis and physical activity levels may 

be important predictors of maintaining HRQoL in the first year after diagnosis. Even small 

increases in daily steps may contribute significantly to maintaining HRQoL.

Key words: physical activity, symptoms, lymphoma, patient-reported outcome, activity 

tracker
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Introduction

Patients with hematologic cancers, such as lymphoma or multiple myeloma (MM), often 

report significant physical and/or psychosocial symptoms, including fatigue, neuropathy, 

bone pain, psychological distress or functional impairment, affecting 20-40% of patients 

[1-3]. These impairments can negatively impact daily activities, (return to) work, and patients’ 

health-related quality of life (HRQoL) [4-7].

Physical activity, particularly exercise, has been associated with better HRQoL in patients with 

(hematologic) cancer [8-12]. Its benefits include better mood, reduced psychological distress, 

reduced fatigue, reduced sleep disturbance, improved cardiovascular health, maintenance 

of muscle strength, and possibly better tolerance of treatment toxicities [9-12]. The World 

Health Organization and the American College of Sports Medicine recommend that patients 

with cancer should engage in regular strength training, and 150-300 minutes of moderate-

intensity aerobic activity weekly for substantial health benefits [13, 14].

Most studies of physical activity in patients with hematologic cancers have relied on self-

reported physical activity or physical exercise interventions but have shown that physical 

activity is both feasible and safe, including for those undergoing stem cell transplantation 

(SCT) [8, 15-18]. Wearable activity trackers can provide a more objective and comprehensive 

method of measuring physical activity in daily life. These devices reduce recall bias and allow 

assessment in an unsupervised setting, without a specific exercise program [19]. Daily steps 

and heart rate data can provide insight into the amount of physical activity and general 

fitness/health status [20].

Investigating physical activity in daily life may help to identify the number of steps associated 

with better HRQoL. This could provide patients with more specific guidance and self-

management of their physical activity levels during and after treatment [21].

Therefore, the aims of this study were to investigate (1) the different levels of physical activity, 

based on daily steps from a wearable activity tracker, in newly diagnosed patients with 

hematologic cancer during the first year after diagnosis, (2) the characteristics of patients 

with different levels of daily steps, and (3) HRQoL outcomes and their association with daily 

steps or heart rate. We hypothesized that patients with more steps per day and/or a lower 

mean heart rate would report better HRQoL.

7
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Methods

Setting and population

Data on physical activity and HRQoL were collected within PROFILES (Patient Reported 

Outcomes Following Initial treatment and Long term Evaluation of Survivorship), a registry 

studying the physical and psychosocial impact of cancer and its treatment in a dynamic, 

growing population-based cohort of both short and long-term cancer survivors [22, 23]. 

PROFILES includes a web-based component and is directly linked to clinical data from the 

Netherlands Cancer Registry (NCR).

Patients diagnosed with lymphoma or MM, as defined by the International Classification of 

Diseases for Oncology-3 codes (ICD-O-3) [24], between January 2021 and June 2023 and aged 

18 years or older at diagnosis, were invited to participate in a longitudinal survey study. At 

diagnosis, their treating hematologist or nurse practitioner provided a patient information 

sheet and asked for consent to be contacted by a researcher. After consent, the research team 

contacted the patient within 2-4 days to discuss the study content and whether the patient 

was willing to participate. Patients could choose to receive a paper or online questionnaire 

after giving informed consent. Questionnaires were completed between diagnosis and start 

of treatment, and at three, six and twelve months after diagnosis. In addition, patients had 

the option to wear a Fitbit Inspire HR activity tracker. Patients were asked to wear the Fitbit 

for two consecutive weeks at the same time-points as the questionnaires (4 times 2 weeks).

Patients received paper instructions on using the Fitbit and were asked to install and 

use it independently. Telephone assistance was available for patients if they had any 

problems installing or using of the Fitbit. Fitbit data were collected through the Remote 

Assessment of Disease and Relapse (RADAR)-base platform [25]. Data from patients who 

only completed questionnaires were used to evaluate for potential selection bias, based on 

sociodemographic and clinical differences between patients who chose to use a Fitbit and 

those who did not.

Patients who had severe cognitive impairment (i.e. dementia), or who were transitioning to 

end-of-life care were excluded. Ethical approval for the study was obtained from a certified 

Medical Ethics Committee (of the Maxima Medical Centre in Veldhoven, the Netherlands; 

NL20.011 and NL78561.015.21).



173

Physical activity and HRQoL in hematologic cancer

Study measures

Daily steps and heart rate
To include reliable data for steps and heart rate, data had to meet the following conditions 

per measurement period [26-28]:

• Per day, at least 10h of data per awake period had to be available.

• Per week, at least 2 weekdays and 1 weekend day had to be compliant.

• At least the second week of wearing the activity tracker (day 8-14) had to be compliant (to 

correct for possible intervention effects of higher physical activity during the first week).

Daily steps and heart rate were defined based on the aggregated median number of steps 

and mean heart rate of all available compliant data, per patient, at each measurement period. 

Based on the quartiles of daily steps, patients were categorized into low (first quartile), 

medium (second quartile), high (third quartile) and very high (fourth quartile) daily steps. 

Heart rate data were used as a proxy measure for general fitness/health status, with a lower 

mean heart rate assumed to represent relatively better health [20]. In addition, the EPIC 

questionnaire (European Prospective Investigation into Cancer and Nutrition) was used to 

assess whether patients had been regularly physically active on a weekly basis in the year 

before diagnosis (yes or no) [29].

Health-related quality of life (HRQoL)
The Dutch validated versions of the European Organisation for Research and Treatment 

of Cancer (EORTC) questionnaires were used to measure HRQoL. The EORTC Quality of 

Life Questionnaire Core 30 (QLQ-C30) was used to measure 15 scales of generic HRQoL. 

Disease-specific items were obtained from the EORTC disease-specific questionnaires 

(EORTC Hodgkin Lymphoma 27 (HL27), Non-Hodgkin Lymphoma High-Grade 29 (NHL-HG29), 

Non-Hodgkin Lymphoma Low-Grade 20 (NHL-LG20), Chronic Lymphocytic Leukemia 17 

(CLL17), and Multiple Myeloma 20 (MY20)) [30-32]. Based on relevance and corresponding 

content in the different questionnaires, four disease specific items were selected: bone pain, 

neuropathy, drowsiness and feeling sick. Answer categories of the EORTC questionnaires 

range from one (not at all) to four (very much). After linear transformation, all scales and 

single-item measures range in score from 0 to 100. A higher score on a functioning scale 

indicates better functioning, whereas a higher score for symptoms indicates higher symptom 

burden [30]. Clinically relevant differences between daily step quartiles were assessed with 

the lowest quartile as the reference group. Evidence-based guidelines for interpretation of 

the EORTC QLQ-C30 were used to identify clinically relevant differences between quartiles for 

generic symptoms and functioning [33], and the recommendations of Osoba et al were used 

for disease-specific symptoms [34]. Psychological distress was assessed using the Hospital 

Anxiety and Depression Scale (HADS) [35]. The scale consists of two 7-item linked subscales: 

Anxiety and Depression. Items are scored on a 4-point scale. A total score was obtained by 

summing all items, with higher scores indicating greater psychological distress [36]. Clinically 

7
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relevant differences between quartiles of steps were based on half a standard deviation of 

the HADS sum score [37].

Comorbidity was measured using the adapted Self-administered Comorbidity Questionnaire 

(SCQ) [38]. Patients’ age, sex, marital status and educational level were also assessed in the 

questionnaire. Clinical information about cancer type and primary treatment was obtained 

from the NCR.

Statistical analyses

Data preparation of Fitbit data was done using R (R Core Team, 2023) and statistical 

analyses were carried out using IBM SPSS Statistics for Windows, version 29 (IBM Corp., 

Armonk, N.Y., USA). Sociodemographic and clinical differences between respondents and 

non-respondents, between patients with and without a Fitbit, and between quartiles of 

steps were analyzed with a chi-square or t-test, where appropriate. P values of <0.05 were 

considered statistically significant.

Longitudinal mixed models were used to evaluate associations between daily steps, heart 

rate, and HRQoL over time. Main effects of the a priori determined characteristics: physical 

activity (daily steps, heart rate, and weekly physical activity before diagnosis), clinical 

(cancer type, treatment category and comorbidities) and sociodemographic (age and sex) 

were included in the models. Based on the Akaike Information Criterion (AIC) and Bayesian 

Information Criterion (BIC) value, the best model fit included daily steps as a continuous 

variable (per 1000 steps), and heart rate as a dichotomous variable (≤ mean heart rate vs. > 

mean heart rate).

Fixed predicted values for HRQoL were plotted stratified by quartiles of steps.

Results

Study participants compared to the total population of newly diagnosed 

patients

Participating patients (N=314) were less likely to have an indolent subtype (low grade NHL 

33% vs. 40%, HL 10% vs. 6%, MM 24% vs. 20%, and no difference for high grade NHL; p<0.01), 

and were more likely to receive active treatment (chemo/immunotherapy 38% vs. 27%, 

chemo/immunotherapy + radiotherapy 12% vs. 4%, SCT 11% vs. 5%; p<0.01) compared to 

the total population of newly diagnosed patients in the participating hospitals (N=3784). In 

addition, participants were significantly younger (62 vs. 68 years; p<0.001). No significant 

differences were observed for sex and stage of disease (data not shown).
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Characteristics of the study population

Of the 460 patients referred by their treating hematologist/nurse practitioner, 317 (69%) 

patients were willing to participate, and 314 (68%) patients completed the questionnaire 

at T0. Response rates of the questionnaires at T1, T2, and T3 were 60%, 55% and 45%, 

respectively. During the first year after diagnosis, 17 (5%) patients were lost to follow-up 

due to death.

At inclusion, 163 (52%) patients opted for a Fitbit, of whom 158 (50%) patients actually used 

the Fitbit, and 130 (41%) patients had compliant data at T0. To maintain sample size, only 

data from the first six months after diagnosis were used in the final model. Measurements 

up to twelve months were used for sensitivity analysis. A flow-chart of the data-collection 

is shown in Figure 1.

At inclusion, the mean age of all study participants was 62.3 years, 64% were male, 45% of 

patients had normal weight based on BMI, 52% were former smokers, and 70% reported 

to have at least one comorbidity. Weekly physical activity in the year before diagnosis was 

reported by 48% (N=151) of patients (Table 1). Patients who used a Fitbit were significantly 

younger than patients who only completed questionnaires (60.8 years vs. 65.1 years at 

diagnosis, p<0.01). Other sociodemographic or clinical characteristics were not significantly 

different between Fitbit users and patients who only completed questionnaires (data not 

shown).

Comparison between quartiles of daily steps

At diagnosis, 82% (N=130/158) of patients who used a Fitbit had compliant Fitbit data. Over 

time, 79% (N=98/124) of patients had compliant data at T1, and 73% (N=84/115) at T2. The 

median daily step count at time of diagnosis was 3,106 steps in the first quartile (N=38) and 

5,979; 8,113; and 11,893 steps in the second (N=33), third (N=28) and fourth (N=30) quartiles, 

respectively. Patients in the first quartile were significantly more likely to be current smokers 

(18% vs. 0% second quartile, 7% third quartile, and 0% fourth quartile). No statistically 

significant differences were observed between quartiles for age, sex, partner, education, 

income, BMI, physical activity prior to diagnosis, comorbidity, cancer type or primary 

treatment at time of diagnosis (all p’s > 0.05, data not shown). However, direct comparison 

between the lowest and highest quartiles showed that patients in the first quartile, were 

older (63.6 vs. 56.1 years), more likely to be male (72% vs. 63%), more likely to have MM 

diagnosis (33% vs. 20%), more likely to have had SCT (21% vs. 17%), more likely to have low 

education (5% vs. 0%) or low income (21% vs. 13%), more likely to be obese (13% vs. 7%), 

and more likely to report ≥2 comorbidities (54% vs. 23%), compared to the fourth quartile 

(Table 1).

7
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Figure 1. Flow-chart of the data collection
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Chapter 7

Daily steps and heart rate in relation functioning and global health status/

QoL

At diagnosis, we observed clinically relevant better outcomes in 4 out of 5 generic functional 

scales (physical, role, social and cognitive functioning) and a clinically relevant better global 

health status/QoL in patients who were in the second quartile or higher, compared to those 

in the first quartile (Supplement 1). Six months after diagnosis, physical and role functioning, 

and global health status/QoL remained clinically relevant better in patients with a higher 

number of daily steps (Figure 2). In general, patients with more steps per day were better able 

to maintain their functioning and global health status/QoL. A ‘plateau effect’ was observed in 

the fourth quartile, where for most outcomes further increases in steps were not associated 

with additional clinically relevant improvements in HRQoL compared to the third quartile.

Over time, higher levels of daily steps were statistically significantly associated with better 

physical functioning (per 1000 steps β=1.0 p<0.001), role functioning (per 1000 steps β=1.1 

p=0.03), and global health status/QoL (per 1000 steps β=1.0 p<0.001; Table 2). A mean heart 

rate above the group mean was associated with lower physical functioning (β=-7.3 p<0.01).

Sensitivity analyses with measurements up to 12 months after diagnosis showed a similar 

trend over time, with higher daily steps associated with clinically relevant better functioning 

and global health status/QoL (data not shown).
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Daily steps and heart rate in relation to symptom burden and 

psychological distress.

At diagnosis, patients in the second quartile or higher demonstrated clinically relevant lower 

symptom burden in 10 out of 14 outcomes (both generic and disease-specific), compared to 

those in the first quartile. Six months after diagnosis, lower symptom burden was observed 

in 11 out of 14 outcomes. For psychological distress, no clinically relevant differences were 

observed in relation to daily steps. An increase in daily steps was associated with lower 

symptom burden, and a similar plateau effect was observed in the fourth quartile.

Over time, higher levels of daily steps were statistically significantly associated with less 

fatigue (per 1000 steps β=-0.9 p=0.03), and less dyspnea (per 1000 steps β=-1.1 p=0.01). A 

mean heart rate above the group mean was associated with more symptoms of fatigue (β=8.5 

p<0.01), nausea/vomiting (β=5.8 p<0.01), appetite loss (β=9.4 p<0.01), pain (β=5.8 p=0.046), 

diarrhea (β=5.7 p=0.02), and psychological distress (β=1.8 p<0.01; Figure 3).

Sensitivity analyses with measurements up to 12 months after diagnosis showed a similar 

trend over time, with higher daily steps associated with clinically relevant lower fatigue and 

dyspnea, and higher heart rate associated with greater symptom burden (data not shown).

Discussion

This study showed that physical activity levels in the daily lives of newly diagnosed patients 

with lymphoma and MM ranged from about 3,000 to 11,000 steps per day. Despite the disease 

and its treatment, patients in the second quartile (median 5,932 steps) or higher were better 

able to maintain their HRQoL over time, in contrast to patients in the first quartile. A mean 

heart rate above the group mean was associated with worse physical functioning and greater 

symptom burden. Very high levels of physical activity (fourth quartile) were not associated 

with better HRQoL for most outcomes, suggesting a possible plateau effect.

Consistent with existing literature, better health outcomes occurred much earlier than the 

well-known 10,000 steps per day [39-42], and very high levels of physical activity reached 

a possible plateau [39, 41]. In patients at risk of cardiovascular disease or diabetes, health 

benefits were reported at around 2,700-4,500 steps per day, which is lower than the 5,932 

steps per day in our second quartile. The plateau effect was reported at around 7,000-8,000 

steps per day, which is similar to our study where patients in the fourth quartile reported no 

further benefit for most outcomes compared to patients in the third quartile (8,201 steps 

per day).
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Our analyses showed that a mean heart rate above the group mean was significantly 

associated with worse physical functioning, and higher symptom burden. While an increased 

heart rate during physical activity is expected and physiologically normal, individuals who are 

less active, overweight or living with chronic stress tend to have a more pronounced increase 

in heart rate during activity [43]. These individuals, more likely to be in the first quartile of 

our study, may benefit from low-intensity activities such as walking to gradually improve 

their cardiorespiratory fitness [43]. Assuming an average walking cadence of ≥100 steps/

min [44], patients in the first quartile (median of 3,131 steps/day) were physically active for 

approximately 30 minutes per day. Compared to the second quartile (median 5,932 steps/

day), an additional 30 minutes of walking may result in a clinically relevant better HRQoL.

Nevertheless, our study does not exclude reverse causation. Hill’s criteria [45] support the 

causality of our findings: biological pathways have been described to link physical activity 

to lower symptom burden and better functioning [46]. Prior studies, including exercise trials 

and different types of physical activity, have related higher levels of physical activity to better 

HRQoL [8-12], and a negative association has, to our knowledge, not been reported. Finally, 

the observed regression coefficients are relatively large.

A limiting factor to be physical active may be that patients with hematologic cancers, 

particularly those with MM, are at increased risk of impaired bone health and fractures [16, 

47]. Some patients may therefore be hesitant to engage in physical activity [16]. This might 

explain, in part, why patients in the first quartile are more often patients with MM. Qualitative 

studies highlighted that encouragement and explanation of the benefits and safety of exercise 

from treating clinicians is an important facilitator for patients to engage in physical activity 

[48, 49]. Identifying patients with characteristics similar to those in the first quartile (older, 

male, lower education and/or income, overweight, current smoker, ≥2 comorbidities, SCT, 

and/or MM diagnosis), may help clinicians provide targeted encouragement [50].

The strengths of this study include the real-world setting, with baseline measures of HRQoL 

at diagnosis. However, some limitations must be acknowledged; patients who used a Fitbit 

were generally younger than both the total population of newly diagnosed patients and those 

who only completed questionnaires, limiting generalizability. Furthermore, follow-up data 

may be affected by drop-out due to survivorship bias [51], representing a possibly healthier 

population and underestimating the beneficial effects of physical activity.

Future studies with larger sample sizes, longer follow-up, and more continuous monitoring 

of physical activity could improve generalizability. In addition, it will allow investigation of 

the impact of sustained physical activity on survival and disease progression, and further 

clarify causal relationships.
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In conclusion, more steps per day are associated with better HRQoL in patients with 

lymphoma and MM, while higher mean heart rate is associated with greater symptom burden. 

General fitness/health status at diagnosis and physical activity levels may be important 

predictors of maintaining HRQoL in the first year after diagnosis. Clinically relevant better 

HRQoL outcomes increase with step count, but plateau at very high activity levels (more than 

approximately 8,000 steps/day). Taking 5,000-7,000 steps per day (second quartile range) 

after diagnosis may contribute significantly to maintaining HRQoL.

7
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This thesis began with three analyses of long-term prospective observational cohort studies 

among patients with lymphoma (Chapter 2, 3 and 4). The aims were to investigate 1) the 

proportion of patients experiencing persistent and clinically relevant symptoms and/or 

functional impairment up to 8 or 10 years after diagnosis, and 2) to identify sociodemographic, 

clinical and/or psychological factors associated with persistent impaired health-related 

quality of life (HRQoL). To better understand the impact of lymphoma and its treatment 

compared to natural aging, we also compared the outcomes with age- and sex-matched 

normative populations in all three chapters.

Patient-reported outcomes (PRO’s) and HRQoL were collected within PROFILES (Patient 

Reported Outcomes Following Initial treatment and Long term Evaluation of Survivorship), a 

registry designed to study the physical and psychosocial impact of cancer and its treatment 

from a dynamic, growing population-based cohort of both short-and long-term cancer 

survivors. PROFILES contains a large web-based component and is linked directly to clinical 

data from Netherlands Cancer Registry (NCR). Patients who were four or more months after 

diagnosis were selected from the NCR and invited to participate in longitudinal survey 

studies. Fatigue, role functioning and cognitive functioning were assessed using the Dutch 

validated version of the European Organization for Research and Treatment of Cancer Quality 

of Life Questionnaire Core 30 (EORTC QLQ-C30). To assess neuropathy, items of the EORTC 

Chronic Lymphocytic Leukaemia 16 (EORTC CLL-16) were used, and psychological distress 

was assessed with the Hospital Anxiety and Depression Scale (HADS).

Of patients with indolent Non-Hogdkin lymphoma (iNHL), 36% reported persistent fatigue, 

33% persistent neuropathy and 25% persistent role-functioning impairment (Chapter 

2). Among patients with diffuse large B-cell lymphoma (DLBCL, an aggressive subtype of 

lymphoma), 25% of patients reported persistent fatigue, 28% persistent neuropathy and 23% 

persistent psychological distress (Chapter 3). For both indolent and aggressive lymphoma, 

we observed that 30% of patients reported persistent cognitive impairment (Chapter 4). In 

addition, 74% of the patients with persistent cognitive impairment, reported co-occuring 

symptoms of persistent fatigue and/or psychological distress, suggesting that long-term 

impaired HRQoL is often affected by multiple co-occuring symptoms. In all three analyses, 

the presence of persistent symptoms and impaired functioning were consistently 2-3 times 

higher in lymphoma patients than in the age- and sex-matched normative populations.

Overall, Chapter 2, 3 and 4 showed that persistent symptoms and functional impairment 

remained present with little to no improvement, even up to 10 years after diagnosis. Although 

our patient inclusion started from 4-6 months after diagnosis and information on HRQoL at 

diagnosis was not available, a shorter time since diagnosis was significantly associated with 

more persistent symptoms and impaired functioning. This suggests that symptoms and 

functional impairment may develop at an early stage of the disease and/or may already be 
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present at the time of diagnosis. Routine symptom monitoring by patients and clinicians, 

starting from diagnosis, may help in early recognition of patients at risk and facilitate in 

providing tailored supportive care for those in need.

In Chapter 5, we investigated the long-term health care utilization among patients with 

hematologic malignancies and its association with socioeconomic position (SEP). Health 

care utilization at the general practitioner (GP), medical specialist, and additional health care 

services was assessed through longitudinal questionnaires among patients with indolent 

lymphoma, aggressive lymphoma, or multiple myeloma (MM). Additional health care use was 

categorized into three groups: physical (rehabilitation program, physiotherapy, and dietetics), 

psychosocial (psychologist, social work, creative therapy, and oncology nurse), and informal 

care (peer support, family/friends, and other). SEP was based on education and income, 

categorized as low, medium, or high. Patients with MM reported the highest utilization 

of health care at the GP, medical specialist, and additional informal care. Patients with 

aggressive lymphoma reported the highest utilization of additional physical and psychosocial 

care. Despite national health insurance in the Netherlands, SEP-related disparities in health 

care utilization were observed among patients with hematologic malignancies: across 

all hematologic subgroups, patients with a low SEP reported higher utilization of health 

care at the GP and lower utilization of additional physical and psychosocial care. Among 

patients with MM, a high SEP was associated with higher utilization of health care at the 

medical specialist. The differences in health care use seem the largest for additional health 

care among patients with a low SEP, who also have shown to have a higher risk of poor 

HRQoL. Improving health literacy, involving informal caregivers, and implementing nurse-led 

patient navigation may help reduce disparities in access to (additional) health care, which 

could ultimately improve HRQoL outcomes and cancer care for patients with hematologic 

malignancies in the Netherlands, regardless of SEP.

In Chapters 6 and 7, we investigated patients who were included in our research from the 

moment of cancer diagnosis. This allowed us to investigate if there were clinically relevant 

differences in HRQoL at diagnosis and during the first year after diagnosis among patients 

with lymphoma and MM. Generic HRQoL was measured using the EORTC QLQ-C30, while 

disease-specific HRQoL was measured using the EORTC disease-specific modules (EORTC 

Hodgkin Lymphoma 27 (HL27), Non-Hodgkin Lymphoma High-Grade 29 (NHL-HG29), 

Non-Hodgkin Lymphoma Low-Grade 20 (NHL-LG20), Chronic Lymphocytic Leukemia 17 

(CLL17), and Multiple Myeloma 20 (MY20)). In addition, comorbidity was assessed with the 

self-reported comorbidity questionnaire (SCQ). In Chapter 6, we investigated how mild or 

moderate-severe comorbidities were associated with symptoms and functioning in the first 

year after diagnosis of lymphoma or MM. We found that patients with mild or moderate-

severe comorbidity had clinically relevant worse HRQoL at diagnosis and during the first 

year after diagnosis, compared to patients without comorbidity. One year after diagnosis 

8
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most outcomes of HRQoL showed clinically relevant improvement compared to baseline, 

irrespective of comorbidity. However, patients with mild or moderate-severe comorbidity 

showed less improvement in HRQoL than those without comorbidity. Irrespective of 

comorbidity, patients who received more systemic therapy cycles or who underwent stem 

cell transplantation (SCT) reported worse HRQoL at one year. Despite overall improvements, 

one year after diagnosis most patients with lymphoma and MM reported worse HRQoL 

than their age- and sex-matched normative counterparts. Recognition and awareness of 

comorbidity and HRQoL at time of diagnosis may be an important prognostic factor for 

long-term impaired HRQoL. We strongly recommend that clinicians consider prognosis, and 

the presence of comorbidity and HRQoL at diagnosis when making treatment decisions. 

This may improve symptom management in patients with comorbidity and help maintain 

HRQoL over time.

In Chapter 7, we explored the influence of physical activity (daily steps and mean heart 

rate) on HRQoL outcomes using wearable activity trackers in newly diagnosed patients 

with lymphoma and MM during the first year after diagnosis. We aimed to investigate 1) the 

different levels of daily steps, 2) the characteristics of patients with different levels of daily 

steps, and 3) HRQoL outcomes and their association with daily steps or mean heart rate. Our 

study showed that daily steps in the everyday life of newly diagnosed patients with lymphoma 

or MM ranged from about 3,000 to 11,000 steps per day. Despite the disease and its treatment, 

patients in the second quartile or higher (≥ median 5,932 steps per day) were better able to 

maintain their HRQoL over time, in contrast to patients in the first quartile. A heart rate above 

the mean was associated with worse physical functioning and greater symptom burden. Very 

high levels of physical activity (above 8,201 steps per day) were not associated with better 

HRQoL for most outcomes, suggesting a possible plateau effect.
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As treatment strategies advance and survival rates improve in patients with lymphoma 

or multiple myeloma (MM), optimizing treatment duration and maintaining health-related 

quality of life (HRQoL) is increasingly important [1]. HRQoL research can provide valuable 

insights to inform patients about treatment expectations and life after treatment, helping 

them to make (better) informed treatment decisions with their treating hematologist [2-5]. 

In addition, identifying risk factors for poor HRQoL will improve early detection, enabling 

(more) tailored supportive care interventions for those in need [5, 6].

The aim of this thesis was to gain a better understanding of the differences in HRQoL 

outcomes among patients with lymphoma or MM. The revised Wilson and Cleary model 

was used to explore the association between HRQoL and factors related to individual 

characteristics, functional status, symptoms, biological function, environmental factors, 

and clinical characteristics (Figure 1) [7].

Figure 1. Revised Wilson & Cleary model, applied in the clinical setting of patients with 

lymphoma and MM [7].

Characteristics of the individual

Age and sex differences
In this thesis, we observed that socio-demographic characteristics of age, sex, having 

a partner, and level of education were often associated with HRQoL outcomes. Younger 

patients consistently reported worse HRQoL than older patients. The impact of their disease 

and/or its treatment resulted in more functional impairment and psychological distress. 

Differences in HRQoL between younger and older patients may be due to greater disruption 

of daily life, employment and social participation in younger patients [8-10]. During the 

follow-up period up to 10 years after diagnosis, the differences diminished, possibly due to 

response shifts over the course of life and/or disease [11-13]. A response shift occurs when 

patients change the way they think about their quality of life, often because of adjusting their 
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expectations or values as they adapt to their disease. In addition, older patients may have 

developed better coping strategies due to more life experience [10, 14, 15].

Female patients reported a higher symptom burden, in particular more fatigue, insomnia and 

psychological distress than male patients. This is in line with previous HRQoL studies on sex 

differences in patients with (hematologic) cancer [16, 17]. Differences in symptom perception 

and psychosocial factors may contribute to this [15-17]. Women without cancer are also more 

likely than men to report fatigue, insomnia and psychological distress [18, 19], suggesting 

that sex differences in symptom burden may not be solely cancer-related. There is increasing 

evidence that the differences in biology (i.e. in chromosomes and hormonal profiles) between 

men and women may influence their disease progression and response to treatment [20-25]. 

The World Economic Forum and the Mc Kinsey Health Institute emphasize the importance 

of closing the so called ‘women’s health gap’ [20, 26]. As a result, more specialist women’s 

clinics, such as the Netherlands Women’s Health Research & Innovation Center, are currently 

further investigating how the female biology differs, to better understand and address these 

gaps in clinical practice [27].

Partner
Patients with a partner generally reported better HRQoL outcomes, indicating that emotional 

and/or practical support from a partner can help mitigate the negative effects of the disease 

and its treatment [17, 28, 29]. A partner may provide reassurance, assist with daily activities, 

and encourage adherence to medical recommendations, all of which may contribute to better 

overall well-being [28, 30]. Also, the emotional connection and companionship of a partner 

could reduce feelings of loneliness and anxiety. Conversely, patients without a partner may 

face greater distress, fatigue and other symptoms due to a lack of (consistent) social and/

or practical support [29, 31, 32]. Alternative support such as close friends or support groups 

have shown to be effective substitutes in the absence of a partner [33]. To further improve 

HRQoL outcomes for patients without a partner, future studies should focus on structured 

interventions that actively engage alternative sources of support in the patient’s care process.

Education
Lower levels of education were associated with higher levels of fatigue, pain, neuropathy, 

and psychological distress in this thesis. This is consistent with the existing literature [17, 

34]. Previous studies suggest that patients with low levels of education experience more 

challenges in symptom management, treatment adherence, and navigating the health 

care system [32, 35-39]. Based on the findings in Chapters 6 and 7, this may also reflect 

pre-existing disparities in HRQoL that were present before diagnosis. Further insights into 

the relationship between education and HRQoL are discussed below in the section on 

environmental characteristics, where education is considered as part of a patient’s broader 

socioeconomic position.

9
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Functional status

Comorbidities
Comorbidities have shown to be the most critical factor influencing both short- and long-term 

HRQoL in patients with lymphoma or MM. The analyses in this thesis consistently showed that 

the presence of comorbidities was statistically significant and clinically relevant associated 

with worse HRQoL. Patients with comorbidities reported both a higher frequency and greater 

severity of symptoms, including fatigue, neuropathy, pain, physical and cognitive impairment, 

and psychological distress. Comorbidities significantly influenced the persistence of these 

symptoms over time. This is consistent with previous findings that comorbidities, and 

particularly cardiovascular diseases, diabetes, and chronic pain conditions, increase the 

complexity of health care management and reduce survivors’ ability to cope with the long-

term effects of cancer treatment [40-43].

These findings illustrate the complexity of caring for cancer survivors, particularly in an 

ageing population. In daily clinical practice, comorbidity is already an important factor in the 

treatment decisions made [44, 45]. Patients with (more) severe comorbidity are more likely to 

receive lower dose treatment, and are often excluded from stem cell transplantation (SCT) 

or clinical trials [46-50]. The aim of treatment adjustments in patients with comorbidities is 

to reduce treatment burden and potentially improve short-term HRQoL [51, 52]. However, 

treatment adjustments may also lead to higher relapse rates, more chronic side effects, and 

more long-term HRQoL problems [51, 52]. Our results showed that the absolute difference 

in HRQoL between patients with and without comorbidity did not significantly widen over 

time. Given the lower HRQoL in patients with moderate-severe comorbidity, this may suggest 

that HRQoL outcomes from clinical trials can still provide valuable insights for predicting 

HRQoL in patients with comorbidities, despite their exclusion from these clinical trials. To 

better understand the impact of comorbidity and to further improve the balance between 

treatment efficacy and maintaining HRQoL, future clinical trials should include HRQoL more 

often as a study end-point, and could also include ‘frailty-adjusted’ treatment arms for 

patients with comorbidities [53, 54]. Frailty-adjusted treatment arms may involve modified 

doses or implementing supportive interventions to enhance tolerability and reduce the risk 

of adverse effects [53, 54]. This will lead to a more representative sample of older patients 

in clinical trials and may lead to more tailored therapy intensity based on the presence of 

comorbidities.

Symptoms

Co-occurrence and clustering of symptoms
Research shows that many patients do not report single symptoms, but often the co-

occurrence of multiple symptoms, further complicating a patients’ functional status. Besides 

the direct single effect, the co-occurrence of fatigue, cognitive impairment, and psychological 

distress may be a symptom network, where each symptom may influence or worsen the 
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others, leading to a decrease in HRQoL [55]. Emerging evidence suggests that fatigue may 

play a causal role in the development of other symptoms, including cognitive impairment 

and psychological distress [56, 57]. Understanding the pathways in symptom networks is 

important because it allows developing more holistic and integrated interventions that 

address multiple related symptoms simultaneously, rather than treating each symptom in 

isolation. By identifying and targeting central symptoms in these networks, such as fatigue, 

interventions may be more effective in improving the overall HRQoL. Timely referral to 

supportive care interventions such as exercise or occupational therapy, to manage energy 

and structure during the day, may prevent or slow down the worsening of symptoms [3, 58, 

59]. Evidence for effective lifestyle interventions is arising and is likely to be beneficial across 

outcomes of cognition, fatigue and psychological distress [3, 56, 58, 59].

Biological function

Daily steps and mean heart rate
Lifestyle factors, and particularly physical activity, are increasingly being recognized as 

important in managing symptoms and maintaining HRQoL. Physical activity may not only 

mitigate symptoms such as fatigue, but it may also positively influence the broader symptom 

network by improving overall physical and mental resilience. Therefore, it is important to 

examine how physical activity in newly diagnosed patients relates to HRQoL. In our study, 

daily step counts in patients with lymphoma and MM ranged from about 3,000 to 11,000 

steps per day. Despite the burden of disease and its treatment, patients with 5,932 steps per 

day or more (median) were better able to maintain their HRQoL over time. In contrast, those 

in the lowest quartile (median around 3,000 steps/day) reported clinically relevant worse 

functioning and more symptoms of fatigue, dyspnea and/or pain.

While reverse causation cannot be ruled out and patients with greater disease burden may 

have felt too sick to be more physically active, Hill’s criteria [60] support the causality of our 

findings. Firstly, biological pathways have been described to link physical activity to lower 

symptom burden and better functioning [61]. Moreover, prior studies, including exercise 

trials with different types of physical activity, have related higher levels of physical activity to 

better HRQoL [62-66], and a negative association has, to our knowledge, not been reported. 

In addition, the relatively large effect sizes observed in our study further reinforce the clinical 

relevance of encouraging physical activity.

The challenge lies in finding a balance between encouraging patients to increase physical 

activity and to respect the need for rest and recovery, particularly in those with significant 

disease burden. Qualitative studies have shown that clear guidance and reassurance on the 

appropriate amount and safety of physical activity, tailored to the patient’s disease burden 

and treatment status, are important to overcome fear or uncertainty about physical activity 

[67, 68]. Identifying patients with characteristics similar to those in the lowest quartile (older, 

9
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male, lower education and/or income, overweight, current smoker, ≥2 comorbidities, SCT, 

and/or MM diagnosis), may help clinicians provide targeted encouragement and support [69].

In response to the growing need for tailored support, lifestyle clinics have been established 

across hospitals in the Netherlands [70, 71]. These multidisciplinary clinics focus on improving 

modifiable health behaviors such as physical activity, diet, sleep, and stress management. 

They are aimed at patients with chronic diseases or complex care needs. Their emergence 

reflects a broader shift in health care towards prevention and patient empowerment, 

particularly in populations with lower health literacy or greater vulnerability. Incorporating 

lifestyle clinics into routine cancer care, especially for patients with low baseline physical 

activity and reduced functioning may provide additional benefits by addressing both physical 

and psychosocial dimensions of disease burden.

Consistent with the literature, better health outcomes in our study already occurred with 

fewer than the commonly recommended 10,000 steps per day [72-75], with no additional 

benefits beyond approximately 8,000 steps per day, suggesting a possible plateau in the 

effects of physical activity at higher levels within this population [72, 74]. Notably, a heart 

rate above the group mean, which was used as a proxy-measure for general fitness/health 

status [76], was associated with worse physical functioning and greater symptom burden. 

Encouraging frequent low-intensity physical activity, such as short walks, may help patients 

gradually improve their cardiovascular fitness, resulting in a lower overall heart rate and more 

steps per day. This could be a double win in relation to HRQoL outcomes.

Characteristics of the environment

Socioeconomic position
Despite the promising impact of lifestyle interventions, not all patients are equally positioned 

to access or benefit from them. Socioeconomic position (SEP) can influence not only baseline 

health behaviors, but also the extent to which patients utilize different health care services. 

Our findings revealed significant disparities in health care utilization among patients with 

lymphoma or MM. Patients with MM reported the highest utilization of health care services, 

including general practitioner (GP) visits, specialist care, and informal care. Patients with 

aggressive lymphoma reported the greatest use of additional physical and psychosocial 

support. SEP played an important role in access to care, with patients with lower SEP having 

more frequent GP visits while reporting less use of additional supportive care. In contrast, 

patients with higher SEP, particularly those with MM, showed greater use of specialist care. 

These findings are consistent with the existing literature about socioeconomic differences 

in health care utilization [39, 77-80]. The observed disparities between patients with low 

and high SEP may be due to differences in health literacy, insurance literacy, and financial 

constraints [35-39]. It suggests that SEP disparities may influence a patient’s ability to 

recognize, interpret, and act upon their symptoms.
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Facilitating patient engagement that promotes self-awareness and early identification of 

unmet needs is important in all patients, though it may be more challenging for those with 

low SEP. Active symptom monitoring using patient-reported outcomes has been shown to 

involve patients more actively in their own care process, and increase awareness of their 

symptoms and needs [2, 81]. For patients with low SEP, engaging someone close to the 

patient (i.e. a family member, friend, neighbor, or community member) who can comprehend 

medical information may help patients to better monitor their symptoms and effectively 

advocate for their needs [82]. For patients with a low SEP, personalized, easy-to-understand 

information about their disease and care options may be particularly necessary to help guide 

them through the health care system [36, 37, 83, 84].

Clinical factors

Hematologic cancer type and treatment regimen
Although the above sections have emphasized the relevance of individual and environmental 

factors in relation to HRQoL over time, clinical factors such as hematologic cancer type and 

treatment regimen remain fundamental determinants. Patients with MM have consistently 

reported worse HRQoL outcomes than patients with lymphoma in this thesis. This is mainly 

due to the complexity and severity of their disease, and the toxicity of their treatment. In 

addition, their relatively older age at diagnosis with higher prevalence of comorbidities makes 

them a (more) vulnerable patient population, with elevated risk for poor HRQoL outcomes.

Patients with more aggressive hematologic subtypes and/or disease progression who 

received chemo-immunotherapy and/or SCT reported a significantly higher symptom 

burden and greater functional impairment, compared to those under active surveillance. In 

particular, symptoms of fatigue, neuropathy, and bone pain were more prevalent in these 

patients and tended to increase over time. In contrast, patients who received a reduced 

number of treatment cycles generally reported better long-term HRQoL outcomes. Over the 

course of treatment, treatment decisions should increasingly prioritize the preservation of 

HRQoL [1, 50, 85]. An example of effectively balancing treatment efficacy and HRQoL is the 

timely integration of palliative care in oncology [86]. This approach combines both cancer-

focused treatment (aiming at controlling the disease) and patient-centered care (focused 

on the individual living with the disease). By addressing symptoms more proactively rather 

than reactively, it provides patients with more comprehensive support. Although this model 

is well-supported by palliative care research, its implementation in routine clinical practice 

remains a challenge, making its broader application in cancer survivorship even more 

difficult.

Overall health-related quality of life

The analyses in this thesis have consistently reported that patients with lymphoma and MM 

have significantly and clinically relevant lower HRQoL compared to an age- and sex-matched 

9
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normative population. This demonstrates the long-term impact of these diseases and their 

treatment on patients’ well-being. At group level, HRQoL remained stable up to 8 or 10 years 

after diagnosis without much clinically relevant recovery, which indicates the need for early 

intervention to improve long-term outcomes. Patients with an aggressive subtype and more 

toxic treatment seem to be more at risk for poor HRQoL. In addition, having comorbidities, 

lower education and/or income, and a less healthy lifestyle might increase the risk of poor 

HRQoL, both in indolent and aggressive subtypes of lymphoma and MM.

Implications for clinical practice

Early recognition of patients at risk

While the overall findings in this thesis reveal a significant impact of lymphoma and MM 

and its treatment on HRQoL, they also reveal specific subgroups of patients who may be 

at greater risk of enduring poor HRQoL. A combination of factors such as hematologic 

cancer type, treatment regimen, comorbidities, low SEP, and less physical activity, creates 

a cumulative risk for poor HRQoL [35, 36, 87, 88]. Patients in this subgroup may experience 

greater challenges in managing their disease and maintaining HRQoL.

Early identification of patients at risk for poor HRQoL is important to initiate timely and 

tailored interventions that can mitigate the long-term impact on HRQoL. Baseline HRQoL 

has been shown to be a strong predictor of HRQoL over time [89] and of potential long-

term problems [90, 91]. Health care providers should regularly assess and actively discuss 

symptoms and HRQoL, starting at the time of diagnosis [2, 4, 92]. This is particularly relevant 

for patients who present with known risk factors such as younger age, female sex, no partner, 

low SEP, comorbidities and/or low levels of physical activity, as they may signal the higher 

need for early referral to supportive care [2, 4, 92].

From early recognition to proactive care coordination

Early recognition is only the first step. Patients at risk often need additional support to 

effectively find and access the necessary care services, emphasizing the importance of 

structured follow-up and proactive care coordination [93, 94]. This coordination should 

extend beyond the hospital and include integrated support that combines medical, social, 

and behavioral care [94, 95].

Early collaboration with the general practitioner (GP) is important, especially as our research 

showed that patients with low SEP more often consult their GP than their medical specialist. 

Together with the patient, the GP can identify a suitable care coordinator within the patient’s 

local network, such as a nurse practitioner, oncology nurse, community nurse, or social 

support worker. This coordinator can guide access to the necessary care and ensure more 
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continuity of care. In the Netherlands, the need for more integrated, regional collaboration 

has been formalized in the 2022 Integral Healthcare Agreement (Integraal Zorgakkoord, IZA) 

[96], which encourages local care networks to jointly develop population-based plans and 

assign clear responsibilities for coordination across health care sectors. In line with this, 

the Netherlands Comprehensive Cancer Organisation (IKNL) has launched several pilots to 

implement a ‘Vast Aanspreekpunt Oncologie’ (VAP), a designated contact person outside the 

hospital [97], typically an oncology nurse in primary care. The VAP aims to provide continuity, 

improve communication across care settings, and reduce fragmentation in survivorship care. 

There is a growing interest in these regional initiatives, as they align with the call for more 

integrated care; however, to date, no research output has been published to evaluate their 

effectiveness or impact.

Community-based support: bridging clinical care and daily life

Social support services and community-based organizations can further complement clinical 

care to support patients at home. Interventions like group-based peer support programs 

have shown benefits for patients with limited health literacy and/or a low SEP by enhancing 

self-management, mutual understanding, and reducing social isolation [98]. Similarly, 

community health ambassadors, who are often trained neighborhood volunteers, have 

successfully improved trust and access to health care among harder-to-reach populations 

[99]. Dutch initiatives such as Healthy neighborhood (Gezonde wijk, ZonMw [100]) and 

programs by Pharos (a national expertise center that works to reduce health disparities by 

improving health care access and health literacy among people with low SEP and/or migrant 

backgrounds [101]) have demonstrated that culturally sensitive, peer-led strategies can 

significantly improve engagement with health services and preventive care [99, 102]. These 

integrated, multidisciplinary community programs demonstrate how collaboration between 

the GP, social workers, and community nurses can address broader social determinants 

of health. To ensure patients benefit from these initiatives, the care coordinator should 

proactively identify suitable programs and guide patients in accessing them as part of a 

coordinated care approach.

Individualized survivorship care planning with easy-to-understand 

information

In addition to these interventions, an individualized survivorship care plan (SCP) that includes 

medical, social and behavioral aspects may support patients throughout survivorship [103-

108]. However, findings from our own group in Dutch gynecologic cancer patients indicate 

that SCP’s may negatively influence HRQoL and increase anxiety, particularly in patients 

with more threatening illness perceptions [104, 109]. In contrast, SCP’s appear beneficial for 

patients who seek information, underlining the importance of a personalized approach to 

the use and delivery of SCP’s.

9
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To reduce possible anxiety and maximize effectiveness, SCP’s should be personalized 

not only in content (i.e. tailored interventions of exercise therapy, occupational therapy, 

or cognitive rehabilitation), but also in how the information is presented. Patients at risk 

of poor HRQoL, particularly those with low SEP, may find it difficult to process complex 

medical information. Using clear, accessible and easy-to-understand language and pacing 

information according to patient readiness can help prevent overwhelm, increase patient 

engagement and support self-management [83, 84]. Effective communication is essential 

to ensure patients understand their diagnosis, treatment options, and available support 

systems. Additionally, involving family members or informal caregivers in conversations can 

further improve patient understanding and participation in care decisions.

Methodological considerations

Prospective observational studies with real-world data

The different analyses in this thesis were performed in prospective observational population-

based settings, including patients with comorbidities and older patients, who are often 

underrepresented in clinical trials. The inclusion of patients at the time of diagnosis, as 

done in the last two chapters, is important to study baseline HRQoL before the start of 

treatment, allowing for a more accurate investigation of the impact of diagnosis and (initial) 

treatment. Whereas much of the existing literature relies on cross-sectional data, limiting 

insight into changes over time, the longitudinal design of all studies in this thesis has provided 

valuable information on the trajectories and persistence of HRQoL. This has led to a more 

comprehensive understanding of HRQoL throughout the course of the disease.

Limitations of using observational data are that it is more difficult to investigate causal 

relationships, as results may be biased by confounding by indication. For example, patients 

with greater disease burden (i.e. advanced stage or severe symptoms) often report lower 

HRQoL and are more likely to receive either intensive treatment, due to a more aggressive 

disease, or no treatment at all if their condition is too poor to tolerate therapy. This makes it 

difficult to determine whether differences in HRQoL are due to treatment or to the underlying 

clinical condition itself. To account for this potential bias, we consistently included an 

extensive set of sociodemographic and clinical characteristics, both to accurately describe 

the study population and to adjust for confounding in our analyses, which are essential steps 

to improve the validity of results in observational research. In addition, the wide variation in 

treatment among patients with lymphoma or MM made it more difficult to compare specific 

treatment regimens, as sample sizes were too small to allow for stratified analyses.

Nonetheless, real-world observational studies provide insights of utmost importance into 

how patients experience their disease and treatment in daily clinical practice. They capture 
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the heterogeneity of the patient population and provide a more accurate reflection of HRQoL 

outcomes in routine care settings, including vulnerable groups that are often excluded 

or underrepresented in clinical trials. Observational studies contribute to more inclusive 

evidence and support the development of more personalized and equitable survivorship 

care. To improve our understanding of real-world HRQoL across the full spectrum of patients 

with lymphoma and MM, continued observational research is needed.

Response rates

Response rates were relatively high throughout the studies in this thesis, ranging from 

67-84% at baseline. Response rates decreased during follow-up, which is consistent with 

other longitudinal observational studies in patients with lymphoma or MM. During long-term 

follow-up (Chapters 2-5), survivorship bias may have played an important role, as patients 

with poorer health were more likely to drop-out over time. Survivorship bias is inevitable in 

longitudinal studies, and our results may underestimate of the long-term impact of cancer 

and its treatment on HRQoL [110].

The statistical models used in this study are robust and designed to handle unbalanced data 

(e.g., missing data or inconsistent time intervals between measurements). While it is difficult 

to completely eliminate the potential for bias, the large sample sizes and the flexibility of the 

statistical methods helped to mitigate its impact. Therefore, the findings are considered 

reliable, and the conclusions drawn from our data are well-supported [111].

During the first year after diagnosis (Chapter 6-7), the drop-out of patients may have 

been more ‘two-sided’, as patients treated with curative intent and who were cancer-free 

sometimes reported that they no longer wished to participate to close this chapter of their 

life. This may have introduced bias, as the patients who remained in the study may have had 

different experiences and were still dealing with the physical or psychological effects of their 

cancer and its treatment. This may have led to an underestimation of HRQoL improvement 

during the first year after diagnosis.

To address potential underestimation of HRQoL outcomes both in the first year after 

diagnosis and during long-term follow-up, future studies should consider using brief exit 

questionnaires to capture reasons for discontinuation, providing additional insight into the 

factors contributing to drop-out and influencing HRQoL outcomes.

Clinical relevance

Clinically meaningful differences in HRQoL outcomes between patients, and clinically 

relevant changes over time, were evaluated using evidence-based guidelines for the EORTC 

QLQ-C30 [112, 113], and Osoba et al.’s recommendations for disease-specific symptoms [114]. 

The disease-specific EORTC modules for lymphoma and MM, recently validated in 2023 [115, 

9
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116], are still relatively new and contribute to advancing HRQoL research in patients with 

lymphoma or MM. Focusing on clinical relevance rather than solely statistical significance 

is especially valuable during the first year after diagnosis, when patients generally receive 

the most clinical care and when early interventions or treatment adjustment may improve 

outcomes more.

In addition, comparisons with normative populations (Chapters 2-4) provided valuable 

insights into how HRQoL is affected by lymphoma or MM beyond what is expected from 

natural aging and/or comorbidities, highlighting the true long-term burden of the disease 

and its treatment.

Generalizability of the results

To assess the generalizability of the results, comparisons were made between respondents 

and non-respondents based on clinical characteristics and sociodemographic factors 

available from the NCR (age and sex). Patients included in this thesis were generally about 5 

years younger and 10-20% more often diagnosed with an aggressive subtype of lymphoma 

or with MM than non-respondents. However, important factors associated with a higher risk 

of poor HRQoL, such as comorbidities, SEP, and lifestyle, were not available for comparison 

because these factors are not available in the NCR. These risk factors are known to be 

associated with lower participation in scientific research [117, 118]. While our results provide 

valuable insights, they may underestimate the actual proportion of patients experiencing 

poor HRQoL. Consequently, the generalizability of the findings may be somewhat limited.

Future research

Individual and environmental characteristics

Future research should aim to more selectively recruit patients with known risk factors 

for poor HRQoL such as multiple comorbidities, low SEP or low physical activity levels. 

Consistently including these patients is essential to better reflect the heterogeneity of 

HRQoL outcomes and support the development of tailored interventions for those in need. 

To ensure that future interventions align with patients’ experiences, qualitative research 

should investigate what patients at higher risk truly need in terms of information, support, 

and guidance throughout their survivorship. Importantly, involving patients with low SEP 

to participate in co-creation through participatory research is needed, to ensure that 

interventions are responsive to their preferences and perspectives [119].

Studies embedded in regional care networks are recommended to explore the coordination 

of care. This may help to identify who is best positioned to act as a care coordinator and how 

this role might improve continuity, integration, and support across different care settings [94].
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Symptoms and functional status

Future research should examine the influence of modifiable lifestyle factors, including 

physical activity, diet, and sleep patterns, and coping behaviors, on symptom progression 

and HRQoL. The implementation and evaluation of interventions such as the hospital-based 

lifestyle clinics could offer promising insights into how lifestyle support can be effectively 

embedded in survivorship care, helping to empower patients and improve their HRQoL by 

addressing symptoms and promoting better physical and mental resilience.

Biological function

There is also a need for more fundamental research into the biological and physiological 

mechanisms underlying persistent symptoms and HRQoL deterioration. This includes 

investigating factors such as cellular aging, inflammatory levels, genetic predisposition, 

tumor burden, and the direct and indirect effects of various specific treatment regimens. 

Frailty-adjusted treatment arms could be considered in future clinical trials [53, 54]. This 

may help in better balancing treatment efficacy and HRQoL preservation, supporting a shift 

toward more individualized treatment strategies.

Concluding remarks

The overall conclusion of this thesis is that patients with lymphoma and MM experience a 

significant burden of symptoms and reduced HRQoL, which often persists for years after 

diagnosis and differs significantly from that of the general population. The results of this 

thesis support several relationships described by the Wilson & Cleary model, showing 

significant differences in HRQoL based on a range of influencing factors. The findings highlight 

how socio-demographic characteristics of age, sex, educational level, and partner status, 

alongside clinical factors like comorbidities and treatment regimens, play an important role 

in shaping HRQoL outcomes over time.

The findings in this thesis emphasize the need for more personalized, holistic care that 

combines medical, psychological, and social support to optimize HRQoL in patients with 

lymphoma and MM. Proactive care coordination, particularly for those with multiple risk 

factors, will be essential in addressing the fragmented care landscape and ensuring that 

patients receive the support they need. Furthermore, personalized survivorship care 

plans, community support programs, involvement of informal caregivers, and better 

communication may help patients manage their symptoms and navigate the health care 

system more effectively. Combining these approaches with lifestyle interventions will be 

helpful in improving HRQoL in patients with lymphoma and MM.
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NEDERLANDSE SAMENVATTING 
(Dutch summary)

Hematologische maligniteiten, zoals lymfeklierkanker en multipel myeloom (MM), vormen 

een heterogene groep kankersoorten die ontstaan door ongecontroleerde deling van cellen 

binnen het bloedvormende en lymfatische systeem. Lymfeklierkanker wordt traditioneel 

geclassificeerd als Hodgkin lymfoom (HL) en non-Hodgkin lymfoom (NHL). NHL kent 

agressieve subtypes zoals diffuus grootcellig B-cellymfoom (DLBCL) en indolente, langzaam 

groeiende, subtypes zoals folliculair lymfoom (FL) en chronische lymfatische leukemie (CLL)/

kleincellig lymfocytair lymfoom (SLL). HL is een agressief subtype van lymfeklierkanker dat 

relatief vaak voorkomt bij jongere patiënten, maar ook bij ouderen kan optreden. Hoewel HL 

een agressieve vorm van lymfeklierkanker is, is de prognose doorgaans gunstig, met hoge 

genezingskansen dankzij effectieve behandelingen. Multipel myeloom is een ongeneeslijke 

kanker van plasmacellen, waarbij de behandeling gericht is op ziektecontrole en het 

verlengen van de overleving.

Ondanks aanzienlijke verbeteringen in overlevingskansen gedurende de afgelopen twee 

decennia, rapporteert een significant deel van de patiënten met lymfeklierkanker of MM 

(ongeveer 20-40%) klachten zoals vermoeidheid, neuropathie, cognitieve stoornissen, pijn 

en verminderd fysiek, sociaal en/of emotioneel functioneren. Deze klachten dragen bij aan 

een verminderde kwaliteit van leven en kunnen negatieve gevolgen hebben voor dagelijkse 

activiteiten en (terugkeer naar) werk.

Naarmate behandelstrategieën verbeteren en overlevingspercentages stijgen, wordt 

het optimaliseren van de behandelduur en het behouden van kwaliteit van leven steeds 

belangrijker. Er is echter nog veel onbekend over welke factoren bijdragen aan beperkingen 

in de kwaliteit van leven, hoe deze uitkomsten zich op de lange termijn ontwikkelen en in 

hoeverre klachten aanhouden bij patiënten met lymfeklierkanker of MM. Dit proefschrift had 

tot doel een beter begrip te krijgen van de verschillen in kwaliteit van leven uitkomsten bij 

patiënten met lymfeklierkanker en MM.

Het herziene Wilson & Cleary-model werd gebruikt als conceptueel kader om de samenhang 

tussen kwaliteit van leven en diverse beïnvloedende factoren te onderzoeken binnen een 

klinische setting (Figuur 1). Het model beschrijft hoe biologische variabelen kunnen leiden 

tot symptomen, die vervolgens het functioneren beïnvloeden, wat resulteert in een algemene 

perceptie van gezondheid en uiteindelijk de ervaren kwaliteit van leven. Individuele en 

omgevingsfactoren kunnen deze relaties moduleren. In dit proefschrift zijn daarnaast ook 

klinische factoren, zoals het type kanker en het behandelregime meegenomen vanwege hun 

relevantie voor kwaliteit van leven uitkomsten.
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Figuur 1. Herzien Wilson & Cleary model, toegepast in de klinische setting van patiënten 

met lymfeklierkanker en multipel myeloom.

De studies in dit proefschrift maakten gebruik van klinische gegevens uit de Nederlandse 

Kanker Registratie (NKR). Kwaliteit van leven data werd verzameld binnen de PROFIEL-

registratie (Patient Reported Outcomes Following Initial treatment and Long term Evaluation 

of Survivorship), dat direct gekoppeld is aan de NKR. De onderzoeken betroffen prospectieve 

observationele cohortstudies.

Belangrijkste Bevindingen in dit proefschrift:

Aanhoudende symptomen en functionele beperkingen: In Hoofdstukken 2, 3 en 4, werd 

de kwaliteit van leven onderzocht bij patiënten met lymfeklierkanker vanaf 4 maanden na 

diagnose tot een maximale follow-up van 10 jaar na diagnose. Bij patiënten met indolent 

NHL rapporteerde 36% aanhoudende vermoeidheid, 33% aanhoudende neuropathie 

en 25% aanhoudend verminderd rol functioneren (dagelijkse uitvoering van werk en/of 

hobby’s, Hoofdstuk 2). Bij patiënten met agressief NHL, en specifiek DLBCL, rapporteerde 

25% aanhoudende vermoeidheid, 28% aanhoudende neuropathie en 23% aanhoudende 

psychologische stress (Hoofdstuk 3). Ongeveer 30% van de patiënten met indolente of 

agressieve lymfoom rapporteerde aanhoudende cognitieve stoornissen (Hoofdstuk 4). De 

aanwezigheid van aanhoudende symptomen en functionele beperkingen was consistent 

2-3 keer hoger bij patiënten met lymfklierkanker dan bij leeftijdsgenoten zonder kanker 

(Hoofdstuk 2, 3, 4). Deze beperkingen bleven aanwezig met weinig tot geen verbetering, 

zelfs tot 10 jaar na diagnose. Hoewel patiënten werden geïncludeerd vanaf 4 maanden na 

diagnose en informatie over kwaliteit van leven bij diagnose ontbrak, bleek een kortere tijd 

sinds diagnose samen te hangen met meer aanhoudende symptomen en beperkingen. Dit 

suggereert dat deze klachten mogelijk al vroeg ontstaan of reeds aanwezig zijn bij diagnose.

A
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Symptoom clusters: Bij patiënten met aanhoudende cognitieve stoornissen rapporteerde 

74% tegelijkertijd ook symptomen van aanhoudende vermoeidheid en/of psychologische 

stress, wat suggereert dat langdurig verminderde kwaliteit van leven beïnvloed wordt 

door meerdere tegelijkertijd optredende symptomen (Hoofdstuk 4). Dit kan wijzen op een 

symptoomnetwerk waarbij symptomen elkaar beïnvloeden. Deze bevinding onderstreept het 

belang van integrale symptoommonitoring, waarbij meerdere klachten gelijktijdig worden 

meegenomen in de beoordeling en ondersteuning.

Zorggebruik en sociaaleconomische positie (SEP): Binnen een vergelijking tussen 

verschillende subtypes van lymfeklierkanker en MM, rapporteerden patiënten met MM het 

hoogste zorggebruik bij de huisarts, medisch specialist en aanvullende informele zorg. 

Patiënten met agressief lymfoom maakten het meest gebruik van aanvullende fysieke zorg 

(bijvoorbeeld fysiotherapie en revalidatie) en psychosociale zorg (zoals psycholoog en 

maatschappelijk werk). Ondanks een nationale gezondheidsverzekering in Nederland, werden 

SEP-gerelateerde verschillen waargenomen: patiënten met een lage SEP rapporteerden 

hoger zorggebruik bij de huisarts en lager gebruik van aanvullende fysieke en psychosociale 

zorg. Bij patiënten met MM hing een hoge SEP samen met meer gebruik van zorg bij de 

medisch specialist. De verschillen in zorggebruik waren het grootst voor aanvullende zorg 

bij patiënten met een lage SEP, die ook een hoger risico hebben op verminderde kwaliteit 

van leven (Hoofdstuk 5).

Comorbiditeiten: Binnen de verschillende analyses en hoofdstukken van dit proefschrift 

kwam comorbiditeit consistent naar voren als een van de belangrijkste factoren die de 

kwaliteit van leven beïnvloeden bij patiënten met lymfeklierkanker of MM. In Hoofdstuk 6 

is onderzocht hoe de aanwezigheid van comorbiditeiten de kwaliteit van leven beïnvloedt 

in het eerste jaar na diagnose. Hieruit bleek dat patiënten met milde tot matig-ernstige 

comorbiditeiten klinisch relevant lagere kwaliteit van leven rapporteerden bij diagnose en 

gedurende het eerste jaar, in vergelijking met patiënten zonder comorbiditeiten. Hoewel 

de kwaliteit van leven over het algemeen verbeterde in het eerste jaar na diagnose, 

rapporteerden patiënten met comorbiditeit minder grote verbetering. Patiënten die meer 

systemische behandelingen en/of een stamceltransplantatie ondergingen, rapporteerden 

eveneens een slechtere kwaliteit van leven, ongeacht comorbiditeit. De aanwezigheid van 

comorbiditeit en kwaliteit van leven bij diagnose vormen belangrijke prognostische factoren 

voor langdurig verminderde kwaliteit van leven.

Fysieke Activiteit: Nieuw gediagnosticeerde patiënten met lymfeklierkanker of MM zetten 

tussen de 3.000-11.000 stappen per dag in de eerste zes maanden na diagnose (Hoofdstuk 

7). Een hogere mate van fysieke activiteit in deze periode bleek samen te hangen met een 

hogere kwaliteit van leven. Patiënten die dagelijks ongeveer 6.000 stappen of meer zetten 

(≥2e kwartiel), konden hun kwaliteit van leven beter behouden dan patiënten in het laagste 
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kwartiel. Een hogere gemiddelde hartslag, als proxy voor algemene fitheid, hing samen met 

lager fysiek functioneren en een grotere symptoomlast. Zeer hoge activiteitsniveaus (boven 

circa 8.000 stappen per dag) gingen niet gepaard met verdere verbetering van kwaliteit van 

leven, wat wijst op een mogelijk plafondeffect.

Implicaties voor de klinische praktijk:

Uit de bevindingen van dit proefschrift blijkt dat meerdere factoren samenhangen met een 

(aanhoudend) verminderde kwaliteit van leven bij patiënten met lymfeklierkanker en MM. 

Deze resultaten onderstrepen het belang van een bredere benadering, waarbij niet alleen 

aandacht is voor medische aspecten, maar ook voor individuele en omgevingsfactoren van de 

patiënt. De bevindingen benadrukken de noodzaak van meer gepersonaliseerde, holistische 

zorg. Het is cruciaal om patiënten met een verhoogd risico op aanhoudend slechte 

kwaliteit van leven al vroegtijdig te herkennen. Risicofactoren omvatten onder meer het 

subtype hematologische maligniteit (met name MM), behandelregime, comorbiditeit, lage 

SEP, jongere leeftijd, vrouwelijk geslacht, geen partner en lage niveaus van fysieke activiteit 

bij kankerdiagnose.

Vroege herkenning moet leiden tot meer proactieve zorgcoördinatie, met name voor 

patiënten met meerdere risicofactoren of lage SEP, om hen te helpen navigeren door 

het zorgsysteem en toegang te krijgen tot de benodigde ondersteuning. Routinematige 

symptoommonitoring, bij voorkeur vanaf het moment van diagnose, kan bijdragen aan de 

vroegtijdige identificatie van patiënten met een verhoogd risico op aanhoudend verminderde 

kwaliteit van leven en het tijdig bieden van passende ondersteunende zorg. Betrokkenheid 

van de huisarts en de aanstelling van een zorgcoördinator en/of vast aanspreekpunt buiten 

het ziekenhuis worden aanbevolen. De rol van een ‘Vast Aanspreekpunt Oncologie’ (zoals in 

de huidige IKNL-pilots) kan hierin belangrijk zijn, met name voor meer continue ondersteuning 

in de eerstelijnszorg. Gemeenschap gebaseerde ondersteuning dichtbij huis en initiatieven 

gericht op het verbeteren van gezondheidsvaardigheden, vooral voor patiënten met lage SEP, 

kunnen de klinische zorg aanvullen. Programma’s zoals Gezonde Wijk (ZonMw) of Pharos-

interventies laten zien dat cultuursensitieve ondersteuning door gelijkgestemden de toegang 

tot zorg kan verbeteren en het zelfmanagement versterkt. Individuele zorgplannen kunnen 

nuttig zijn, mits gepersonaliseerd in inhoud en leveringswijze, en rekening houdend met de 

informatiebehoefte en het begripsniveau van de patiënt. Duidelijke, gemakkelijk te begrijpen 

communicatie is essentieel, evenals het betrekken van naasten. A
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Conclusie:

Patiënten met lymfeklierkanker en MM ervaren een significant aanhoudende last van 

symptomen en een verminderde kwaliteit van leven, die klinisch relevant lager is dan die van 

de algemene bevolking. De bevindingen van dit proefschrift ondersteunen de relaties zoals 

beschreven door het Wilson & Cleary model, waarbij een reeks factoren, waaronder socio-

demografische kenmerken (leeftijd, geslacht), klinische factoren (type kanker, behandeling, 

comorbiditeit), functionele status, symptomen, biologische functie (fysieke activiteit) en 

omgevingsfactoren (SEP), een belangrijke rol spelen bij het vormgeven van kwaliteit van leven 

uitkomsten over tijd. Om de kwaliteit van leven bij deze patiëntenpopulatie te optimaliseren, 

is een alomvattende, geïntegreerde benadering nodig die medische, psychosociale en 

sociale ondersteuning combineert. Een proactieve aanpak, inclusief zorgcoördinatie, 

laagdrempelige regionale ondersteuning en inzet van naasten, is hierbij essentieel. 

Daarnaast kunnen gepersonaliseerde zorgplannen, duidelijke communicatie afgestemd op 

gezondheidsvaardigheden en leefstijlinterventies bijdragen aan betere uitkomsten. Deze 

integrale aanpak biedt handvatten om de kwaliteit van leven op de lange termijn structureel 

te verbeteren.
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Lo, Bet, Men, we zijn al ruim 20 jaar vriendinnen. Dat doet me beseffen dat we oud worden….

maar vooral hoe bijzonder het is dat we elkaar nog altijd vinden en aanmoedigen. Pammi en 
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Es, onze wereldreizen zijn ingeruild voor wandelingen en de kroeg voor koffie, maar de vriend-

schap is er alleen maar mooier op geworden. Jullie herinneren mij er altijd aan hoe belangrijk 

het is om lief te zijn voor jezelf en om die chaos, in welke vorm dan ook, gewoon lekker te 

omarmen. Ook Niels wil ik hier noemen. Hij leerde me dat ik trots mag zijn op mijn successen, 

en dat oprechte momenten samen zóveel meer betekenen dan een perfect verhaal.

Tot slot, mijn paranimfen: Kelly, onze eerste werkdag samen op de PSOE bleek het begin 

van een nieuwe vriendschap. Jij leerde mij over de wereld van onderzoek. Ik liet jou de sluip-

routes door het AVL zien. Jij bent altijd een luisterend oor, of juist een klankbord voor advies. 

Bedankt voor wie je bent. Ruth, dit is de eerste opleiding die ik zonder jou moest afronden. 

Maar eigenlijk ben jij er altijd voor mij. Jij hebt me als geen ander altijd bijgestaan en ik ben 

heel dankbaar dat je op 18 november ook naast me staat, als mijn elfje.

Lieve Mama, Sevé, Trudy, Bram, Alanna, Thijs, Isa, Bente, Tobias en Lucas, bedankt dat jullie 

altijd in mij geloven en me onvoorwaardelijk omringen met liefde. Ik weet dat jullie trots zijn, 

en ik weet zeker dat papa het meest trots van allemaal zou zijn geweest! Zijn rust, nauwkeu-

righeid en integriteit blijven mijn kompas. Dankzij hem, en dankzij jullie, is dit proefschrift 

een succes geworden. Ik hou van jullie.

Afke Ekels

mei 2025

A
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