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Abstract
Purpose  To investigate the proportion of patients with lymphoma with persistent clinically relevant cognitive impairment, 
and its relation to  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 
8 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  A total of 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 
8 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 sup-
portive care (i.e., lifestyle interventions) and reduce (long-term) symptom burden.

Keywords  Lymphoma · Cognition · Patient-reported outcome · Quality of life · Population-based registry

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-immuno-
therapeutic 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 func-
tioning [9, 10], others showed no effect and/or demonstrated 
that cognitive impairment was related to factors of the can-
cer itself, fatigue and/or psychological distress [1, 2, 5, 6, 
8, 11–13].

Large longitudinal studies of (long-term) cognitive func-
tioning in a population-based setting among patients with 
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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 2 years 
after diagnosis) [1, 6, 12, 15–19]. No comparison with lon-
gitudinal 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 propor-
tion of patients with persistent clinically relevant self-per-
ceived 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 norma-
tive 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 of cancer and its treat-
ment. 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 and 2010 (cohort 
1), and between 2015 and 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 Classifi-
cation 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 certi-
fied 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 Janu-
ary 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 Febru-
ary 2019. Patients in this cohort were selected for partici-
pation 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 popula-
tion (CentER panel) [23]. This cohort is considered repre-
sentative for the Dutch-speaking population in the Nether-
lands. Individual cases were matched based on age range 
(5 years below and 5 years above) and sex of each hemato-
logical malignancy (DLBCL, FL and CLL/SLL). Similar 
to patients with cancer, they received annual questionnaires 
between 2011–2015.

Study measures

Clinical data

The Population-based HAematological Registry for Obser-
vational Studies (PHAROS), an extension of the NCR, was 
used to retrieve detailed treatment information for patients 
diagnosed between 2004 and 2010. For patients diagnosed 
between 2015 and 2019, treatment information was embed-
ded 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, 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.
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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 indi-
cating 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 meas-
urements 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.

Statistical analyses

Statistical analyses were carried out using IBM SPSS Sta-
tistics 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 analyz-
ing the main effects of treatment, unconditional models were 
analyzed. Second, main effects of the a priori determined 
clinical (most toxic treatment regimen received before inclu-
sion, 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 Fig. 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%).

Comparison between different groups 
of respondents of the questionnaires

Compared to respondents, non-respondents had a signifi-
cantly 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 surveil-
lance compared to respondents (data shown in Online 
Resource 2). Compared to patients who completed one 
questionnaire, patients with FL and CLL/SSL who com-
pleted more questionnaires were significantly more often 
higher educated. Patients with DLBCL who completed 
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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 (DLBCLnorm 14%, FLnorm 17%, and 
CLL/SLLnorm 14%).

Seventy-four percent (N = 147) of patients with persistent 
cognitive impairment reported concurrent symptoms of per-
sistent 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 (Fig. 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 1 and 8 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 Fig. 3.

Results of adjusted models are described in Table 2 (a full 
overview is reported in Online Resource , Tables 2, 3, 4).

Fig. 1   Flowchart of the data collection
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DLBCL

Patients with DLBCL did not report any statistically signifi-
cant 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 psycho-
logical 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). Cog-
nitive 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 psychological distress (β =  − 1.50 and p < 0.001) at 
inclusion. Over time, the negative impact of psychologi-
cal distress at inclusion diminished (β = 0.15 per year since 
diagnosis, p < 0.05).

CLL/SLL

Patients with CLL/SLL reported a significant, and clini-
cally 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 psy-
chological 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, dete-
rioration of cognitive functioning over time (FL norm − 4.8 
points, βnormFL =  − 0.60, and p < 0.05. DLBCL norm − 3.5 
points, βnormDLBCL =  − 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 

Fig. 2   Venn-diagram of the proportion of patients who reported persistent cognitive impairment, persistent fatigue and/or persistent psychologi-
cal distress
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Fig. 3   Unconditional growth 
curve of cognitive functioning 
per hematological malignancy 
and its comparison to the nor-
mative population
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was associated with worse cognitive functioning (DLBCL 
βnormDLBCL =  − 0.29 and p < 0.001. FL βnormFL =  − 0.38 and 
p < 0.001. CLL/SLL βnormCLL/SLL =  − 0.37 and p < 0.001). 
Among the normative population matched for CLL/
SLL, significantly worse cognitive functioning at inclu-
sion was also reported by participants with an older age 
(βnormCLL/SLL =  − 0.24 and p < 0.05) and/or a lower educa-
tional level (βnormCLL/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 comorbidi-
ties), 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 dis-
tress 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 charac-
teristics, were observed in the age- and sex-matched norma-
tive population.

The association between fatigue, psychological distress, 
and cognitive functioning was the most dominant and con-
sistent factor among all groups, independent of cancer or 
its 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 sclero-
sis) [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 mecha-
nisms 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]. Identi-
fying 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. Aware-
ness 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, cogni-
tive 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 cogni-
tive 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 impair-
ment 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 treat-
ment 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 symp-
toms, this may have led to an underestimation of the impact 
of treatment 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 health-
ier 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 lon-
gitudinal studies with patient-reported outcomes among 
cancer patients [50–52]. Third, cognitive functioning was 
measured with a 2-item subscale focusing only on concentra-
tion and memory. This may have led to an underestimation 
of patients reporting cognitive impairment. Future research 
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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 8 years after diagnosis. The co-occurrence with per-
sistent fatigue and distress is substantial. Treatment regi-
men seems to be less relevant. Evidence for effective life-
style interventions (i.e., exercising) is arising and is likely 
to be beneficial across outcomes of cognition, fatigue, and 
psychological distress [37, 46–48]. We encourage clini-
cians to discuss symptoms in the early stages of the dis-
ease. 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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