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Abstract
Objective: Cancer patients can experience work-specific cognitive symptoms post return to
work (RTW). The study aims to: 1) describe the course of work-specific cognitive symptoms in
the first 18 months post RTW, and 2) examine the associations of work characteristics, fatigue
and depressive symptoms with work-specific cognitive symptoms over time.
Methods: This study used data from the 18-months longitudinal “Work Life after Cancer”
cohort. The Cognitive Symptom Checklist-Work, Dutch Version (CSC-W DV) was used to
measure work-specific cognitive symptoms. Linear mixed models were performed to examine
the course of work-specific cognitive symptoms during 18 months follow-up; linear regression
analyses with generalised estimating equations (GEE) were used to examine associations over
time.
Results: Working cancer patients diagnosed with different cancer types were included
(n=378). Work-specific cognitive symptoms were stable over 18 months. At baseline, cancer
patients reported more working memory symptoms (M=32.0, CI=30.0, 34.0) compared to
executive function symptoms (M=19.3; CI=17.6, 20.9). Cancer patients holding a job with both
manual and non-manual tasks reported less work-specific cognitive symptoms
(unstandardized regression coefficient b=-4.80; CI=-7.76, -1.83) over time, compared to
cancer patients with a non-manual job. Over time, higher depressive symptoms were related
to experiencing more overall work-specific cognitive symptoms (b=1.27; CI=1.00, 1.55) and a
higher fatigue score was related to more working memory symptoms (b=0.13; CI=0.04, 0.23).
Conclusions: Job type should be considered when looking at work-specific cognitive
symptoms over time in working cancer patients. To reduce work-specific cognitive symptoms,
interventions targeted at fatigue and depressive symptoms might be promising.
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Introduction
With increasing survival of cancer patients, the adverse effects of cancer and related
treatments on cancer patients’ cognition receive more and more attention 1. Cancer patients
report problems such as diminished memory, executive function, attention and information
processing speed1. Cognitive symptoms are one of the most bothersome symptom clusters
experienced by cancer patients and are associated with reduced role functioning and
decreased quality of life2. Cognitive impairments often fall in the "mild" to "moderate" range
according to standardized neuropsychological testing; however even "mild" impairments can
have profound consequences upon quality of life, especially when they are persistent and left
untreated3. Cognitive symptoms can be experienced for more than 20 years following
treatment4. Cancer patients who have been treated with chemotherapy report cognitive
symptoms more frequently than patients who receive other cancer treatment modalities 1,5,6.
Two years post-diagnosis, an average of 89% of cancer patients have returned to
work7. Even though the majority are in relatively good health when back at work 8,9, cancer
on cancer, cognition and work outcomes concluded that these cognitive symptoms have a
negative impact on work ability, return to work and work performance for cancer patients
who returned to work13. A questionnaire to measure work-specific cognitive symptoms was
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patients can experience cognitive symptoms while working10-12. A recent integrative review

developed in the United States14. This questionnaire was cross-culturally translated, adapted
and validated in Dutch cancer patients who returned to work (i.e., the Cognitive Symptom
Checklist-Work, Dutch Version (CSC-W DV))15. The CSC-W DV contains a set of questions
specific to a person’s work tasks, divided in two subscales ‘working memory’ and ‘executive
function’. Working memory reflects the ability to temporarily store and manipulate
information, to learn and retain new information and to retrieve memories from the past,
while executive function comprises the system that manages cognitive processes, such as
planning, initiating appropriate action, inhibiting competing responses and selecting relevant
information16. Insight into the course of work-specific cognitive symptoms is important for
(occupational) physicians, labour experts, employers and cancer patients, because of the
adverse impact of work-specific cognitive symptoms on work outcomes.
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Common cancer-related symptoms as fatigue and depressive symptoms are likely to
contribute to cognitive symptoms15,17,18. Therefore, work-specific cognitive symptoms should
not be explored without considering their relationships with fatigue and depressive symptoms
over time. Similarly, work characteristics, such as the job type and working hours, might also
influence the course of work-specific cognitive symptoms. To date, knowledge about possible
associations between these work characteristics and work-specific cognitive symptoms is
lacking, hampering the implementation of adequate work accommodations.
To address these gaps in knowledge, the aims of this study are to: 1) describe the
course of work-specific cognitive symptoms (overall, working memory symptoms and
executive function symptoms) in the first 18 months post return to work (RTW), and 2)
examine the associations of work characteristics, fatigue and depressive symptoms with workspecific cognitive symptoms at 6-months intervals over the course of 18 months, while
controlling for demographic and treatment related variables. A better understanding of the
associations between work characteristics, fatigue and depressive symptoms on the one hand
and work-specific cognitive symptoms on the other hand is relevant for the development of
targeted interventions to reduce work-specific cognitive symptoms, when guiding and
supporting working cancer patients.

Methods
Study design and sample
This study used data from the Work Life After Cancer (WOLICA) study, a longitudinal cohort
study following 384 cancer patients aged 18-65 years, who have resumed work for at least 12
hours/week during or following cancer treatment19. Exclusion criteria are recurrent cancer,
treatment with palliative intent, no paid employment for at least 1 year prior to cancer
diagnosis and not able to complete a questionnaire in Dutch. Occupational Physicians (OPs)
asked potential participants during their regular visits if they were interested to participate in
this study. If interested, the cancer patients’ name and address were forwarded to the
research team. When meeting the inclusion criteria, additional information about the study,
an informed consent and the baseline questionnaire were sent. Cancer patients filled out the
baseline questionnaire within the first 3 months of working ≥12 hours/week after cancer
| 110
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diagnosis. They received follow-up questionnaires every 3 months, measuring sociodemographics, health status and work-related factors. Cancer patients completed the
questionnaires at home, on paper or online, based on participants’ preference. WOLICA was
reviewed and approved by the Medical Ethical Committee of the University Medical Center
Groningen (M12.125242). All participants provided written informed consent. A detailed
description of WOLICA has previously been reported19. For this study, baseline, 6, 12 and 18
months follow-up data were used.
Measures
Work-specific cognitive symptoms
Work-specific cognitive symptoms were measured at baseline, 6, 12 and 18 months post RTW
with the reliable and validated Cognitive Symptom Checklist-Work Dutch Version (CSC-W DV;
19 items, α=0.95 in this sample)15. The overall CSC-W DV scale consists of two subscales, i.e.,
‘working memory symptoms’ (8 items) and ‘executive function symptoms’ (11 items). The
working memory symptoms subscale measures cancer patients’ frequency of the experienced
conversations. The executive function symptoms subscale measures cancer patients’
frequency of the experienced symptoms when using new information, e.g. for completing all
steps of a task or figuring out how a decision was reached. Response options range from
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symptoms with remembering, e.g. what they intended to write or the content of

0=never to 4=always. The response option ‘Does not apply to my job’ was added to enable
cancer patients to answer and reduce respondent burden when a particular symptom was not
relevant to their job. Overall and subscale scores were obtained by summing the scores and
dividing by the number of completed items and then multiplying by 25. Scores ranged from 0100, with higher scores indicating more symptoms. In the analyses ‘Does not apply to my job’
was coded as missing. If answers on 20% or more of the items were missing, the (sub)scale
scores were set to missing.
Work characteristics
Job type was measured at baseline, with a single-item question with three response options
(i.e., manual; both manual and non-manual; non-manual (reference category)). Actual
working hours (per week) were captured at all time points, with the single-item question “On
average, how many hours are you currently working?”
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Cancer-related variables
Fatigue was measured at baseline, 6, 12 and 18 months post RTW with the reliable and
validated Checklist Individual Strength (CIS-8) ‘fatigue severity’ scale (8 items20, α=0.90 in this
sample). If more than 2 items were missing, the scale score was set to missing. A scale score
was calculated by summing the scores on each item, ranged from 8-56, with higher scores
indicating more severe fatigue. For interpretation, a score of >35 indicates severe fatigue 20.
Depressive symptoms were measured at baseline, 6, 12 and 18 months post RTW with the
reliable and validated Patient Health Questionnaire-9 (PHQ-9; 9 items21,22, α=0.78 in this
sample). If more than 3 items were missing, the scale score was set to missing. A scale score
was calculated by summing the scores on each item, ranged from 0-27, with higher scores
indicating more depressive symptoms. For interpretation, a score of ≥10 was considered
indicative of clinical depression22,23. Both fatigue and depressive symptoms were treated as
time-varying variables.
Individual and treatment characteristics
Cancer patients’ age (in years), gender (male; female (reference category)) and marital status
(married/cohabitating; single/divorced (reference category)) at baseline were asked. Level of
education was categorized into three categories (i.e., high (higher professional education,
college and university); medium (senior secondary vocational education and senior general
secondary education); low (primary, junior secondary vocational and junior general secondary
education; reference category)). Furthermore, cancer type was asked (i.e., breast cancer
(reference category); gastrointestinal cancer; gynecological cancer; hematological cancer; skin
cancer; head and neck cancer; urogenital cancer; lung cancer; other cancer). Treatment type
was divided into three categories (i.e., systemic therapy (chemotherapy, immunotherapy,
hormonal therapy, stem cell transplantation and/or bone marrow transplantation exclusively,
or in combination with radiotherapy and/or surgery); radiotherapy exclusively, or in
combination with surgery; surgery (reference category)) Treatment completed (yes; no
(reference category)) was also asked at baseline.
Statistical analysis
The cancer patients’ socio-demographics, cancer-related variables and work characteristics
were described. To address aim 1, describe the courses of work-specific cognitive symptoms
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(overall, working memory symptoms and executive function symptoms) in the first 18 months
post RTW, linear mixed models were used to calculate estimated means with corresponding
95% confidence intervals (CIs). Changes over time between baseline, 6, 12 and 18 months
were tested with pairwise comparisons. Bonferroni correction was used to correct for multiple
testing. To address aim 2, examine the associations of work characteristics, fatigue and
depressive symptoms with work-specific cognitive symptoms at 6-months intervals over the
course of 18 months, Pearson’s correlations were calculated at baseline, 6, 12 and 18 months
post RTW for fatigue and depressive symptoms with work-specific cognitive symptoms. Next,
linear regression analyses with generalized estimating equations (GEE) were performed. With
GEE, the relationships between the variables in the model at different time-points were
analyzed simultaneously24. GEE takes the intra-individual correlations between observations
into account24. An exchangeable structure was found most appropriate after examining the
correlation structure of the CSC-W DV. Regression coefficients with corresponding 95%
confidence intervals (CIs) were presented. Using a stepwise approach, different variables were
added, based on the Cancer & Work model25. In step one, the unconditional growth model
working memory symptoms (model 2a) or executive function symptoms (model 3a) and a
categorical time variable. In step two (model 1b, 2b and 3b), age, gender, education, marital
status, cancer type and treatment type were added. In step three (model 1c, 2c and 3c), work
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was shown, which included either overall work-specific cognitive symptoms (model 1a),

characteristics, fatigue and depressive symptoms were added. In step four (model 1d, 2d and
3d), treatment completion was added. Available data and the percentage of personmeasurement observations for the different models were reported for each step. Data were
not imputed. Analyses were performed with SPSS Statistics 25.

Results
Sample characteristics
A total of n=378 participants (64% women, mean age of 50.6 (SD=8.6) years) completed the
work-specific cognitive symptoms questionnaire at baseline and were included in analyses
(Table 1). Cancer patients were diagnosed with different types of cancer; most often with
breast cancer (47%) or gastrointestinal cancer (15%). More than two-third (71%) were treated
113 |
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with systemic therapy and approximately two-third (64%) had completed their treatment at
baseline. Most cancer patients (58%) had a job with both manual and non-manual tasks; 30%
had mainly non-manual tasks and 12% had mainly manual tasks. At baseline, cancer patients
worked, on average, 18.9 (SD=8.5, range 12-55) hours per week.

Table 1. Sample description (n=378)
Socio-demographics
Age in years, M (SD)
Gender (female), n (%)
Level of education, n (%)
Low
Medium
High
Marital status, n (%)
Married/cohabitating
Single/divorced/separated
Health characteristics
Cancer site, n (%)
Breast cancer
Gastrointestinal cancer
Gynecological cancer
Hematological cancer
Skin cancer
Head and neck cancer
Urogenital cancer
Lung cancer
Other cancer
Type of treatment, n (%)
Systemic therapy†
Radiotherapy
Surgery
Treatment completed (yes), n (%)
Fatigue, M (SD)
Depressive symptoms, M (SD)
Work characteristics
Job type, n (%)
Manual
Both manual and non-manual
Non-manual
Working hours, M (SD, range)

50.6 (8.6)
241 (64)
100 (27)
129 (34)
148 (39)
300 (80)
77 (20)
177 (47)
58 (15)
12 (3)
40 (11)
16 (4)
14 (4)
40 (11)
12 (3)
8 (2)
267 (71)
47 (13)
58 (15)
243 (64)
30.2 (11.3)
4.6 (3.7)
44 (12)
218 (58)
114 (30)
18.9 (8.5, 12-55)

M=mean; SD=standard deviation; †Systemic therapy is defined as ‘chemotherapy, immunotherapy,
hormonal therapy, stem cell transplantation and/or bone marrow transplantation’; radiotherapy is
defined as ‘radiotherapy exclusively or /in combination with surgery’; surgery is defined as ‘surgery
only’.
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The course of work-specific cognitive symptoms during the first 18 months post RTW
Cancer patients reported an average baseline work-specific cognitive symptoms overall score
of 24.7 (CI=23.0, 26.3) (Figure 1) that was stable during 18 months follow-up (Δ0-18=-0.5; Δ0-6 0.3; Δ6-12=0.0; Δ12-18=-0.3). The average baseline scores for working memory symptoms and
executive function symptoms were 32.0 (CI=30.0, 34.0) and 19.3 (CI=17.6, 20.9), respectively
and both subscale scores were stable over the period of 18 months (working memory
symptoms: Δ0-18=-1.0; Δ0-6 -0.7; Δ6-12=0.3; Δ12-18=-0.7; executive function symptoms: Δ0-18=0.0;
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Δ0-6 -0.1; Δ6-12=-0.2; Δ12-18=0.3).

Figure 1. Unadjusted means (and SE) of overall cognitive symptoms, working memory
symptoms and executive function symptoms at baseline, 6, 12 and 18 months post return to
work.
SE=standard error, RTW=return to work.
* p<0.05, ** p<0.01, *** p<0.001. Bonferroni correction was used to correct for multiple testing
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Associations of work characteristics, fatigue and depressive symptoms with work-specific
cognitive symptoms at baseline and over time
Fatigue was weakly positively correlated with work-specific cognitive symptoms (r=0.18-0.25)
and depressive symptoms were moderately positively correlated with work-specific cognitive
symptoms (r=0.41-0.48). A strong positive correlation was found between fatigue and
depressive symptoms (r=0.58). The correlations remained the same at the different
measurement points; detailed information is shown in Appendix 1.
In Table 2, the final models for overall work-specific cognitive symptoms, working
memory symptoms and executive function symptoms are presented. Detailed model building
results are reported in Appendices 2, 3 and 4. Cancer patients with a job with both manual
and

non-manual

tasks

reported

less

overall

work-specific

cognitive

symptoms

(unstandardized regression coefficient b=-4.80; CI=-7.76, -1.83) over time, compared to
cancer patients with a non-manual job. A higher score on depressive symptoms was related
to experiencing more overall work-specific cognitive symptoms (b=1.27; CI=1.00, 1.55) over
time. When examining the relationship between fatigue and work-specific cognitive
symptoms, a higher score on fatigue was related to experiencing more working memory
symptoms (b=0.13; CI=0.04, 0.23) over time, but not to executive function symptoms.
Furthermore, cancer type was associated with working memory symptoms over time.
Additionally, cancer patients treated with radiotherapy experienced less work-specific
cognitive symptoms (b=-6.08; CI=10.86, -1.31) over time, compared to cancer patients treated
with surgery
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3.32 (-0.86, 7.51)
Ref
-4.52 (-10.49, 1.45)
-4.85 (-8.68, -1.02)*
Ref
0.01 (-0.07, 0.09)
0.13 (0.04, 0.23)**
1.22 (0.93, 1.51)***

-3.03 (-8.32, 2.26)
-4.80 (-7.76, -1.83)**
Ref
-0.01 (-0.07, 0.06)
0.06 (-0.02, 0.14)
1.27 (1.00, 1.55)***

1.18 (-3.99, 6.35)
Ref
0.13 (-0.7, 0.33)
-0.68 (-5.50, 4.15)
1.83 (-2.73, 6.39)
Ref
0.61 (-3.45, 4.67)
Ref
-6.83 (-13.02, -0.64)*
2.79 (-8.11, 13.69)
-3.43 (-10.13, 3.28)
-16.77 (-25.47, -8.08)***
-9.41 (-17.45, -1.37)*
-11.36 (-18.75, -3.97)**
-19.06 (-31.85, -6.27)**
-0.86 (-18.98, 17.25)
Ref
-3.40 (-7.99, 1.18)
-8.51 (-14.21, -2.81)**
Ref

1.17 (-3.09, 5.43)
Ref
0.14 (-0.02, 0.30)
-1.89 (-5.97, 2.19)
1.52 (-2.34, 5.37)
Ref
-0.74 (-4.02, 2.53)
Ref
-4.05 (-8.89, 0.78)
-1.25 (-8.66, 6.16)
-4.09 (-9.29, 1.11)
-9.67 (-16.91, -2.43)*
-6.49 (-12.78, -0.20)*
-6.52 (-13.11, 0.06)
-13.40 (-23.23, -3.57)**
-0.71 (-16.05, 14.63)
Ref
-3.16 (-7.01, 0.69)
-6.08 (-10.86, -1.31)*
Ref
1.27 (-2.17, 4.71)
Ref

Working memory symptoms (model 2d)
22.05 (7.93, 36.18)**
0.17 (-1.68, 2.01)
0.08 (-1.42, 1.57)
0.95 (-0.53, 2.42)
Ref

Overall work-specific cognitive symptoms (model 1d)
18.03 (6.54, 29.51)***
-0.37 (-1.96, 1.22)
-0.12 (-1.29, 1.04)
0.60 (-0.60, 1.79)
Ref

0.01 (-0.08, 0.09)
1.27 (0.94, 1.61)***

-2.41 (-7.76, 2.94)
-5.08 (-8.02, -2.15)**
Ref
-0.03 (-0.10, 0.04)

-0.52 (-4.04, 3.00)
Ref

1.37 (-2.89, 5.62)
Ref
0.13 (-0.02, 0.29)
-2.71 (-6.81, 1.38)
1.39 (-2.54, 5.31)
Ref
-1.70 (-4.94, 1.54)
Ref
-1.79 (-6.71, 3.12)
-4.06 (-10.71, 2.60)
-4.76 (-9.79, 0.26)
-4.26 (-11.84, 3.32)
-4.23 (-10.17, 1.71)
-2.63 (-9.59, 4.32)
-8.96, (-17.97, 0.05)
-1.82 (-15.97, 12.33)
Ref
-3.05 (-7.37, 1.27)
-4.20 (-9.16, 0.76)
Ref

Executive function symptoms (model 3d)
16.17 (4.61, 27.73)**
-0.88 (-2.57, 0.81)
-0.36 (-1.63, 0.92)
0.04 (-1.21, 1.28)
Ref
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RTW=return to work; GEE= generalised estimating equations. * p<0.05, ** p<0.01, *** p<0.001. Intercept, slopes and 95% confidence intervals were presented. †Systemic therapy is defined as
‘chemotherapy, immunotherapy, hormonal therapy, stem cell transplantation and/or bone marrow transplantation’; radiotherapy is defined as ‘radiotherapy exclusively or in combination with
surgery’; Surgery is defined as ‘surgery only’. aper week, brange 8-56, crange 0-28. §Time varying variables. ‡Variables fixed at baseline. Quasi Likelihood under Independence Model Criterion
overall model=227677.540; working memory symptoms model=349342.546; executive function symptoms model=236813.691

Treatment completed Yes
No
Work characteristics
‡
Job type Manual
Both
Non-manual
Working hoursa§
Health characteristics
Fatigueb§
Depressive symptomsc§

Intercept
Time baseline
6 months
12 months
18 months
Covariates
Gender‡ Male
Female
Age‡
Education‡ High
Medium
Low
Marital status‡ Married/cohabiting
Single/divorced
Cancer type Gastrointestinal cancer
Gynecological cancer
Hematological cancer
Skin cancer
Head and neck cancer
Urogenital cancer
Lung cancer
Other cancer
Breast cancer
Treatment‡ Systemic therapy†
Radiotherapy
Surgery

Table 2. Associations of work characteristics, fatigue and depressive symptoms with overall work-specific cognitive symptoms, working memory symptoms
and executive function symptoms in the first 18 months post RTW (GEE) (n=378)

Work-specific cognitive symptoms over time |
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Conclusions
The current study showed that both working memory symptoms and executive function
symptoms were stable during 18 months post RTW. Cancer patients reported more working
memory symptoms compared to executive function symptoms. Cancer patients with both
manual and non-manual tasks reported less work-specific cognitive symptoms over time than
those with non-manual tasks only. Depressive symptoms and fatigue were positively related
to work-specific cognitive symptoms over time. Furthermore, cancer type and treatment were
associated with work-specific cognitive symptoms over time. For some cancer patients,
treatment was still ongoing, but adding treatment completion to the model did not change
the findings.
The stability over 18 months of work-specific cognitive symptoms is in line with
previous research, showing that general cognitive symptoms persisted for years after cancer
treatment4,26,27. As far as work-specific cognitive symptoms are concerned, it was only recently
that a self-report questionnaire was developed to measure work-specific cognitive
symptoms14. The questionnaire has been validated in the United States 14 and China28, as well
as in the Netherlands15. Although the questionnaire showed good psychometric properties
across countries, and was recommended to use in future research to identify cognitive
limitations related to specific work tasks in cancer patients, research examining the course of
work-specific cognitive symptoms has not been reported yet. Additionally, no information
about the mean level of work-specific cognitive symptom experienced in the normal working
population is available. This information could help in the interpretation of the impact of workspecific cognitive symptoms among cancer patients. Future research should therefore focus
on developing norm values. This study confirms findings in qualitative research among breast
cancer patients and oncology health professionals, showing that problems with remembering
tasks at work were most common29. To more fully characterize the persistence of both
working memory symptoms and executive function symptoms of cancer patients post RTW,
longer follow-up periods are needed.
Cancer patients working in a non-manual job experienced more work-specific cognitive
symptoms over time compared to cancer patients with a job with both manual and nonmanual tasks. Probably, non-manual work is more mentally demanding than manual work.
When using the International Standard Classification of Occupations; ISCO)30, cancer patients
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working, for example, as managers or (associate) professionals experienced more problems
with higher-order mental processes compared to cancer patients working, for example, as
service and sales workers. Further research is needed to identify which tasks are problematic
among cancer patients with non-manual work. Furthermore, it is important to study the
effects of work accommodations for the different job types on work-specific cognitive
symptoms over time, such as accommodations in work tasks (i.e., no leadership
responsibilities, less heavy work) or workplace (i.e., own office with less distraction). No
association between working hours and work-specific cognitive symptoms was found. A
possible explanation for this might be that cancer patients can built up their hours gradually
and depending on how much they can handle.
An increase in depressive symptoms was associated with an increase in both working
memory symptoms and executive function symptoms over time. While the current study
includes cancer patients’ with different cancer types, this finding is an addition to a review on
subjective cognitive dysfunction in breast cancer patients, showing that depressive symptoms
are likely to contribute to cognitive symptoms31. Furthermore, the current study showed that
working cancer patients, but not executive function symptoms. Both fatigue and memory
complaints are associated with a secondary effect of the same marker of inflammation (i.e.,
TNF-α)32,33, which can be an explanation of this finding.

Chapter 6

an increase in fatigue was associated with an increase of working memory symptoms of

Cancer patients diagnosed with breast cancer experienced more working memory
symptoms post RTW, compared to cancer patients diagnosed with gastrointestinal cancer,
skin cancer, head and neck cancer, urogenital cancer and lung cancer. In addition, treatment
with surgery was associated with experiencing more work-specific cognitive symptoms over
time, compared to treatment with radiotherapy (exclusively, or in combination with surgery).
A focus group study on working cancer patients described that cancer patients realized the
impact of having been diagnosed with cancer when back at work, which sometimes distracted
them from work11. In line with this, a possible explanation might be that cancer patients
treated with surgery were able to RTW with less time for recovery or adaptation to their
disease, which may lead to experiencing more distraction. Further research is needed to
examine the relationship between treatment type and cognitive function in working cancer
patients in more detail.
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A strength of the study is that work-specific cognitive symptoms, fatigue, depressive
symptoms and working hours were repeatedly measured at baseline, 6, 12 and 18 months
post RTW. Additionally, data was available from all four measurements points for the majority
(78%) of participants. Another strength is the heterogeneous sample of cancer patients with
different cancer diagnoses, making the outcomes generalizable to working cancer patients
with different cancer types.
For an effective approach to reduce work-specific cognitive symptoms of working
cancer patients, it is important to consider fatigue and depressive symptoms. Based on the
results of this study, regular monitoring of cancer patients with high levels of fatigue and
depressive symptoms is recommended, because those patients have an increased risk to
experience cognitive symptoms at work. Interventions aiming to reduce fatigue and
depressive symptoms might help to reduce the work-specific cognitive symptoms of cancer
patients.
Study limitations
The lack of information about cancer patients who were not asked to participate by the OP or
were asked but not willing to participate is a study limitation. Consequently, the study sample
may not be representative of all cancer patients who resumed work after cancer diagnosis and
treatment. A potential limitation is that work-specific cognitive symptoms were self-reported,
while performance-based measures are considered the ‘gold standard’ for measuring
cognitive symptoms in cancer patients. An argument against using performance-based
measures to assess work-specific cognitive symptoms is that performance-based measures do
not correlate with self-perceived cognitive symptoms of cancer patients34. Self-reported
measures have the advantage that they take into account the environment of the individual,
such as the workplace and colleagues6 and thereby reflects the individual’s (in)ability to
complete tasks specific to their own work situation35. Not asking whether treatment was
completed at each time point (i.e., only at baseline) is another study limitation. Changes in
cognitive symptoms may have evolved because cancer patients stopped treatment during the
prospective data collection. Due to the lack of a control group it was not possible to interpret
how the cancer patients’ cognitive symptoms compare to matched controls. Furthermore, the
external validity is weakened as the WOLICA sample represents cancer patients who live,
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work, and receive treatment in the Netherlands. The findings may not be generalizable to
cancer patients in other sociopolitical settings.
Clinical implications
The outcomes of the current study have important implications for (occupational) physicians,
labour experts and employers who guide and support cancer patients at work. The study
shows that work-specific cognitive symptoms are persistent, underlining the need for a close
and continued monitoring of the post RTW experience of cancer patients. It is informative to
find out whether the work-specific cognitive symptoms are stable high or low, because for
cancer patients with high work-specific cognitive symptoms, reducing work-specific cognitive
symptoms may eventually improve work outcomes. Additionally, (occupational) physicians,
labour experts and employers should collaboratively explore the nature of the experienced
work-specific cognitive symptoms, as working memory symptoms and executive function
symptoms can have different consequences. Knowledge about the nature of the experienced
work-specific cognitive symptoms is important, for example when advising work
symptoms, interventions targeted at fatigue and depressive symptoms might be promising.
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accommodations to reduce cognitive problems at work. To reduce work-specific cognitive
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Appendix 1. Correlation matrix per measurement point (n=378)

Baseline

6 months post RTW

12 months post RTW

18 months post RTW

Overall work-specific cognitive symptoms
Working memory symptoms
Executive function symptoms
Fatigue
Overall work-specific cognitive symptoms
Working memory symptoms
Executive function symptoms
Fatigue
Overall work-specific cognitive symptoms
Working memory symptoms
Executive function symptoms
Fatigue
Overall work-specific cognitive symptoms
Working memory symptoms
Executive function symptoms
Fatigue

Fatigue
0.23
0.18
0.25
1
0.33
0.29
0.32
1
0.32
0.25
0.33
1
0.40
0.35
0.39
1

Depressive
symptoms
0.48
0.41
0.46
0.58
0.51
0.46
0.48
0.68
0.51
0.46
0.47
0.59
0.55
0.49
0.50
0.62

Chapter 6

RTW=return to work. All correlations are significant at the 0.01 level (2-tailed).
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Step 1
Step 2
Step 3
Step 4
Intercept
24.17 (22.38, 25.95)***
27.97 (16.17, 39.77)**
19.05 (7.88, 30.23)**
18.03 (6.54, 29.51)***
Time baseline
0.52 (-0.91, 1.94)
0.46 (-0.97, 1.90)
-0.38 (-1.96, 1.21)
-0.37 (-1.96, 1.22)
6 months
0.24 (-1.06, 1.06)
0.20 (-1.11, 1.52)
-0.13 (-1.29, 1.04)
-0.12 (-1.29, 1.04)
12 months
0.27 (-0.92, 1.45)
0.24 (-0.96, 1.44)
0.60 (-0.60, 1.79)
0.60 (-0.60, 1.79)
18 months
Ref
Ref
Ref
Ref
Covariates
Gender‡ Male
0.74 (-4.08, 5.57)
1.23 (-3.05, 5.50)
1.17 (-3.09, 5.43)
Female
Ref
Ref
Ref
Age‡
0.07 (-0.11, 0.26)
0.13 (-0.03, 0.29)
0.14 (-0.02, 0.30)
Education‡ High
0.05 (-3.84, 3.94)
-1.76 (-5.86, 2.35)
-1.89 (-5.97, 2.19)
Medium
2.31 (-1.74, 6.36)
1.64 (-2.21, 5.49)
1.52 (-2.34, 5.37)
Low
Ref
Ref
Ref
‡
Marital status Married/cohabiting
-2.00 (-5.87, 1.88)
-0.70 (-3.96, 2.56)
-0.74 (-4.02, 2.53)
Single/divorced
Ref
Ref
Ref
Cancer type Gastrointestinal cancer
-2.75 (-7.83, 2.33)
-3.46 (-8.07, 1.14)
-4.05 (-8.89, 0.78)
Gynecological cancer
0.10 (-9.60, 9.80)
-0.63 (-7.76, 6.49)
-1.25 (-8.66, 6.16)
Hematological cancer
-3.00 (-8.64, 2.65)
-3.72 (-8.79, 1.35)
-4.09 (-9.29, 1.11)
Skin cancer
-11.45 (-19.76, -3.13)*
-9.21 (-16.34, -2.08)*
-9.67 (-16.91, -2.43)*
-7.13 (-14.55, 0.28)
-6.12 (-12.32, 0.08)
-6.49 (-12.78, -0.20)*
Head and neck cancer
Urogenital cancer
-6.24 (-13.62, 1.15)
-6.25 (-12.77, 0.26)
-6.52 (-13.11, 0.06)
Lung cancer
-12.06 (-22.14, -1.98)*
-12.67 (-22.43, -2.92)*
-13.40 (-23.23, -3.57)**
Other cancer
-0.84 (-16.93, 15.26)
-0.43 (-15.55, 14.70)
-0.71 (-16.05, 14.63)
Breast cancer
Ref
Ref
Ref
Treatment‡ Systemic therapy†
-4.80 (-9.26, -0.33)*
-3.56 (-7.43, 0.32)
-3.16 (-7.01, 0.69)
Radiotherapy
-7.02 (-12.57, -1.47)*
-5.89 (-10.58, -1.19)*
-6.08 (-10.86, -1.31)*
Surgery
Ref
Ref
Ref
Treatment completed Yes
1.27 (-2.17, 4.71)
No
Ref
Work characteristics
‡
Job type Manual
-2.90 (-8.19, 2.39)
-3.03 (-8.32, 2.26)
Both
-4.70 (-7.67, -1.74)**
-4.80 (-7.76, -1.83)**
Non-manual
Ref
Ref
a§
Working hours
-0.01 (-0.07, 0.06)
-0.01 (-0.07, 0.06)
Health characteristics
b§
Fatigue
0.06 (-0.02, 0.14)
0.06 (-0.02, 0.14)
Depressive symptomsc§
1.27 (1.00, 1.55)***
1.27 (1.00, 1.55)***
RTW=return to work; GEE= generalised estimating equations. * p<0.05, ** p<0.01, *** p<0.001. Intercept, slopes and 95% confidence intervals were presented. †Systemic therapy is defined as ‘chemotherapy,
immunotherapy, hormonal therapy, stem cell transplantation and/or bone marrow transplantation’; radiotherapy is defined as ‘radiotherapy exclusively or in combination with surgery’; Surgery is defined as ‘surgery
only’. aper week, brange 8-56, crange 0-28. §Time varying variables. ‡Variables fixed at baseline. Step 1 included n=1245 (82%); step 2 n=1212 (80%); step 3 n=1191 (79%); step 4 n=1191 (78%) of the 1512 personmeasurement observations. Quasi Likelihood under Independence Model Criterion step 1=326879.278; step 2=306618.271; step 3=227791.231; step 4=227677.540.

Appendix 2. Associations of work characteristics, fatigue and depressive symptoms with overall work-specific cognitive symptoms in the first 18 months post RTW (GEE) (n=378)
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Step 1
Step 2
Step 3
Step 4
Intercept
30.94 (28.82, 33.05)***
35.54 (21.15, 49.93)***
24.72 (10.93, 38.52)***
22.05 (7.93, 36.18)**
Time baseline
1.03 (-0.65, 2.72)
(-0.70, 2.71)
0.15 (-1.69, 1.99)
0.17 (-1.68, 2.01)
6 months
0.38 (-1.19, 1.95)
0.37 (-1.22, 1.96)
0.07 (-1.42, 1.56)
0.08 (-1.42, 1.57)
12 months
0.72 (-0.76, 2.19)
0.64 (-0.85, 2.13)
0.94 (-0.53, 2.42)
0.95 (-0.53, 2.42)
18 months
Ref
Ref
Ref
Ref
Covariates
Gender‡ Male
1.12 (-4.62, 6.85)
1.33 (-3.89, 6.56)
1.18 (-3.99, 6.35)
Female
Ref
Ref
Ref
Age‡
0.05 (-0.18, 0.28)
0.11 (-0.09, 0.31)
0.13 (-0.7, 0.33)
Education‡ High
1.91 (-2.58, 6.39)
-0.34 (-5.14, 4.47)
-0.68 (-5.50, 4.15)
Medium
3.14 (-1.57, 7.86)
2.14 (-2.41, 6.69)
1.83 (-2.73, 6.39)
Low
Ref
Ref
Ref
‡
Marital status Married/cohabiting
-0.74 (-5.49, 4.00)
0.74 (-3.32, 4.80)
0.61 (-3.45, 4.67)
Single/divorced
Ref
Ref
Ref
Cancer type Gastrointestinal cancer
-4.46 (-10.80, 1.88)
-5.29 (-11.18, 0.60)
-6.83 (-13.02, -0.64)*
Gynecological cancer
5.05 (-8.16, 18.25)
4.39 (-6.29, 15.07)
2.79 (-8.11, 13.69)
Hematological cancer
-1.55 (-8.57, 5.47)
-2.45 (-8.97, 4.08)
-3.43 (-10.13, 3.28)
Skin cancer
-17.43 (-26.82, -8.03)***
-15.59 (-24.23, -6.95)***
-16.77 (-25.47, -8.08)***
-9.43 (-18.60, -0.26)*
-8.43 (-16.31, -0.56)*
-9.41 (-17.45, -1.37)*
Head and neck cancer
Urogenital cancer
-10.41 (-18.46, -2.35)*
-10.65 (-17.92, -3.38)**
-11.36 (-18.75, -3.97)**
Lung cancer
-17.06 (-30.25, -3.86)*
-17.14 (-29.85, -4.44)**
-19.06 (-31.85, -6.27)**
Other cancer
-0.02 (-19.39, 19.35)
-0.11 (-17.83, 17.62)
-0.86 (-18.98, 17.25)
Breast cancer
Ref
Ref
Ref
‡
†
Treatment
Systemic therapy
-5.67 (-10.82, -0.53)*
-4.43 (-8.93, 0.08)
-3.40 (-7.99, 1.18)
Radiotherapy
-8.99 (-15.50, -2.49)**
-7.99 (-13.60, -2.39)**
-8.51 (-14.21, -2.81)**
Surgery
Ref
Ref
Ref
Treatment completed Yes
3.32 (-0.86, 7.51)
No
Ref
Work characteristics
‡
Job type Manual
-4.18 (-10.15, 1.79)
-4.52 (-10.49, 1.45)
Both
-4.60 (-8.44, -0.75)*
-4.85 (-8.68, -1.02)*
Non-manual
Ref
Ref
a§
Working hours
0.01 (-0.07, 0.09)
0.01 (-0.07, 0.09)
Health characteristics
b§
Fatigue
0.13 (0.04, 0.23)**
0.13 (0.04, 0.23)**
Depressive symptomsc§
1.22 (0.93, 1.51)***
1.22 (0.93, 1.51)***
RTW=return to work; GEE= generalised estimating equations.* p<0.05, ** p<0.01, *** p<0.001. Intercept, slopes and 95% confidence intervals were presented. †Systemic therapy is defined as ‘chemotherapy,
immunotherapy, hormonal therapy, stem cell transplantation and/or bone marrow transplantation’; radiotherapy is defined as ‘radiotherapy exclusively or in combination with surgery’; Surgery is defined as ‘surgery
only’. arange 0-100, bper week, crange 8-56, drange 0-28. §Time varying variables. ‡Variables fixed at baseline. Step 1 included n=1289 (85%); step 2 n=1256 (83%); step 3 n=1234 (82%); step 4 n=1234 (82%) of the 1512
person-measurement observations. Quasi Likelihood under Independence Model Criterion step 1=492152.932; step 2=452398.075; step 3=350841.476; step 4=349342.546.

Appendix 3. Associations of work characteristics, fatigue and depressive symptoms with working memory symptoms in the first 18 months post RTW (GEE) (n=378)
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Step 1
Step 2
Step 3
Step 4
Intercept
19.32 (17.51, 21.12)***
22.57 (10.94, 34.20)***
15.75 (4.40, 27.11)**
16.17 (4.61, 27.73)**
Time baseline
-0.03 (-1.51, 1.45)
-0.10 (-1.59, 1.39)
-0.88 (-2.56, 0.81)
-0.88 (-2.57, 0.81)
6 months
-0.10 (-1.48, 1.27)
-0.19 (-1.58, 1.20)
-0.36 (-1.63, 0.92)
-0.36 (-1.63, 0.92)
12 months
0.04 (-1.21, 1.28)
0.04 (-1.21, 1.28)
-0.34 (-1.57, 0.88)
-0.33 (-1.56, 0.90)
18 months
Ref
Ref
Ref
Ref
Covariates
Gender‡ Male
0.60 (-4.14, 5.34)
1.34 (-2.90, 5.58)
1.37 (-2.89, 5.62)
Female
Ref
Ref
Ref
Age‡
0.09 (-0.09, 0.26)
0.14 (-0.02, 0.29)
0.13 (-0.02, 0.29)
Education‡ High
-1.25 (-5.17, 2.67)
-2.77 (-6.90, 1.36)
-2.71 (-6.81, 1.38)
Medium
1.77 (-2.33, 5.87)
1.33 (-2.59, 5.26)
1.39 (-2.54, 5.31)
Low
Ref
Ref
Ref
‡
Marital status Married/cohabiting
-2.87 (-6.55, 0.81)
-1.72 (-4.95, 1.52)
-1.70 (-4.94, 1.54)
Single/divorced
Ref
Ref
Ref
Cancer type Gastrointestinal cancer
-1.31 (-6.31, 3.69)
-2.03 (-6.59, 2.52)
-1.79 (-6.71, 3.12)
Gynecological cancer
-3.60 (-12.31, 5.11)
-4.31 (-10.64, 2.03)
-4.06 (-10.71, 2.60)
Hematological cancer
-4.34 (-9.80, 1.13)
-4.92 (-9.81, -0.02)*
-4.76 (-9.79, 0.26)
Skin cancer
-6.92 (-15.55, 1.71)
-4.26 (-11.84, 3.32)
-4.45 (-11.86, 2.97)
-5.33 (-12.14, 1.48)
-4.38 (-10.24, 1.48)
-4.23 (-10.17, 1.71)
Head and neck cancer
Urogenital cancer
-2.68 (-10.32, 4.96)
-2.74 (-9.60, 4.11)
-2.63 (-9.59, 4.32)
Lung cancer
-8.25 (-16.99, 0.49)
-9.26 (-18.05, -0.48)*
-8.96, (-17.97, 0.05)
Other cancer
-2.97 (-17.26, 11.32)
-1.94 (-16.08, 12.20)
-1.82 (-15.97, 12.33)
Breast cancer
Ref
Ref
Ref
‡
†
Treatment
Systemic therapy
-4.12 (-8.90, 0.66)
-2.88 (-7.25, 1.48)
-3.05 (-7.37, 1.27)
Radiotherapy
-5.46 (-11.02, 0.10)
-4.28 (-9.17, 0.61)
-4.20 (-9.16, 0.76)
Surgery
Ref
Ref
Ref
Treatment completed Yes
-0.52 (-4.04, 3.00)
No
Ref
Work characteristics
‡
Job type Manual
-2.46 (-7.84, 2.93)
-2.41 (-7.76, 2.94)
Both
-5.12 (-8.05, -2.19)**
-5.08 (-8.02, -2.15)**
Non-manual
Ref
Ref
a§
Working hours
-0.03 (-0.10, 0.04)
-0.03 (-0.10, 0.04)
Health characteristics
b§
Fatigue
0.01 (-0.08, 0.09)
0.01 (-0.08, 0.09)
Depressive symptomsc§
1.27 (0.94, 1.61)***
1.27 (0.94, 1.61)***
RTW=return to work; GEE= generalised estimating equations. * p<0.05, ** p<0.01, *** p<0.001. Intercept, slopes and 95% confidence intervals were presented. †Systemic therapy is defined as ‘chemotherapy,
immunotherapy, hormonal therapy, stem cell transplantation and/or bone marrow transplantation’; radiotherapy is defined as ‘radiotherapy exclusively or in combination with surgery’; Surgery is defined as ‘surgery
only’. arange 0-100, bper week, crange 8-56, drange 0-28. §Time varying variables. ‡Variables fixed at baseline. Step 1 included n=1235 (82%); step 2 n=1202 (80%); step 3 n=1182 (78%); step 4 n=1182 (78%) of the 1512
person-measurement observations. Quasi Likelihood under Independence Model Criterion step 1=318504.483; step 2=302774.082; step 3=2368

Appendix 4. Associations of work characteristics, fatigue and depressive symptoms with executive function symptoms in the first 18 months post RTW (GEE) (n=378)
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