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Abstract
Background Cognitive problems are common in non-central nervous system cancer survivors. These
problems are perceived as an important contributor to decline in work performance and work ability.
Various interventions for cognitive problems have been proposed, but effectiveness regarding work-
related outcomes has not yet been established. Effective treatment options to alleviate the adverse
in�uence of cognitive problems on work performance are needed for working cancer survivors. In this
paper, we will describe the design of a randomized, controlled, multicenter trial that evaluates the
(cost-)effectiveness of an internet-based cognitive rehabilitation program for occupationally active cancer
survivors confronted with cognitive problems.

Methods/ Design A three-armed randomized controlled trial will be conducted, including two intervention
groups (i.e., basic and extensive cognitive rehabilitation program) and one waitlist control group. In total,
261 cancer survivors (18 – 65 years) who have returned to work, and who experience cognitive problems
will be recruited. Patients with and without cognitive impairment as established in a neuropsychological
assessment, will be eligible; strati�cation will take place based on the presence of this cognitive
impairment. The extensive intervention arm will contain a comprehensive training program (including
psycho-education, fatigue management, and cognitive strategy training) with individual guidance
(blended intervention). The basic intervention arm will contain a brief cognitive training program
(including psycho-education and fatigue management) without individual guidance. The primary
outcome will be accomplishment of an individually de�ned work-related treatment goal. Secondary
outcomes include, among others, subjective cognitive functioning, work functioning, and quality of life.
Primary and secondary outcomes will be measured at baseline (T0), and at 12 weeks (T1) and 26 weeks
(T2) post-randomization.

Discussion About 40-50% of the cancer patients worldwide are of working age at time of diagnosis. Many
of the occupationally active cancer survivors experience cognitive problems. Both from an individual and
a societal perspective, it is important to sustain cancer survivors’ employability. An effective treatment to
alleviate the impact of cognitive decline and to improve work ability might help cancer survivors to
sustain employability.

Trial registration The trial is registered at ClinicalTrials.gov (NCT03900806) at 03 April 2019 (current
status: ongoing),https://clinicaltrials.gov/ct2/show/NCT03900806?
term=NCT03900806&draw=2&rank=1. KEYWORDS Cancer-related cognitive impairment, Cognitive
rehabilitation, Employment, Internet-based, Randomized controlled trial, Cost-effectiveness

Background
Non-Central Nervous System (CNS) cancer and its treatment can be associated with cognitive problems
(1–4). Up to 78% of non-CNS cancer patients have reported to experience cognitive problems in the active
treatment period. While previous studies have shown that cognitive problems improve after completion of
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therapy (5, 6), a substantial subgroup (approximately 30–40%) of patients is confronted with cognitive
problems that can last for months or even up to 10 years post-therapy (1, 5–8). Although cognitive
problems in non-CNS cancer patients are generally mild, even subtle changes in cognitive function can
have a signi�cant impact on a patient’s quality of life (9).

About 50% of the 3.45 million people diagnosed with cancer each year in Europe is part of the working
population (10), of whom 89% manage to return to work (RTW) within 24 months (11). Cancer patients
rate employment as the third most important aspect of their quality of life (12). Being able to work is a
sign of recovery and it contributes to patients’ self-esteem. Still, cancer survivors report effects of
cognitive problems, such as problems related to memory, concentration, attention, and executive
functioning, as highly affecting their work performance (11, 13–15). Avoidable work disability and
consequent productivity losses should be reduced. From both a patient and a societal perspective, it is
therefore of relevance to provide evidence-based treatment options for working non-CNS cancer survivors
confronted with persistent cognitive problems.

Whereas numerous studies have been performed evaluating the effectiveness of interventions to support
cancer patients in their RTW process (16), there is a lack of interventions to accomplish sustainable
employability (17). From the literature so far, cognitive impairment seems to be only weakly associated
with RTW (13), but it’s impact on work-related problems at the workplace appears to be substantial (10).
This underlines the need for effective vocational cognitive rehabilitation, implemented in a phase that
patients already have achieved RTW.

So far, evidence-based treatment options for cancer survivors experiencing cognitive problems are limited
(18, 19). In other neurological patient populations, meta-cognitive strategy training has shown to be
successful in improving daily life functioning, using intact cognitive abilities and strategies together with
psycho-education. By teaching patients compensatory strategies to achieve the same behavior in a
different way, intact neural circuits might be reorganized and different neuropsychological systems might
be used (20). Meta-cognitive strategy training appears to be a promising treatment for cancer patients as
well. That is, there is evidence regarding improvement in areas of daily life functioning, self-perceived
cognitive function and, to a lesser extent, in tested cognitive function (6, 18, 21–24). However, since
results are neither robust nor consistent, additional studies are required to establish effectiveness of
meta-cognitive strategy training for non-CNS cancer survivors.

Internet-based interventions are gaining ground in the �eld of cognitive rehabilitation (25–30) as they
empower self-management regarding patients’ own health care. Cancer survivors perceive �exibility in
use (i.e., accessible where and when the patient likes) as an important component to the development of
any treatment for cognitive changes (31). Furthermore, internet-based delivery may be more economical
than face-to-face therapy as it requires less therapist time. In addition, the overall mean effect size of
internet-based psychotherapeutic interventions is comparable to the effect size of traditional face-to-face
interventions, indicating that these interventions are an effective treatment method (32).
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In the current study, we will develop both a basic and an extensive version of an internet-based cognitive
rehabilitation program for occupationally active cancer survivors with persistent cognitive problems. The
intervention consists of different elements from meta-cognitive strategy training that have been shown to
be effective in managing symptoms, such as problems related to memory, concentration, attention and
executive functioning, and fatigue. In this article, we describe the design of a randomized, controlled,
multicenter trial in which the (cost-)effectiveness of this internet-based cognitive rehabilitation program
on work-related outcomes will be evaluated. It is hypothesized that both cancer survivors who undergo
the basic or extensive cognitive rehabilitation program will achieve more often their pre-set work-related
rehabilitation goals, compared to cancer survivors in the waitlist control group. Furthermore, it is
hypothesized that cancer survivors with cognitive impairment at study entry (as measured with
neuropsychological tests) will be better at achieving their pre-set rehabilitation goals when allocated to
the extensive cognitive rehabilitation program compared to the basic cognitive rehabilitation program. If
found to be (cost-)effective, this internet-based cognitive rehabilitation program can be embedded as
standard practice in the growing community of occupationally active cancer survivors experiencing
cognitive problems at work.

Methods/ Design

Study design
A multicenter, three-armed randomized controlled trial will be conducted to evaluate the effectiveness of
an online cognitive rehabilitation program. Two intervention groups (i.e., a basic and an extensive
cognitive rehabilitation program) and one waitlist control group will be included. An economic evaluation
will be conducted to assess cost-effectiveness of the cognitive rehabilitation program. Furthermore, a
process evaluation will be performed to evaluate the procedures regarding recruitment, execution and
implementation of the cognitive rehabilitation program. The study has been approved by the Medical
Ethic Committee at the Netherlands Cancer Institute and is registered at ClinicalTrials.gov (registration
number NCT03900806).

Study sample
The study sample will be composed of 261 men and women of working age (18–65 years) with
histologically con�rmed non-CNS cancer. Eligible participants should have been treated with
chemotherapy, targeted agents and/or immunotherapy, which should have been completed a minimum
of six months before study entry. Patients who are still receiving hormonal therapy can be included in the
trial. Since it is expected that cognitive problems affect work in the �rst period after RTW most
prominently, cancer diagnosis can be at the utmost 42 months ago at study entry. Eligible patients should
experience cancer and/or cancer treatment-related cognitive problems. Both patients with and without
cognitive impairment according to neuropsychological tests (i.e., a z-score of 1 under or above the mean
score of a control group, on at least two tests of the different cognitive domains compared to the
normative data of a healthy population by age), will be included in the study. Furthermore, eligible
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participants should be occupationally active for a minimum of 12 working hours per week and have a
�xed or temporary employment contract (with at least six months left of their contract).

Patients will be excluded from the trial if they lack basic pro�ciency in Dutch, have a serious overt
psychiatric or neurological disorder that can interfere with the study aims, or have no internet access. In
addition, patients will be excluded if they participate in comparable studies or programs focused on the
reduction of cognitive problems and/or on the support of patients to retain work.

Recruitment and randomization
Cancer patients will be identi�ed through the Netherlands Cancer Registry, and recruited via treating
physicians of several (university) hospitals in the Netherlands. Potentially eligible patients will receive a
personalized letter, informing them about the study and the cognitive rehabilitation program. Patients will
be asked to respond via post (response card), email or phone whether or not they are interested in
participation. Patients who express interest in participation will receive a phone call from the study team
for further screening (e.g., a check of their employment status) and to provide additional information
about the trial. Patients will be invited to complete the baseline measurement (i.e., an online questionnaire
and an online neuropsychological assessment) in case they ful�l all criteria, are motivated and willing to
comply to the trial procedures. After completion of this baseline measurement, a face-to-face session
with a therapist (e.g., neuropsychologist, occupational therapist) will be planned to discuss outcomes of
the neuropsychological assessment, followed by collaborative treatment goal setting.

Upon receipt of all baseline information and after the face-to-face session with the therapist, patients will
be randomly allocated to the basic intervention arm (N = 87), the extensive intervention arm (N = 87), or
the waitlist control group (N = 87), using randomized design in the computerized program ALEA.
Minimization will be applied for presence of cognitive impairment on the neuropsychological assessment
to equalize group sizes. Blinding of participants and professionals is not possible for this type of
intervention. Further, blinding for assessment is not applicable since measurements will be computer-
based. A �ow diagram of the recruitment procedure is outlined in Fig. 1. Figure 2 shows a schedule of
enrolment, interventions, and assessments.

Intervention
The cognitive rehabilitation program will be based on the protocol of a frequently used meta-cognitive
strategy approach applied in many rehabilitation centers in the Netherlands (i.e., ‘Niet Rennen Maar
Plannen’). In cooperation with the creators of this protocol, we will adapt it for work-related cognitive
problems and for online use. The program will consist of several modules that can be used in a �exible
way, depending on the speci�c individual problems and goals. Therapists have undergone additional
training in issues related to cancer-related cognitive impairment and problems occupationally active
cancer survivors might experience at work. In both intervention arms, participants will receive access to a
secured personal webpage, where all content relevant to the treatment sessions can be obtained. Table 1
shows an outline of the intervention content of both the basic and the extensive cognitive rehabilitation
program.



Page 6/22

Table 1
Outline intervention content

Features Content Basic
cognitive
rehabilitation

Extensive
cognitive
rehabilitation

1.
Psychoeducation

♣ Review current knowledge about cancer
related cognitive impairment
♣ Learning how to identify ‘at risk’ situations
(at work) where cognitive failures arise

X
X

X
X

2. Cognitive
behavioral
therapy

♣ Coping with behavioral and emotional
consequences of cognitive impairment (at
work)

X X

3.
Communication

♣ Learning how to disclose your cognitive
problems to colleagues

X X

4. Fatigue-
management

♣ Coping with fatigue (at work) X X

5. Strategy
training: memory

♣ Learn and practice memory strategies at the
workplace

  X

6. Strategy
training:
information
processing

♣ Learn and practice information processing
strategies at the workplace

  X

7. Strategy
training: executive
function

♣ Learn and practice planning and problem
solving, �exibility and self- control strategies at
the workplace

  X

Therapy guidance     X

Basic cognitive rehabilitation program
The basic arm will consist of a brief cognitive training program without individual guidance throughout
the intervention, involving three to �ve sessions (each approximately 60 minutes in duration), which have
to be completed in a period of 12 weeks.

Extensive cognitive rehabilitation program
The extensive arm will consist of a comprehensive training program, involving �ve to eight sessions
(each approximately 60 minutes in duration), which have to be completed in a period of 12 weeks. Each
session in the extensive group involves tailored therapy guidance in which the patients’ in-session
re�ection and homework assignments will be discussed. Cognitive strategy modules will be assigned by
the therapist depending on the participants’ cognitive pro�le and personal treatment goals.

Waiting list control group
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Participants in the waiting list control group will be offered the opportunity to follow the basic cognitive
rehabilitation program after completion of the 26-week follow-up measurement.

Data collection
Participants will be followed for six months in total, and will be invited to complete measurements at
three time points (at baseline (T0), treatment endpoint at 12 weeks post-randomization (T1) and at 26
weeks post-baseline (T2)). Measurements will be performed via a secured website, for which a link will be
sent by email. Intervention effectiveness will be measured in terms of work-related goal attainment and
secondary outcome measures. Secondary analyses will be performed to explore moderating and
mediating processes. An overview of measures, mediating and moderating processes in treatment is
presented in Fig. 3. Detailed descriptions of these secondary study measures are provided in Table 2.
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Table 2
Study measures and corresponding instrument

Variable Instrument Details

Primary outcome    

Goal Attainment
Scaling

GAS ♣ 3 personalized treatment goals
♣ 6-points scale

Secondary
outcomes

   

Cognitive problems CSC-W DV ♣ 19 items, 5-point scale
♣ Score range: 0 (never) − 4 (always)
♣ Cronbach’s alpha: 0.95

Work ability WAI ♣ 1 item, 10-point Likert scale

Work functioning WRFQ ♣ 27 items
♣ Range 0 to 100; higher scores indicate better work
functioning.
♣ Subscales: work scheduling demands, mental demands,
social demands, physical demands, and output demands
♣ Cronbach’s alpha: 0.91–0.96

Absenteeism and
presenteeism

iPCQ ♣ 6 items
♣ Subscales: absenteeism, presenteeism

Need for recovery VBBA ♣ 11 items (subscale)

Health-Related
Quality of Life

SF-36 ♣ 36 items, dichotomous and 3- to 6-point Likert scales
♣ Subscales: vitality, physical functioning, bodily pain, general
health perceptions, physical role functioning, mental health,
emotional role functioning, and social role functioning
♣ Score range: 0-100; higher score indicates higher levels of
functioning/ well-being.
♣ Time frame: past week
♣ Cronbach’s alpha: 0.66–0.91 (mean 0.84)

Fatigue SF-36 ♣ 4 items (subscale)

Coping CERQ ♣ 36 items, 5-point Likert scale
♣ Score range: 0 (never) – 5 (always)
♣ Subscales: self-blame, acceptance, rumination, positive
refocusing, refocus of planning, positive reappraisal, putting in
to perspective, catastrophizing and other blame

Neuropsychological
function

ACS ♣ 7 different neuropsychological tasks
♣ Online assessment
♣ Cognitive domains: executive functioning, information
processing speed, attention, working memory, verbal learning
and memory, psychomotor speed.
♣ The ASC is usable a reliable for the oncology setting, with
test–retest correlations in the range 0.29 up to 0.78, which is
comparable with traditional tests.
♣ Concurrent validity with traditional tests is medium to large.
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Variable Instrument Details

Work involvement WIS ♣ 6 items, 5-point scale
♣ Score range: 1 (totally disagree) to 5 (totally agree). High
scores indicate a high work involvement

Job characteristics JCQ ♣ 35 items, ordinal 4-point scales
♣ Score range: 1 (totally disagree) to 4 (totally agree).

Depression and
anxiety

HADS ♣ 14 items, 4-point Likert scale
♣ Subscales: depression, anxiety
♣ Score range: 0–42
♣ Time frame: past week
♣ Cronbach’s alpha: 0.68–0.93
♣ Cut off: a score of 11 and over indicates the possible
presence of clinical depression.

Study measures

Sociodemographic and clinical data
Sociodemographic data including age, gender, marital status, number of children living at home,
education, breadwinner status (sole/shared) will be obtained via questionnaire. Clinical information
including cancer site, month/year of diagnosis, received (and future) treatment(s), (i.e., surgery, radiation,
chemotherapy, immunotherapy, targeted treatment, hormonal therapy other medication), recurrence(s) of
the disease and comorbidity will be obtained from the medical records, Netherlands Cancer Registry and
via self-report. Information on general employment issues and on work accommodation, including
employment sector, type of employment (�xed/temporary), years of work experience, and working hours
and days per week according to employment contract, will be acquired via questionnaire.
Primary outcome measure
The primary outcome for this study will be individually de�ned work-related treatment goals, using the 6-
point Goal Attainment Scale (GAS) on personal outcome (-3, achievement of the goal after training is
worse; -2, achievement of the goal is the same; 1, partial achievement of the goal; 0, achievement of the
goal; 1, exceeding the goal, and 2, greatly exceeding the goal) (33). Patients will formulate three treatment
goals and de�ne the six outcome levels at baseline, in collaboration with their therapist. Attainment of the
goals is measured in a standardized way, i.e., an overall GAS T-score will be computed for each
participant on basis of aggregated GAS scores involving attainment of multiple personal treatment goals,
according a summary scoring algorithm that calculates the extent to which patients’ goals are met.

T is the composite score, w  is the weight assigned to goal  (based on the patients prioritisation), x  is
the original score for goal  ranging from − 3 to + 2, and ρ is the estimated correlation between goal
scores. The T-score has a mean of 50 and a standard deviation of 10. w  is considered as equally
relevant for each goal and thus assigned 1. Based on previous studies, correlation between the goal
scores is constant and can be set at 0.3 (33). Goals will be set at baseline (T0), and evaluated by patients
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Cost-effectiveness
An economic evaluation will be conducted alongside the trial to evaluate costs and patient outcomes of
implementing the online cognitive rehabilitation program. Both a cost-utility analysis (CUA) and cost-
effectiveness analysis (CEA) will be conducted. Quality adjusted life years (QALYs) will be measured
using EQ-5D-5L (48). Intervention costs will be calculated, including health professional labor (time spent
on treatment per patient), staff training, administration, and material costs. Unit prices (or appropriate
tariffs) will be multiplied by volumes of use, following the Dutch costing guidelines (49). Health care
costs will be assessed using self-reported questionnaires about participants’ use of health care services
(e.g., general practitioner (GP), medical specialist, paramedical care). Productivity costs will be
administered by questionnaires reporting on productivity losses due to sickness absence from work
(absenteeism) and health-related diminished productivity at work (presenteeism). Presenteeism and
sickness absence will be administered with the Productivity Costs Questionnaire (iPCQ). This
questionnaire includes three questions for measuring absenteeism and three questions identifying the
proportion of presenteeism (38). Full working days lost because of presenteeism are calculated according
to following formula: P = (E − A)∗ p, in which E is total working days, A is sickness absence days, and p is
the proportion of lost work performance due to presenteeism. Productivity loss will be valued using age-,
gender-, and/or education-speci�c price weights.
Process evaluation
A process evaluation will be conducted to evaluate strategy �delity, satisfaction and facilitators or
barriers for implementation of the cognitive rehabilitation program. Six components will be assessed,
namely: recruitment, reach, dosage, differentiation, implementation and experiences (of both participants
and therapists). We de�ne recruitment as the result of all procedures to recruit eligible cancer survivors
for participation. Reach is de�ned as the percentage and characteristics of persons who receive the
intervention program. The extent to which the participants actually were exposed to the intervention will
account as treatment dosage. Furthermore, differentiation is regarded as the identi�cation of unique and

(of all study arms) in collaboration with the cognitive therapist at T1 and T2. Due to practical reasons,
this scoring of the level of attainment will be done by telephone. An independent assessor will perform
quality checks on the use and scoring of GAS during the initial phase of the trial, to assure �delity of the
GAS-protocol.
Secondary outcome measures
Secondary outcome measures include standardized self-report questionnaires assessing cognitive
complaints (CSC-W DV) (34), work ability (WAI) (35, 36), work functioning (WRFQ) (37), absenteeism and
presenteeism (iPCQ) (38), need for recovery after a working day (VVBA) (39, 40), and health-related
quality of life (SF-36) (41).
Mediation and moderating measures
Fatigue (SF-36) and coping (CERQ) are considered mediators and will be assessed through self-report
questionnaires (42, 43). Neuropsychological functioning is considered a moderator and will be measured
using a self-administered online neuropsychological test battery (ACS) (44). Other moderators are: work
involvement (WIS) (45), job characteristics (JCQ) (46), depression and anxiety (HADS) (47), and treatment
utilization (Log-data of the online program).
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essential intervention features. Implementation refers to the qualitative aspects of the manner in which
the intervention program was delivered. Participants’ and therapists’ experiences with the intervention
activities will be evaluated. To gather data for the process evaluation, periodic self-report questionnaires
for both participants and therapist will be provided throughout the intervention.
Sample size calculation
This longitudinal study design will allow for testing of the main effect of the intervention over time, with
the GAS score as the primary outcome measure. With a sample size of 65, and an alpha = 0.05, the study
will allow for an attrition rate of approximately 20% and have 80% power to detect an effect size of f = 0.2
(equivalent to Cohens d = 0.4) for the main effect of the intervention between both the basic and extended
cognitive rehabilitation treatment group versus the waitlist control group (�rst hypothesis). To perform
subgroup analysis, used to test our second hypothesis, sample size should be in�ated fourfold (50).
Therefore, we strive for a sample size of 261, with 87 patients in each group.
Statistical analysis
All data will be pseudo-anonymized prior to data analyses. The data set will not contain any personal
identi�ers. The information that is given online by patients is accessible to the study staff only, via a
secured code. Means and SDs will be presented for continuous, normally distributed variables, and
median and ranges for non-normally distributed variables. First, analyses will be performed to evaluate
the comparability of the three study arms (i.e., the basic and extensive cognitive rehabilitation groups and
the waiting list control group) at study entry, in terms of sociodemographic and clinical characteristics.
ANOVA tests or appropriate non-parametric statistics will be used, depending on the level of
measurement. If, despite the strati�ed block randomization procedure, the groups are found not to be
comparable on one or more background variables, then those variables will be employed as covariates in
subsequent analyses.
In this study, GAS will be used as the primary study endpoint, evaluating between-group differences over
time in GAS scores. The GAS scores will be calculated according to published scoring algorithms (see:
Method section). To evaluate intra-individual differences in the trajectory of change over time for the
primary outcome, we will use a growth curve modeling approach with random intercept and slope. This
approach takes into account the within and between person variability, and deals adequately with
missing data (51). Both linear and quadratic effect of time will be modeled to determine if an initial
improvement or deterioration in the outcome was followed by a deceleration of this change over time.
Appropriateness of the �nal model (with or without quadratic effect) will be determined based on model
�t statistics: the Bayesian information criterion (52) and the Akaike information criterion (53). In all
analyses, the control group will be the reference group. Furthermore, moderation analysis will be
conducted to determine whether the interventions have a differential effect among the subgroups
classi�ed as cognitive impaired yes or no (measured by ACS) at baseline. Baseline differences will be
accounted for in the model. In case of non-ignorable dropout we will correct the model for different
patterns of missing values (54). All analyses will be done on an intention-to-treat basis. Furthermore, as a
secondary analysis, per-protocol analyses will be performed on patients who met criteria for minimal
compliance with the intervention(s). Differences in mean change scores over time between the
intervention groups and the control group will be accompanied by effect sizes. Effect sizes of 0.2 are
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considered small, 0.5 moderate, and 0.8 large (55). Effect sizes of approximately 0.5 are considered to be
clinically relevant (56).
Secondary study parameter(s)
We will calculate questionnaire scores according to published scoring algorithms. Missing values will be
replaced by the average score of the completed items in the same scale for each participant, provided
that at least 50% of the items in that scale have been completed. For the CSC-W DV, WAI, WRFQ, iPCQ,
VBBA, and SF-36, the same growth curve modeling approach as described in the primary study parameter
section will be used to evaluate between-group differences over time. In addition, we will test whether
intervention effects are moderated by baseline scores on the ACS, WIS, JCQ, and HADS. Finally, we will
explore the mediating effect of the (anticipated time-variant) variables fatigue (SF-36) and coping (CERQ)
on the secondary outcomes.
Cost-effectiveness
Incremental cost will be calculated and, by using incremental QALYs and GAS scores, expressed as the
incremental cost-utility ratio (ICUR) and incremental cost-effectiveness ratio (ICER), respectively. The ICUR
and ICER will be measured for both intervention groups. ICUR represents the costs required for the
particular intervention to generate one additional QALY in comparison with care as usual (control group).
ICER represents incremental costs per relevant achievement of work-related treatment goals (GAS) over a
time period of 6 months. Both ratios will be estimated by bootstrap analyses. As an indication of whether
an intervention will be considered cost-effective, the ICUR is compared to a range of ceiling ratios varying
from €20 k per QALY to €80 k per QALY in the Netherlands, with €30 k per QALY commonly accepted as
the prevailing ceiling ratio. In addition, cost-effectiveness acceptability curves will be used to inform
decision-makers on the probability that the cognitive rehabilitation program is cost effective.

Discussion
In the current study, we will evaluate the (cost-)effectiveness of both a basic and an extensive version of
an online cognitive rehabilitation program on work-related goal attainment, subjective cognitive
functioning, work ability, work functioning, absenteeism and presenteeism, need for recovery, and quality
of life.

Our study has the following notable strengths: (1) the randomized trial design; (2) the multicenter nature
of the trial; (3) the comparison of two intervention groups with a waiting list control group; (4) the
selection of patients based on the presence of cognitive problems; (5) the use of a personalized treatment
outcome (GAS) to capture meaningful work-related outcomes; and (5) the inclusion of a cost-
effectiveness analysis and process evaluation.

Despite these strengths, some shortcomings should be taken into account. First, the basic version of the
cognitive rehabilitation program differs from the extensive version in two respects, namely content and
therapy guidance. It might be the case that one of the versions is more or less effective than the other. If
so, distinguishing between the e�cacy of those two respects is not possible. However, we have chosen
this design with this limitation, as it gives us the opportunity to examine if a low intensive, parsimonious
approach that can be easily implemented and is inexpensive, might be su�cient to treat cognitive
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problems in occupationally active cancer survivors, or that a more extensive approach is needed for (a
subgroup of) patients. Second, although the use of the personalized treatment outcome (GAS) is a major
strength, it comes with disadvantages as well. Two of those issues are: (1) its lack of a clear guide in how
to interpret the aggregated GAS T-score, and (2) challenges in de�ning realistic and solid GAS scales. To
overcome the �rst issue, GAS scores will be accompanied by effect sizes so that it will be appropriate to
draw conclusions about effectiveness. With regard to the second issue, we will train the involved
therapists in the use of GAS. Besides, an independent assessor will perform quality checks on the use
and scoring of GAS during the initial phase of the trial.

To conclude, given the adverse impact of cognitive problems on a cancer patient’s work performance,
there is need for effective and accessible treatment options. If proven to be (cost-)effective, our internet-
based cognitive rehabilitation program will be a valuable addition to standard care for the growing
community of cancer survivors experiencing cognitive problems at work.
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Cancer-Related Cognitive Problems
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ICER
Incremental Cost Effectiveness Ratio

Declarations
Ethics approval and consent to participate

The study has been approved by the Medical Ethics Committee of the Antoni van Leeuwenhoek hospital,
located in Amsterdam, the Netherlands (METC18.0033/M18IWO). The trial is registered at
ClinicalTrials.gov (NCT03900806) at 03 April 2019 (current status:
ongoing),https://clinicaltrials.gov/ct2/show/NCT03900806?term=NCT03900806&draw=2&rank=1. All
patients will complete the informed consent before participating in the study.



Page 14/22

Trial Status

Study protocol number: NL66221.031.18, version 3, 03-10-2019. Current status: ongoing. Recruitment
started in December 2019. Estimated study completion date is September 2021.

Modi�cation of the Protocol

Any modi�cations to the protocol that require a formal amendment will be agreed upon by the Medical
Ethics Committee of the Antoni van Leeuwenhoek hospital prior to implementation.

Competing interests
The authors declare that they have no competing interests.
Funding
This trial is funded by the Dutch Cancer Society (grant number NKI 2015–7937). This funding source had
no role in the design of this study and will not have any role during its execution, analyses, interpretation
of the data, or decision to submit results.
Sponsor

The Netherlands Cancer Institute is sponsor of this trial.

Authors’ contributions
SS is the principal investigator and the grant holder. SD is the co-principal investigator of this study. KK,
SD, CG, MA, RP, AB, SS participated in the design and conceptualization of the study. KK drafted the
manuscript. SD, CG, MA, RP, AB, SS revised the manuscript. All authors have read, commented on and
approved the �nal manuscript.
Acknowledgements
We would like to acknowledge the input of Jacobien Kieffer.

References
1.
Ahles TA, Root JC. Cognitive Effects of Cancer and Cancer Treatments. Annual review of clinical
psychology. 2018.
2.
Harrison RA, Wefel JS. Neurocognitive Function in Adult Cancer Patients. Neurol Clin. 2018;36(3):653–74.
3.
Hardy SJ, Krull KR, Wefel JS, Janelsins M. Cognitive Changes in Cancer Survivors. American Society of
Clinical Oncology educational book American Society of Clinical Oncology Annual Meeting.
2018(38):795–806.
4.
Lange M, Licaj I, Clarisse B, Humbert X, Grellard JM, Tron L, et al. Cognitive complaints in cancer survivors
and expectations for support: Results from a web-based survey. Cancer medicine. 2019;8(5):2654–63.



Page 15/22

5.
Janelsins MC, Kesler SR, Ahles TA, Morrow GR. Prevalence, mechanisms, and management of cancer-
related cognitive impairment. Int Rev Psychiatry (Abingdon). 2014;26(1):102–13.
6.
Wefel JS, Kesler SR, Noll KR, Schagen SB. Clinical characteristics, pathophysiology, and management of
noncentral nervous system cancer-related cognitive impairment in adults. Cancer J Clin. 2015;65(2):123–
38.
7.
de Ruiter MB, Reneman L, Boogerd W, Veltman DJ, van Dam FS, Nederveen AJ, et al. Cerebral
hyporesponsiveness and cognitive impairment 10 years after chemotherapy for breast cancer. Hum Brain
Mapp. 2011;32(8):1206–19.
8.
Wefel JS, Saleeba AK, Buzdar AU, Meyers CA. Acute and late onset cognitive dysfunction associated with
chemotherapy in women with breast cancer. Cancer. 2010;116(14):3348–56.
9.
Boykoff N, Moieni M, Subramanian SK. Confronting chemobrain: an in-depth look at survivors' reports of
impact on work, social networks, and health care response. Journal of cancer survivorship: research
practice. 2009;3(4):223–32.
10.
Duijts SFA, van Egmond MP, Spelten E, van Muijen P, Anema JR, van der Beek AJ. Physical and
psychosocial problems in cancer survivors beyond return to work: a systematic review. Psychooncology.
2014;23(5):481–92.
11.
Mehnert A. Employment and work-related issues in cancer survivors. Crit Rev Oncol Hematol.
2011;77(2):109–30.
12.
Duijts SFA, van der Beek AJ, Boelhouwer IG, Schagen SB. Cancer-related cognitive impairment and
patients' ability to work: a current perspective. Curr Opin Support Palliat Care. 2017;11(1):19–23.
13.
Von Ah D, Storey S, Tallman E, Nielsen A, Johns SA, Pressler S. Cancer. Cognitive Impairment, and Work-
Related Outcomes: An Integrative Review. Oncol Nurs Forum. 2016;43(5):602–16.
14.
Cheng ASK, Zeng Y, Liu X, Liu S, Cheng SWC, Kwok CTT, et al. Cognitive challenges while at work and
work output in breast cancer survivors employed in a rapidly evolving economy. Journal of cancer
survivorship: research practice. 2018;12(6):753–61.
15.
Von Ah D, Storey S, Crouch AJJoCS. Relationship between self-reported cognitive function and work-
related outcomes in breast cancer survivors. 2018;12(2):246–55.
16.



Page 16/22

de Boer AG, Taskila TK, Tamminga SJ, Feuerstein M, Frings-Dresen MH, Verbeek JH. Interventions to
enhance return-to-work for cancer patients. The Cochrane database of systematic reviews.
2015(9):Cd007569.
17.
Duijts SF, Kieffer JM, van Muijen P, van der Beek AJ. Sustained employability and health-related quality of
life in cancer survivors up to four years after diagnosis. Acta Oncol. 2017;56(2):174–82.
18.
Oh PJ, Kim J. The Effects of Nonpharmacologic Interventions on Cognitive Function in Patients With
Cancer: A Meta-Analysis. Oncol Nurs Forum. 2016;43(5):E205-17.
19.
Treanor CJ, McMenamin UC, O'Neill RF, Cardwell CR, Clarke MJ, Cantwell M, et al. Non-pharmacological
interventions for cognitive impairment due to systemic cancer treatment. The Cochrane database of
systematic reviews. 2016(8):Cd011325.
20.
Gehring K, Aaronson N, Taphoorn M, Sitskoorn M. A description of a cognitive rehabilitation programme
evaluated in brain tumour patients with mild to moderate cognitive de�cits. Clin Rehabil. 2011;25(8):675–
92.
21.
King S, Green HJ. Psychological intervention for improving cognitive function in cancer survivors: a
literature review and randomized controlled trial. Front Oncol. 2015;5:72.
22.
Zeng Y, Cheng AS, Chan CC. Meta-Analysis of the Effects of Neuropsychological Interventions on
Cognitive Function in Non-Central Nervous System Cancer Survivors. Integrative cancer therapies.
2016;15(4):424–34.
23.
Ferguson RJ, McDonald BC, Rocque MA, Furstenberg CT, Horrigan S, Ahles TA, et al. Development of CBT
for chemotherapy-related cognitive change: results of a waitlist control trial. Psychooncology.
2012;21(2):176–86.
24.
Fernandes HA, Richard NM, Edelstein K. Cognitive rehabilitation for cancer-related cognitive dysfunction:
a systematic review. Supportive care in cancer: o�cial journal of the Multinational Association of
Supportive Care in Cancer. 2019;27(9):3253–79.
25.
Gehring K, Aaronson NK, Taphoorn MJ, Sitskoorn MM. Interventions for cognitive de�cits in patients with
a brain tumor: an update. Expert Rev Anticancer Ther. 2010;10(11):1779–95.
26.
Bray VJ, Dhillon HM, Bell ML, Kabourakis M, Fiero MH, Yip D, et al. Evaluation of a Web-Based Cognitive
Rehabilitation Program in Cancer Survivors Reporting Cognitive Symptoms After Chemotherapy. J Clin
Oncol. 2017;35(2):217–25.
27.



Page 17/22

Damholdt MF, Mehlsen M, O'Toole MS, Andreasen RK, Pedersen AD, Zachariae R. Web-based cognitive
training for breast cancer survivors with cognitive complaints-a randomized controlled trial.
Psychooncology. 2016;25(11):1293–300.
28.
Mihuta ME, Green HJ. The implementation of web-based cognitive rehabilitation in adult cancer
survivors: examining participant engagement, attrition and treatment �delity. Supportive care in cancer:
o�cial journal of the Multinational Association of Supportive Care in Cancer. 2017.
29.
Mihuta ME, Green HJ, Shum DHK. Web-Based Cognitive Rehabilitation for Survivors of Adult Cancer: A
Randomised Controlled Trial. Psychooncology. 2017.
30.
van de Ven RM, Murre JM, Veltman DJ, Schmand BA. Computer-Based Cognitive Training for Executive
Functions after Stroke: A Systematic Review. Front Hum Neurosci. 2016;10:150.
31.
Crouch A, Von Ah D, Storey S. Addressing Cognitive Impairment After Breast Cancer: What Do Women
Want? Clinical nurse specialist CNS. 2017;31(2):82–8.
32.
Barak A, Hen L, Boniel-Nissim M, Shapira Na. A Comprehensive Review and a Meta-Analysis of the
Effectiveness of Internet-Based Psychotherapeutic Interventions. Journal of Technology in Human
Services. 2008;26(2–4):109–60.
33.
Kiresuk TJ, Sherman RE. Goal attainment scaling: A general method for evaluating comprehensive
community mental health programs. Commun Ment Health J. 1968;4(6):443–53.
34.
Dorland HF, Abma FI, Roelen CA, Smink A, Feuerstein M, Amick BC, et al. The Cognitive Symptom
Checklist-Work in cancer patients is related with work functioning, fatigue and depressive symptoms: a
validation study. Journal of cancer survivorship: research practice. 2016;10(3):545–52.
35.
Tuomi K, Ilmarinen J, Jahkola A, Katajarinne L, Tulkki A. Work ability index: Institute of Occupational
Health Helsinki; 1994.
36.
Ahlstrom L, Grimby-Ekman A, Hagberg M, Dellve L. The work ability index and single-item question:
associations with sick leave, symptoms, and health–a prospective study of women on long-term sick
leave. Scand J Work Environ Health. 2010;36(5):404–12.
37.
Abma FI, van der Klink JJ, Bultmann U. The work role functioning questionnaire 2.0 (Dutch version):
examination of its reliability, validity and responsiveness in the general working population. J Occup
Rehabil. 2013;23(1):135–47.
38.



Page 18/22

Bouwmans C, Krol M, Severens H, Koopmanschap M, Brouwer W, Hakkaart-van Roijen L. The iMTA
Productivity Cost Questionnaire: A Standardized Instrument for Measuring and Valuing Health-Related
Productivity Losses. Value in health: the journal of the International Society for Pharmacoeconomics
Outcomes Research. 2015;18(6):753–8.
39.
Veldhoven Mv, Meijman T. Het meten van psychosociale arbeidsbelasting met een vragenlijst: de
vragenlijst beleving en beoordeling van de arbeid (VBBA): Nederlands Instituut voor
Arbeidsomstandigheden (NIA); 1994.
40.
van Veldhoven M, Broersen S. Measurement quality and validity of the “need for recovery scale”. Occup
Environ Med. 2003;60(suppl 1):i3–9.
41.
Ware JEJ. SF-36 Health Survey Update. Spine. 2000;25(24):3130–9.
42.
Brown LF, Kroenke K, Theobald DE, Wu J. Comparison of SF-36 vitality scale and Fatigue Symptom
Inventory in assessing cancer-related fatigue. Supportive care in cancer: o�cial journal of the
Multinational Association of Supportive Care in Cancer. 2011;19(8):1255–9.
43.
Garnefski N, Kraaij V, Spinhoven P. Manual for the use of the Cognitive Emotion Regulation Questionnaire.
Leiderdorp: DATEC; 2002.
44.
Feenstra HEM, Murre JMJ, Vermeulen IE, Kieffer JM, Schagen SB. Reliability and validity of a self-
administered tool for online neuropsychological testing: The Amsterdam Cognition Scan. J Clin Exp
Neuropsychol. 2017:1–21.
45.
Warr P, Cook J, Wall T. Scales for the measurement of some work attitudes and aspects of psychological
well-being. Journal of Occupational Organizational Psychology. 1979;52(2):129–48.
46.
Karasek R, Brisson C, Kawakami N, Houtman I, Bongers P, Amick B. The Job Content Questionnaire (JCQ):
An instrument for internationally comparative assessments of psychosocial job characteristics. J Occup
Health Psychol. 1998;3(4):322–55.
47.
Zigmond AS, Snaith RP. The hospital anxiety and depression scale. Acta psychiatrica Scandinavica.
1983;67(6):361–70.
48.
Herdman M, Gudex C, Lloyd A, Janssen M, Kind P, Parkin D, et al. Development and preliminary testing of
the new �ve-level version of EQ-5D (EQ-5D-5L). Quality of life research. 2011;20(10):1727–36.
49.
van Dongen JM, van Wier MF, Tompa E, Bongers PM, van der Beek AJ, van Tulder MW, et al. Trial-based
economic evaluations in occupational health: principles, methods, and recommendations. Journal of



Page 19/22

occupational environmental medicine. 2014;56(6):563–72.
50.
Brookes ST, Whitely E, Egger M, Smith GD, Mulheran PA, Peters TJ. Subgroup analyses in randomized
trials: risks of subgroup-speci�c analyses; power and sample size for the interaction test. J Clin
Epidemiol. 2004;57(3):229–36.
51.
Diggle PHP, Liang K, Zeger S. Analysis of Longitudinal Data. New York: Oxford University Press; 2002.
pp. 169–89.
52.
Schwarz G. Estimating the dimension of a model. The Annals of Statistics. 1978;6(2):461–4.
53.
Anderson DR, Burnham KP, White GC. Comparison of Akaike information criterion and consistent Akaike
information criterion for model selection and statistical inference from capture-recapture studies. J
Applied Statistics. 1998;25(2):263–82.
54.
Son H, Friedmann E, Thomas SA. Application of pattern mixture models to address missing data in
longitudinal data analysis using SPSS. Nursing research. 2012;61(3):195–203.
55.
Cohen J. Statistical power analysis for the behavioral sciences. Hillsdale: L. Erlbaum Associates; 1988.
56.
Sullivan GM, Feinn R. Using Effect Size—or Why the P Value Is Not Enough. Journal of Graduate Medical
Education. 2012;4(3):279–82.

Figures



Page 20/22

Figure 1

Overview of the study design
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Figure 2

Schedule of enrolment, interventions, and assessments
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Figure 3

Dependent and independent measures, mediating and moderating processes


