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Abstract

Background: Since 2011, a tailored, interdisciplinary head and neck rehabilitation (IHNR) program, covered by the
basic healthcare insurance, is offered to advanced head and neck cancer (HNC) patients in the Netherlands Cancer
Institute (NKI). This program is developed to preserve or restore patients’ functioning, and to optimize health-related
quality of life (HRQoL). It applies an integrated approach to define patients’ individual goals and provide rehabilitation
care throughout the cancer care continuum. The aim of the current study is to assess the (cost-) effectiveness of the
IHNR approach compared to usual supportive care (USC) consisting of monodisciplinary and multidisciplinary care in
advanced HNC patients.

Methods: This multicenter prospective observational study is designed to compare (cost-)effectiveness of the IHNR to
USC for advanced HNC patients treated with chemoradiotherapy (CRT) or bioradiotherapy (BRT). The primary outcome
is HRQoL represented in the EORTC QLQ-C30 summary score. Functional HRQoL, societal participation, utility values,
return to work (RTW), unmet needs (UN), patient satisfaction and clinical outcomes are secondary outcomes, assessed
using the EORTC QLQ-H&N35, USER-P, EQ-5D-5 L, and study-specific questionnaires, respectively. Both patient groups
(required sample size: 64 per arm) are requested to complete the questionnaires at: diagnosis (baseline; T0), 3 months
(T1), 6 months (T2), 9 months (T3) and 12months (T4) after start of medical treatment. Differences in outcomes between
the intervention and control group will be analyzed using mixed effects models, Chi-square test and descriptive statistics.
In addition, a cost-effectiveness analysis (CEA) will be performed by means of a Markov decision model. The CEA will be
performed using a societal perspective of the Netherlands.
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Discussion: This prospective multicenter study will provide evidence on the effectiveness and cost-effectiveness of IHNR
compared to USC. RTW and societal participation, included as secondary outcomes, have not been studied sufficiently yet
in cancer rehabilitation. Interdisciplinary rehabilitation has not yet been implemented as usual care in all centers, which
offers the opportunity to perform a controlled clinical study. If demonstrated to be (cost-)effective, national provision of
the program can probably be advised.

Trial registration: The study has been retrospectively registered in the Netherlands Trial Registry on April 24th 2018
(NTR7140).

Keywords: Rehabilitation, Interdisciplinary care, Multidisciplinary care, Head and neck cancer, (cost-) effectiveness, Quality
of life, Societal participation, Return to work

Background
In the Netherlands, approximately 3200 patients are diag-
nosed with head and neck cancer (HNC) annually [1].
Cancer of the head and neck is often treated curatively by
(a combination of) surgery, radiotherapy and/or chemo-
therapy. As a consequence of the tumor and its treatment,
impairment of functioning may occur concerning e.g.
swallowing, speech, breathing and cancer-related fatigue,
but also psychosocial problems such as altered body
image, anxiety and depression. Additionally, patients may
suffer from pre-existing comorbidity relating to physical
and/or psychosocial functioning. Rehabilitation care can
play an important role in restoring these functions, and
may help to regain daily life activities and improve health-
related quality of life (HRQoL) [2, 3].
Rehabilitation often comprises monodisciplinary interven-

tions, also known in the Netherlands as ‘usual supportive
care’ (USC), provided by specialized individual healthcare
professionals. Nonetheless, monodisciplinary care does not
always sufficiently meet patients’ needs, as problems are
often multifactorial and complex [2]. To optimize the re-
habilitation of patients, an upcoming trend is to implement
multidisciplinary rehabilitation care, the importance of
which is underlined in the guideline on cancer rehabilitation
developed by the Netherlands Comprehensive Cancer
Organization (Integraal Kankercentrum Nederland - IKNL)
[4]. The rationale is that a coordinated multidisciplinary ap-
proach, in which healthcare professionals cooperate to
optimize patients’ outcomes, might be more effective than
healthcare professionals individually addressing patients’
problems during conventional monodisciplinary rehabilita-
tion care. In multidisciplinary care, different healthcare pro-
fessionals have separate (sub)goals that are achieved during
rehabilitation with the patient. When these goals are aligned
with the objective to achieve one broader goal, such as
regaining participation in society by the patient, this is de-
fined as ‘interdisciplinary care’. This type of care is assumed
to be especially useful when patients have several interre-
lated and/or severe problems, which is often the case in
advanced HNC [5–12]. However, it is also recognized that
this type of rehabilitation can be more expensive.

The integrative, biopsychosocial, International Classifi-
cation of Functioning, Disability and Health (ICF) model
[7, 13], developed by the World Health Organization, is
often applied as a framework for interdisciplinary rehabili-
tation. The ICF model describes individual functioning in
a broader context, consisting of two parts: (1) Functioning
and Disability and (2) Contextual factors. Functioning and
Disability encompasses the physical and functional status;
Contextual factors are subdivided in environmental and
personal factors (e.g. coping strategies). In addition, a dis-
tinction is made between capacity (the ability to execute a
task or action) and performance (the actual task or activity
performed in daily life). Discrepancies in current and
desired status in each of these components determine a
person’s individual rehabilitation objective to be achieved,
and consequently, the interdisciplinary interventions to
apply. For example, a male HNC patient treated with
chemoradiotherapy (CRT), who cannot perform daily
activities due to feeding tube dependency and fatigue. The
activities (e.g. eating and drinking, walking and driving)
this person wants to do, relate to the individual roles in
his daily life (e.g. being a father, working as a bus driver).
Both components determine which tailored interventions
to apply. For example, to be able to perform daily activities
such as eating and drinking, walking and driving, swallow-
ing rehabilitation and physical exercise will be needed
respectively, both combined with nutritional advice for a
personalized, balanced diet. These interventions aim to
optimize the patient’s capacity. Besides optimizing the
patient’s capacity, especially if functional improvement is
limited, rehabilitation goals can be achieved also by
addressing behavioral and/or environmental factors. To
optimize the patient’s performance in order to resume his
role as father and as bus driver, interventions such as en-
ergy coaching and family counseling could be applied.
These interventions will address personal factors, such as
coping, and will use cognitive behavioral therapy to
improve the ability to adjust to limitations and improve
social functioning. As both physical- and cognitive-based
interventions are executed simultaneously within interdis-
ciplinary rehabilitation care, this approach can have a
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synergistic effect. For HNC patients, a specific ICF HNC
core set is available to facilitate interdisciplinary commu-
nication within rehabilitation [14].
A HNC-specific interdisciplinary rehabilitation program

(IHNR) was developed in the Netherlands Cancer Institute
(NKI) in 2010 (version 1.0), based on the ICF framework.
IHNR consists of structured interdisciplinary interventions,
tailored to the individual needs of the patient, with the
primary aim to enable patients to regain their desired level
of participation in society. This program is integrated into
medical care, which means that the rehabilitation care is
offered throughout cancer treatment. IHNR is a modular
program (including swallowing rehabilitation module, eat-
ing module, bodyweight monitoring module, preventive
shoulder rehabilitation module, physical exercise module,
energy conservation module, guidance coping and adjust-
ment module, art therapy module). Each module is based
on the best available evidence. Healthcare professionals that
can be consulted within IHNR, apart from the head and
neck surgeon, radiotherapist, physical medicine and re-
habilitation (PM&R) physician and dentist, are: the speech-
language pathologist, dietician, physical therapist, occupa-
tional therapist, medical social worker and/or psychologist,
and art therapist [15]. IHNR is implemented as standard
care in the rehabilitation of HNC patients in the NKI. More
details on this program are given in the Methods section.
The program was found feasible in a previous observa-

tional study. In this study, positive outcomes on HRQoL
were observed in patients who participated with the IHNR
compared to reference values [16]. Also, the time until
recovery was shorter than usually observed for patients
treated with USC (estimated approximately 1 year) [2]. In
addition, the preventive (swallowing) exercise program
(PREP) included in the IHNR, was found cost-effective
compared to USC in advanced HNC patients treated with
CRT [17]. So far, there is limited uptake of this program
by other HNC care providers, partly because of the char-
acter of the evidence, partly because insurance agencies
for the same reason often do not want to engage in con-
tracting additional services for this population.
The added value of interdisciplinary and multidiscip-

linary cancer rehabilitation compared to monodisciplin-
ary care, in terms of effectiveness and cost-effectiveness,
are reported scarcely in literature for cancer patients
[18]. In addition, the effect of this integrated IHNR pro-
gram on HRQoL, return to work (RTW), participation
in society and cost-effectiveness compared to USC has
not been studied previously in a controlled setting.
Therefore, the aim of our study is to investigate the

effectiveness and cost-effectiveness of IHNR (interven-
tion group) compared to USC (control group) in
advanced HNC patients treated with concomitant CRT
or bioradiotherapy (BRT) in a prospective controlled
clinical study.

Prior to this study, we framed three hypotheses. First,
we hypothesize that IHNR will shorten the time to regain
(baseline) HRQoL [2]. Second, we hypothesize that the
program will enhance the ability to resume work-related
and daily activities, and will lead to a reduction in medical
consumption (e.g. tube feeding) and adverse events (e.g.
occurrence of pneumonias). Third, we expect that these
improvements will result in a reduction of hospital- and
society-related costs, resulting in a more cost-effective
approach than USC [17].

Methods
Study design
We will perform a prospective controlled observational
study comparing the effectiveness and cost-effectiveness
of IHNR to USC for advanced HNC patients using
Patient Reported Outcome Measures (PROMs). Primary
objective is HRQoL. Secondary outcomes are functional
HRQoL, return to work, societal participation, cost-
effectiveness, unmet needs, clinical outcomes and pa-
tient satisfaction. Before the start of the treatment, pa-
tients in the intervention group are offered to participate
in the IHNR. The intervention group consists of all eli-
gible consenting patients treated in the NKI, despite par-
ticipating or not in the program. The control group
consists of advanced HNC patients treated in six Dutch
HNC centers which are representative for the USC in
the Netherlands; three academic and three community
centers, providing mono- or multidisciplinary care.
This study does not fall under the Medical Research In-

volving Human Subjects Act (Wet Medisch Wetenschappe-
lijk Onderzoek) due to the non-invasive nature of the study,
but is submitted to and approved by the Dutch Medical
Ethical Committees (registered: P16HNR). The study
started in February 2017.

Study population: in- and exclusion criteria
Adult patients diagnosed with advanced head and neck
squamous cell carcinoma (HNSCC; stage 3 and 4) are
included in this study. Patients are eligible if they are to
be treated with primary CRT (Cisplatin or Carboplatin)
or BRT (Cetuximab) with intent to cure. IHNR takes
place mainly at the Center for Quality of Life in the out-
patient clinic of the NKI. Patients who are unwilling to
cooperate in the study or unable to take part in the pro-
gram due to a language barrier or an interfering psychi-
atric or psychological disorder are excluded from the
study. Advanced HNC patients who are treated primarily
with surgery are not eligible for the study, in order to
control heterogeneity within the two arms and ensure
comparability between the arms. At least 64 patients are
needed per arm.
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Study groups
IHNR – intervention group
Since 2011, IHNR is offered to HNC patients as standard
rehabilitation care in the NKI, and it is reimbursed through
the basic health care insurance package. Recently, the pro-
gram has been updated to the newest scientific literature
and clinical experience (HNR version 2.0, 2016) [15].
IHNR begins after diagnosis prior to or at the start of

oncological treatment and continues until approximately
6months post treatment [2]. The PM&R physician defines
in discussion with the patient relevant rehabilitation needs
and goals, and the core problem that needs to be ad-
dressed during rehabilitation. Subsequently, the PM&R
physician determines which treatment modules can be ap-
plied during treatment. Preventive swallowing rehabilita-
tion combined with nutritional assessment and advice is
routinely offered during CRT and BRT. Other interven-
tions are initiated as deemed appropriate to achieve the
intended and defined goals, and include physical exercise
supervised by a physical therapist, energy counseling or
RTW guidance by an occupational therapist, and psycho-
social care by a medical social worker and/or psychologist,
and art therapist. In conversation with the patient,
expected length and frequency of the rehabilitation inter-
ventions and the various healthcare professionals to be in-
volved are clarified. Thereafter, the PM&R physician refers
to relevant healthcare professionals depending on the re-
habilitation modules selected. Assessments are made be-
fore the start of rehabilitation treatment by each involved
health professional. At the end of the intake phase, the
patient’s core problem and individual rehabilitation needs,
as well as the results of the assessments are discussed in
an interdisciplinary team meeting. Subsequently, several
SMART (Specific, Measurable, Attainable, Realistic, Time-
bound) interdisciplinary rehabilitation (sub)goals are for-
mulated. During IHNR, tailored interventions are offered
to the patient that meet the individual goals. The interven-
tions are provided individually, or in group sessions if
applicable and indicated.
All goals are evaluated every 4 to 6 weeks within the

rehabilitation team. Besides the PM&R physician and
healthcare professionals, a head and neck surgeon and
radiotherapist attend the rehabilitation interdisciplinary
meetings to discuss interference of the oncological treat-
ment, and its consequences for the individual rehabilita-
tion plan. The dentist and oral hygienist can be involved
as well. This integrated approach distinguishes IHNR from
other rehabilitation programs [2].

USC – control group
The control group comprises 6 hospitals, all of which
are members of the Dutch Head and Neck Society
(DHNS). USC is mostly delivered by healthcare profes-
sionals who are affiliated with the Dutch working group

of allied healthcare in HNC (PWHHT), and follow na-
tional guidelines for HNC supportive care [19]. Never-
theless, from practice, we know that the content and
organizational structure between centers can vary be-
tween these national centers.
In one subpopulation of the control group, an academic

center, HNC patients are offered multidisciplinary rehabilita-
tion care 6 to 8 weeks after treatment. A personalized
approach starts from the third chemotherapy cycle with
monitoring by the speech-language pathologist and the diet-
ician to offer advice when compensation is needed to guar-
antee safe and sufficient intake of liquid and food. Patients
who become dependent on non-oral intake receive individ-
ual coaching to keep drinking sips of water regularly, despite
pain. At 6 to 8 weeks after completion of the oncological
treatment, the patient’s condition is evaluated by a multidis-
ciplinary team and when needed the patient is assessed by a
PM&R physician, dietician, occupational therapist, physical
therapist and speech-language pathologist, usually resulting
in a rehabilitation plan. This subgroup is however reflected
as usual care because it rather reflects common practice as
patients are included after treatment and there is no struc-
tured interdisciplinary care present during rehabilitation.
In general, the other centers in the control group offer

monodisciplinary rehabilitation care on indication dur-
ing or after treatment. The disciplines involved during
rehabilitation differ among the centers.

Recruitment and completion of PROMs
Patients’ eligibility is assessed at the outpatient clinic by a
healthcare professional at the department of the Head and
Neck Surgery and Oncology, usually the head and neck
surgeon or nurse practitioner. Eligible patients are informed
about the study by the investigators of the study or a con-
tact person in the respective centers, usually a healthcare
professional of the rehabilitation team. Patient information,
informed consent (patient and hospital copy) and a baseline
(T0) questionnaire are handed to the patient at the out-
patient clinic. Eligible patients who are willing to participate
return written informed consent (hospital copy) and the
completed baseline questionnaire to the outpatient clinic or
by mail. The questionnaire comprises five PROMs concern-
ing HRQoL, societal participation, employment status,
medical consumption, unmet needs and patient satisfac-
tion. Follow-up (FU) questionnaires are send to the home
address on paper on four different time points during FU
within a one-year range: 3 (T1), 6 (T2), 9 (T3) and 12 (T4)
months after start of treatment (Fig. 1).

Primary outcome
Effectiveness: quality of life
Primary outcome is assessed at all time points (T0 to T4),
and consists of the summary score of the European
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Organization for Research and Treatment of Cancer Qual-
ity of Life Questionnaire-Core 30 (EORTC QLQ-C30) [20].
The EORTC QLQ-C30 comprises 30 questions, that re-

late to one global health status/QoL scale, five functional
scales (physical functioning, role functioning, emotional

functioning, cognitive functioning and social functioning),
three symptom scales (fatigue, nausea/vomiting and pain)
and six single-item scales (dyspnea, insomnia, appetite loss,
constipation, diarrhea and financial difficulties). In the
EORTC QLQ-C30, each scale or item results in a score

Fig. 1 Flowchart of the study Abbreviations: BRT, bioradiotherapy; CRT, chemoradiotherapy; EQ-5D-5 L, five-level EuroQol five-dimensional questionnaire;
FU, follow-up; HNC, head and neck cancer; IHNR, interdisciplinary head and neck cancer rehabilitation program; MC, medical consumption; QLQ-C30,
Quality of Life Questionnaire-Core30; QLQ-H&N35, Quality of Life Questionnaire-Head and Neck35; RTW, return to work; SF, satisfaction; SPQ, study-specific
questionnaire; UN, unmet needs; USC, usual supportive care; USER-P, Utrecht Scale for Evaluation of Rehabilitation-Participation
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ranging from 0 to 100. An increasing score derived from
functional scales indicates improved functioning, whereas
an increase in symptom scores indicates worsening of
symptoms [21, 22]. The EORTC QLQ- C30 summary
score originates from all scales except for the global health
status/QoL and financial difficulties scales. The score con-
sists of an outcome between 0 and 100 and reflects the
overall HRQoL [20].

Secondary outcomes
Secondary outcomes are assessed at all time points (T0 to
T4), except for medical consumption, unmet needs and
patient satisfaction with care. Information on medical
consumption and unmet needs are obtained from T1 to
T4; satisfaction by the patient will be assessed at T4.

Head and neck cancer-specific quality of life
HNC-specific HRQoL is assessed using the EORTC QLQ
module for HNC; the EORTC QLQ-H&N35. This module
contains seven symptom scales (pain, swallowing, senses
problems, speech problems, trouble with social eating and
social contact, and less sexuality) and eleven single-item
scales (teeth, opening mouth, dry mouth, sticky saliva,
coughing, felt ill, pain killers, nutritional supplements, feed-
ing tube, weight loss, weight gain), resulting in eighteen
scores, ranging from 0 to 100, with higher scores indicating
higher symptom burden [22, 23].

Cost-effectiveness: costs, life years and utilities
We will investigate the cost-effectiveness of IHNR versus
USC from a societal perspective. We will determine life
years, quality-adjusted life years (QALYs) and costs. Data
on life years related to the survival of HNC patients will be
sourced from the Netherlands Cancer Registry. QALYs are
calculated by multiplying the life years with the utilities. A
utility is a score that ranges from 0 to 1, derived from the
five-level EuroQol five-dimensional questionnaire (EQ-5D-
5 L), a preference-based instrument. The EQ-5D-5 L con-
sists of five dimensions: mobility, self-care, usual activities,
pain/discomfort and anxiety/depression [24].
Direct and indirect costs will be included in the analysis.

Costs related to healthcare services by healthcare profes-
sionals (e.g. physical therapy, nutritional advice, swallowing
rehabilitation), medication use (e.g. painkillers, antibiotics)
and dietary supplements (including feeding tube depend-
ency). Direct costs for the intervention will be determined
by means of the activity based costing (ABC) method [25].
In addition, work-related costs, such as production loss,
costs related to primary care and domestic care will be
taken into account. The concise version of the Dutch Med-
ical Consumption Questionnaire (MCQ) will be combined
with survival data derived from literature. The MCQ in-
forms on the type and number of consultations by health-
care professionals in the primary and secondary care,

domestic care, medication use and dietary supplements
[26]. In this way, we can also check for potential crossover
contamination between the two groups. To estimate the
costs, the cost manual for economic evaluations and the
overview of Dutch tariffs defined by the Dutch Healthcare
Authority (NZa) are consulted [27, 28].

Return to work (RTW)
At baseline and FU, two study-specific questions regarding
employment status (e.g. full time or part-time employee,
self-employed, retired), adapted to the Dutch work-related
legislation, and profession are included. In addition, the
first item of the workability index (WAI) will be assessed.
The WAI first item is an estimation of the individual
employee of his or her work capacity on a scale from 0 to
10 (0 indicates that the patient is not capable of working
and 10 indicates most optimal work capacity). This first
item is commonly applied as an indicator of workability in
previous studies. The outcome of the WAI has proved to
be a good predictor of a person’s employability [29, 30].

Societal participation
The Dutch Utrecht Scale for Evaluation of Rehabilitation-
Participation (USER-P) questionnaire will be used to as-
sess societal participation. It contains questions about
daily activities and satisfaction with the way in which pa-
tients can perform daily activities. The USER-P is a vali-
dated questionnaire, and the most commonly used PROM
in rehabilitation care in the Netherlands. It comprises 32
items in three scales: frequency, restrictions and satisfac-
tion. Items are accompanied by a five-optional Likert
scale. With the algorithm, an average score is calculated
between 0 and 100 for each scale. A higher score indicates
a better level of societal participation [31].

Unmet needs of the patient
A study-specific question is included at T1 to T4 to iden-
tify whether there were important needs that remained
unaddressed during the rehabilitation care, and if so,
which healthcare professionals the patient wished to be in-
volved. It comprises of a yes-no question to ask whether
there were needs not addressed during the last 3months.
If yes, patients can appoint the healthcare provider in-
volved in the need. At the end of the program, the distress
thermometer and problem list (completion at start and
end of treatment) will be discussed with the patient. In
addition, during the multidisciplinary team meeting prob-
lems are identified which were not properly addressed at
the various time points [32–34].

Patient satisfaction
Level of satisfaction concerning the IHNR or USC will
be assessed using a five-point scale, with 0 indicating
very unsatisfied and 5 is very satisfied.
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Clinical outcomes
Clinical outcomes include adverse events (e.g. pneumo-
nia) during and after treatment, hospital admissions and
medication use. These data will be obtained from med-
ical records and a study-specific concise version of the
Medical Consumption Questionnaire (MCQ) [26].

Patient, tumor and treatment characteristics
Sociodemographic data (age, sex, marital status, educa-
tional background and employment status) of patients are
gathered at baseline. Date of start of medical treatment is
used to determine FU time points. Additional clinical data
comprising treatment details of CRT and BRT (e.g. dose of
systemic treatment, number of systemic cycles intended
and provided) and tumor characteristics will be obtained
from the medical record system. Information on progres-
sion of disease and recurrences will be evaluated through-
out the study.

Power calculation
To estimate the sample size required for this study, we
used a one sample t-test power calculation. The power
calculation was based on a comparison between the
intervention and control group at end of follow-up,
using a power (β) of 0.8 and a significance level of 0.05.
We will recruit until we have included 128 patients in
total for this analysis (64 are needed per arm) to be able
to detect the expected effect-size (Cohen’s d) of 0.5 [35].
In our study we will use a repeated-measures design to
allow for a more definitive evaluation of within-subject
changes in the HRQOL summary score over time. Al-
though, repeated measures can increase statistical power,
we opted for a more conservative approach to sample
size calculation by assuming a cross-sectional design.
This should cover potential design effects such as attri-
tion, or differences in baseline characteristics. Recruit-
ment time is estimated at 2 years.

Statistical analysis
Scores on the HRQoL questionnaires and the USER-P will
be calculated according to published scoring algorithms
[22, 24, 31].
We will look at group differences in HRQOL using a

mixed effect growth model with random intercept and
slope, nested within site (clusters of different hospitals).
This approach takes into account the within and between
person variability, and deals adequately with missing data
[36]. If baseline differences are identified, these variables
will be accounted for in the model. In case of non-
ignorable dropout, which will be evaluated halfway during
the study, we will correct the model for different patterns
of missing values [37]. All analyses will be performed on
an ‘intention to treat’ basis and will be adjusted for case

mix by means of a propensity score analysis. Additional
explorative analyses will be done on a ‘per protocol’ basis.
A generalized mixed-effects model using a logistic link

function will be used to estimate the effects of IHNR on
the proportion of patients at work, compared to USC, at
each time point [38]. In this analysis, only patients are
included who either are an employee, are self-employed,
or do voluntary work at the baseline measurement.
Employment status, unmet needs and satisfaction of the

patient will be analysed using descriptive statistics. Group
differences in evaluation of satisfaction will be tested by
means of the Chi-square test for trend. The unmet needs
and the satisfaction of the patient will be evaluated cross-
sectional, at each time point and at T4 respectively.

Cost-effectiveness analysis
The cost-effectiveness of IHNR compared to USC will
be assessed using a Markov model including three health
states (disease free survival, progression of disease, death
(death due to the HNC or other cause)), a three-month
cycle duration and a time horizon of 1 year. One year
was chosen because patients are likely to recover within
1 year [2]. Production losses will be analyzed by means
of the friction cost method [39, 40]. The friction cost
method calculates the costs over the friction period; the
period in which the patient has not yet been replaced at
work by another employee.
The incremental costs-effectiveness ratio (ICER) is calcu-

lated by dividing the difference in total costs of IHNR and
USC by the difference in QALYs, and indicates the add-
itional costs of IHNR per QALYgained. The mean together
with the degree of uncertainty, represented in confidence
intervals of the input parameters, will be estimated, and
probabilistic sensitivity analyses will be carried out.
Visualization of data will be realized by means of a cost-
effectiveness plane and cost-effectiveness acceptability
curve [41, 42]. A ceiling ratio of €20.000/QALY, corre-
sponding with the Dutch threshold for preventive care, will
be used in this analysis [43].

Discussion
To our knowledge, this is the first prospective multicenter
study to evaluate the added value of the integrated charac-
ter of a HNC interdisciplinary rehabilitation program. The
study takes into account important outcomes of rehabili-
tation, including RTW and societal participation, which
have not been sufficiently studied to date. As IHNR is an
integrated program which is tailored to patients’ needs by
individual and comprehensive assessment, we assume un-
met needs are better addressed within this program.
The primary outcome expressed by the EORTC QLQ-

C30 summary score, derived from the EORTC QLQ-
C30 measurement instrument, offers a more reliable
endpoint than the two-item overall QLQ-C30 score,
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often used in studies [20]. This study will take into ac-
count the variations in the provision of rehabilitation
care between centers in the control group, due to the
multicenter nature of this study including both academic
and non-academic hospitals throughout the Netherlands.
In addition, the cost-effectiveness analysis included in
the study may provide valuable information to support
decision-making concerning reimbursement of cancer
rehabilitation programs in the Netherlands.
However, several limitations to the study need to be

taken into account. Randomization in the current study
design was considered not feasible as IHNR is provided
as reimbursed standard care in the NKI, and is currently
not provided in the other centers. Moreover, introducing
randomization in the NKI with a “no supportive care”
group raises ethical concerns. ‘Therefore, this controlled
observational study within different HNC centers was
considered to be the most feasible design. To best ap-
proach the internal validity of a randomized study, we
will adjust for case mix by using propensity score ana-
lysis [44]. Furthermore, the USC provided by the control
group to HNC patients can vary among the different
HNC centers. In this study, these centers are merged in
one control group. Differentiation between subgroups of
comparable USC will only be feasible in case sufficient
number of patients is included in each of these
subgroups, which will be challenging especially if one of
these groups is relatively well represented in accrual
numbers. To minimize the risk of selection bias we
recruit sequential cohorts in all participating centers.
Another limitation of this study is the restriction of

inclusion to advanced HNC patients treated with CRT or
BRT. Patients treated with extensive primary surgery, such
as a total laryngectomy, also have rehabilitation needs for
which IHNR could be profitable. Nonetheless, we opted to
select only patients treated with CRT or BRT to obtain a
group as homogenous as possible. Also, as the benefits on
effectiveness of interdisciplinary care compared to mono-
disciplinary and (in particularly) multidisciplinary care
have not been proven yet, we will aim to investigate this
using multiple outcome measurements. However, whether
we can eventually prove these benefits is not certain. If
unmet needs arise from this study, this may be relevant
for improvement of rehabilitation care an incentive to also
follow-up with a study including qualitative methods or
implementing a HNC-specific tool such as the Patient
Concerns Inventory [45]. Still, patient’s assessment of un-
met needs can be difficult as patients are often not aware
of the possibilities with regard to supportive care, with the
result that some unmet needs remain unknown.
A phenomenon experienced in survivorship studies is

the fact that awareness- and diffusion of knowledge on
aspects of survivorship care, sometimes in the shape of
general healthy living- and general psychosocial advice

or it’s availability on the internet, makes USC a kind of
moving target [46]. This leads to difficulty in establishing
the exact differences between the trial arms. Finally,
patients who are eligible for this study are also eligible
for several other ongoing studies. If patients are included
in multiple clinical studies, this may have some influence
on HRQoL outcomes. Due to the multicenter nature of
most of the other studies, we do not expect these studies
to cause relevant differences between centers. Therefore,
we believe that the impact on the estimate of effect will
be negligible.
With the outcomes of this study, we aim to get more

insight into the applicability and efficiency of IHNR in
practice. If IHNR proves more (cost-)effective compared
to USC, the availability and nationwide reimbursement
through basic health insurance will contribute to a better
HRQoL in this vulnerable group of patients.
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