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Abstract

Background - Neurofibromatosis (NF) is a group of rare
genetic disorders characterized by the development of
tumours that may affect the brain, spinal cord, and the
nerves that send signals between the brain and spinal
cord and all other parts of the body. The disease burden
on Greek patients and caregivers is unknown.

Objective — The aim of this study is to determine the soci-
etal economic burden and health-related quality of life
(HRQoL) of families with neurofibromatosis type 1 (NF1)
in Greece.

Methods - A cross-sectional study was conducted in which
an online questionnaire was completed by NF1 patients and
their caregivers. A cost of illness model was developed in which
costs per NF1 patient were calculated from a societal perspec-
tive and extrapolated to the total affected population in Greece.
Finally, the 36-item PedsQL™ Family Impact Module was used
to measure the HRQoL of families with NF1 members.
Results — The economic burden of NF1 was estimated at
€21,594 per patient in 2022. When extrapolating this out-
come across all affected persons, the average annual cost
was €56,319,583. Out-of-pocket expenses accounted for 10%
of the total. Results of the analysis on HRQoL indicated a
significant burden on family members representing the
caregivers of NF1 patients with the majority of scores
falling below 50 and a mean total score of 45.
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1 Introduction

Neurofibromatosis (NF) is a group of rare genetic disorders
characterized by the development of tumours that may
affect the brain, spinal cord, and the nerves that send
signals between the brain and spinal cord as well as all
other parts of the body. There are three different types of
NF: neurofibromatosis type 1 (NF1), neurofibromatosis type
2-related schwannomatosis (NF2), and schwannomatosis
(SWN). NF1 is the most common form of NF, also known as
von Recklinghausen disease. The most prominent symp-
toms of this condition include café-au-lait spots, freckling,
and the development of neurofibromas, which are slow-
growing, non-cancerous tumours [1]. NF2 is characterized
by the development of multiple benign nerve sheath
tumours called schwannomas, particularly affecting the
vestibular nerve. Persons with NF2 usually present with
bilateral vestibular schwannomas but can have schwan-
nomas on other cranial, spinal, and peripheral/cutaneous
nerves [2,3]. SWN could be termed “SMARCBI-related
SWN” (for patients with germline P variants [PV] in
SMARCBI), “LZTR1-related SWN” (for patients with germ-
line PV in LZTR1), “22q-related SWN” (for patients with
multiple schwannomas with common molecular findings
on chromosome 22q), “SWN-not otherwise specified” (for
patients who have clinical features of NF2/SWN but have
not had molecular analysis), or “SWN is not elsewhere
classified” (for patients in whom molecular analysis of
blood and tumours has failed to detect a PV) [3]. All NF
types occur in both biological sexes and in all races and
ethnic groups [4]. The global prevalence of NF1 and NF2
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have been estimated to 1:2,052 [5] and 1:60,000, respec-
tively [6], whereas no data are available regarding SWN.

Humanistic burden of NF1 is considerably high with a
recent systematic literature review showing that NF1 patients
with plexiform neurofibromas (PNs) experience pain, decreased
social functioning, physical function impact, stigma, and emo-
tional distress [7,8]. Further, studies conducted in the United
States and France indicated the significant economic burden
that NF1 imposes on paediatric patients and patients of all
ages, respectively [9,10].

Despite its impact, the economic and societal burden of
NF1 has not been explored in Greece. The objective of this
study was to estimate the economic burden of NF1 to
society and quantify how the disease affects caregivers’
health-related quality of life (HRQoL) and the functioning
of the family. Our aim was to generate evidence to help
policymakers devise appropriate intervention programs
for patients with NF and their families.

2 Methodology

A cross-sectional study was conducted between October
and December 2022. An online questionnaire with 21 queries
about patients’ healthcare resource use (HCRU) was devel-
oped to capture patients’ sociodemographic parameters and
HCRU such as public healthcare, non-healthcare resource
use, costs of professional private care, informal care, issues
regarding equipment, and services necessary for patients’
daily activities during the last year.

Participants were recruited through the Panhellenic
Association of Neurofibromatosis Patients & Friends “Life
with NF” and those eligible to participate were patients
diagnosed with NF1. The main caregiver was responsible
for the completion of the self-administered questionnaire
in the case of adolescent patients. Patients and legal guar-
dians/parents were informed about the study objectives as
well as the confidentiality and anonymity of the data and
gave their written consent to participate in the study, with
the option of data withdrawal. Final questionnaires were
provided by Health Care Professionals in hard copy or com-
pleted online via the Computer Assisted Web Interviewing
method. The present study was conducted in accordance
with the Declaration of Helsinki and the Greek legislation
(Law 2328/1995, Presidential Decree 310/1996, Law 3603/2007,
Law 2472/1997, Law 3471/2006), stating that there is no need
for ethics approval in telephone and internet surveys such
the one presented here.

The questionnaire was divided into two sections, one
devoted to HCRU and one to HRQoL. Overall, 28 patients
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with NF1 returned a completed HCRU questionnaire. The
HCRU as reported by respondents with NF1 was leveraged
as input in the cost of illness (COI) model. Cost inputs were
retrieved from official sources and inserted into the model
to be combined with HCRU and produce the results.

Following the queries focused on assessing the economic
burden, the 36-item PedsQL™ Family Impact Module (FIM)
was used to assess the impact on the family’s HRQoL. This
section of the questionnaire was completed by all 79 patients.
The 36-item PedsQL™ FIM Scales encompasses six scales’
measuring parent self-reported functioning: (1) physical func-
tioning (six items), (2) emotional functioning (five items), (3)
social functioning (four items), (4) cognitive functioning (five
items), (5) communication (three items), (6) worry (five items),
and two scales measuring parent-reported family func-
tioning: (7) daily activities (three items) and (8) family rela-
tionships (five items) [11]. Each item is scored on a five-point
response scale and then converted to a 0-100 scale. A five-
point response scale is utilized (0 = never a problem; 4 =
always a problem). Items are reverse scored and linearly
transformed to a 0-100 scale (0 = 100, 1 = 75, 2 = 50, 3 = 25,
and 4 = 0), so that higher scores indicate better functioning
(less negative impact). Scale scores are computed as the sum
of the items divided by the number of items answered (this
accounts for missing data).

2.1 COI analysis

A COI model was developed to estimate the average annual
economic burden of NF1 in the Greek population from a
societal perspective. The model adopted a prevalence
approach, and as such all prevalent cases of NF1 in Greece
were considered. To estimate the number of NF1 patients,
the prevalence value reported by Orphanet (i.e., 2.5/10,000)
[5] was utilized. Applying this to the total Greek population
(10,432,481) [12], it was estimated that there are currently
2,608 patients with NF1 in Greece.

The resources used, as reported in the questionnaires,
were multiplied by the unit costs [13] to calculate the
annual cost per patient and per total NF1 population using
2022 as the reference year. An overview of the model struc-
ture is illustrated in Figure 1.

2.1.1 Healthcare resource use inputs
HCRU of patients with NF1 as reported by respondents is

presented in Table 1. Overall, the healthcare resources with
the highest usage from patients were visits to a healthcare
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Figure 1: Model structure.

practitioner, physiotherapy, and complete blood count testing.
In the previous year, one-third of the patients required
approximately one hospitalization (including hospitalizations
for the treatment administration) lasting approximately 2
days. Moreover, 25% of patients required physiotherapy,
30% required speech and language therapy, 45% required
occupational therapy, and 22% required psychotherapy.
Furthermore, a number of patients required tumour resec-
tion surgery (32%), auditory brainstem implants and cochlear
implants (4%), chemotherapy (14%), and radiotherapy (7%).

Table 1: Yearly healthcare resource use of patients with NF1

Average Proportion of
HCRU patients (%)
Medical visit 3.04 89.3
Complete blood count 1.67 96.4
Genetic tests 0.75 214
X-ray 0.63 39.3
CT scan 1.06 214
MRI scan 1.63 89.3
Hospitalization 1.05 28.6
Otorhinolaryngologist 117 357
Dermatologist 1.94 46.4
Eye test 1.61 82.1
Physiotherapy 8.17 28.6
Speech and language 1.46 35.9
therapist
Occupational therapy 1.29 373
Psychotherapy 2.27 321

CT - computed tomography; HCRU - healthcare resource use; MRI - magnetic
resonance imaging. Source: Responses on the questionnaire.

According to the responses on questionnaires, phy-
siotherapy, speech and language therapy, occupational
therapy, and psychotherapy are not fully reimbursed in
Greece (Table 2).

Moreover, half of NF1 patients required additional
resources to manage the disease on a daily basis, which
were only required purchasing once, such as an elevator, a
ventilator, or a vehicle. It is also common for patients to
visit hospitals and clinics at regular intervals for the treat-
ment administration, which contributes to the already high
out-of-pocket costs due to the transportation costs that
burden the patients and their caregivers. Finally, approxi-
mately 32% of the responders stated that they were unable
to work due to the occurrence of NF1 symptoms, which led
to their absence from the work for approximately 5 days.

2.1.2 Cost inputs

Cost inputs comprise treatment acquisition and administra-
tion, monitoring and hospitalization, as well as out-of-pocket
expenses and indirect costs (e.g., loss of productivity).
Treatment acquisition unit costs were based on the
recommended dosing schemes as sourced from each treat-
ment’s summary of product characteristics issued by the
European Medicines Agency [14-17], a randomized study
[18], and the published unit prices as sourced from the
latest Drug price bulletin issued by the Greek Ministry of
Health [19]. The price of selumetinib could not be identified
in the official Greek databases, and thus, the price in the
National Institute for Health and Care Excellence (NICE)
Highly specialized technologies guidance [20] was used
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Table 2: Percentage of reimbursement of rehabilitation therapies

Physiotherapy  Speech and language therapist  Occupational therapy  Psychotherapy
% of expenditure that is not reimbursed 25 30 45 22

Source: Responses on the questionnaire.

after being converted to euros and without considering
any confidential price discounts. In treatments adminis-
tered via intravenous infusion, an administration cost of
€80 [21] was applied. The drug acquisition costs are pre-
sented in Table S1.

Unit costs of the resources accounted for the monitoring and
hospitalization were based on official National Organization
for Healthcare Provision (EOPYY) reimbursed prices and
Diagnosis Related Groups [22] and are presented in Table
S2. Resources such as tumour resection surgery, stereotactic
radiosurgery, auditory brainstem implants and cochlear
implants, and radiotherapy were assumed to only occur
once in a patient’s lifetime.

In addition to reimbursed costs, patients and their
families are required to make significant out-of-pocket pay-
ments. More specifically, physiotherapy, speech therapy,
occupational therapy, and psychotherapy are partially
reimbursed by the Social Security Fund, so patients do
have to cover a portion of them. Regarding the out-of-
pocket expenses, the average cost of the home adjust-
ments was estimated at €941, and it was assumed that
takes place once in lifetime. Out-of-pocket transportation
costs contributed on average an additional €326 per year
per patient. An overview of out-of-pocket unit cost inputs
is illustrated in Table S3. Furthermore, a breakdown of
activities comprising out-of-pocket costs for NF1 patients
is shown in Figure 2.

Finally, indirect costs were calculated based on care-
givers’ reported absence days from work (5 days per
month) and the average daily wage (€56.7) as sourced
from Hellenic Statistical Authority [23]. The annual produc-
tivity loss cost was estimated at €312.

3 Results

3.1 COI

Responses about patients’ HCRU were received from 28
participants. The main characteristics of the participants
are shown in Table 3. The average age of the participants
was 34.8 years, and 43% were males.

Seventy-five percent of the 28 patients reported to
have a disability rate equal or greater than 67%, repre-
senting the cutoff point of severe disability according to
the Disability Committee classifications. Time to diagnosis
from the appearance of the first symptoms ranged from 4
weeks to 22 months with a median time to diagnosis of 17.2
weeks.

COI comprise the summary of treatment acquisition
and administration costs, monitoring and hospitalization,
out-of-pocket expenditure, as well as indirect costs.

Overall, the average annual cost of NF1 was estimated
at €21,594 per patient in 2022. Subsequently, the average
annual out-of-pocket expenditure per patient was €2,097 which
represents 10% of the average annual cost. Extrapolating the
results to the whole affected population with NF1 indicates that
average annual economic burden was estimated at €56,319,583,
with drug acquisition costs representing the majority of the
costs (78%) followed by out-of-pocket costs. The COI results
are presented in Table 4.

3.2 HRQolL

Responses about HRQoL were received from all 79 partici-
pants. Results of the analysis indicate that the impact of
NF1 on the family’s HRQoL was high with the scores in the
majority of the scales falling below 50 (Table 5). The scales
of “Worry” and “Daily activities” are the ones with the

= Yearly out of pocket costs

= Transportation

® One off out of pocket costs

Figure 2: Breakdown of out-of-pocket payments.
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Table 3: Demographic characteristic of the study participants
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Table 5: PedsQL FIM scores in different functioning categories

Characteristics of NF1 patients n=28 Scale Mean Median
Age Total scores 44.6 44.6
Mean (SD) 34.8 (13.7) Parent HRQoL summary Score 51.0 49.0
Minimum-maximum 9-54 Family functioning summary score 447 375
Gender Physical functioning 44.6 42.0
Female 12 (42.9%) Emotional functioning 39.2 40.0
Male 16 (57.1%) Social functioning 45.4 437

% Disability Cognitive functioning 75.0 75.0
<67% 21 (75.0%) Communication 45.2 M7
>67% 7 (25.0%) Worry 18.4 20.0
Treatment Daily activities 30.7 16.7
Selumetinib 1(3.6%) Family relationships 53.2 50.0
Magnesium 2 (7.1%)

Acetylsalicylic acid 1 (3.6%) FIM - family impact module; HRQoL - health-related quality of life;
Levetiracetam 1 (3.6%) PedsQL - paediatric quality of life.

Brivaracetam 1(3.6%) Source: Calculations based on questionnaire responses.

NF1 - neurofibromatosis type 1.
Source: Responses on the questionnaire.

Table 4: COI results breakdown

Cost category Average annual cost (€)

Per patient  For total NF1 population
(N = 2,608)

Drug acquisition 16,875 44,011,700

Drug administration 720 1,877,847

Direct HCRU 1,590 4,146,934

Out of pocket 2,097 5,468,325

Indirect 312 814,777

Total 21,594 56,319,583

HCRU - healthcare resource use.
Source: Calculations - COI model.

lowest scores, while the scale of “Cognitive functioning” is
the one with the highest.

The mean HRQoL score was estimated at 44.6, which is
considered low when compared with a score of 100 repre-
senting perfect health. It is evident from these results that
NF1 constitutes a burden on the HRQoL of the families.

4 Discussion

Our study showed that both economic and humanistic
burden of patients with NF1, which is the most common
NF condition, is considerable. According to this study, NF1
is estimated to cost 21,594 per patient in 2022, while the
average annual economic burden across 2,608 NF1 patients
was estimated at €56,319,583.

Drug acquisition costs represented approximately 78% of
the total costs followed by out-of-pocket costs (10%), HCRU
costs (7%), administration costs (3%), and indirect costs (1%).
To our knowledge, this is the first attempt to measure the total
economic burden for NF1 in Greece from a societal perspec-
tive as well as the HRQoL of caregivers of patients. This is also
the most recent European study published since the last eva-
luation of HCRU, which was conducted in 2000 in 201 adult
NF1 patients who received care at a French hospital [9].

The French study showed that the annual cost per
patient was £810, which is considerably lower compared
to our results. This can be potentially attributed to the inclu-
sion of different resources in our study such as drug, reha-
bilitation and operation costs (e.g., tumour resection sur-
gery, auditory brainstem implants, and cochlear implants),
as well as the inclusion of one-off costs, such as home adjust-
ments, and non-healthcare costs such as transportation.

Other studies in the literature conducted in the United
States [10,24] have focused on the estimation of HCRU of
paediatric patients with NF1 and PNs, which is a different
population than the one examined in this study. Further-
more, in contrast to these studies [10,24] where a high
proportion of patients reported receiving pain medication,
this was not the case in our study.

Alimitation of our COI study relates to the sample size,
which consisted of 28 patients. This is a relatively small
sample size, which does not allow us to make safe conclu-
sions regarding the actual COL However, in Greece, a single
system or database capturing all patients suffering from
rare diseases is missing, thus making the identification of
these patients very difficult.

Another limitation concerns the cross-sectional study
design and the possibility of recall bias, which could have
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impacted the self-reporting of resource use. Our results
were based on information collected from the administra-
tion of a single questionnaire at one point in time and
concerned the previous year. As a result, some patients
might have forgotten some of the healthcare resources
that they used, and thus, the overall COI and total economic
burden might have been underestimated. Furthermore,
due to recall bias, some of the patients are more likely to
remember larger expenses such as the cost of formal care
rather than smaller costs.

Since NF1 is characterized by high clinical variability,
it may be more likely that severely affected patients will be
active in patients’ organizations, leading to a potential risk
of selection bias for our sample, as all of the respondents were
members of the Panhellenic Association of Neurofibromatosis
Patients & Friends “Life with NF.” However, to minimize bias,
we collected data from patients of different ages and the level
of disease severity.

In addition to the limitations of our study, it is impor-
tant to mention that there is an absence of comprehensive
national data on NF1 prevalence in Greece. To overcome
this, we utilized data reported in the Orphanet data-
base [5,6].

Moreover, selumetinib is not currently reimbursed in
Greece through the official reimbursement channels (i.e.,
EOPYY), and thus, a standard pack price is not available.
For that reason, we retrieved the pack cost of selumetinib
as presented in the NICE highly specialized technologies
guidance [20] and converted it to euros without consid-
ering any confidential price discounts. This means that
the drug acquisition costs might be lower if and when it
gets reimbursed through EOPYY considering that a dis-
count will also be applied to the original price of the drug.

Our study provides insights into potential policy recom-
mendations and directives that can be adopted by stake-
holders. According to the questionnaire answers, only 4 of
the 28 patients with NF1 received treatment. Among these,
two received levetiracetam or brivaracetam, which are
symptomatic treatments to control seizures, one received
analgesic, and one received targeted therapy. The targeted
therapy pertains to selumetinib, which was not reimbursed
at the time this article was written. Considering the afore-
mentioned discussion, reimbursement of newly introduced
targeted therapies is required. Aside from this, our study
indicates that NF1 patients often face the burden of pur-
chasing additional equipment, such as an elevator, venti-
lator, or means of transportation. Providing full or partial
reimbursement for these resources would be a positive step
forward.

Finally, it is widely recognized that patient registries offer
important sources of information concerning healthcare
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practices, medicine consumption, and clinical outcomes.
The establishment of a national patient registry in Greece
may assist in meeting these challenges with respect to NF by
providing clinical and patient community information on
epidemiology, standards of care and treatment patterns, as
well as supporting regulatory decisions concerning medic-
inal products.

Research in the future in Greece can focus on the use
of targeted therapies, which could lead to a reduction in
HCRU and consequently to a decrease in disease manage-
ment costs.

5 Conclusions

This is the first study in Greece to highlight the consider-
able economic burden among patients with NF1 as well as
the impact on the HRQoL of families. Our results also
demonstrate how important the reimbursement of innova-
tive targeted therapies and the creation of patient regis-
tries is for the accurate estimation of the economic burden
of rare diseases and the financing of the healthcare system.
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