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Abstract

Background: Radictherapy access remains inequitable, particularly in
geographically isolated regions such as island territories, where centralisation
of services often requires long-distance travel for patients. This imposes
substantial burdens on patients and their families, potentially resulting in
treatment discontinuation or refusal. Decentralised service models, such as
satellite radiotherapy units, have emerged as a promising strategy to bring
care closer to underserved populations while preserving integration with
centralised expertise. However, decentralisation also poses several
challenges, including underutilisation, resource duplication, and higher
operational costs. In 2022, a satellite radiotherapy unit was established in
Fuerteventura (Canary Islands, Spain) to promote equitable access to cancer

patients. The economic impact of this unit has not yet been evaluated.
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Objective: To compare the cost of delivering radiotherapy at the satellite
unit of Fuerteventura with the cost at the reference centre in Gran Canaria

for patients living in Fuerteventura.

Methods: A cost-minimisation analysis was conducted from the perspective
of the public health system using 2021 and 2023 data. Direct healthcare costs
were estimated based on the annual costs of each facility, adjusted for
treatment complexity and volume. Travel-related costs were derived from
reimbursement data, including inter-island transport, accommodation and
transfers for in-hospital patients. Costs per patient were compared, and the
patient volume required for the satellite unit to generate cost-savings was

calculated.

Results: In 2023, 182 patients received radiotherapy at the Fuerteventura
unit, compared to 2,501 at the reference centre in Gran Canaria. The average
healthcare cost per patient was €6,855 at the satellite unitand €4,619 in Gran
Canaria. However, average travel costs per patient dropped from €1,819 in
2021 (before the satellite unit) to €337 in 2023. Overall, total per-patient cost
was €754 higher at the satellite unit in 2023. Our estimates suggest that the
unit may generate cost-savings for the healthcare system once patient
volume reaches 205 patients per year—a threshold already exceeded in

2024.

Conclusions: The satellite model demonstrates potential to deliver cost-
comparable care as patient volumes increase. Moreover, improved proximity
to treatment may offer additional access-related benefits, as suggested by
previous literature, reinforcing the value of satellite models in promoting

equitable access while maintaining high standards of care.
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Background

Radiotherapy is a fundamental component of multidisciplinary cancer
treatment, indicated for approximately half of all cancer patients throughout
their illness [1]. It contributes substantially to cancer cure rates (around 40%
of cured cases) and is considered a highly cost-effective treatment option [2].
However, in many regions, including Spain, the utilisation of radiotherapy
treatments remains below clinical need, partly due to geographical barriers
that limit patient access [3]. Distance from speciaiised cancer centres has
been associated with advanced stage at diagnosis, lower likelihood of
receiving treatment, and worse survival outcomes for patients [4-7].
Moreover, and beyond clinical endpoints, studies have found that cancer
patients living far from treatment facilities experience poorer quality of life

outcomes compared to those with closer access [8].

These inequalities highlight the critical issue of geographical accessibility in
cancer care, as patients living in remote areas often face limitations in
accessing modern treatments that enhance survival rates and quality of life.
Geographical barriers to healthcare are especially pronounced in
archipelagos and island territories. In such settings, specialised oncology
centres are typically located on a main island or urban hub, leaving residents
of smaller or more remote islands with limited local services. Patients often
have to travel by ferry or plane to reach radiotherapy facilities—sometimes

on a daily basis over the course of several weeks of treatment. This was



historically the case for cancer patients from Fuerteventura, in the Canary

Islands, Spain, which lacked a local radiotherapy unit until 2022.

Before 2022, Fuerteventura residents (with a total population of over 120,000
inhabitants) in need of radiotherapy treatment had to transfer to the
neighbouring island of Gran Canaria (with over 860,000 inhabitants) to
receive treatment at the tertiary oncology centre. Such inter-island travel,
whether undertaken daily or via a temporary relocation of residence, might
incur in significant financial and social costs. Patients and their families faced
expenses for transportation, accommodation, and meals, which were
reimbursed by the public health system, i.e., the Canary Islands health service
(Servicio Canario de la Salud, SCS). Other expenses, such as lost income,
childcare or other dependants’ caregiving costs were inot covered by the SCS.
The physical fatigue of travel and the emotionail strain of separation from
home and support networks may have ar additional burden to these patients,
detracting from patients’ quality of life. In some cases, logistical difficulties
reportedly contributed to treatment delays or refusal, particularly among
palliative patients where the goal is symptom relief rather than cure. This
situation illustrates how geographic isolation may contribute to unequal

access to cancer care, potentially affecting treatment uptake and outcomes.

Decentralised and satellite radiotherapy service models have been
increasingly studied from various perspectives to assess their viability, cost-
effectiveness, and impact on patient access, experience and outcomes.
Previous literature has demonstrated that decentralisation can improve
access to healthcare and increase utilisation rates, particularly in
geographically remote regions [9-10]. By bringing specialised services closer
to patients, these models have been argued to reduce patient travel time,

generate cost savings for patients and the healthcare system, and enhance



patients’ quality of life [11]. Furthermore, comparing three radiotherapy
service delivery models: a fully centralised system, a fully decentralised
system, and a central facility with satellite configuration, Dunscombe &
Roberts, 2001 found that the satellite model was the most cost-effective
option from a societal perspective when patient travel distances exceeded

170km [12].

In June 2022, a satellite radiotherapy unit was established at the General
Hospital of Fuerteventura (HGF) as a strategy to ensure more equitable
access to cancer treatment on the island. The facility operates as part of the
radiotherapy oncology department based in Gran Canaria, with a specialised
team of oncologists responsible for patient care. However, despite its
expected benefits, decentralisation can also pose severai challenges, such as
the risk of underutilisation, resource duplication, and higher operational costs,
particularly when patient volumes are low or technical complexity is high.
These considerations highlight thie need for strategic planning to ensure that
satellite units deliver sustainable improvements in access while maintaining

high standards of care.

Given these considerations, a comprehensive assessment is essential to
understand the economic and societal implications of establishing a satellite
radiotherapy unit in Fuerteventura. The aim of this study is to provide a
comparative analysis of the cost of delivering radiotherapy at the newly
established satellite unit at the HGF with the cost of providing the same
treatments at the reference centre, the University Hospital of Gran Canaria
Dr. Negrin (HUGCDN), for patients living in Fuerteventura. The analysis
considers both direct healthcare and non-healthcare costs. We use cost data
from the SCS to assess the direct economic impact from the health system

perspective, including the operational costs of the new unit, and transport



and accommodation expenses saved. This information allows us to quantify
the incremental per patient and annual cost associated with treatment at the
HGF radiotherapy unit and to explore the number of patients that need to be
treated at the satellite unit for the centre to generate cost-savings to the

healthcare system.

The following section outlines the study setting, along with the data sources
and methods used in the economic analysis. The subsequent section presents
the results, including the estimated incremental healthcare and non-
healthcare costs associated with the radiotherapy satellite unit. The
Discussion section examines the implications for patients and carers, as well
as other broader social impacts associated with bringing radiotherapy
services closer to patients' residence, drawing on reievant literature. It also
considers the implications of our findings for the strategic planning of

oncology services in geographically remote areas.

Methods

Study setting: Fuerteventura satellite radiotherapy unit

This analysis was conducted in the context of a newly established satellite
radiotherapy unit on the island of Fuerteventura, Canary Islands, Spain. The
unit at the HGF began operating in June 2022. It is equipped with a single
medical linear accelerator and is an extension of the radiotherapy oncology
department of the HUGCDN. The satellite unit has a permanent local team,
while radiation oncologists from the reference hospital provide services

through regular rotations.



Under this system, patients from Fuerteventura first attend for an initial
consultation at HUGCDN in Gran Canaria, where the radiation oncologist
confirms the indication for radiotherapy and the treatment technique.
Additionally, treatment planning is centralised at HUGCDN, with the exception
of patients with palliative care, who are assessed and planned at the HGF. In
the satellite unit, external radiotherapy treatments are administered using 3D
conformal radiotherapy (3DCRT), volumetric modulated arc therapy (VMAT),
and stereotactic body radiotherapy (SBRT) techniques. High complexity
treatments and other techniques such as brachytherapy and intraoperative
radiotherapy (IORT) remain available only at the reference centre in Gran
Canaria. Nevertheless, the satellite covers the majority of common
radiotherapy indications, allowing most Fuerteventura patients to complete
their treatment locally. Follow-up consultations also take place at the satellite
unit. The same oncology specialists oversee care across both sites, following
unified clinical protocols to ensure consistent treatment quality and

outcomes.
Economic evaluation - cost-minimisation analysis

The analysed model combines the expertise of the reference hospital with the
accessibility of local care delivery, and for this reason, the analysis adopts a
cost-minimisation approach, assuming no significant differences in clinical
effectiveness between the two locations. The limitations of this approach are
discussed at the Discussion section which provides an overview the potential
benefits of the proximity to radiotherapy care on patients and their relatives

as well as other broader implications, based on previous literature.

The cost-minimisation analysis compared the per patient cost of receiving

radiation therapy at the satellite unit with the cost of receiving the same



treatment at the reference centre for patients living in Fuerteventura. The
analysis was performed from the perspective of the public health care
provider, i.e., only costs incur by the SCS were included. We obtained annual
cost data for the year 2023 from the SCS for both the HGF satellite service
and the HUGCDN radiotherapy oncology department, as well as information
on patients’ travel and accommodation expenses reimbursed by the SCS in
2021 (prior to the establishment of the satellite unit) and in 2023 (when the
unit was operating throughout the year). Data on the costs of bed-to-bed
patient transfers was also retrieved for these two years. Information on the
number of patients treated by treatment type were obtained from hospital
records. All costs are expressed in 2023 Euros. The calculations of the
average direct healthcare and non-healthcare cost per patient for each

setting are detailed next.
Direct healthcare cost per patient

We computed the direct healthcare cost per patient as the total annual
healthcare costs attributable to equivalent radiation therapies divided by the
number of patierits who started equivalent radiation therapies in 2023 at each

site:

Direct Healthcare Cost pp

_ Total annual healthcare cost of equivalent radiation therapies
" Number of patients starting equivalent radiation therapies

Equivalent radiation therapies were defined as those available at HGF, namely
3DCRT, VMAT, and SBRT. Accordingly, the denominator in the above cost per
patient formulae for the satellite unit corresponds to the total number of

patients who initiated treatment in 2023 at the HGF!. For the HUGCDN,

1 Note that by focusing on the number of patients who initiated treatment during the
year, the analysis excludes from the denominator patients who began treatment in a



patients receiving advanced techniques not offered at the Fuerteventura unit
were excluded from the denominator to ensure comparability. Although some
patients may have received more than one course of radiotherapy, the

analysis assumes one treatment per patient.

Regarding the numerator, the cost components included staff costs (covering
both local staff and visiting specialists in the case of the HGF), operational
costs (such as depreciation, pharmaceuticals, consumables, and medical
supplies), and other costs (including laboratory tests, imaging, outpatient
consultations, and inpatient stays). With regard to the equipment and room
depreciation costs, the acquisition cost of the lineal accelerator and the cost
of adapting the radiotherapy bunker at the HGF was used to estimate the
annual depreciation costs for the satellite unit, assuiming a useful life of 10
and 68 years, respectively. At HUGCDN, amortization was estimated
considering its five linear accelerators used for equivalent treatments,
applying the same unit cost as that estimated for the satellite unit at HGF.
This approach was used to exclude depreciation costs for equipment at the

HUGCDN not used in treatments equivalent to those provided at HGF.

Furthermore, to enable a comparable estimation of the healthcare cost per
patient treated at both HGF and the HUGCDN, the total healthcare costs of
the HUGCDN needed to be refined to capture only the costs associated with
treatments that are also provided at the HGF. To do so, the proportion of the
total activity provided at the Gran Canaria radiotherapy oncology department
attributable to treatments available in Fuerteventura was estimated. This was

necessary because, while detailed data on the number and type of treatments

previous year but completed it during 2023. This approach assumes that patients
who started treatment in 2022 and continued into 2023, or began in 2023 and
continued into 2024, are effectively balanced out.



performed are available, disaggregated cost data by treatment type are not.
Therefore, the estimation relied on activity-based approximations to identify
the share of total service costs corresponding to treatments equivalent to
those provided at HGF. To this end, all activity schedules within the HUGCDN
radiotherapy oncology department were analysed to identify procedures that
are not equivalent to those delivered at HGF. The analysis excluded
treatments such as brachytherapy, IORT, cerebral radiosurgery (including all
CyberKnife treatments), SBRT with breath-holding techniques, total body
irradiation, Calypso-guided therapy, paediatric radiotherapy and craniospinal
radiotherapy, as well as activities related to chemotherapy, hyperthermia,
and hyperbaric chamber treatments. In addition, the number of medical
consultations and follow-up visits associated with these non-equivalent
treatments was estimated proportionally to the number of excluded
treatments. Specifically, it was estimated that 25% of the treatments
indicated in Gran Canaria in 2023 were not available in Fuerteventura.
Accordingly, both these treatments and 25% of the total consultations and
follow-up appointmients were excluded from the cost analysis. To refine this
estimate, each treatment type was first weighted by its relative resource
intensity using a complexity level classification based on a consensus-based
proposal on external radiotherapy and brachytherapy [13], supported by
expert input. Annex 1 shows the assigned complexity levels. Treatments not
specifically classified were assumed to correspond to level 1. This weighting
allowed us to estimate the share of HUGCDN’s annual costs corresponding to

activity equivalent to that of the satellite unit at HGF.

After determining the total annual cost of equivalent radiation therapies for

each site, we divided it by the number of patients who began equivalent



radiation therapies in 2023 at each site to obtain the direct healthcare cost

per patient at the HGF and the HUGCDN, respectively.

Direct non-healthcare (travel) cost

We considered patients’ and companions’ transport and accommodation
expenses reimbursed by the health system. We obtained data on these non-
healthcare costs for Fuerteventura residents treated at the HUGCDN
radiotherapy oncology department from the SCS “Sistema de Informacién de
Prestaciones” (SIPRE) database, which records travel expenses reimbursed.
The data included all costs covered by SCS: inter-island transport (airfare or
ferry tickets), local transportation in Gran Canaria (e.g. taxis or buses),
accommodation (hotel or hostel nights), and meal stipends for patients and
accompanying persons. Accommodation and subsistence expenses
reimbursed by the Canary Islands Health Service are regulated through
officially established maximum cornpensation amounts2. In addition, we
considered the costs of transferring in-hospital patients from Fuerteventura
to Gran Canaria (including medically supported flights and ambulance costs).
We calculated the average travel cost per patient by dividing the total annual
amount by the number of Fuerteventura patients who initiated radiotherapy

treatment in that year (regardless of treatment type), as below:

Total annual travel cost
Number of patients stating radiation therapies

Non - healthcare costy, =

In this case, the denominator includes all patients living in Fuerteventura who
started any radiotherapy treatment in that year. The reason is that it was not
possible to attribute travel costs to patients initiating equivalent treatments

only. This approach assumes that patients requiring therapies available only

2 https://www3.gobiernodecanarias.org/sanidad/scs/content/84bf1211-73a6-11e8-

8185-c598b419aacl/Orden 4junio2018 compensaciones.pdf
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in Gran Canaria incur similar travel costs as those who receive the treatments

that are available at HGF.

Non-healthcare cost per patient was computed for two scenarios: for the
period prior to the satellite unit (using 2021 data, when all Fuerteventura
patients had to travel to Gran Canaria for radiotherapy) and for the period
post implementation of the satellite unit (using 2023 data, when patients still
required an initial consultation in Gran Canaria - except for palliative cases -
but most subsequently received treatment in Fuerteventura). Thus, data for
2021 represents the annual travel burden in the absence of a satellite service,
while data for 2023 represents the travel costs when the satellite unit was in
operation. The difference in average travel cost between 2021 and 2023 was
used to proxy the travel expenditure savings per patient due to the new
satellite unit. It should be noted that other indirect costs (such as patients’
productivity losses or paid/unpaid caregiving time) were not included in our
analysis, which takes the public health system perspective; however, such

factors are considered in the Discussion section.

Results

Table 1 presents the total cost of the radiotherapy oncology service at HGF
and HUGCDN in 2023. In Fuerteventura, the cost amounted to €1.25 million,

while in Gran Canaria it reached nearly €15 million.

The acquisition cost of the linear accelerator was €2,322,650, and the cost of
adaptation of the radiotherapy bunker at HGF was €199,020. Assuming the
useful life mentioned in the methodology section, we obtained an annual
amortization cost of €235,192 per lineal accelerator. Based on activity

weighted by treatment complexity, it was estimated that 75.3% of the



procedures performed in 2023 at the Gran Canaria radiotherapy oncology
department corresponded to treatments also available in Fuerteventura.
Therefore, the annual cost of the HUGCDN service (excluding amortization)
was multiplied by this percentage to estimate the cost attributable to
radiotherapy treatments equivalent to those provided at HGF. This was

estimated at €11.55 million (adding amortization costs).

The number of patients who initiated an equivalent radiotherapy treatment—
defined as 3DCRT, VMAT, and SBRT—in 2023 was 182 at HGF and 2,501 at
HUGCDN. Accordingly, the estimated cost per patient receiving radiotherapy

treatment was €6,855 at HGF and €4,619 at HUGCDN.

Table 1. Annual and per patient costs of radictherapy treatment at

HGF and HUGCDN in 2023

Healthcare costs HGF HUGCDN
Annual cost of the radiotherapy oncology service

Staff 509736 € 7043664 €

Operating costs (excluding amortization) 302983 £ 2579383 €

Amortization 235192 € 1175959 €

Other 199762 € 4151628 €

Total annual healthcare cost 1247673 € 14950634 €

Total annual healthcare cost for equivalent radiation 1247673 € 11553057 €

therapies

Number of patients starting equivalent radiation 182 2501
therapies '
Healthcare cost per patient 6855 € 4619 €

Notes: HGF = Hospital General de Fuerteventura; HUGCDN = Hospital Universitario Gran Canaria

Doctor Negrin

With regard to non-healthcare costs related to patient and companion travel
and accommodation covered by the SCS and transfer for in-hospital patients,
the total cost in 2021 was €287,109, while in 2023 it was €67,068 (Table 2).

These costs were divided by the total number of Fuerteventura residents who



initiated any radiotherapy treatment at either unit in 2021 and 2023,
respectively. This results in a non-healthcare cost per patient of €1,819 in the
absence of the satellite unit, and €337 when the satellite unit was in

operation.

Table 2. Annual and per patient travel and accommodation costs in

2021 and 2023

Non-healthcare costs With unit Without
at HGF unit at HGF
(2023) (2021)

Annual non-healthcare costs (travel & 67068 € 287109 €

accommodation)

Number of Fuerteventura residents starting 199 172

treatment*

Non-healthcare cost per patient 337 € 1819 €

Notes: HGF = Hospital General de Fuerteventura; HUGCDN = Hospital Universitario Gran Canaria
Doctor Negrin

*These number includes patients starting equivalent and non-equivalent radiation therapies.

Table 3 compares the cost of radiotherapy treatment in Fuerteventura and
Gran Canaria, presenting both per patient costs and the annual costs,
assuming that 182 patients begin treatment in Fuerteventura, based on 2023
data. Healthcare costs per patient is €2,236 lower at HUGCDN compared to
HGF, while non-healthcare costs (transport, accommodation, and meals) are
€1,482 lower when treatment is received at HGF. As a result, the total cost
per patient was €754 higher when treated at satellite unit than when the
patient is treated at HUGCDN in 2023. At the annual level, based on 182
patients, the increase in healthcare costs is estimated at €406,947, partially
offset by a €269,805 reduction in non-healthcare costs, resulting in a net

additional cost of €137,141 in 2023.

Table 3. Annual and per patient incremental costs of radiotherapy

treatment at HGF and HUGCDN



Incremental
annual cost

HGF y Incremental (assuming
UGCDN cost_ per 182
patient patients/year
Healthcare cost per patient 6,855 € 4,619 € 2236 € 406,5))47 €
Non-healthcare cost per 337 € 1,819 € -1,482 € -269,805 €
Total cost per patient 7,192 € 6,231 € 754 € 137,141 €

Notes: HGF = Hospital General de Fuerteventura; HUGCDN = Hospital Universitario Gran Canaria

Doctor Negrin

Based on these estimates, and assuming that total costs remain the same,
the number of patients needed to be treated at the HGF satellite unit for the

unit to generate cost-savings for the SCS is estimated in 205 patients/year.

Discussion

This study evaluates the economic implications of establishing a satellite
radiotherapy unit on the island of Fuerteventura, using a cost-minimisation
framework. The results show that while the healthcare cost per patient
treated at the sateilite unit is €6,855, compared to €4,619 at the reference
hospital, this higher medical cost is partially offset by savings in non-
healthcare costs, related to inter-island travel and accommodation, which
decreased from €1,819 to €337 per patient after the satellite unit began
operating. The total cost per patient treated at Fuerteventura remains €754
higher in 2023, amounting to an annual incremental cost of €137,141 for 182

patients.

The difference in healthcare costs observed between the two facilities is
primarily attributable to the disparity in patient volumes: in 2023, the
reference centre in Gran Canaria initiated 2,501 equivalent treatments,

compared to 182 at the satellite unit in Fuerteventura—a 14-fold difference.



As demonstrated in this study, the high patient volume at HUGCDN enables
economies of scale, resulting in lower per-patient costs for radiotherapy
treatment. Consequently, while the cost per patient was higher at the satellite
unit in its first full year of operation, this difference is expected to narrow as
the unit becomes more established and patient volumes increase. Our
analysis indicates that cost-savings would be generated once the satellite unit
treats more than 205 patients annually. According to hospital records, the
satellite unit activity level in 2024 has already reached the projected
threshold, with 210 radiotherapy treatments initiated during the year. In
parallel, the population of Fuerteventura has more than doubled since 2000,
growing from 60,124 to 128,744 inhabitants—an average cumulative growth
rate of 3.2% per year. If this demographic trend continues, the satellite unit
is likely to remain the minimum-cost solution for delivering radiotherapy
services. Moreover, the associated cost advantage is expected to increase

over time.

A key limitation of our analysis is that it employs a cost-minimisation
approach and adopts a healthcare system perspective, rather than a cost-
effectiveness framework and a broader societal perspective. The reason for
opting for a cost-minimisation study was due to the lack of comparative data
on clinical outcomes between Fuerteventura patients treated before and after
the establishment of the satellite unit. As a result, in this study we could not
evaluate the quality of care and cancer outcomes provided at the satellite
unit compared to the reference cancer centre. In the absence of such
information, we assumed, conservatively, that effectiveness was the same
across both sites. This is because the satellite unit benefits from a robust
organisational model, in which radiation oncology specialists from the

reference centre rotate to ensure continuity of care. This model also ensures



consistent clinical protocols and treatment standards while promoting the
integration of tumour boards and multidisciplinary decision-making at the
satellite unit, warranting that patients treated at the satellite unit received

the same standards of care as those in the reference hospital.

However, there is empirical evidence of the clinical benefits associated with
proximity to radiotherapy services which are not accounted for in our
analysis. Several studies have shown that living closer to a treatment centre
significantly impacts patients’ quality of life, treatment adherence, and even
survival outcomes. For instance, Thomas et al. 2015 found that cancer
patients living farther from treatment centres, particularly women,
experienced worse physical functioning and greater difficulty with daily
activities [8]. Lin et al., 2016 and Voti et al., 2006 reported that longer travel
distances reduced the likelihood of receivirig radiotherapy, directly affecting
treatment decisions and outcomes [7,6]. Beckett et al., 2023 and Baade et
al., 2011 further confirm a positive association between distance to
radiotherapy centres and cancer mortality, with mortality risk increasing
significantly for patients living more than 100 km away from the healthcare

facility [4,5].

These barriers are particularly pronounced in the context of palliative care,
where the physical and emotional burden of travelling long distances may
outweigh the perceived benefits of treatment. As a result, palliative patients
may forgo radiotherapy in favour of remaining in a familiar and supportive
environment [14-16]. However, evidence shows that radiotherapy plays an
important role in palliative cancer care, providing symptom relief, preventing
complications, and improving quality of life [16-20]. Providing the full
radiotherapy procedure at the satellite unit ensures access to treatment for

palliative patients. In line with the hypothesis that improved geographical



access may reduce barriers to treatment initiation, descriptive data indicate
a small increase in the proportion of patients initiating radiotherapy after a
first consultation at the radiotherapy service following the implementation of
the satellite unit in Fuerteventura. Specifically, this proportion rose from
74.5% in 2021 to 80% in 2023. Although this change might only be partially
attributed to the satellite unit, it is consistent with improved access facilitating

treatment initiation.

Regarding the focus on the healthcare system perspective used in our study,
it is important to note that this perspective does not capture the full range of
costs and benefits that may be relevant to patients, caregivers, and society
as a whole. A survey conducted by the Spanish Association Against Cancer
(AECC) among patients receiving radiotherapy treatment, revealed that 31%
of radiotherapy patients in Spain reported income losses, which were
especially pronounced among self-empioyed individuals who lose an average
of €60 per day, compared to €27 per day for salaried worker. In addition,
patient companions incur an estimated loss of €42 per treatment session [21].
International studies have also emphasised the economic burden associated
with longer travelling for cancer patients. Zucca et al., 2011 reported that
patients travelling over two hours or requiring temporary relocation for cancer
care faced significantly higher rates of financial difficulty [22]. This burden
has been found to be particularly unsustainable for self-employed individuals
and those with caregiving responsibilities [23]. Beyond the impact of potential
income or earning losses, maintaining work activity during cancer treatment
has been reported to bring psychological benefits by offering a sense of

control and normality [24-25].

In addition to these limitations, a wide range of intangible benefits associated

with reducing the distance to a radiotherapy centre are not accounted for in



this study. These include improvements in patient autonomy, psychosocial
well-being, and the ability to maintain caregiving and family roles [26-28].
Cancer often alters patients’ perception of time, making them more aware of
how they allocate and prioritise their daily activities [29]. In this context,
travel time to receive treatment becomes a major barrier—one that extends
beyond economic costs or employment disruption. Supporting this, the AECC
survey found that the proportion of patients reporting “major difficulties” with
radiotherapy doubled among those who had to relocate during treatment:
while 13% of patients who did not change residence reported such difficulties,
this figure rose to 28% among those who did [21]. Moreover, the study
identified time spent travelling to radiotherapy sessions as the most
commonly reported challenge—surpassing even financial concerns.
Specifically, 44% of patients cited time as a significant barrier, followed by
distance to the hospital (39%). Many respondents also emphasised the need
to improve proximity to treatment centres as a key policy priority [21]. In the
case of Fuerteventura, the journey to HUGCDN typically takes around 2.5
hours each way, representing a considerable time burden that adds to the

broader disruption caused by having to travel for care.

Beyond the personal and social implications of long-distance travel for
radiotherapy, there are also important environmental considerations that
should be taken into account. Decentralising radiotherapy services has been
argued to reduce the carbon footprint of healthcare delivery, as patient travel
accounts for a large share—between 70% and 80%—of radiotherapy-related
emissions [30]. A UK-based study estimated that reducing travel distances to
a satellite centre could offset the carbon footprint of its construction within
5.6 to 10 years [31]. This study estimated a carbon footprint saving per

patient of 0.0602 tCO2e, assuming an average 11 km reduction in car travel



distance. In the context of the satellite unit of Fuerteventura, where air travel
is mostly used to access radiotherapy in Gran Canaria, the estimated
emissions per trip are substantially higher. A single round-trip for a patient
and caregiver might produce 0.514 tCO:ze. By eliminating the need for these
journeys—replaced by a single daily trip from an oncologist treating over 15
patients—the satellite unit in the Canary Islands has the potential to generate
substantial environmental benefits, beyond those estimated in Chuter, 2023
[31]. Moreover, because the Fuerteventura facility was installed within an
existing building adapted for radiotherapy use, the environmental impact of

its establishment might be offset even more rapidly.

In summary, if the additional benefits discussed—such as the potential clinical
gains from improved access, the broader societa! savings, the intangible
effects on patients and caregivers, and the environmental impact—had been
taken into account, the case for the satellite unit would have been
strengthened. Further research should aim to incorporate these elements into
a cost-effectiveness framework, which would provide a more comprehensive

assessment of the value generated by the satellite model.

Even without considering these broader impacts, our analysis provides
valuable guidance for decision-makers considering the implementation of
radiotherapy units in other remote areas currently lacking access to
treatment. In particular, our analysis shows that, within the context of the
Canary Islands, a satellite radiotherapy unit treating over 200 patients per
year could achieve a comparable per-patient cost to that of a high-volume
centre treating more than 2,500 patients annually—once transport and
accommodation expenses are taken into account. When travel-related
savings are excluded, the break-even point for equivalent direct healthcare

costs across both sites is estimated at 271 patients per year. This suggests



that the reimbursement of travel expenses by the health system is a key

factor to consider when planning and evaluating decentralised services.

In addition, it is important to note that the validity of the cost-minimisation
framework adopted in this study rests on the explicit exclusion of high-
complexity radiotherapy treatments that are not available at the satellite unit.
Approximately 25% of treatments delivered at the reference centre in Gran
Canaria were therefore excluded to ensure that only equivalent treatments
were compared. This distinction is essential for the correct interpretation of
the economic results and to avoid extrapolating the findings beyond the
scope of services provided at the satellite unit. Relatedly, we acknowledge
the methodological challenges involved in isolating the costs associated with
non-equivalent treatments in our analysis. As detailed ir the Methods section,
this was addressed through an activity-based costing approach that weighted
procedures by their relative complexity, allowing us to approximate the share
of total costs attributable to treatments comparable to those delivered at the

satellite unit.

Beyond financial considerations, the literature identified in this study
highlights additional advantages associated with proximity to radiotherapy
centres—for patients, caregivers, and the environment—that should also
inform service design. These benefits contribute to the fundamental goal of
ensuring equitable access for all individuals within the population served by

the healthcare system.

Conclusions

This study provides a comprehensive economic assessment of a satellite

radiotherapy unit established in Fuerteventura to improve access to cancer



care for residents of this island within the Canary Islands in Spain. Using a
cost-minimisation approach, the analysis demonstrates that while the
healthcare cost per patient receiving equivalent treatments at the satellite
unit was higher than at the reference centre in its first full year of operation,
this difference was partially offset by substantial reductions in travel-related
costs. Moreover, the cost gap is expected to narrow as the unit becomes more
established and patient volumes increase, with cost savings projected from

205 patients per year— a number already surpassed in 2024.

Beyond its economic implications, improved proximity to radiotherapy
services may offer additional access-related benefits, as suggested by
previous studies, including better treatment adherence and reduced patient
burden. However, these potential advantages were ot directly evaluated in

this analysis and should be examined in future research.

In  conclusion, decisions regarding the implementation of satellite
radiotherapy units should be guided by robust cost data, anticipated patient
volumes, and a comprehensive assessment of the potential impact on
patients, families, and society as a whole—alongside a strong commitment to
equitable access. The findings presented in this study offer valuable insights
to inform similar evaluations in other geographically remote areas currently

underserved by radiotherapy services.

Declarations

List of abbreviations

3DCRT 3D conformal radiotherapy techniques
AECC Spanish Association Against Cancer

HGF General Hospital of Fuerteventura



HUGCDN University Hospital of Gran Canaria Dr. Negrin
IORT intraoperative radiotherapy

SBRT stereotactic body radiotherapy

SCS Servicio Canario de la Salud

SIPRE Sistema de Informacién de Prestaciones

VMAT volumetric modulated arc therapy

Ethics approval and consent to participate

Not applicable

Consent for publication

Not applicable

Availability of data and materials

All data generated or analysed during this study are included in this
published article.

Competing interests

The authors declare no competing interests.

Funding

This research did not receive any specific grant from funding agencies
in the public, commercial, or not-for-profit sectors. Laura Vallejo-Torres,
Patricia Barber-Pérez and Beatriz Gonzalez Lépez-Valcarcel would like
to acknowledge the support of the researcher-led project PID2024-
161308NB-I00 funded by the Spanish Ministry of Science.

Authors' contributions

LVT, MEE, PBP, BGLV, and MLSB conceptualised the study, conducted

data analysis and interpretation, and were involved in drafting and



revising the manuscript. AMGA and MQF made substantial
contributions to data acquisition, analysis, and interpretation, and
participated in manuscript revisions. All authors read and approved the
final version of the manuscript.

Acknowledgements

The authors would like to thank the administrative staff at Hospital
General de Fuerteventura (HGF) and the Hospital Universitario Gran
Canaria Doctor Negrin (HUGCDN) who assisted with providing the data
required for this study.

Authors and Affiliations

1 Department of Quantitative Methods in Economics and Management.
University of Las Palmas de Gran Canaria, Las Palmas de Gran Canaria,
Spain.

2 Healthcare Services Managerment, General Hospital of Fuerteventura,
Puerto del Rosario, Spain.

3 Department of Radiation Oncology, University Hospital of Gran

Canaria Dr Negrin, Las Palmas de Gran Canaria, Spain.

References



. Barton MB, Frommer M, Shafiq J. Role of radiotherapy in cancer control
in low-income and middle-income countries. Lancet Oncol.
2006;7(7):584-595.

. Ringborg U, Bergqvist D, Brorsson B, Cavallin-Stahl E, Ceberg J, Einhorn
N, et al. The Swedish Council on Technology Assessment in Health Care
(SBU) systematic overview of radiotherapy for cancer including a
prospective survey of radiotherapy practice in Sweden 2001 -
summary and conclusions. Acta Oncol. 2003;42(5-6):357-365.

. Rodriguez A, Borras JM, Lépez-Torrecilla J, Algara M, Palacios-Eito A,
Gémez-Caamafno A, et al. Demand for radiotherapy in Spain. Clin Transl|
Oncol. 2017;19(2):204-210.

. Beckett M, Goethals L, Kraus RD, Denysenko K, Barone Mussalem
Gentiles MF, Pynda Y, Abdel-Wahab M. Pioximity to radiotherapy
center, population, average income, and health insurance status as
predictors of cancer mortality at the county level in the United States.
JCO Glob Oncol. 2023;9:22300130.

. Baade PD, Dasgupta P, Aitken JF, Turrell G. Distance to the closest
radiotherapy facility and survival after a diagnosis of rectal cancer in
Queensland. Med J Aust. 2011;195(6):350-354.

. Voti L, Richardson LC, Reis IM, et al. Treatment of local breast
carcinoma in Florida: the role of the distance to radiation therapy
facilities. Cancer. 2006;106:201-207.

. Lin CC, Bruinooge SS, Kirkwood MK, Hershman DL, Jemal A, Guadagnolo
BA, Yu JB, Hopkins S, Goldstein M, Bajorin D, Giordano SH, Kosty M,
Arnone A, Hanley A, Stevens S, Olsen C. Association between
geographic access to cancer care and receipt of radiation therapy for

rectal cancer. Int ] Radiat Oncol Biol Phys. 2016;94(4):719-728.



8. Thomas AA, Gallagher P, O’Céilleachair A, Pearce A, Sharp L, Molcho M.
Distance from treating hospital and colorectal cancer survivors’ quality
of life: a gendered analysis. Support Care Cancer. 2015;23(3):741-751.

9. Turner MB, Shakespeare T, Chapman A. Improving access to
radiotherapy for regional cancer patients - the National Radiotherapy
Single Machine Unit Trial. Cancer Forum. 2007;31(2).

10.Butler SM. Changes to radiotherapy utilisation in Western NSW after
the opening of a local service. ] Med Radiat Sci. 2017;64(4):251-258.

11.Arenas M, Gomez D, Sabater S, Rovirosa A, Biete A, Colomer |.
Decentralisation of radiation therapy. Is it possible and beneficial to
patients? Experience of the first 5 years of a satellite radiotherapy unit
in the province of Tarragona, Spain. Rep Pract Oncol Radiother.
2015;20(2):141-144.

12.Dunscombe P, Roberts G. Radiotherapy service delivery models for a
dispersed patient population. Clin Oncol. 2001;13(1):29-37.

13.Lopez-Tordecillas |. Propuesta niveles de complejidad SEOR
[conference presentation]. Oviedo; 2024.

14.Chow E, Zeng L, Salvo N, et al. Update on the systematic review of
palliative radiotherapy trials for bone metastases. Clin Oncol.
2012;24:112-124.

15.Cosford P, Garrett C, Turner K. Travel times and radiotherapy uptake in
two English counties. Public Health. 1997;111(1):47-50.

16.Hoegler D. Radiotherapy for palliation of symptoms in incurable cancer.
Curr Probl Cancer. 1997;21(3):129-183.

17.Caidn V, Gémez-lturriaga A, Casquero F, Rades D, Navarro A, Del Hoyo
O, Morillo V, Willisch P, Lépez-Guerra JL, lllescas-Vacas A, Ciervide R,

Martinez-Indart L, Cacicedo ). Quality of life improvement in patients



with bone metastases undergoing palliative radiotherapy. Rep Pract
Oncol Radiother. 2022;27(3):428-439.

18.Konski A. Radiotherapy is a cost-effective palliative treatment for
patients with bone metastasis from prostate cancer. Int ] Radiat Oncol
Biol Phys. 2004;60(5):1373-1378.

19.Lawton PA, Maher EJ. Treatment strategies for advanced and
metastatic cancer in Europe. Radiother Oncol. 1991;22(1):1-6.

20.Nieder C, Astner ST, Mehta MP, Grosu AL, Molls M. Improvement,
clinical course, and quality of life after palliative radiotherapy for
recurrent glioblastoma. Am J Clin Oncol. 2008;31(3):300-305.

21.Ferndndez B, Rodriguez A, Grande |, Fernandez A, Contreras J, De Haro
D, Castafeda D, Gonzalez de Aledo A, Maye A. Acceso al tratamiento
de radioterapia en Espafa. Observatoric del Cancer de la AECC.
Madrid; 2020.

22.Zucca A, Boyes A, Newlirio G, Hall A, Girgis A. Travelling all over the
countryside: travel-related burden and financial difficulties reported by
cancer patients in New South Wales and Victoria. Aust ] Rural Health.
2011;19(6):298-305.

23.Egilsdottir H, Jénsddéttir H, Klinke ME. Living in rural areas and receiving
cancer treatment away from home: a qualitative study foregrounding
temporality. Glob Qual Nurs Res. 2022;9:23333936221111802.

24.Blinder VS, Murphy MM, Vahdat LT, Gold HT, de Melo-Martin I, Hayes
MK, et al. Employment after a breast cancer diagnosis: a qualitative
study of ethnically diverse urban women. ] Community Health.

2012;37(5):763-772.



25.Glare PA, Nikolova T, Alickaj A, Patil S, Blinder V. Work experiences of
patients receiving palliative care at a comprehensive cancer center:
exploratory analysis. ] Palliat Med. 2017;20(7):770-773.

26.Levit LA, Byatt L, Lyss AP, Paskett ED, Levit K, Kirkwood K, et al. Closing
the rural cancer care gap: three institutional approaches. JCO Oncol
Pract. 2020;16(7):422-430.

27.McGrath P. Overcoming the distance barrier in relation to treatment for
haematology patients: Queensland findings. Aust Health Rev.
2015;39(3):344-350.

28.Wagland K, Levesque JV, Connors ]. Disease isolation: the challenges
faced by mothers living with multiple myeloma in rural and regional
Australia. Eur ) Oncol Nurs. 2015;19(2):148-153.

29.Rasmussen DM, Elverdam B. Cancer survivors' experience of time: time
disruption and time appropriation. ] Adv Nurs. 2007;57(6):614-622.

30.Chuter R, Stanford-Edwards C, Cummings J, Taylor C, Lowe G, Holden
E, Aznar M. Towards estirnating the carbon footprint of external beam
radiotherapy. Phys Med. 2023;112:102652.

31.Chuter R. Could building more satellite centres reduce the carbon
footprint of external beam radiotherapy? IPEM-Translation.

2023;6:100021



Annex 1. Complexity levels assigned to treatments provided at

HUGCDN.

Level 1

3D-CRT + IGRT (1-10 fractions)

Vaginal brachytherapy (cylinder)
Single-session VMAT

Level 3

VMAT

VMAT + IGRT

SBRT

Chemotherapy

Hyperbaric chamber

Perioperative brachytherapy

Skin and lip brachytherapy

Endoluminal brachytherapy

Level 4

Radiosurgery (CyberKnife)

SBRT with breath-hold technique

SBRT with intrafraction monitoring (CALYPSO)
Craniospinal irradiation

Interstitial gynaecological brachytherapy
Prostate interstitial brachytherapy
Partial breast brachytherapy
Hyperthermia

Level 5

Paediatric radiotherapy with anaesthesia
Total body irradiation (TBI)




Intraoperative brachytherapy (sarcomas)




