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Radiation therapy is one of the core components of multidisciplinary can-

cer care. Although ~ 50% of all European cancer patients have an indica-

tion for radiotherapy at least once in the course of their disease, more than

one out of four cancer patients in Europe do not receive the radiotherapy

they need. There are multiple reasons for this underutilisation, with limited

availability of the necessary resources – in terms of both trained personnel

and equipment – being a major underlying cause of suboptimal access to

radiotherapy. Moreover, large variations across European countries are

observed, not only in available radiotherapy equipment and personnel per

inhabitant or per cancer patient requiring radiotherapy, but also in work-

load. This variation is in part determined by the country’s gross national

income. Radiation therapy and technology are advancing quickly; hence,

recommendations supporting resource planning and investment should

reflect this dynamic environment and account for evolving treatment com-

plexity and fractionation schedules. The forecasted increase in cancer inci-

dence, the rapid introduction of innovative cancer treatments and the more

active involvement of patients in the healthcare discussion are all factors

that should be taken under consideration. In this continuously changing

oncology landscape, reliable data on the actual provision and use of radio-

therapy, the optimal evidence-based demand and the future needs are cru-

cial to inform cancer care planning and address and overcome the current

inequalities in access to radiotherapy in Europe.

1. Introduction

Radiotherapy is an essential part of the multidisci-

plinary treatment approach for a large number of can-

cer types. For individual patients, cancer care aims at

increasing cure rates, prolonging survival and/or

improving health-related quality of life (Ringborg,

2019). To realise the full impact of innovative interven-

tions on these outcomes and achieve the fundamental

aim of a mission-oriented approach to cancer, the

translation of clinical evidence into the healthcare sys-

tem is crucial and requires alignment over the entire

research spectrum, connecting the different compo-

nents of the cancer research continuum (Celis and

Pavalkis, 2017; Fiorino et al., 2020; Lievens, 2017;

Ringborg, 2019). There is still some work to be done

to attain this goal: in radiotherapy research, for exam-

ple, clinical and basic sciences by far dominate health

services research, the latter representing a mere 2% of

the entire radiotherapy research output worldwide
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(Aggarwal et al., 2018). Several gaps in late transla-

tional cancer research have been recognised: translat-

ing clinical trial data into real-life effectiveness and

cost-effectiveness evidence; developing guidelines,

including advices for data collection by cancer reg-

istries to facilitate outcomes research; and gathering

long-term outcomes and survivorship data.

In addition, the slow and variable implementation

of innovative treatment strategies into clinical practice

has been described as a major barrier leading to sub-

stantial inequalities in cancer care (Ringborg, 2019).

This may partly be attributed to the variation in avail-

ability of and access to the necessary healthcare

resources, which should be addressed (Sullivan et al.,

2011). In cancer care, this implies that optimal provi-

sion and use of radiotherapy should be guaranteed, if

the aim is to achieve the best possible clinical out-

comes (Lievens et al., 2019b). If radiotherapy could be

deployed so that every cancer patient that requires

curative intent radiotherapy is granted access, this

would translate into one out of three patients achiev-

ing 5-year local tumour control and 5-year survival

benefits in one out 12 (Hanna et al., 2018). Worldwide,

closing the gap to radiotherapy by 2035 would allow

to save 1 million lives annually; beyond this curative

potential, radiotherapy also plays an important role in

alleviating symptoms such as pain, bleeding or

obstruction caused by the cancer (Atun et al., 2015).

Proper cancer care planning requires reliable data

on the actual situation, on the optimal evidence-based

demand, and on forecasted future needs, of treatments

as well as of the related human and capital resources

(Borras et al., 2015c; WHO, 2002). The Health Eco-

nomics in Radiation Oncology project of the European

Society for Radiotherapy and Oncology (ESTRO-

HERO) has been developed to generate such evidence

for European countries, and focussed on the availabil-

ity, needs – now and in the future – and costs and

reimbursement of radiotherapy in Europe (Borras

et al., 2015a; Borras et al., 2016; Borras et al., 2015b;

Defourny et al., 2019; Dunscombe et al., 2014; Grau

et al., 2014; Lievens et al., 2014; Lievens et al., 2020;

Lievens and Grau, 2012). By benchmarking actual

data on resource availability and treatments delivered

with the optimal evidence-based needs, an estimation

of the gap between optimal and actual use of radio-

therapy by country has been made. Such data form

the basis for evidence-based policy decisions that

should be framed within a more integrated policy

action, such as National Cancer Control Plans (Borras

et al., 2015c; WHO, 2002). Examples of similar analy-

ses and subsequent actions carried out at country level

– for example in The Netherlands and Denmark –

demonstrate the usefulness of such approach to effec-

tively cope with existing availability and access gaps

(Overgaard, 2015; Slotman and Vos, 2013).

In this Review article, we first address the needs for

and actual use of radiotherapy, and then describe the

actual provision of radiotherapy resources in Europe,

one of the main factors determining radiotherapy utili-

sation, to conclude with some policy recommendations

that could address the described gaps in use and provi-

sion.

2. Radiotherapy utilisation: balancing
evidence-based needs with actual use

2.1. How many radiation treatments are needed?

In order to evaluate the appropriateness of the actual

rate of radiotherapy utilisation in a given cancer popu-

lation, it is necessary to gain insight into the number

of radiation treatments that are needed to provide

optimal access to radiotherapy in specific countries or

geographic regions, or for separate tumour types. Two

methodologically distinct approaches are used.

The criterion-based benchmark (CBB) is an empiri-

cal approach that defines ‘gold-standard communities’,

which meet predetermined criteria for optimal access

(Mackillop et al., 2015). Thus, the defined optimal rate

of radiotherapy utilisation is then used as the bench-

mark to which all countries or regions should con-

form. The epidemiological evidence-based estimation

(EBEST), conversely, is a deductive approach derived

from evidence-based radiotherapy indications and epi-

demiological data, which combined allow estimating

an optimal radiotherapy utilisation for each indication

in the population of interest. The EBEST approach

may be limited to specific tumour types or encompass

the full spectrum of cancer diagnoses, the most well-

known example of the latter being the work of the

Collaboration for Cancer Outcomes Research and

Evaluation (CCORE) group in Australia (Barton

et al., 2014; Delaney et al., 2005; Tyldesley et al.,

2011).

As it is inherently difficult to define ‘gold-standard

communities’ across highly variable socio-economic

environments and regions, the CBB has limited appli-

cation in analyses considering multiple countries,

whereas the EBEST, due to its comprehensiveness and

applicability in various epidemiologic and socio-eco-

nomic contexts, has been used in programmes defining

optimal radiotherapy utilisation across Europe and

worldwide (Atun et al., 2015; Bentzen et al., 2005;

Borras et al., 2015a; Borras et al., 2015b). But
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irrespective of the approach used, some methodologic

considerations are required: longer time horizons used

for the analysis (e.g. several years to lifelong) typically

result in higher estimated needs than shorter time

frames (for example, 1 year after diagnosis); while

CBB analyses mostly predict lower needs than EBEST

studies, variation also occurs amongst different

EBEST models, related to the use of more or less

restrictive assumptions or different evidence and epi-

demiology input sources. Moreover, as exercises have

been performed in different time frames, in various

regions and for a range of tumour types, translating

into different treatment standards and cancer popula-

tion mixes, a range in optimal radiotherapy utilisation

figures has been reported in the literature (Atun et al.,

2015; Barton et al., 2014; Borras et al., 2015a; Borras

et al., 2015b; Lievens et al., 2017).

But regardless of these variations, the calculated

radiotherapy needs are converging to a quite consistent

average: 50% of all cancer patients have an indication

for radiotherapy at least once during the course of

their disease, irrespective of the world region evaluated

(Atun et al., 2015; Barton et al., 2014; Borras et al.,

2015a; Borras et al., 2015b; Lievens et al., 2017).

2.2. Does the actual utilisation of radiotherapy in

Europe match the needs?

While the existing evidence suggests that one out of two

cancer patients has an indication for radiotherapy, the

actual radiotherapy utilisation is much lower. This is

especially true for the developing world, where many

countries have no radiotherapy equipment available –

hence no access – at all (Atun et al., 2015). Underutilisa-

tion of radiotherapy is, however, not restricted to

low- and middle-income countries. In the pan-European

ESTRO-HERO project, the actual utilisation was com-

pared to the estimated optimal utilisation at country

level, suggesting a large discrepancy amongst European

countries. Less than 17% of European countries treat at

least 80% of the optimal indications for radiotherapy,

and 46% of European countries treat < 70% of the

patients with an indication for radiotherapy (Borras

et al., 2015b). This utilisation gap is evident even in

countries with good access to radiotherapy resources,

based on evidence from various European and other

high-income countries (Lievens et al., 2017). Figure 1

shows the heterogeneous distribution of access to radio-

therapy in Europe, calculated as the number of radio-

therapy machines per million inhabitants (left), or as the

number of radiotherapy machines per 10 000 patients

with an indication for radiotherapy (middle). Moreover,

how the actual utilisation of radiotherapy compares to

the evidence-based optimal utilisation is presented on

the right. The fact that the ranking of countries from

low to high access varies, depending on the denominator

used, illustrates that accounting for the cancer incidence

and patient population in a country, rather than just the

number of inhabitants, affects the figures of megavoltage

(MV) machine availability.

There may be several reasons why patients forego

radiation treatment despite evidence-based recommen-

dations. Patient-related factors for radiation treatment

turndown include high comorbidity and age, low

socio-economic status and education, lack of aware-

ness and information on radiotherapy, and type of

Fig. 1. Access to radiotherapy in the European countries, calculated either as the available number of radiotherapy machines per million

inhabitants (A) or per 10 000 patients with an indication for radiotherapy (B). The right panel (C) shows the actual utilisation (AUP) of

radiotherapy relative to the evidence-based optimal use (OUP). Based on data from the ESTRO-HERO project (Borras et al., 2015a; Borras

et al., 2015b; Grau et al., 2014).
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primary tumour (Asli et al., 2018; Goossens-Laan

et al., 2014; Lievens et al., 2017; Sundaresan et al.,

2017; Vulto et al., 2006a). Moreover, physician-related

bias may apply, as provider characteristics and prefer-

ences vary, and specialists tend to recommend their

own treatment modalities (Vulto et al., 2005). Geo-

graphic factors, as travel distance to a radiotherapy

facility and living in rural areas, may also apply (Gab-

riel et al., 2015).

Insufficient infrastructures, including shortage of

human resources and/or equipment, waiting lists or

treatment delays, may also impact access to and use of

radiotherapy. Evolution of resource availability over

time has been shown to impact radiotherapy utilisation

in some jurisdictions, not in others (Asli et al., 2014;

Barton and Delaney, 2011). Finally, economic factors,

including provider costs, and reimbursement barriers

affect treatment decisions. It should not be neglected

that available methods to assess optimal radiotherapy

needs may be partially responsible for the observed

gap with actual use, as current models may be overes-

timating the needs. The relative importance of these

factors has not been studied in great detail so far.

In Norway, studies showed that radiotherapy use

increased significantly after the implementation of the

Norwegian Cancer Plan leading to increased radiother-

apy capacity (Asli et al., 2014; Asli et al., 2018). The

utilisation reached 42.5% in 2010 but was still lower

than the evidence-based optimum of 53%. For lung

and prostate cancer, the actual utilisation was consid-

erably lower than optimal, whereas in breast and rectal

cancer the actual use was close to the optimum, even

if still suboptimal. For palliative radiotherapy, the

Norwegian study found that utilisation was signifi-

cantly associated with factors such as household

income and the availability of a radiotherapy facility

at the diagnosing hospital, but even after adjustments

for such factors, unexplained geographic variations in

palliative radiotherapy utilisation existed. However,

expanding resources is not always sufficient for

increasing utilisation, as in New South Wales in Aus-

tralia radiotherapy utilisation remained stable over a

decade regardless of the resource investments made;

the new facilities could only just keep pace with the

increase in new cancer patients with an indication for

radiotherapy (Barton and Delaney, 2011).

In Belgium, the actual radiotherapy use and optimal

radiotherapy use were compared with the radiotherapy

advised during the multidisciplinary cancer team

(MDT) conferences in a total of 110 810 cancer

patients diagnosed in 2009 and 2010 (Lievens et al.,

2017). The results showed that the overall utilisation

was 37%, significantly lower than the calculated

optimum of 53%, but in line with the advised radio-

therapy from the MDT (35%). Large variations by

tumour type were observed: for example, in lung and

prostate cancer the actual use was considerably lower

than the optimal, whereas in breast cancer or head

and neck cancer there was a reasonable concordance.

In addition, older age was also found to be a barrier

to radiotherapy utilisation. A similar negative impact

of older age on radiotherapy use was found in the

Netherlands. Moreover, whereas the utilisation of pri-

mary radiotherapy overall remained stable between

1988 and 2002 in the Netherlands, its use varied con-

siderably for certain tumour types in the same period,

reflecting evolving evidence (Vulto et al., 2006b).

The sparse data available thus suggest that the

radiotherapy use is lower than the evidence-based opti-

mum in most European countries. Further analysis of

explanations and barriers pertaining to specific coun-

tries is needed to better understand the role of radio-

therapy in modern multidisciplinary cancer

management in various jurisdictions and to plan for

future needs. One well-recognised and important bar-

rier is the lack of resources.

3. Radiotherapy resources available
across Europe

3.1. Provision of equipment

In 2013, the International Atomic Energy Agency pub-

lished a report on the available radiotherapy equip-

ment and unmet needs in 33 European countries

registered in their Directory of Radiotherapy Centres

(DIRAC) database (Rosenblatt et al., 2013). In total,

1286 active radiotherapy centres were reported. There

was a considerable variation in average number of

MV teletherapy machines per radiotherapy centre,

ranging between 1.2 and 7.0 across countries. A large

variation in department size was also observed, with

the largest centres (4–10 MV machines/centre) in Nor-

dic countries, the United Kingdom, the Netherlands

and Slovenia, while western and southern European

countries had mostly small centres, typically with one

or two machines. The number of MV units per million

inhabitants also varied considerably (range: 1.3–
9.7 MV units per million), with under provision and

lower technical capabilities of the equipment seen espe-

cially in eastern and south-eastern European countries.

It was concluded that prevailing economic factors

affected the available infrastructure, and that the

observed fragmentation by itself may entail economic

burden, and impact the quality of radiotherapy.
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While DIRAC collects data from departments on

voluntary basis, the ESTRO-HERO taskforce collected

radiotherapy resource data in Europe at country level,

through an 84-item web-based survey, which was com-

pleted through close interaction between the HERO

collaborators and the representatives of the National

Societies (NS) for radiation oncology in 40 European

countries (Dunscombe et al., 2014; Grau et al., 2014;

Lievens et al., 2014). In this most recent dedicated sur-

vey on the provision of radiotherapy in Europe, an

equally large variation in available equipment and

number and size of departments amongst 28 European

countries was documented (Grau et al., 2014). The

number of MV machines (cobalt, linear accelerators

and dedicated stereotactic machines) per million inhab-

itants ranged from 1.4 to 9.5 (median: 5.3) and the

average number of MV machines per department from

0.9 to 8.2 (median: 2.6). In many countries in southern

and central-eastern Europe, there was very limited

availability of radiotherapy machines overall and espe-

cially of the most updated equipment. The average

annual number of radiotherapy courses delivered per

MV unit was 419, but again with large variation

amongst countries (range: 262–1061). A clear relation

to economic strength of the country was noted, a

lower gross national income (GNI) per capita predis-

posing for lower numbers of equipment per inhabitant

and for less advanced technologies, thus hampering

these countries to adopt the more innovative radio-

therapy treatments and techniques.

3.2. Provision of personnel

The collection of personnel data at national level, more

complex due to the different professional entities and

the more quickly changing data over time, was available

for 24 countries in the ESTRO-HERO project (Lievens

et al., 2014). It showed an average of 12.8 radiation

oncologists per million inhabitants, yet ranging between

extremes of 2.5 and 30.9. Similarly, large variability was

documented for the other personnel categories, with

averages (and ranges) of 7.6 (0–19.7) for physicists, 3.5

(2.7–12.6) for dosimetrists, 26.6 (1.9–78) for radiation

therapists and 14.8 (0.4–61) for nurses, per million

inhabitants. To account for the fact that radiotherapy

professionals fulfil different roles and responsibilities in

various countries, further analysis was performed cate-

gorising the personnel on the basis of the tasks they

perform in the radiotherapy process. This, however,

had little impact on the ranges, with 20-fold variations

observed between the highest and lowest staffed coun-

tries. In terms of workload, radiation oncologists annu-

ally treated 209 courses on average (range: 100–350),

while the figures were 303 (85–758) for physicists and

dosimetrists combined, and 77 (26–157) for radiation

therapists and nurses. Here too, patient throughput is

lower in countries with higher GNI/capita, especially

for the personnel working in treatment delivery, while

the availability of radiation oncologists and medical

physicists seems more influenced by other factors,

amongst others the tasks they are responsible for. As

radiation treatments require highly specialised personnel

for treatment preparation, delivery and quality assur-

ance, shortages can only be addressed by training the

required staff, which may take years to accomplish.

When observing such important variation in resource

availability and workload, one wonders how to explain

this, whether it is driven by significantly different needs

from different cancer populations to be served, and

whether the frequently used population-based denomi-

nator is the most appropriate. In addition, one could

question whether the actual situation is supported by

the available guidelines by country, and if so how?

3.3. Recommendations for radiotherapy staffing

and equipment

The QUARTS (RadioTherapy for Cancer: QUAnifica-

tion of Infrastructure and Staffing Needs) project, con-

ducted by ESTRO more than 15 years ago, provided

an overview of the available guidelines for radiotherapy

resource needs (Slotman et al., 2005). Based on these, it

was suggested that one MV unit could serve 450

patients annually, whereas the personnel needs were

defined as one radiation oncologist per 200–250 patients

and one physicist per 450–500 patients. Already then,

however, it was stressed that these are only crude guide-

lines, as the actual needs depend on cancer incidence,

population mix and treatment strategies, which may dif-

fer quite substantially across countries.

Recently, the ESTRO-HERO project updated these

recommendations used to support radiotherapy invest-

ments in 29 European countries (Dunscombe et al.,

2014). It was quite sobering to see that after more than

a decade of clinical, technical and technological evolu-

tion in radiotherapy, many countries still used the

same guidelines, determined by the same numbers of

machine and personnel throughput. Yet, when com-

paring these recommendations to the available machi-

nes and personnel, it was clear that the latter typically

outpaced the number set forward by the guidelines,

indicating that the actual resources had been adjusted

to the needs of innovative and more complex radiation

treatments. This underscored the clear need for guide-

lines that incorporate variations in population and

treatment characteristics.
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As illustrated in Fig. 1, it is not trivial to consider

cancer patients instead of the population to serve when

determining radiotherapy resource needs. Different

approaches have been reported in the literature.

Directory of Radiotherapy Centres-based analyses

have combined the number of patients who need radio-

therapy, estimated at 62.5% of incident cancers (50%

of patients for primary radiotherapy, 25% of these for

retreatment), with fixed estimates of treatment courses

per MV unit or personnel type as described above

(Datta et al., 2014; Rosenblatt et al., 2013).

An already more refined approach was used by the

ESTRO-QUARTS project, combining a similar fixed

MV machine throughput of 450 courses per year with

the epidemiology and clinical evidence on proportions

of patients who require radiotherapy for different can-

cer types, following the CCORE-EBEST methodology.

As such, the differences in MV machines required per

million inhabitants were assessed amongst 25 Euro-

pean countries, resulting in an average number of 5.9,

yet ranging between 4.0 and 8.1 (Bentzen et al., 2005).

Hence, radiotherapy resource needs are indeed, at least

partly, driven by cancer incidence and population mix.

Recently, the ESTRO-HERO project has developed

a time-driven activity-based costing model for external

beam radiotherapy (Defourny et al., 2019). This model

not only allows calculating radiotherapy costs, but also

allows estimating the quantity of equipment and

human resources needed to treat a specific cancer pop-

ulation with radiotherapy. By accounting for the speci-

ficities of the population to be treated (proportion of

various cancer types, curative vs. palliative intent),

combined with complexity and fractionation schedules

in clinical use in a country, it estimates the number of

radiotherapy resources needed in a more granular

manner. In addition, the consequences of changing

cancer populations (e.g. due to the instauration of

screening programmes) and of varying treatment indi-

cations, complexities and fractionation schedules can

be assessed, thus forecasting future needs. As such,

this model provides an additional and more versatile

tool to determine personnel and equipment needs,

complementing the more static recommendations of

resources needed per number of treatment courses or

per population.

4. The broader picture of
policymaking for the future of
radiotherapy provision and use

With increasing pressure on healthcare budgets in

most European countries, the radiation oncology com-

munity needs to get better insight into the equipment

and personnel required to deliver safe, high-quality

and innovative radiotherapy to all cancer patients who

need it (Dunscombe et al., 2014). Meanwhile, the large

variations observed across Europe in radiotherapy

resource provision and use, and the fact that available

radiotherapy resources by country, and their utilisa-

tion, are partly related to the countries’ GNI instead

of actual clinical needs clearly indicates that policy

decisions about investment matter.

Three major factors are expected to be drivers of

cancer policymaking for the coming years. First, the

number of cancer patients is growing, due to an

increasing cancer incidence, which is related, amongst

others, to the ageing of the population in Europe (Bor-

ras et al., 2016; Overgaard, 2015). The fact that aged

patients usually have a higher probability of comorbid-

ity stresses the need for a truly multidisciplinary

approach to clinical decision-making (Stairmand et al.,

2015). The increasing number of cancer patients amen-

able to radiotherapy also underscores that recommen-

dations should move away from simple population-

based approaches to models that integrate real patient

numbers and evolving practice patterns (Dunscombe

et al., 2014).

Second, the continuous introduction of new thera-

peutic and technological advances imposes various

challenges upon the healthcare system. The impact of

innovations on the quality of care and clinical out-

comes needs to be rapidly assessed, and this is more

difficult to accomplish for devices than for pharmaceu-

tical interventions, as the assessment has to be per-

formed prior to or in the early stages of

implementation, when access is still limited (Lievens,

2017; Lievens et al., 2019a; Smith et al., 2017). More-

over, healthcare systems need to be made sustainable,

also in high-income regions such as Europe: the grow-

ing annual increase in cancer costs is one of the main

risks to the future financing of health care (Sullivan

et al., 2011). To this end, the combination of new tech-

nologies, new drugs and new indications for existing

therapies poses a problem without simple answers.

Finally, the more active role of patients is changing

the traditional patient–physician relationship in the

healthcare setting (Leech et al., 2020). The perspective

of the patient should be considered when analysing the

planning of cancer care.

These factors are deemed to also impact radiother-

apy provision and utilisation. While the introduction

of novel technologies is recognised as one of the dri-

vers of the increasing healthcare costs, the require-

ments of health technology assessment for medical

devices in Europe lag behind those for drugs (Lievens,

2017; Lievens et al., 2019a). Market entry of new high-
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end radiotherapy technologies with higher investment

and operational costs, of which particle therapy and

magnetic resonance-guided radiotherapy are typical

examples (Grau et al., 2020), urges policymakers to

address this issue. Meanwhile, approaches such as

managed entry agreements could help to guarantee

early patient access to new technologies that have

shown consistent and promising data from the initial

stages of clinical application (Morel et al., 2013). Real-

world data, including patient-reported outcome and

experience measures, may offer additional insight on

the clinical effectiveness of new therapeutic devices

(Lievens et al., 2019a).

Moreover, radiation oncology needs to be fully inte-

grated into national cancer plans (Borras et al.,

2015c). It is only feasible to address the challenges

effectively if we are able to discuss how cancer services

should be organised, and how many resources are

needed to provide optimal access to all European citi-

zens to high-quality cancer care. This discussion

should be carried out within the framework of a can-

cer plan, as has been supported by the European Com-

mission and countries through the Joint Actions

Against Cancer (https://www.ipaac.eu/).

Cancer policy, like any healthcare policy, involves

making decisions that combine high levels of uncer-

tainty and expectations: uncertainty about whether the

actual clinical benefit of innovations will match the

expectations, and related uncertainty about the actual

resources needed to provide access to these innova-

tions. While clinical trials remain the mainstay of evi-

dence generation, they are often more difficult to

perform in the context of locoregional cancer strategies

(Lievens et al., 2019a). Real-world data could form the

bridge between expectations and clinical efficacy and

effectiveness, and provide an additional approach to

evidence generation in rapidly evolving environments

such as radiation oncology. In parallel, there is also a

need to generate evidence on how to organise health-

care provision and delivery, to optimise access for can-

cer patients in Europe. These new types of evidence

can be generated by so-called late translational

research, assessing the dissemination of new technolo-

gies, their provision and utilisation, their quality and

impact on outcomes (Ringborg, 2019). Only when bas-

ing policymaking on this kind of data from across

Europe, it would serve the best interests of all Euro-

pean cancer patients.

5. Conclusion

While about 50% of all cancer patients have an evi-

dence-based indication for radiotherapy, more than

one out of four cancer patients in Europe do not have

access to the radiotherapy they need. Although the

reasons underlying this underuse of radiotherapy are

multifactorial, the insufficient and highly variable pro-

vision of radiotherapy resources, personnel as well as

equipment, is one of the main challenges. There is an

urgent need to generate more evidence to understand

and address the current inequalities in radiotherapy

provision and use across Europe, and leverage these

data to support multidisciplinary cancer management,

cancer planning and policymaking. Only by doing so,

we may succeed in providing optimal radiation treat-

ment to every individual cancer patient in Europe,

regardless of where he or she lives.

Conflict of interest

Dr. Lievens reports personal fees from Astra Zeneca

and from RaySearch, outside the submitted work. Dr.

Grau and Dr. Borras do not report any conflict of

interest.

References

Aggarwal A, Lewison G, Rodin D, Zietman A, Sullivan R

and Lievens Y (2018) Radiation therapy research: a

global analysis 2001–2015. Int J Radiat Oncol Biol

Phys 101, 767–778.
Asli LM, Kvaloy SO, Jetne V, Myklebust TA, Levernes

SG, Tveit KM, Green TO and Johannesen TB (2014)

Utilization of radiation therapy in Norway after the

implementation of the national cancer plan–a national,

population-based study. Int J Radiat Oncol Biol Phys

90, 707–714.
Asli LM, Myklebust TA, Kvaloy SO, Jetne V, Moller B,

Levernes SG and Johannesen TB (2018) Factors

influencing access to palliative radiotherapy: a

Norwegian population-based study. Acta Oncol 57,

1250–1258.
Atun R, Jaffray DA, Barton MB, Bray F, Baumann M,

Vikram B, Hanna TP, Knaul FM, Lievens Y, Lui TY

et al. (2015) Expanding global access to radiotherapy.

Lancet Oncol 16, 1153–1186.
Barton MB and Delaney GP (2011) A decade of

investment in radiotherapy in New South Wales: why

does the gap between optimal and actual persist? J

Med Imaging Radiat Oncol 55, 433–441.
Barton MB, Jacob S, Shafiq J, Wong K, Thompson SR,

Hanna TP and Delaney GP (2014) Estimating the

demand for radiotherapy from the evidence: a review

of changes from 2003 to 2012. Radiother Oncol 112,

140–144.
Bentzen SM, Heeren G, Cottier B, Slotman B, Glimelius B,

Lievens Y and van den Bogaert W (2005) Towards

1467Molecular Oncology 14 (2020) 1461–1469 ª 2020 The Authors. Published by FEBS Press and John Wiley & Sons Ltd.

Y. Lievens et al. Provision and use of radiotherapy

https://www.ipaac.eu/


evidence-based guidelines for radiotherapy

infrastructure and staffing needs in Europe: the

ESTRO QUARTS project. Radiother Oncol 75, 355–
365.

Borras JM, Barton M, Grau C, Corral J, Verhoeven R,

Lemmens V, van Eycken L, Henau K, Primic-Zakelj

M, Strojan P et al. (2015a) The impact of cancer

incidence and stage on optimal utilization of

radiotherapy: methodology of a population based

analysis by the ESTRO-HERO project. Radiother

Oncol 116, 45–50.
Borras JM, Lievens Y, Barton M, Corral J, Ferlay J, Bray

F and Grau C (2016) How many new cancer patients

in Europe will require radiotherapy by 2025? An

ESTRO-HERO analysis. Radiother Oncol 119, 5–11.
Borras JM, Lievens Y, Dunscombe P, Coffey M, Malicki

J, Corral J, Gasparotto C, Defourny N, Barton M,

Verhoeven R et al. (2015b) The optimal utilization

proportion of external beam radiotherapy in European

countries: an ESTRO-HERO analysis. Radiother Oncol

116, 38–44.
Borras JM, Lievens Y and Grau C (2015c) The need for

radiotherapy in Europe in 2020: not only data but also

a cancer plan. Acta Oncol 54, 1268–1274.
Celis JE and Pavalkis D (2017) A mission-oriented

approach to cancer in Europe: a joint mission/vision

2030. Mol Oncol 11, 1661–1672.
Datta NR, Samiei M and Bodis S (2014) Radiotherapy

infrastructure and human resources in Europe - present

status and its implications for 2020. Eur J Cancer 50,

2735–2743.
Defourny N, Perrier L, Borras JM, Coffey M, Corral J,

Hoozee S, Loon JV, Grau C and Lievens Y (2019)

National costs and resource requirements of external

beam radiotherapy: a time-driven activity-based costing

model from the ESTRO-HERO project. Radiother

Oncol 138, 187–194.
Delaney G, Jacob S, Featherstone C and Barton M (2005)

The role of radiotherapy in cancer treatment:

estimating optimal utilization from a review of

evidence-based clinical guidelines. Cancer 104, 1129–
1137.

Dunscombe P, Grau C, Defourny N, Malicki J, Borras

JM, Coffey M, Bogusz M, Gasparotto C, Slotman B

and Lievens Y (2014) Guidelines for equipment and

staffing of radiotherapy facilities in the European

countries: final results of the ESTRO-HERO survey.

Radiother Oncol 112, 165–177.
Fiorino C, Guckenberger M, Schwartz M, van der Heide

U and Heijmen B (2020) Technology-driven research

for radiotherapy innovation. Mol Oncol 14, 1500–
1513.

Gabriel G, Barton M and Delaney GP (2015) The effect of

travel distance on radiotherapy utilization in NSW and

ACT. Radiother Oncol 117, 386–389.

Goossens-Laan CA, Leliveld AM, Verhoeven RH, Kil PJ,

de Bock GH, Hulshof MC, de Jong IJ and Coebergh

JW (2014) Effects of age and comorbidity on treatment

and survival of patients with muscle-invasive bladder

cancer. Int J Cancer 135, 905–912.
Grau C, Defourny N, Malicki J, Dunscombe P, Borras

JM, Coffey M, Slotman B, Bogusz M, Gasparotto C

and Lievens Y (2014) Radiotherapy equipment and

departments in the European countries: final results

from the ESTRO-HERO survey. Radiother Oncol 112,

155–164.
Grau C, Durante M, Georg D, Langendijk JA and Weber

DC (2020) Particle therapy in Europe. Mol Oncol 14,

1492–1499.
Hanna TP, Shafiq J, Delaney GP, Vinod SK, Thompson

SR and Barton MB (2018) The population benefit of

evidence-based radiotherapy: 5-year local control and

overall survival benefits. Radiother Oncol 126, 191–7.
Leech M, Katz MS, Kazmierska J, McCrossin J and

Turner S (2020) Empowering patients in decision-

making in radiation oncology - can we do better? Mol

Oncol 14, 1442–1460.
Lievens Y (2017) Access to innovative radiotherapy: how

to make it happen from an economic perspective? Acta

Oncol 56, 1353–1358.
Lievens Y, Audisio R, Banks I, Collette L, Grau C, Oliver

K, Price R and Aggarwal A (2019a) Towards an

evidence-informed value scale for surgical and

radiation oncology: a multi-stakeholder perspective.

Lancet Oncol 20, e112–e123.
Lievens Y, De Schutter H, Stellamans K, Rosskamp M,

Van Eycken L; Belgian College for Physicians in

Radiation Oncology (2017) Radiotherapy access in

Belgium: How far are we from evidence-based

utilisation? Eur J Cancer 84, 102–113.
Lievens Y, Defourny N, Coffey M, Borras JM,

Dunscombe P, Slotman B, Malicki J, Bogusz M,

Gasparotto C and Grau C (2014) Radiotherapy

staffing in the European countries: final results from

the ESTRO-HERO survey. Radiother Oncol 112, 178–
186.

Lievens Y, Defourny N, Corral J, Gasparotto C, Grau C,

Borras JM; ESTRO–HERO Consortium Collaborators

(2020) How public health services pay for radiotherapy

in Europe: an ESTRO-HERO analysis of

reimbursement. Lancet Oncol 21, e42–e54.
Lievens Y and Grau C (2012) Health economics in

radiation oncology: introducing the ESTRO HERO

project. Radiother Oncol 103, 109–112.
Lievens Y, Ricardi U, Poortmans P, Verellen D,

Gasparotto C, Verfaillie C and Cortese AJ (2019b)

Radiation oncology. Optimal health for all, together.

ESTRO vision, 2030. Radiother Oncol 136, 86–97.
Mackillop WJ, Kong W, Brundage M, Hanna TP, Zhang-

Salomons J, McLaughlin PY and Tyldesley S (2015) A

1468 Molecular Oncology 14 (2020) 1461–1469 ª 2020 The Authors. Published by FEBS Press and John Wiley & Sons Ltd.

Provision and use of radiotherapy Y. Lievens et al.



comparison of evidence-based estimates and empirical

benchmarks of the appropriate rate of use of radiation

therapy in ontario. Int J Radiat Oncol Biol Phys 91,

1099–1107.
Morel T, Arickx F, Befrits G, Siviero P, van der Meijden

C, Xoxi E and Simoens S (2013) Reconciling

uncertainty of costs and outcomes with the need for

access to orphan medicinal products: a comparative

study of managed entry agreements across seven

European countries. Orphanet J Rare Dis 8, 198.

Overgaard J (2015) Radiotherapy. Gazing at the crystal

ball of European radiotherapy. Nat Rev Clin Oncol 12,

5–6.
Ringborg U (2019) Translational cancer research - a

coherent cancer research continuum. Mol Oncol 13,

517–520.
Rosenblatt E, Izewska J, Anacak Y, Pynda Y, Scalliet P,

Boniol M and Autier P (2013) Radiotherapy capacity

in European countries: an analysis of the Directory of

Radiotherapy Centres (DIRAC) database. Lancet

Oncology 14, E79–E86.
Slotman BJ, Cottier B, Bentzen SM, Heeren G, Lievens Y

and van den Bogaert W (2005) Overview of national

guidelines for infrastructure and staffing of

radiotherapy. ESTRO-QUARTS: Work package 1.

Radiother Oncol 75, 349–354.
Slotman BJ and Vos PH (2013) Planning of radiotherapy

capacity and productivity. Radiother Oncol 106, 266–
270.

Smith GL, Ganz PA, Bekelman JE, Chmura SJ, Dignam

JJ, Efstathiou JA, Jagsi R, Johnstone PA, Steinberg

ML, Williams SB et al. (2017) Promoting the

appropriate use of advanced radiation technologies in

oncology: summary of a national cancer policy forum

workshop. Int J Radiat Oncol Biol Phys 97, 450–461.

Stairmand J, Signal L, Sarfati D, Jackson C, Batten L,

Holdaway M and Cunningham C (2015) Consideration

of comorbidity in treatment decision making in

multidisciplinary cancer team meetings: a systematic

review. Ann Oncol 26, 1325–1332.
Sullivan R, Peppercorn J, Sikora K, Zalcberg J, Meropol

NJ, Amir E, Khayat D, Boyle P, Autier P, Tannock IF

et al. (2011) Delivering affordable cancer care in high-

income countries. Lancet Oncol 12, 933–980.
Sundaresan P, King M, Stockler M, Costa D and Milross

C (2017) Barriers to radiotherapy utilization: consumer

perceptions of issues influencing radiotherapy-related

decisions. Asia Pac J Clin Oncol 13, e489–e496.
Tyldesley S, Delaney G, Foroudi F, Barbera L, Kerba M

and Mackillop W (2011) Estimating the need for

radiotherapy for patients with prostate, breast, and

lung cancers: verification of model estimates of need

with radiotherapy utilization data from British

Columbia. Int J Radiat Oncol Biol Phys 79, 1507–1515.
Vulto AJ, Lemmens VE, Louwman MW, Janssen-Heijnen

ML, Poortmans PH, Lybeert ML and Coebergh JW

(2006a) The influence of age and comorbidity on

receiving radiotherapy as part of primary treatment for

cancer in South Netherlands, 1995 to 2002. Cancer

106, 2734–2742.
Vulto A, Louwman M, Rodrigus P and Coebergh JW

(2006b) Referral rates and trends in radiotherapy as

part of primary treatment of cancer in South

Netherlands, 1988–2002. Radiother Oncol 78, 131–137.
Vulto JC, Louwman WJ, Poortmans PM and Coebergh

JW (2005) Hospital variation in referral for primary

radiotherapy in South Netherlands, 1988–1999. Eur J
Cancer 41, 2722–2727.

WHO (2002) WHO: National Cancer Control Programmes:

Policies and Managerial Guidelines. WHO, Geneva.

1469Molecular Oncology 14 (2020) 1461–1469 ª 2020 The Authors. Published by FEBS Press and John Wiley & Sons Ltd.

Y. Lievens et al. Provision and use of radiotherapy


	Outline placeholder
	mol212690-aff-0001
	mol212690-aff-0002
	mol212690-aff-0003
	mol212690-fig-0001
	mol212690-bib-0001
	mol212690-bib-0002
	mol212690-bib-0003
	mol212690-bib-0004
	mol212690-bib-0005
	mol212690-bib-0006
	mol212690-bib-0007
	mol212690-bib-0008
	mol212690-bib-0009
	mol212690-bib-0010
	mol212690-bib-0011
	mol212690-bib-0012
	mol212690-bib-0013
	mol212690-bib-0014
	mol212690-bib-0015
	mol212690-bib-0016
	mol212690-bib-0017
	mol212690-bib-0018
	mol212690-bib-0019
	mol212690-bib-0020
	mol212690-bib-0021
	mol212690-bib-0022
	mol212690-bib-0023
	mol212690-bib-0024
	mol212690-bib-0025
	mol212690-bib-0026
	mol212690-bib-0027
	mol212690-bib-0028
	mol212690-bib-0029
	mol212690-bib-0030
	mol212690-bib-0031
	mol212690-bib-0032
	mol212690-bib-0033
	mol212690-bib-0034
	mol212690-bib-0035
	mol212690-bib-0036
	mol212690-bib-0037
	mol212690-bib-0038
	mol212690-bib-0039
	mol212690-bib-0040
	mol212690-bib-0041
	mol212690-bib-0042
	mol212690-bib-0043
	mol212690-bib-0044
	mol212690-bib-0045
	mol212690-bib-0046


