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Executive Summary 
 

 

The South East European International Institute for Sustainable Technologies (SEEIIST) will be a 

twin purpose facility based on a synchrotron accelerator providing light ion beams for the 

irradiation of different targets.  The two purposes are on one hand side non-clinical research of 

the interaction of ion beams with different materials, in particular biological tissues, on the other 

hand side the clinical research by the treatment of patients suffering from diseases for which 

radiation therapy with ion beams is an treatment option for cure, and reduction of side effects 

and increasing of quality of live compared to other treatment options.  

This document provides an analysis of clinical indications and estimation of the potential patient 

pool considering indications for particle therapy and potential referrals by different approaches. 

 

 

 

  



 

 

 

 

 

1. General Introduction and Overview 
 

 

  



Region of South East Europe made an efforts since mid of 2017 to develop a large scale 

competitive infrastructure the South East European International Institute for Sustainable 

Technologies (SEEIIST, https://seeiist.eu). The core of the Project is a state of the art ‘Facility for 

Tumour Therapy and Biomedical Research with Protons and Heavier Ions’ which today presents 

one of the most modern and most powerful method of locoregional  treatment of cancer. 

SEEIIST missions are to promote collaboration between science, technology and industry with the 

goal to ensure that citizens from these part of Europe will have in the future direct access to 

cancer research and treatment modality. SEEIIST represents one of the best examples of ‘Science 

for Society’ projects.  

SEEIIST Project will bring together an impressive group of leading regional and international 

accelerator and therapy institutions and experts in related fields and hence will facilitate the 

exploitation and enhancement of the full potential of ion radiation therapy.  

Proton therapy offers a substantial clinical advantage over conventional photon therapy, due to 

unique depth dose characteristics of protons, which can be exploited to achieve significant 

reductions in normal tissue doses. These allows escalation of tumour doses and greater sparing 

of normal tissues and potentially improving local control and survival. Also these kind of RT reduce 

toxicity and improve quality of life. Proton radiation therapy has been used clinically since 1952. 

and fast advances made in  last 10 years helped established protons as one of clinical modalities  

in treatment of solid cancers. 

High potential of proton therapy are approved but clinical evidence supporting the broad use of 

protons is in trials. Due facts that proton therapy is safe, effective this treatment is  recommended 

for many paediatric cancers, ocular melanomas, chordomas and chondrosarcomas. Nowadays 

promising results have been reported for other types of cancers but they are based on small 

studies. For establishing and operating proton therapy centres the cost is high there are questions 

about their cost effectiveness.  Oncology community needs to conduct randomized trials or collect 

outcomes data in multi-institutional registries to unequivocally demonstrate the advantage of 

protons.  

The increased benefit from protons is evident when comparing intensity modulated  radiation 

therapy (IMRT), in which the beam intensity can only be modulated transversely, with a proton 

beam where it can be controlled in three dimensions. The “range uncertainty problem” (i.e. 

where the proton beam actually stops) may potentially be reduced to a clinically insignificant 

problem or even eliminated when proton radiography and proton tomography are used to map 

out the real tissue stopping powers within the patient. With the stopping point known to a high 

degree of accuracy, the treatment planning system  can optimize the dose per useable spot for 

each beam in the arc. 

By some authors the systematic literature review was performed using the European Network for 

Health Technology Assessment Core Model for rapid relative effectiveness assessment. The 

literature search for clinical outcome studies on CIRT was performed using four databases 

Cochrane, Centre for Research and Dissemination (CRD), Embase and OVID MEDLINE. The 

Cochrane Risk of Bias Tool  and the Institute of Health Economics (IHE-18) Checklist  were used 

to assess the risk of bias of the included studies. The evidence synthesis was restricted to 54 



oncological indications in 12 broad tumour regions and studies with a low or moderate risk of 

bias, published between 2005 and 2017.  

 27 studies were eligible for the qualitative synthesis of the evidence regarding the effectiveness 

and safety of CIRT. Insufficient scientific evidence was found for superiority or inferiority of CIRT 

when compared to standard irradiation for 13/54 oncological indications in 7/12 tumour regions 

(skull base tumours, brain cancer, cancer in the ear-nose-throat region, bone and soft-tissue 

tumours, lung cancer, prostate cancer, gastrointestinal tumours). No scientific evidence was 

found for the remaining 41/54 oncological indications. CIRT is  theoretically, a promising cancer 

treatment but we need research with randomised controlled trials assessing the long-term 

effectiveness and toxicities associated with the use of CIRT. CIRT is, however, often described as 

a two edged sword, and we  need to differentiate its application for different oncological 

indications. CIRT may also affect healthy tissues and increase the risk of severe injury to critical 

organs. 

Studies that enrolled patients with any of the specified pre-defined 12 tumour regions and 54 

specific oncological indications receiving CIRT were eligible to be included in this assessment. 

Conventional (photon) radiotherapy was the preferred control intervention. Only randomised 

controlled trials, controlled trials, and prospective observational studies were eligible for inclusion.  

 In  26 studies authors judged eligible qualitative synthesis of the effectiveness and safety of CIRT 

when compared to standard irradiation. one RCT was included that focused on the 

toxicity/feasibility of CIRT/PRT in patients with prostate cancer.  Due to the lack of comparative 

clinical trials, there was insufficient evidence for the superiority of the effectiveness of CIRT for 13 

out of 54 indications in seven out of 12 tumour regions. 

Skull base (chordoma and chondrosarcoma), brain (glioma grade II, glioma grade III, 

glioblastoma), ear-nose-throat (ENT; sarcomas in the head and neck, tumours in the nasal cavity 

and paranasal sinus, adenoid cystic salivary gland carcinoma), bone and soft tissue (soft-tissue 

sarcoma), lung (non-small cell lung carcinoma), prostate (prostate carcinoma), and, 

gastrointestinal tumours (oesophageal carcinoma, rectal carcinoma) are included in these review. 

They found insufficient scientific evidence indicating superiority/inferiority of CIRT in comparison 

to standard irradiation for sarcomas in the head and neck, tumours in the nasal cavity and 

paranasal sinus, and adenoid cystic salivary gland carcinomas. The case–control study indirectly 

(historical control) compared CIRT in combination with photon therapy (n=29) to photon therapy 

alone (n=34) in patients with locally advanced adenoid cystic carcinoma of the salivary gland. The 

statistical analysis of the study revealed no statistically significant difference when comparing OS 

between groups. 

In patients with bone and soft-tissue sarcomas, one case series study that enrolled patients with 

primary sarcomas of the extremities met the inclusion criteria. insufficient scientific evidence was 

found indicating superiority/inferiority of CIRT in comparison to standard irradiation for bone and 

soft-tissue sarcoma. 

In the group of patients with  gastrointestinal tumours, two studies met the inclusion criteria. Due 

to the absence of a controlled study, insufficient scientific evidence was found indicating 

superiority or inferiority of CIRT in comparison to standard irradiation for thoracic oesophageal 



squamous cell carcinoma and rectal cancer without distant metastases. For prostate cancer, eight 

studies met the inclusion criteria. One study was an RCT parallel assigned, pilot study that focused 

primarily on the toxicity of CIRT in comparison to PRT Three studies were before-after studies 

measuring primarily health-related quality of life of the patients and four further studies were 

case series 

For the remaining 41 oncological indications, no scientific evidence was found indicating 

superiority/inferiority of CIRT when compared to conventional radiotherapy based on our pre-

defined inclusion criteria. Meta-analysis conducted in 2010. included three studies comparing the 

effectiveness of different radiotherapy treatment modalities for NSCLC and found statistically 

significantly higher survival rates associated with CIRT when compared to conventional photon 

radiotherapy (5-year OS: 42% vs. 20%) and no statistically significant difference in survival rates 

when compared to stereotactic radiotherapy or PRT. The authors noted that the results must be 

interpreted with caution due to the limited number of patients and limited length of follow-up 

of the CIRT studies Gynaecological malignancies are a good example of another candidate for 

CIRT Medical literature describes CIRT as a two-edged sword with unique advantages, but also 

potential harms, that is, risks to severe injury to critical organs. 

In Oncological Institution CNAO for PT treatment from starts they treat more than 3000  patients. 

In 2018 they treat about 500 patients with cancer. In  these moment they reach plateau of 

number of patients. CNAO use carbon and proton ions for rare cancers, recurrent,  radio-resistant 

cancers and sometimes in parallel with conventional RT. In these institution there are research in 

field of radiobiology and biomarkers. Also there is combinations or concomitant treatment of PT 

with immunotherapy and other systemic treatments. CNAO treat  68 % patients as RT naïve and 

23 % as re-irradiation. Most frequent tumours which are treated with CIRT are H and N cancers 

and thoracic cancers. CIRT starts with 4.3 GY. There are positive results in local control, but they 

wait for Os and PFS results. Melanoma patients treated with CIRT are naïve 77 % and 23 re-

irradiated. Also rectal recurrence they treated with local control of 78 %. Particular treatment is 

very promising cancer treatment and we need more scientific data to establish as treatment for 

guidelines for treatment of solid cancers. The SEEIIST will give us more results and evidences in 

more effective and less toxic cancer treatment. 

  



 

 

 

 

 

 

 

 

 

 

 

2. State of radiotherapy in Southeast 

Europe 
 

 

  



2.1. Introduction  

Cancer is a key public health issue worldwide. It is estimated that there were 18.1 million new 

cancer cases and 9.6 million cancer related deaths in the year 2018 [1]. It is expected that cancer, 

which is a collective name for several hundred malign diseases, will become the leading cause of 

death in the world and also become a key barrier to extension of natural human life for every 

country in the world [1]. In raw numbers, one in five males and one in six females alive in 2018. 

will be diagnosed with cancer, while one in eight males and one in eleven females alive in 2018. 

will die with cancer as a direct cause [1]. But the incidence and mortality of cancer is critically 

dependent on available prevention, timely diagnosis and treatment. Key modalities for cancer 

treatment are: immunotherapy, hormone therapy, chemotherapy, surgery and radiotherapy [2].  

 Radiotherapy is a procedure of treating oncological and other diseases using ionizing 

radiation, whereby various technical means are used to irradiate the cancer site with high energy 

radiation while sparing the surrounding, healthy tissue. To achieve this, various techniques of 

different complexity are used to provide quality treatments. From so-called 3D conformal 

radiotherapy (3DCRT), Intensity-Modulated Radiotherapy (IMRT), Volumetric Modulated Arc 

Therapy (VMAT) to stereotactic treatments (SBRT and SRS). These techniques are usually 

accompanied with integrated kV imaging which allow, to a certain degree, tracking of tumor 

location in patients and precise delivery of radiation therapy. Today, there are more than 12,000 

linear accelerators in use in medicine worldwide and all of them are capable of producing high-

energy photon beams, but the number of linear accelerators capable of delivering state-of-the-

art treatment is limited and are usually located in high-income countries [3]. This presents a 

daunting challenge because more than 60% of new cancer cases will occur in low and middle 

income countries (LMIC) [1]. A modern radiotherapy center requires high initial investment in 

infrastructure, technology and the training of staff of various professions and this presents the 

key reason for the unavailability of this critical therapy outside of high income countries.  

 

 

 

2.2. State of Radiotherapy in Southeast Europe 

Southeast Europe is a geographical region of Europe, consisting primarily of the Balkan peninsula. 

For the purpose of this overview, it includes , in alphabetical order: Albania, Bosnia and 

Herzegovina, Bulgaria, Croatia, Greece, Kosovo1,  Montenegro, North Macedonia, Serbia and 

Slovenia. According to the World Bank, these countries are generally categorized as high-income 

(H) or upper-middle income (UM) countries.  

 

                                                           
1 This designation is without prejudice to positions on status, and is in line with UNSC 1244 and the ICJ Opinion 

on the Kosovo Declaration of Independence.’ 



 

Table 1 World Bank categorization of Southeast Europe countries, number of linear accelerators per one million 

inhabitants, number of new cancer cases annually [3]. 

Country Income categorization 

Number of medical 

linear accelerators 

per one million 

inhabitants 

New cancer cases in 

2020.  

Albania Upper-middle income 1.71 7 143 

Bosnia and Herzegovina Upper-middle income 3.42 9 911 

Bulgaria Upper-middle income 4.94 32 053 

Croatia High income 5.25 22 890 

Greece High income 5.11 40 971 

Kosovo Upper-middle income 1.07 N/A 

Montenegro Upper-middle income 4.78 2 115 

North Macedonia Upper-middle income 1.92 7 330 

Serbia Upper-middle income 3.53 42 221 

Slovenia High income 5.29 11 457 

 

The availability of radiotherapy healthcare in Southeast Europe typically follows a worldwide 

pattern briefly described in Introduction and generally serves its needs. The quality of treatment, 

as measured with implementation and use of advanced modalities of radiotherapy, such as VMAT 

or SBRT, also follows the pattern of income and is quite uneven in its presence in Southeast 

Europe.  

 

 Albania  

With its population of 2.9 million, Albania is expected to have over 7 000 cancer cases in the year 

2020, with lung, breast, prostate, stomach and colorectal cancer in more than 50% of cases [4]. 

According to the DIRAC database, all three of its radiotherapy centers are situated in Tirana, 

capital of Albania. Radiotherapy healthcare is provided with a total of 5 linear accelerators, but 



without available brachytherapy [3]. Advanced modalities of radiotherapy, which include VMAT 

and stereotactic treatments are introduced in 2019.  

 Bosnia and Herzegovina: 

In Bosnia and Herzegovina, there are five radiotherapy centers with a total number of 12 

teletherapy units and 3 brachytherapy units [3]. Although radiotherapy centers are positioned 

countrywide, specific challenges arise from its fractured healthcare system such as being unable 

to get radiotherapy healthcare from the radiotherapy center that is closest to the patient. 

Nonetheless, advanced modalities of VMAT, SBRT and SRS were partially available since 2010 and 

these modern techniques are becoming more available in 2020 with its introduction to two more 

public hospitals. Regarding incidence, most common types of cancer in 2020. were lung, 

colorectal, breast, prostate and stomach cancers, with a total number of cases in 2020 being 

approximately 15 000. 

 Bulgaria 

To Bulgaria’s population of 7 million people, there are 21 radiotherapy centers available with 35 

teletherapy and eight brachytherapy machines. This positions Bulgaria with highest availability of 

radiotherapy care among upper-middle countries, with most equipment (24 machines) age 

between 5-10 years and seven machines younger than five years thus providing capacity for 

modern, high quality healthcare to cancer patients. Most common types of cancer, among 36 

451 cases diagnosed in 2020, are prostate, colorectal, lung, breast and bladder [4].  

 

 Croatia 

With its population of 4.1 million, Croatia has nine radiotherapy centers available operating 22 

linear accelerators and four brachytherapy machines. Although this provides a relatively high 

number of available machines per capita, it is noteworthy that only four machines are aged under 

5 years with most of its fleet containing 18 linear accelerators approaching typical equipment life 

of 15 years. With only three radiotherapy centers outside of capital Zagreb, Croatia sees an 

uneven load of patients per machine and uneven availability of advanced radiotherapy 

techniques. Most common types of cancer, among 26 092 cases diagnosed in 2020., are 

colorectal, lung, breast, prostate and bladder [4]. 

 Greece 

As the largest country among presented, its population of 10.72 million is served in 29 

radiotherapy centers with a total of 57 high-energy photon machines and 15 brachytherapy 

machines. More than half available machines are aged less than five years and majority are 

operated less than 10 years. This makes modern radiotherapy techniques widely available. Total 



number of cancer cases in 2020. is 64 530, with lung, colorectal, breast and prostate cancers 

making more than half new cases.  

 

 Kosovo2 

Population of Kosovo is estimated to be 1.87 million. It has a single radiotherapy center in Priština, 

operating two teletherapy machines.  

 

 Montenegro 

Montenegro has a single radiotherapy center with three teletherapy machines, two of which are 

younger than 5 years, and one brachytherapy unit. Total number of cancer cases in 2020 among 

its population of 622 thousands is 3 184, with lung, breast, colorectal, bladder, prostate, cervical 

and pancreatic cancer making up half of cases.  

 North Macedonia 

North Macedonia has two radiotherapy centers located in its capital Skopje. These centers have 

four high-energy machines and a single brachytherapy unit. Noticeably, more than half of therapy 

units are beyond 15 years in use and are expected to be replaced in coming years. North 

Macedonia has seen 7 632 cases in 2020, mostly lung, breast, colorectal and prostate cancers.  

 Serbia 

With a population of 6.95 million, Serbia has seen 49 043 cases in 2020 with a typical regional 

distribution of cancer sites: lung, colorectum, breast and prostate cancers making up more than 

half new cases. To these patients, radiotherapy care is available in nine radiotherapy centers 

operating 31 high-energy teletherapy units and four brachytherapy units. Almost half of 31 

available teletherapy units are operated less than five years due to massive investment in 

radiotherapy in that period and countrywide availability of modern care for cancer patients.  

 

2.2.9.1 Slovenia: 

Slovenia has a population of 2.08 million and has a developed radiotherapy programme in two 

centers operating 11 high-energy teletherapy units and five brachytherapy units. Due to its size 

                                                           
2  This designation is without prejudice to positions on status, and is in line with UNSC 1244 and the ICJ Opinion 

on the Kosovo Declaration of Independence.’ 



and connectivity, this doesn’t represent a major challenge for patients. The age of available 

equipment is evenly distributed in the last 15 years reflecting a strategy of continuous investment 

in radiotherapy. It had 14 180 cases of cancer in 2020 with colorectal, prostate, lung, breast and 

skin melanoma cancers making up half of cases.  

 

 

2.3. Summary 

If the number of available radiotherapy per capita in Southeast Europe is plotted against gross 

domestic product (GDP) per capita, there are several things to be learned.  

 

 

Figure 1 Comparison between number of radiotherapy units per capita and GDP per capita [3]. 

First, there is an obvious gap between three high-income and seven upper-middle income 

countries that is a reflection of the region's uneven development. It is immediately obvious how 

tightly correlated is GDP of an upper-middle income country and investments in cancer 

healthcare, as measured by the number of RT units per capita. What is also noteworthy, is that 

in the vicinity of five RT units per million inhabitants, countries in SEE generally move to 

sustainment rather than expansion of RT capabilities as witnessed by saturation of the curve at 

high GDP. Some countries have excellent RT sustainment strategies, such as Slovenia and Greece, 

while others, e.g. Croatia, are yet to demonstrate a viable sustainment investments in near-term 

future for its RT capabilities.  

 

 

 



 

 

 

 

 

 

 

 

3. Patient pool record 
 

 

  



3.1. Introduction 

The biggest challenge of the 21st century is mortality of oncological disease. The age they cover 

is in the range of 45-65 years, but the trend is that the age limit drops sharply. According to data 

from the health organization in 2019 the number of deaths is 55.4 million. Only in 2020 the 

number of new cancer cases is 19.3 million and the number of deaths is close to 10 million. In 

Europe, they are the second most important after cardiovascular disease with about 3 million new 

cases and 1.7 million deaths per year. The forecasts are that by 2025 year cancer will be 1 in every 

7 deaths in the world and close to 20 million new cases a year. The average mortality rate for all 

cancer cases will reach 59.3% compared to 2025. Over the next two decades, the number of 

new cases is expected to increase by about 70%. 

For example, cancer is the second most common cause of death in Bulgaria in recent years. 

According to the data from the Bulgarian cancer registry for 2017. the new cases for the whole 

country are 31,905 and the deaths are 17,339. Other Balkan countries have similar statistics. The 

total amount of malignant diseases in Bulgaria was 287,907 people in 2017, of which 114,698 

were men and 173,209 women. Cancer usually affects people between the ages of 45 and 65, 

but there is an increasing number of cases among young people and children. 

The dynamics of morbidity shows a huge increase over 45 years. For the period 1993-2017, only 

the number of registered new cases increased on average by 2.4% per year. The number of new 

cases (C00-C97, ICD10) in Bulgaria in the period 1993-2017 is shown in Figure 2. The total 

number of newly diagnosed cancer cases in 2017 has increased 1.36 times compared to 1993.  

Figures for survival rate in Bulgaria are less favorable than those for Europe (Table 2). There are 

complex reasons for this situation, but among the decisive ones are the lack of efficient secondary 

prophylactics and late cancer diagnosis, most often due to improper staging because of the lack 

of state-of-the-art equipment.  

Despite the fact that 60% of the new cases happen in the low- and middle-income countries, the 

number of cancer mortality incidents will continue to increase in Europe by 2025, especially 

among the population aged under 65. 

Lung cancer is among the most common causes of cancer death accounting to 19% of all cancer 

instances. It is also among the most fatal types of cancer, where the mortality ratio is over 86% 

in Europe. The brain and nervous system types of tumour will account for only 2.5% of all 

mortality instances in Europe, but their survival rate will be less than 20% in 2025. 

 



 

Figure 2 Total number of new cases and deaths from all cancer sites in Bulgaria by years(1993-2017) 

 

Table 2  Survival rate in Bulgaria (cancer diagnosed in the period 1993-2009) and Europe и (cancer diagnosed cases in the 
period 1995-1999). 

5-year 
survival rate 
for malignant 
diseases 

Male Female Total 

Bulgaria 39.1 55.8 47.6 

EU 46.1 58.1 50.1 

 

 

3.2. Radiation therapy 

Treatment methods depend mostly on the location, grade of the tumour and stage of the disease. 

None of the treatments is used standalone, but they are used in combination or as complementary 

methods in cancer treatment. If cancer is located in one specific area, local treatment can take 

place. The local treatment is conducted only on one part of the body. The common types of local 

treatment are surgery and radiotherapy. 

Systemic treatment is the other main type of cancer treatment. It is used when cancer has started 

or has already spread into different parts of the body. Chemotherapy, hormone therapy, and 

biological therapies are the preferred methods for systemic treatments, as they affect the whole 

body through the bloodstream circulation. 

Radiation therapy, both conventional and hadron, is targeted for treating more complex cancer 

cases with appropriate indication and RBA status, with tumors located in more difficult to 
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inaccessible places, organs or in a more advanced stage of cancer development where other types 

of therapy would not be effective or do not show effectiveness.  

Among the radiation therapy options, the one using proton and carbon particles is currently 

considered the most effective and patient-friendly type of irradiation.  

As the charged particles release their energy only after traveling a certain distance, they can be 

used to very precisely target cancer cells located even deeper in the body or close to critical organs. 

They also cause little damage to the surrounding tissue or the tissue they travel through.  

The purpose of all types of radiation therapy is to produce a break of DNA of the cancer cells, 

which will ultimately lead to cell death. Among the different types of particles used in 

radiotherapy at the moment, the carbon ions are the ones most likely to create double-strand 

breaks in the cancer cell DNA (depending on the tumor type). Thus, they are effective with 

otherwise resistant tumours, even when reduced doses are applied, and could be safer for 

treating patients with adverse conditions. 

Despite the fact that every medical case is individual and therefore could be treated in a different 

way, there are certain protocols that in most cases are followed by the doctors (see Figure 3). 

 

Figure 3  Share of patients treated by the certain approach. 

 

The conventional radiotherapy methods are related to over 20-40% of cancer recurrence and 

over 20-60% of complication.  Whereas, when hadron therapy is applied, the recurrence rate 

drops down to 5% and complications happen in slightly over 10% of the cases. Therefore, proton 

and C-ion beam therapies are the most effective types of radiotherapy due to the specific physical 

characteristics of the particles that allow them to use more amount of concentrate energy over 

more precisely located areas. About 15% of the patients who need to be treated with 

radiotherapy are directed to hadron therapy. 

The active use of particle therapy as one of the radiation therapy modalities for cancer treatment 

started in 1954 with the use of proton therapy for cancer treatment.  

The type of particle therapy which has been gaining significant application in the clinical 

treatment of tumours in the last decades is the carbon ion (C-ion) therapy. In 1994, the first 

specialized C-ion facility started operations at the National Institute of Radiological Sciences (NIRS) 

in Japan.  

From 1954 to December 2019, more than 260 150 patients have been treated with particle 

therapy across the world, of which 85.5% with protons and 13.1% with C-ions. Over a 10-year 

period from 2010 to 2019, the number of patients treated with C-ions only has increased 



fourfold, and the number of patients who received either proton or C-ion therapy has been 

steadily growing by 13% per year. 

By 2020, there were 102 particle treatment centers in operation worldwide, 32 were under 

construction, and 26 were in planning. Half of these centres are in the USA and one-third are in 

Asia. (source: PTCOG  - https://www.ptcog.ch/). 

During the recent years, the technology development and know-how reached such levels that 

lead to a significant increase in the number of hadron therapy centres worldwide, however, their 

number is still much lower than the potential and the oncology patient need for treatment.   

Europe began to actively develop technology for hadron therapy in the 1990s. In recent years, 

four clinical centres were opened – in Pavia (Italy), in Austria (Wiener Neustadt and in Heidelberg) 

and Marburg (Germany), allowing for treatment with protons and carbon ions. Two new clinical 

centres for proton therapy were opened in Madrid (Cun, Quironsalud) in the 2020 year. In the 

planning process are projects in France, Slovenia, Spain, Belgium, Bulgaria, Slovak Republic, 

United Kingdom, Italy, Russia, Norway, and Switzerland to list just some countries in the SEE or 

in the neighborhood of the region. There is serious progress in this field in the UK as well (Figure 

4). In the next several years, 14 new proton therapy centres will open doors in Europe in Norway, 

Russia, Italy, Switzerland, Belgium, Slovak Republic, Spain. There are only 13 C-ion therapy 

facilities in operation in the world, located in Austria (1), Japan (6), China (3), Germany (2), and 

Italy (1). Another 5 facilities are under construction and will be open by 2023 in China (1), Japan 

(1), France (1), Taiwan (1), and South Korea (1). Only some of them are already using also other 

heavy ions for treating patients. 

If we look at the map of Europe and in particular the Balkans, we can see that there is no hadron 

therapy center is in operation or under construction in the region, while research in other 

European countries confirms that at least 10 to 15% of all cancer patients need proton or C-ion 

therapy to complete their treatment. The closest is in Austria. This motivated and united ten 

countries to develop a project to establish the South East Europe International Institute for 

Sustainable Technologies (SEEIIST).  

The objectives of SEEIIST (South East Europe International Institute for Sustainable Technologies) 

were, and are, both to create new opportunities of cutting-edge research and technology for the 

welfare of the region, and to help building mutual trust among scientists and engineers. 

 

https://www.ptcog.ch/


 

Figure 4  Map of the centres for hadron therapy in Europe. 

 

 
It is proposed to establish a regional research, medical and educational centre for ion therapy on 

the territory of South East Europe region (SEE). The Centre that shall cover the needs of the 

countries in the region, with a possibility for accepting oncology patients from other EU countries 

but also from non-EU member states. The medical services at the SEEIIST will, therefore, 

complement the full spectrum of cancer treatment methods available to patients in the Balkans. 

This project combines following countries - Albania, Bosnia and Herzegovina, Bulgaria, Croatia, 

Greece, Kosovo, Northern Macedonia, Montenegro, Serbia, and Slovenia. In connection with the 

motivation for the construction of a hadron therapy center, an epidemiological study was 

conducted with real data. 

3.3. Estimation of the expected number of hadron therapy patients – Bulgarian 

case 

Unfortunately, in many of the countries in the SEE region there are no systematically supported 

cancer registers.  

In what follows the data from the Bulgarian cancer register will be used to demonstrate the main 

peculiarities of the region. The available cancer data for the countries of the region show close 



figures and the same tendencies. The Bulgarian protocols and corresponding weights will be used 

to estimate the expected number of patients in the other SEE countries.     

Cancer is the second most frequent cause of death in Bulgaria in the last years. According to the 

Bulgarian National Cancer Registry,2017, the new cases country-wide (7.050.034 mln. 

population) amount to 31.905 and the deaths -  17.339, with similar statistics for the other Balkan 

countries. 

The total amount of malignant diseases in Bulgaria in 2017 is 287.907people, out of which 

114.698 male (a morbidity rate of 3.337,9 per 100.000) and 173.209 female (a morbidity rate of 

4.758,8 per 100.000). Oncological diseases most often affect people in the active age of 45-65 

years but there is a worrisome tendency for regression of the age of affection, with an increasing 

number of cases among young people and children (see Table 3).  

Table 4 and Table 5 present the percentage distribution of the most common cancer sites (but 

non-melanoma skin cancer) by sex and age group in Bulgaria for 2017. 

When conducting treatment, these parameters should be taken into account - type of cancer, 

stage of cancer, national treatment protocols, available equipment and protocols and National 

Health insurance system. The earlier tumor detection and corresponding treatment with intensive 

care increases the chances for survival and improves the quality of life. 

With the available data from the Bulgarian cancer registry for 2017, we estimated the probable 

number of patients in need of hadron therapy. I order to simplify the procedure of calculation 

and to make it transferable for the other countries from the region, the four most common types 

of cancer (breast, lung, prostate and head and neck) and the stage at which they are found (see 

Table 6) were used. The weight assessment represents the probability that the total number of 

patients for a given cancer would fall into a certain stage. 

 

 

Table 3 Distribution of the most common cancer sites by sex and age group in Bulgaria, 2017 

 Male Female 

0 - 14 years 15 cases 29 cases 

15 - 29 years 104 cases 128 cases 

30 - 44 years 459 cases 1039 cases 

45 - 59 years 2828 cases 3133 cases 

60 - 74 years 7769 cases 5684 cases 

75+ years 3603 cases 3308 cases 

 

 

 

 



Table 4 Percentage distribution of the new cancer cases for  female in Bulgaria, 2017 

Female 0-14 years 15-29 years 30-44 years 45-59 years 60-74 years 75+ years 

Breast - 13,3 % 35,8 % 30,9 % 26,0 % 19,9 % 

Cervix uteri - 4,7 % 20,8 % 10,9 % 4,9 % 2,6 % 

Thyroid 
gland 

- 14,8 % 5,9 % - - - 

Ovary 3,4 % 10,9 % 7,9 % 7,1 % 4,7 % 3,6 % 

Corpus uteri - - 4,2 % 10,2 % 10,3 % 6,2 % 

Trachea, 
Lung 

- - 2,1 % 6,2 % 6,6 % 6,0 % 

Colon 6,9 % 4,7 % 2,7 % 4,8 % 9,2 % 12,4 % 

Rectum and 
anus 

- -- 2,4 % 4,2 % 6,4 % 5,7 % 

Stomach - - 2,1 % 2,2 % 3,7 % 6,6 % 

Pancreas - - - 2,3 % 4,3 % 6,7 % 

Bladder - - - - 2,7 % 3,2 % 

Brain and 
CNS 

37,9 % 7,8 % - - - - 

Melanoma 
of skin 

- - 2,1 % - - - 

Lymphoid 
leukaemia 

3,4 % - - - - - 

Hodgkin’s 
disease 

3,4 % 7,0 % - - - - 

Myeloid 
leukaemia 

3,4 % - - - - - 

Bone and 
articular 
cartilage 

- 3,9 % - - -  

Kidney et.c 6,9 % - - 2,2 % - - 

Leukaemia 
of 

unspecified 
cell type 

3,4 % - - - - - 

Other 
endocrine 

glands 

6,9 % - - - - - 

Others 20,7 % 24,2 14,0 18,9 21,3 27,2 

 

  



 

Table 5  Percentage distribution of the new cancer cases about male in Bulgaria, 2017 

Male 0-14 years 15-29 years 30-44 years 45-59 years 60-74 years 75+ years 

Prostate - - - 6,9 % 16,4 % 24,9 % 

Colon - 5,8 % 8,3 % 7,2 % 9,4 % 11,9 % 

Trachea, 
Lung 

6,7 % - 7,8 % 22,7 % 21,0 % 13,3 % 

Bladder - 2,9 % 5,7 % 6,5 % 7,8 % 8,9 % 

Rectum and 
anus 

- - 4,6 % 6,8 % 7,8 % 6,2 % 

Stomach 6,7 % - 5,7 % 5,4 % 5,6 % 7,2 % 

Pancreas - - - 4,7 % 4,7 % 4,9 % 

Kidney - - 5,9 % 5,7 % 3,4 % 2,4 % 

Liver and 
intrahepatic 

bile ducts 

- - - - 2,6 % 2,4 % 

Melanoma of 
skin 

- - 3,9 % - - 1,8 % 

Larynx - - - 4,7 % 3,2 % - 

Brain and 
CNS 

26,7 % 8,7 % 4,8 % 3,0 % - - 

Non-hodgkin 
lymphoma 

- 10,6 % 4,8 % - - - 

Testis - 32,7 % 16,3 % - - - 

Thyroid gland 6,7 % - - - - - 

Myeloid 
leukaemia 

6,7 % 3,8 % - - - - 

Bone and 
articular 
cartilage 

6,7 % 4,8 % - - - - 

Peripheral 
nerves, 

connective 
and soft 

tissue 

6,7 % 4,8 % - - - - 

Hodgkin’s 
disease 

6,7 % 3,8 % - - - - 

Lymphoid 
leukaemia 

6,7 % 1,9 % - - - - 

Others 13,3 % 20,2 % 32,2 % 26,3 % 18,1 % 16,2 % 

      

  



 

Table 6 Distribution of the four most common types of cancer by stages. 

Breast Patients Probability  Lung Patients Probability 

I stage 1021 0,305 I stage 172 0,068 

II stage 1343 0,402 II stage 177 0,070 

III stage 761 0,227 III stage 773 0,305 

IV stage 221 0,066 IV stage 1412 0,557 

Total 3346  Total 2534  

 

Prostate Patients Probability  Head and neck Patients Probability 

I stage 262 0,123 I stage 118 0,205 

II stage 1253 0,589 II stage 99 0,172 

III stage 331 0,156 III stage 138 0,239 

IV stage 282 0,133 IV stage 222 0,385 

Total 2128  Total 577  

 

To estimate the expected number of patients with different types of cancer, we have used two 

different protocols. The first one is an example of country with advanced medical services, the 

used data are from Dutch study. In the second case the Bulgarian data, considered as typical for 

the region of SEE, were employed. The main difference in the two cases is connected with the 

percentage of patients eligible for radiation therapy. The significant difference is most probably 

due to the different degree of accessibility (number of linear accelerators normalized to the 

population) to this modality of cancer therapy.  Table 7 and Table 8 display the expected number 

of patients for the Dutch and Bulgarian protocols. With the increase of the number of linear 

accelerators in the region we can expect numbers of eligible for radiation therapy patients closer 

to the one obtained with usage of the Dutch protocol.     

Based on the above data, the expected number of Bulgarian patients indicated for hadron-therapy 

treatment ranges between 287 and 711.  

The number of expected patients strongly depends on the average distribution of the different 

types of tumors, the stage at which they are registered for first time, the availability of the 

radiation therapy and diagnostic equipment and specific national protocols for cancer patients.  

The results presented in Table 7 and Table 8 were obtained using the following formulas for the 

Bulgarian and Dutch protocols, respectively: 

Nht = 0.0212 * Nbreast + 0.016 * Nprostate + 0. 015* Nlung + 0.25 * NH&N  (Bulgarian protocol) 

and  

Nht = 0.0415 * Nbreast + 0.06 * Nprostate + 0. 081* Nlung + 0.414 * NH&N (Dutch protocol). 



 

Table 7  Expected number of Bulgarian patients per year (Dutch protocol) 

 
Patient Percent Patient for 

Radiotherapy 

Percent for PT 

or CI 

Patient for PT 

or CI 

Percent of total 

number 

Breast 3346 83 % 2777 5 % 139 19.6 % 

Prostate 2128 60 % 1277 10 % 128 18 % 

Lung 2534 54 % 1368 15 % 205 28.8 % 

Head and neck 577 92 % 531 45 % 239 33.6 % 
  

 
 

 711 
 

 

. 

Table 8  Expected number of Bulgarian patients per year (Bulgarian protocol). 

 
Patients Percent Patient for 

Radiotherapy 

Percent for 

PT or CI 

Patient for PT 

or CI 

Percent of 

total number 

Breast 3346 42,3 % 1415 5 % 71 24.8 % 

Prostate 2128 15,8 % 336 10 % 34 11.8 % 

Lung 2534 10,1 % 256 15 % 38 13.2 % 

Head and neck 577 45,8 % 320 45 % 144      50.2 % 
  

 
 

 287 
 

 

 

The existing protocols for tumor treatment with protons and Carbon ions are listed in Table 9. 

Only 42 of them are for ion treatment reflecting the fact that there are only 13 centers in the 

world able to perform this type of treatment. 

3.4. Estimation of the expected number of hadron therapy patients – SEE 

region case 

Cancer is among the most frequent causes of death in the countries in the Balkans as well. 

Malignant neoplasm is the cause of 20.65% of the death instances in the region. In 2018, there 

were a total of 222.315 new cases in the region (data includes cases in Albania, Bosnia & 

Herzegovina, Bulgaria, Croatia, Montenegro, North Macedonia, Serbia, Slovenia, Greece), where 

around half of the cases are terminal. The data are taken from the World Health Organization 

and are presented in Table 10 and on Figure 5.  

In connection with the motivation for the construction of a hadron therapy center, an 

epidemiological study was conducted with real data for 2018. The most common in 2020 (in 

terms of new cases of cancer) are: breast (2.26 million cases); lung (2.21 million cases); colon and 



rectum (1.93 million cases); prostate (1.41 million cases); skin (non-melanoma) (1.20 million 

cases); and stomach (1.09 million cases). 

 

Table 9 Available protocols for proton and carbon ion therapy until 2019. 

Cancer Proton protocols Carbon ion protocols 

Lung cancer 19 3 

Head and neck 15 13 

Breast cancer  10 1 

Sarcoma cancer 8 4 

Pediatrics 7 - 

Prostate cancer  15 5 

Liver cancer 13 6 

Pancreas  7 3 

Rectum 5 2 

Esophageal and gun  4 1 

CNS 9 4 

Eye 3 - 

Hodgkin lymphoma 2 - 

 117 42 

 Number of total protocol : 159 

 

 

 

 



 

Figure 5 Number of new cases in the Balkans countries (data for 2018 ) 

 

 

 

Table 10  Number of new cases in the Balkans countries (data for 2018 year) 

COUNTRIES Number of new cases Percent of total number 

ALBANIA 8294 3,7 % 

BOSNIA & HARZEGOVINA 14385 6,5 % 

BULGARIA 35378 15,9 % 

CROATIA 25221 11,3 % 

GREECE 67401 30,3 % 

MONTENEGRO 2366 1,1 % 

MACEDONIA 7807 3,5 % 

SERBIA 47960 21,6 % 

SLOVENIA 13503 6,1 % 

Total 222315 
 

 

 

In order to estimate the expected number of patients in the Balkan region eligible for hadron 

therapy we have use the data for the three most probable types of cancer – breast, prostate and 

lung. Unfortunately, the data for head and neck cancers are not available for all Balkan countries. 

To take them in to account we’ll introduce additional correction.  In the following tables the data 
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for the spread of above mention cancers and expected number of patients are presented. In this 

calculations the Bulgarian protocol was used.   

 

Table 11  Balkan Countries WHO data 2018 

ALBANIA 
 

Patients Percent Patient for 

Radiotherapy 

Percent for 

PT or CI 

Patient for PT 

or CI 

Percent of 

total number 

Breast 973 42,3 % 412 5 % 21 42,5 % 

Prostate 658 15,8 % 104 10 % 10 21,5 % 

Lung 1148 10,1 % 116 15 % 17 36,0 % 
  

 
 

 46  

BOSNIA & HARZEGOVINA 
 

Patients Percent Patient for 

Radiotherapy 

Percent for 

PT or CI 

Patient for PT 

or CI 

Percent of 

total number 

Breast 1386 42,3 % 586 5 % 29 36,3 % 

Prostate 936 15,8 % 148 10 % 15 18,3 % 

Lung 2424 10,1 % 245 15 % 37 45,4 % 
  

 
 

 81  

BULGARIA 
 

Patients Percent Patient for 

Radiotherapy 

Percent for 

PT or CI 

Patient for PT 

or CI 

Percent of 

total number 

Breast 4016 42,3 % 1699 5 % 85 39,2 % 

Prostate 4256 15,8 % 672 10 % 67 31,1 % 

Lung 4250 10,1 % 429 15 % 64 29,7 % 
  

 
 

 216  

CROATIA 
 

Patients Percent Patient for 

Radiotherapy 

Percent for 

PT or CI 

Patient for PT 

or CI 

Percent of 

total number 

Breast 2856 42,3 % 1208 5 % 61 42,1 % 

Prostate 2346 15,8 % 370 10 % 37 25,9 % 

Lung 3021 10,1 % 305 15 % 45 32,0 % 
  

 
 

 143  

GREECE 
 

Patients Percent Patient for 

Radiotherapy 

Percent for 

PT or CI 

Patient for PT 

or CI 

Percent of 

total number 



Breast 7734 42,3 % 3271 5 % 164 39,3 % 

Prostate 6457 15,8 % 1020 10 % 102 24,5 % 

Lung 9964 10,1 % 1006 15 % 151 36,2 % 
  

 
 

 417  

MONTENEGRO 
 

Patients Percent Patient for 

Radiotherapy 

Percent for 

PT or CI 

Patient for PT 

or CI 

Percent of 

total number 

Breast 420 42,3 % 178 5 % 9 48,4 % 

Prostate 197 15,8 % 31 10 % 3 17,0 % 

Lung 418 10,1 % 42 15 % 6 34,6 % 
  

 
 

 18  

NORD MACEDONIA 
 

Patients Percent Patient for 

Radiotherapy 

Percent for 

PT or CI 

Patient for PT 

or CI 

Percent of 

total number 

Breast 1000 42,3 % 423 5 % 21 42,4 % 

Prostate 706 15,8 % 112 10 % 11 22,4 % 

Lung 1158 10,1 % 117 15 % 18 35,2 % 
  

 
 

 50  

SERBIA 
 

Patients Percent Patient for 

Radiotherapy 

Percent for 

PT or CI 

Patient for PT 

or CI 

Percent of 

total number 

Breast 5809 42,3 % 2457 5 % 123 41,9 % 

Prostate 3183 15,8 % 503 10 % 50 17,2 % 

Lung 7912 10,1 % 799 15 % 120 40,9 % 
  

 
 

 293  

SLOVENIA 
 

Patients Percent Patient for 

Radiotherapy 

Percent for 

PT or CI 

Patient for PT 

or CI 

Percent of 

total number 

Breast 1377 42,3 % 582 5 % 29 36,6 % 

Prostate 1759 15,8 % 278 10 % 28 35,0 % 

Lung 1488 10,1 % 150 15 % 22 28,4 % 
  

 
 

 79  

 

The total number of expected patients was estimated at 1346. From Bulgarian data we can 

conclude that patients with head and cancer will increase this number to 2700.    



3.5. Conclusion 

The population of the 10 countries in the SEEIIST project is 43 million. Population of Balkan 

peninsula (including European part of Turkey) is 75 million. The estimated number of expected 

patients in the SEEIST member states is bigger than 2700, and in the Balkans it is bigger than 

5000. Numbers strongly depend from the national protocols for cancer treatment and can vary 

significantly. We expect in the next years significant improvement of the radiation therapy 

accessibility of the radiation therapy and as result the protocols for cancer treatment will be closer 

to the ones in the countries with well-developed medical services. This will increase significantly 

the number of the patients with a need to be treated whit proton and ion beams. This why the 

numbers mentioned above should be considered as a lower limit. 

Moreover, the above analysis clearly shows that SEEIIST with 400 patients treated per year will 

not satisfy the needs of the region for particle therapy. Those estimates suggest that at least two 

more centers able to perform a proton therapy should be established in the region. This will 

permit the patients with radiation resistant tumors to be treated at SEEIIST with carbon ions and 

the rest of patient with protons.  In this way all possible modalities to fight cancer will be available 

for the citizens of the SEE region.  

 

  



 

 

 

 

 

 

 

 

4. Estimation of the number of patients for 

SEEIIST facility 
 

 

  



4.1. Introduction 

One of the most interesting questions in the phase of the planning of particle therapy facility is 

the number of patients the facility will treat after a ramp up period and what ramp up can be 

considered. Experiences of the operation of such facilities show, that this question cannot easily 

answered, since in practice obviously this number cannot purely determined by the a pure clinical 

approach as introduced in chapter 3. There are facilities successfully treating 600 to 1000 patients 

per year, while other facilities operated under not obviously different conditions failed to achieve 

the planned number of patients, got bankrupt and in the worst case needed to be closed. 

The number of patients finally treated in average in a particle therapy centre depend on couple 

of different factors. In order to estimate the number of patients, that will be treated in a certain 

facility some assumptions need to be taken. 

 

4.2. Relevant factors 

 Capacity of the Facility 

“Capacity of the facility” means the number of patients, that can be treated. There are different 

factors influencing the capacity of a particle therapy facility.  

• Machine performance 

Machine performance of a particle therapy facility can be defined as the number of portals 

with a defined dose for a representative tumour volume that can be delivered under 

optimal conditions. “Optimal conditions” means. that the beam never need to wait for 

the patient. Main factors determining machine performance are beam intensity, scanning 

speed and machine dead time meaning time, when machine is operating, but doesn’t 

deliver beam. 

• Clinical concept and clinical protocols 

The clinical concept of a facility defines the indication planned to be treated at the facility. 

Different indications require different clinical expertise (e.g. ophthalmologist for the 

treatment of eye tumours or paediatrics for the treatment of children) and the different 

indications require different dose and different number of treatment fractions. In addition 

the clinical protocol applied for a certain indication defines the overall dose, the dose per 

fraction and consequently the number of fraction to be treated. As less fractions a 

treatment takes as more patients can be treated in a certain period of time. Hence the 

clinical concept influences the number of patients, that can be treated, substantially.    

• Clinical operation time 

It is obvious, that the number of patients treated in a certain period of time e.g. per day 

or per year depends on the hours the machine is used for treatment. Beside the simple 

definition of weekly number of days and the number of hours per working day dedicated 



for clinical operation the number of days reserved for maintenance and upgrades of the 

machine, the number of hours needed for medical quality assurance and the designed 

uptime of the machine influence the effective available treatment time. 

• Clinical Workflow Performance 

Under optimal conditions the machine operation time would be used for treatment by 

100%. In practice this value is not achieved. The procedures necessary to prepare the 

patient, to position the patient and to enable safety conditions for starting irradiation of 

the patient as well as delays and interruptions of the treatment caused be the daily 

condition of the patient may lower this value substantially. How much the machine usage 

is lowered depends on a couple of factors like the level of optimization and 

standardization of the procedures, the training and experience of the personnel, the 

indication and the condition of the patients, the number of treatments rooms served by 

the machine and the flexibility of the machine control to deal with unexpected 

circumstances. 

For SEEIIST the planned capacity is in the order of 400 to 500 patients per year assuming a clinical 

concept and the application of clinical protocols comparable with the current situation of other 

facilities in Europe. 

 Indication distribution 

As mentioned above different indication require different treatment protocols and a treatment 

protocol defines machine time to be used for the entire treatment course. In consequence the 

proportion of the single indications influences the total number of the patients treatable by the 

capacity of the facility. 

In a first approximation the indication distribution for a particle therapy facility (percentage of 

single indication in relation to the sum indications treated) can be estimated by analysis of the 

incidence of the single indications in the patient catching area of the facility and by weighting of 

this  incidence with an indication specific factor describing which percentage of patients benefit 

from particle therapy from a clinical point of view. Different research groups have analysed and 

published data related to this factors (see e.g. [6 - 9]). 

 

 Referrals  

Comparing the results of the approach for the estimation of the number of patients introduced 

in the previous chapters with published numbers3 of patients treated at different facilities shows, 

that the real number of patients treated per year is substantially lower than estimated in the most 

cases. The reason is, that not all patients with an expected clinical benefit are referred to the 

particle therapy centres. This is caused by different factors: 

                                                           
3 See www.ptcog.ch  

http://www.ptcog.ch/


• a competitive situation between the particle therapy centres and to providers of 

conventional radiotherapy or alternative treatment modalities, 

• the reimbursement situation in the patient caching region, 

• the assessment of the clinical benefit of particle therapy, 

• the knowledge about particle therapy in general, about the treatable indications and the 

indication specific benefit, and 

• the inclusion in oncological networks and tumour boards. 

 

4.3. Situation in South East Europe (SEE) 

The SEE countries cannot yet provide particle beam therapy (PBT) for the cancer patients in this 

region. Patients treated with PBT are referred to or approach the existing facilities abroad. PBT 

facilities offering treatment in Europe in 2021 are shown in Figure 6. All other patients receiving 

conventional radiotherapy or alternative treatment modalities.  

 

 

Table 12  Incidents of cancer and availability of Linacs for treatment with conventional radiotherapy in the SEE region.  

Country population cancer 
cases 

Linacs Linacs/ 
100.000 

persons/ 
Linac 

Cancer cases/ 
100.000 

 IAEA recommendation            0,55 180.000  

Slovenia 2.079.976 11.457 11 0,53 189.089 551 

Montenegro 628.960 2.115 3 0,48 209.653 336 

Greece 11.159.773 40.971 53 0,47 210.562 367 

Croatia 4.189.353 22.890 19 0,45 220.492 546 

Bulgaria 7.084.571 32.053 27 0,38 262.392 452 

Serbia 8.790.574 42.221 29 0,33 303.123 480 

B&H 3.507.017 9.911 11 0,31 318.820 283 

N. Macedonia 2.083.160 7.330 4 0,19 520.790 352 

Albania 2.930.187 7.143 5 0,17 586.037 244 

Kosovo* 1.873.000 7.000+ 2 0,11 909.091 374 

SEE 44.326.571 183.091 164 0,37 270.185 413 
Source: IAEA, 06/2021 
+) estimated, as no data were available at IAEA data base 

 



 

Figure 6 Distribution of Particle Therapy Centres in operation throughout Europe (source: PTCOG 08/2021) 

 

For the treatment with conventional radiotherapy 164 Linacs are available. This corresponds to 

0,37 Linacs per 100.000 of population or 270.185 persons per Linac. This is substantially below 

the IAEA recommendation of 180.000 persons per Linac (corresponding to 0,55 Linacs per 

100.000 population). Table 12 provides an overview of the situation. 

It can be concluded, that SEEIIST has no competing PBT facility in the region. A competition 

situation in attracting patients can only be seen to facilities in neighbour regions like Austria or 

Italy. This is not assumed as seriously, since SEEIIST will be provide  PBT state of the art for a 

competitive price, so that it is neither from a clinical point of view nor from a health care economic 

point of view to be expected, that patients will be send to PBT facilities outside SEE, when SEEIIST 

is clinically available. 

From a clinical point of view SEEIIST is also not in competition to the conventional radiotherapy 

in SEE, since – following the recommendation of the IAEA – the radiotherapy market is not 



saturated. There are less Linacs available, than recommended in order to offer radiotherapy to all 

patients, who would clinically benefit. However, from a health care economic point of view any 

therapy, that is more expensive than standard therapy require a solid justification for its 

application. This is a well-known issue for the majority of PBT centres and there are very 

interesting approaches to face it, e.g. in the Netherlands where a model based approach has been 

developed for patient selection for PBT4. 

 

4.4. Potential Number of Patients for SEEIIST 

 Estimation based on Clinical Benefit 

Since the late 1990 a couple of studies have been published estimating the number of patients 

profiting from PBT. The numbers published in these needs analysis have a rough range of 1.000 

to 3.000 per 10 million population5.  Nunes6 has summarised in 2015 a number of 2400 patients 

per 10 million population potentially profiting from PBT. This number is taken for the comparison 

provided in Table 13. Applying this approach results in a number of approximately 10.000 

patients potentially profiting from PBT per year results for SEE. 

 Estimation based on “real numbers” 

Table 13 lists statistical figures that can be used as indicators to estimate the number of patients 

potentially available from SEEIIST. In particular the numbers of patients treated in Europe with 

PBT is substantially lower (by a factor of 10 in average!) then expected from the number of 

patients potentially profiting from PBT in theory.  

A scientifically solid justification cannot be provided, since studies to investigate the reasons of 

this mismatch have not been carried out so far. However. Analysing the situation in each country 

may help to understand potential causes. 

Switzerland has on one hand site saturated radiotherapy market. On other hand site, the only 

operating PBT facility at Paul Scherer Institute is operating on its capacity limit.  

The Netherlands and Sweden have an saturated radiotherapy market as well. All facilities in 

operation (Groningen, Delft Maastrich, Uppsala) provide PBT since of view years only, and are still 

in the ramp up phase. So the limit of patients potentially available for PBT cannot be determined 

yet. 

 

                                                           
4 See e.g. Langendijk et. al.; Selection of patients for radiotherapy with protons aiming at reduction of side 
effects: The model-based approach; Radiotherapy and Oncology, 06/2013 [5] 
5 See: Auberger, Griesmayer. Das Project Med-Austron. Fortec GmbH, Wiener Neustadt, Austria, 2004 
6 Nunes, Marcos d’Ávila. Proton therapy versus carbon ion therapy: advantages, disadvantages and similarities. 
Springer, 2015. 



 

Table 13 Comparison of indicative numbers of European countries  providing PBT 

Country Population* No. of  
Linacs* 

No.  
Person 

per Linac 

No. of 
Patients 

potentially 
benefit 

from PBT+ 

PBT 
patients 

2019# 

PBT patients 
scaled to SEE 

Switzerland 8.544.527 83 102.946 2.051 376 1.951 

Netherlands 17.035.938 146 116.685 4.089 323 840 

Sweden 10.230.185 77 132.860 2.455 260 1.127 

France 66.993.000 504 132.923 16.078 1.126 745 

Italy 60.262.701 420 143.483 14.463 950 699 

Germany 83.019.213 527 157.532 19.925 2.301 1.229 

Czech Rep. 10.637.794 60 177.297 2.553 1.151 4.796 

IAEA recommendation 180.000    

Austria 8.858.775 49 180.791 2.126 274 1.371 

Poland 38.170.712 165 231.338 9.161 106 123 

SEE 44.326.571 164 270.185 
  

Average: 1.431 
*) source: IAEA, 06/2021 
+) 2.400 per 10 million population; source: Nunes, Marcos d’Ávila. Proton therapy versus carbon ion therapy: advantages, 

disadvantages and similarities. Springer, 2015. 
#) source: PTCOG 
 

 

Also France has an saturated radiotherapy market. There are three facilities in operation. At least 

the facility in Caen is in the ramp phase (start of operation: 2019). The delay or lack of new 

facilities might be an indicator of an very competitive environment for PBT, that limits the number 

of patients available for PBT. 

The situation in Italy is similar. While CNAO operates close to its capacity limit (most likely one of 

the reasons that currently an additional single room proton therapy facility is under construction 

at CNAO), the second facility in Trento, which is under operation since 2014, suffers from a low 

number of patients in a very competitive environment. 

In Germany the situation is clearly dominated by low referrals to the PBT centres due to the very 

competitive environment. Only the facility in Heidelberg is operating close to its capacity limit. 

One facility (RPTC Munich) was already closed due to a too low number of patients being not 

sufficient for economic operation. 

The proton therapy centre in Prague is currently the only centre in Europe achieving patient 

numbers in an order, that is typically assumed in the business plans for investor decision. It 

operates on its capacity limit. Since it is the only facility in Czech Republic the total number of 

PBT patients (close to 50% of the theoretical number) is caused by the PBT capacity in total.  

Austria has with MedAustron in Wiener Neustadt also just one facility. The facility is still partly 

under commissioning. Hence, the number of patients is caused by temporary capacity limits and 



the still ongoing ramp up phase. Since also Austria has a very competitive environment for PBT 

the maximum number of patients is expected in order of 30% to 50% of the theoretical number.  

The situation in Poland is different. The only facility in Krakow focusses on research and treats 

only a very limited number of patients. There is no clear indicator to estimate the number of 

patients available for PBT. However, the radiotherapy market is not yet saturated and Krakow 

doesn’t cover the demand for PBT by far. At least two new facilities where under discussion in 

2019, delayed by the covid-19 pandemic.  

Considering the outlined aspects, a valid estimation of the number of patients available for SEEIIST 

based on clinical indications and statistics is practically impossible. There are too many factors 

with unknown impact. However, as a very conservative approach a simple averaging over the 

situation in Europe may be used. Ca. 1.400 patients would be estimated for PBT at SEEIIST when 

this approach is applied. 

4.5. Conclusion 

Also in a very conservative scenario taking in consideration the actual situation of the particle 

beam therapy providers in Europe the number of patients yearly available for treatment at SEEIIST 

is substantially above 1000 patients. This is roughly a factor of 2 of the planned capacity of 

SEEIIST. The further development of PBT, in particular the increase of clinical evidence SEEIIST is 

supposed to contribute, will increase this number. Also the development of up to two national 

proton therapy facilities in the region with typical capacities of < 500 patients per year (e.g. one 

is planned in Slovenia) will not negatively impact the operation of SEEIIST, in particular since 

SEEIIST will provide carbon ion therapy, that cannot be provided by proton therapy facilities. 
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