
ABSTRACT 
Background and purpose: Cancer mortality rates in the Baltic States (Estonia, Latvia, and Lithuania) 
exceeds the European Union (EU) average, in part due to limited access to radiation therapy (RT). We 
updated RT capacity and utilization to inform regional planning.
Patient/material and methods: We conducted a census of all 11 RT centres (2016–2023) via a standard-
ized questionnaire, cross-validated with national registries and international databases. We compared tech-
nology availability, workforce, and utilization with EU countries in relation to the present cancer burden 
and projections to 2050. This multicentre observational study adhered to STrengthening the Reporting of 
OBservational Studies in Epidemiology (STROBE) guidelines.
Results: Only 35–42% of cancer patients received RT, below the 50% recommendation. Linear accelera-
tor availability ranged from 3.8 to 5.1 per million inhabitants, figures that are almost half those seen in 
EU countries with higher Gross Domestic Product (GDP) per capita. While the use of intensity modulated 
RT, volumetric modulated arc therapy and stereotactic RT increased, staffing levels has remained static 
in recent years. Mortality-to-incidence ratio correlated negatively with GDP (r = –0.7) and RT capacity  
(r = –0.7).
Interpretation: Despite technological progress in the Baltic States, major gaps persist in RT access and 
workforce levels. Baltic States still underperform compared to EU countries with higher GDP per capita in 
terms of equipment availability, workforce capacity, and overall cancer outcomes. Future-oriented strate-
gic investments, based on regional collaboration and shared infrastructure are urgently needed, includ-
ing the development of a regional particle therapy centre, to ensure equitable access to state-of-the art 
advanced cancer care across the Baltic States.
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Introduction

Advances in medical science and technology have transformed 
cancer treatment, including the introduction of innovative radi-
otherapy modalities. Yet, access to such innovations remains 
uneven across the European Union (EU) with major deficits evi-
dent in the Baltic States of Lithuania, Latvia, and Estonia [1]. 

The Baltic States have taxpayer-funded health systems. 
Despite steady economic growth, with 2023 Gross Domestic 
Product (GDP) worth 80 billion US dollars in Lithuania, 42 billion 
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in Latvia, and 41 billion in Estonia, Baltic States continue to face 
challenges in healthcare, particularly with respect to access to 
oncological care, including limited access to innovative systemic 
cancer therapies [2–4].

Cancer mortality rates in the three Baltic States slightly 
exceed the EU average [5]. With demographic changes and 
rising incidence rates signifying a greater number of cancer 
patients in the Baltic States in the coming years [6, 7], a 
comprehensive approach to cancer control is urgently needed, 
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including flexible financing to ensure equitable access to 
effective cancer care [3].

Radiation therapy (RT) is essential to cancer treatment. 
Evidence from optimal utilization modelling studies, such as 
ESTRO-HERO analyses, indicates that approximately 50% of all 
cancer patients have an indication for RT at least once during 
the course of their disease, with demand projected to rise to 60 
percent due to increasing reirradiation [8, 9]. The 2014 ESTRO-
HERO analysis assessed RT needs, accessibility, and cost-
effectiveness across EU, highlighting Lithuania and Estonia as 
countries with equipment and intensity-modulated radiation 
therapy (IMRT) technology needs and workforce shortages 
[10, 11]. While the last comprehensive report (for 2016) on RT 
infrastructure in Lithuania demonstrated clear improvements, 
it was still behind other European countries [12]. Current 
national data on RT technologies published via European 
Commission initiatives are not in agreement with equivalent 
data collected by individual cancer centres in the Baltic States, 
reflecting gaps in research and data quality [13–15].

Addressing the rising cancer burden requires assessing RT 
resources, especially given lack of reliable data on the Baltic 
States. As advances in RT reshape global cancer care, it is also 
crucial to evaluate access to and utilization of state-of-the-art RT 
modalities in the Baltic States. Building on the 12-country ART 
study [16], the aim of this study was to provide a comprehensive, 
centre-level assessment of radiotherapy capacity, workforce, 
and utilization in the Baltic States, and to evaluate these in 
relation to current and projected cancer burden and benchmarks 
of European Union.

Patients/material and methods

Incident cancer cases and population data were extracted 
from national data of IARC’s Cancer Incidence in Five 
Continents [17] and national incidence estimates for 2022 
from IARC’s Global Cancer Observatory [6, 7, 18, 19], while 
mortality data for 2022–2023 were obtained from WHO 
Mortality Database [20]. Age-standardized incidence and 
mortality rates (ASR) were calculated using the Segi-Doll 
standard world population [21]. ‘All-cancers, all-ages’ ASR 
trends and 10-year incidence data were examined to deter-
mine the corresponding estimated annual percentage change 
(EAPC), applying this alongside projected population ageing 
and growth to predict the number of new cases per country in 
2050. Incidence and mortality were cross-validated with ques-
tionnaire responses.

These data were compared with five EU countries: three with 
similar GDP per capita and population (Croatia, Slovenia, and 
Slovakia) and two with similar terrain and transport 
infrastructures, but higher GDP per capita and population size 
(Belgium and Netherlands), with the latter referred to as ‘EU 
countries with higher GDP’ throughout the analysis. GDP per 
capita (the GDP per capita data for 2022 were used, based on 
Trading Economics database), diagnostic imaging and 
radiotherapy equipment availability were obtained from 
national databases [22–24], using the latest available data. 

As the last comprehensive RT data for the Baltic States were 
collected in 2016 [12], this study provides update using data 
from 2016–2023, with RT equipment availability further updated 
to 2024.

To assess RT capacity and practice in the Baltic States, facility-
level data were collected via structured questionnaires (see the 
Supplementary material, pp. 7–12), covering:

(a) Annual number of patients treated with RT within the 
facility (megavolt photon and electron external beam radiation 
therapy (EBRT), brachytherapy, orthovoltage X-rays, Gamma 
Knife and CyberKnife) from 2016 to 2023.

(b) Annual number of patients within the facility treated with 
3D conformal (3D-CRT), intensity modulation (IMRT), volumetric 
modulation (VMAT) and stereotactic techniques Stereotactic 
Radiosurgery (SRS) and Stereotactic Body Radiotherapy (SBRT) 
from 2016 to 2023.

(c) Personnel counts (radiation oncologists, radiotherapy 
technologists, and medical physicists) in 2016 and 2023 within 
the facility.

(d–f ) Availability of RT treatment and simulation units in 
2016 and 2023 (further updated to 2024 through personal 
communication). 

Data were collected from January to September 2024. All 11 
RT centres responded. Conflicting or missing data were clarified 
via follow-up or institutional websites. RT use was assessed by 
patients treated per 100,000 inhabitants, utilization rates 
(treated patients/new cancer cases), and EBRT treatments per 
linear accelerator (LINAC). RT technology availability was based 
on questionnaires, while diagnostic imaging unit data were 
acquired from national databases [24–26].

Comparative analyses followed ESTRO-QUARTS guidelines 
on recommended LINAC and staffing levels [27]. For comparison 
across EU countries, RT equipment data from IAEA DIRAC were 
used; for diagnostic imaging equipment availability – OECD 
database, validated with Eurostat healthcare statistics [28]. This 
multicentre observational study was designed and reported in 
accordance with the STROBE guidelines for observational 
research.

Results

The Baltic States differ slightly in population but have compara-
ble GDP per capita. Collectively, around 13,600 patients undergo 
RT annually across the region (Figure 1). Projected demand will 
rise due to increasing incidence trends and demographic 
changes (as seen in the other EU countries, Supplementary 
Figure 1), especially in Estonia and Latvia (Figure 2). In Latvia, a 
55% increase in the cancer burden is predicted from 2022 to 
2050, respectively, from around 11,500 cases to 17,750, while in 
Estonia, a 47% rise is expected: from slightly over 8,000 to almost 
11,900 cases. The exception is Lithuania, with projected decrease 
in cancer incidence from 16,400 cases in 2022 to 15,200 in 2050 
due to minor decline in recent incidence rates coupled with 
lower population ageing and growth. 

Figure 3 shows the long-term ‘all-cancer, all-ages’ mortality 
trends and the EAPC in the last 10 years for the Baltic States and 
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other EU countries up until 2023. While cancer mortality trends 
are declining in all countries studied (EAPC ranging from around 
1% in Latvia to 2.5% per annum in Belgium as illustrated in 
Figure 3 (right)), the most recent annual rates are intermediate 
in Estonia, Latvia, and Lithuania, and higher than in the 
Netherlands and Belgium. The downward trends of < 1.5% per 
annum in Latvia and Lithuania are less marked relative to these 
countries, though Estonia’s decline of about 2.4% per year is 
equivalent to the trend observed in the Netherlands.

Regarding access to RT, in 2023, the Baltic States collectively 
treated 12,138 patients annually with LINAC-based EBRT, 625 
patients with Gamma Knife or CyberKnife systems and 1,512 
with other modalities such as brachytherapy or orthovoltage 
X-rays. 

Lithuania had the highest EBRT treatment rate (252 per 
100,000 inhabitants), followed by Estonia (203) and Latvia 
(192). Treatment rates have remained stable over the last 5 
years (Figure 4a). None of the countries met the 50% RT 
treatment benchmark (Figure 4b), with Estonia peaking at 
35%, while proportions in Latvia and Lithuania were around 
40%. Lithuania’s EBRT delivery per LINAC is nearly double that 
of neighbouring countries (Figure 4c). Estonia has the highest 
number of LINACs per capita (5.1/million), followed by Latvia 
(4.8) and Lithuania (3.8), with only Lithuania below ESTRO-
QUARTS recommendations (Figure 4d). Notably, Latvia has 
limited access to brachytherapy (Figure 4e). Overall, RT access 
in the Baltic States falls below the EU average and EU countries 
with higher GDP (Figure 4d, e).

Figure 1.  Map of the Baltic countries showing the 
distribution of GDP per capita, population, and 
radiotherapy centres. Number of patients treated 
with radiotherapy in 2023 and linear accelerators 
available in 2024 per centre are indicated.

Note:  Abbreviations used for specialized sys-
tems: CK: CyberKnife; GK: Gamma Knife.

GDP (per capita): 20245 USD (2023)
Inhabitants: 1.4 million (2023)

Number of LINACs: 7 (2024)
Number of RT patients:
2783 (2660 EBRT) (2023)

GDP (per capita): 16945 USD (2023)
Inhabitants: 1.9 million (2023)

Number of LINACs: 9 (+ 1 CK ) (2024)
Number of RT patients:
3612 (3191 EBRT + 134 with CK) (2023)

GDP (per capita): 18214 USD (2023)
Inhabitants: 2.9 million (2023)

Number of LINACs: 11 (+ 1 GK) (2024)
Number of RT patients:
7268  (2023)

ESTONIA

LATVIA

LITHUANIA

Vilnius
4 units

Klaipėda
2 units

Kaunas
4 units (+1 GK)

Šiauliai
1 unit

Liepāja
1 unit
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1 unit

Rīga
2 units

Rīga
5 units

Sigulda
1 CK

2818 patients
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432 patients

2817(+ 491)
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Tartu
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Tallinn
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Latvia
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+54.9%

-7.2%
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Figure 2.  Estimated number of cases in 2022 
and predicted cases in 2050 in the three Baltic 
countries based on demographic changes plus 
recent incidence trends in all-ages age-standard-
ized (world) incidence rates for all cancer com-
bined up until 2017 (see Supplementary Figure 
1) in Estonia (EAPC = 0.8% per year), Lithuania 
(EAPC = −0.3% per year), and Latvia (EAPC = 
1.7% per year).
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Access to core diagnostics (CT, MRI) is at or above EU average, 
with Latvia leading. Estonia has the fewest mammography units, 
while Lithuania and Latvia exceed the EU average but remain 
behind EU countries with higher GDP. Availability of advanced 
diagnostics (gamma cameras, Positron Emission Tomography/ 
Computed Tomography [PET/CT]) is generally lower, except for 
Estonia, which exceeds the EU average in PET/CT access 
(Supplementary Figure 2).

From 2016 to 2023, the Baltic States have had a significant 
shift from 3D-CRT to advanced EBRT techniques. By 2023, all 
conventional LINACs supported IMRT or VMAT. In 2016, 100% of 
LINACs were IMRT-capable in Estonia, 75% in Lithuania, and 50% 
in Latvia; VMAT-capable units accounted for 100%, 33%, and 
13%, respectively. By 2023, all LINACs had IMRT capabilities, with 
VMAT capabilities reaching 100% in Latvia and 64% in Lithuania. 
SRS/SBRT capability also increased during the studied period: 
Estonia from 67% to 71%, Lithuania from 8% to 64%, and Latvia 
from 13% to 89%.

According to quantitative analysis provided in Figure 5, 
adoption of modern RT treatment techniques significantly 
improved throughout the Baltic States in the analysed period of 
2016–2023. In all three Baltic States, fraction of treatments 
delivered with 3D-CRT technique significantly decreased, 
comparing 2023 to 2016. The decrease is related to significantly 
increasing fraction of treatments delivered with IMRT, VMAT, or 
SRS/SBRT techniques. In 2023, 3D-CRT use ranged from 49.2% 
(Estonia) to 14.5% (Lithuania); IMRT/VMAT was highest in 

Lithuania (73.2%) and lowest in Estonia (43.2%). SRS/SBRT was 
most used in Lithuania (12.2%) and least in Estonia (7.6%). Latvia 
and Lithuania advanced faster in adopting modern techniques, 
with Lithuania leading.

Workforce capacity (Supplementary Figure 3) showed no 
major changes from 2016 to 2023 across all countries in 
radiation oncologists, technologists, and physicists per 100,000 
population. It should be noted that significantly higher EBRT 
delivery per linear accelerator was observed in Lithuania, likely 
reflecting lower LINAC availability per capita and consequently 
higher patient throughput, rather than differences in workforce 
capacity.

Multivariate analysis (Figure 6a) showed a strong negative 
correlation (r = –0.7) between GDPs per capita and the mortality-
to-incidence ratio (MIR) for data of EU countries in 2022. From 
the Baltic States, Latvia had the highest MIR (> 45%), followed by 
Lithuania (~40%), while Estonia (~34%) aligned more with EU 
countries with higher GDP. In contrast, Belgium and the 
Netherlands had MIRs below 31%. 

RT unit availability (LINACs and brachytherapy) also correlated 
negatively with MIR (r = –0.7) (Figure 6b), reinforcing the link 
between radiotherapy access and improved outcomes. EU 
countries with higher GDP had availability of ~10–11 RT units per 
million, versus ~5–7 in the Baltic States. Diagnostic imaging unit 
availability showed a weak correlation with MIR (r = –0.1) 
(Supplementary Figure 4).

Croatia

Latvia

Slovakia
Lithuania

Estonia

The Netherlands

Belgium

Latvia (2014-2023)

Slovenia (2011-2020)

Croatia (2012-2021)

Lithuania (2014-2023)

The Netherlands (2014-2023)

Estonia (2013-2022)

Slovakia (2014-2023)

Belgium (2012-2021)

Estimated Annual percentage change, last 10 years (%)
-3 -2.5 -2 -1.5 -1 -0.5 0 0.5

Figure 3.  Left panel: Trends in all-ages age-standardized (world) mortality rates for all cancer combined in Estonia, Latvia, and Lithuania up until 2023, and 
a comparison with four other EU countries. Right Panel: estimated annual percentage change in the last 10 years.
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Discussion and conclusion

This study offers the most comprehensive and current assess-
ment of RT infrastructure and workforce in the Baltic States in 
relation to cancer burden and socioeconomic status. The find-
ings underscore that although Estonia, Latvia, and Lithuania 
have demonstrated significant progress in modern RT technol-
ogy adoption since 2016, critical gaps remain in workforce, RT 
equipment availability, and treatment coverage, all of which 
influence cancer outcomes.

RT is used in 35–42% of cancer patients in the Baltic States, well 
below the recommended benchmark of 50% [29] and falls even 
further short of projected future needs of up to 60% as new 
indications continue to rise [9]. Underuse of RT is due to both 
limited RT equipment and insufficient staff, especially radiation 
oncologists and medical physicists. This aligns with the earlier 
ESTRO-HERO survey in 2014, which identified similar deficits across 
Eastern European countries [10, 11] showing that earlier challenges 
faced by the Baltic countries still continue 10 years later.

A strong negative correlation between GDPs per capita, RT 
availability, and MIR highlights the impact of socioeconomic 
factors and RT equipment capacity on cancer outcomes. MIRs in 
the Baltic States (~34–45%) exceed those in Belgium and the 
Netherlands (< 31%), supporting prior findings on the role of 
socioeconomic disparities, despite the moderate economic 
growth of the region [3, 9].

While diagnostic imaging equipment is widely available in the 
Baltic States, its weak correlation with MIR (r = –0.082) suggests 
limited impact without integration into effective cancer care 
pathways. In contrast, RT availability strongly correlates with 
outcomes (r = –0.735), underscoring its importance in cancer 
control.

On a positive note, between 2016 and 2023, all three 
countries, especially Lithuania, rapidly adopted IMRT, VMAT, and 
SRS/SBRT, showing strong commitment to RT modernization. 
Estonia’s lower utilization, linked to reimbursement barriers, 
underscores the role of financial and policy factors in improving 
access.

d) e)

LINAC based Other LINAC based Other

c)a) b)

Figure 4.  Statistical metrics on cancer treatment with radiation therapy in the Baltic countries: (a) number of patients receiving radiation therapy per 100 
000 inhabitants from 2016 to 2023, separating between megavoltage photon external beam radiation therapy (EBRT) and other modalities (brachytherapy, 
orthovoltage); (b) number of patients receiving radiation therapy as percentage of newly registered cancer cases from 2016 to 2021, separating between 
megavoltage photon EBRT and other modalities (brachytherapy, orthovoltage); (c) number of patients treated with megavoltage photon EBRT per linear 
accelerator in 2023; (d) number of linear accelerators in the Baltic countries, EU-27 and selected comparison countries per 1 million inhabitants in 2023 (or 
latest reported year). EU-27 data given as ‘box-whiskers plot’ indicating quartiles, minimum, and maximum values. Green line indicating ESTRO-QUARTS 
guideline of 1 linear accelerator per 250 000 inhabitants; (e) number of brachytherapy units in the Baltic countries, EU-27 and selected comparison countries 
per 1 million inhabitants in 2023 (or latest reported year). EU-27 data given as ‘box-whiskers plot’ indicating quartiles, minimum, and maximum values.
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a) b)

c)
Figure 5.  External beam radiation therapy (EBRT) delivery methods used for treatment as percentage of all EBRT procedures from 2016 to 2023 in the Baltic 
countries: a) Estonia, b) Latvia, and c) Lithuania.

r = -0.707

a)

r = -0.735

b)
Figure 6.  (a) Relationship between Gross Domestic Product (GDP) per capita and overall cancer mortality-to-incidence ratio. Radius of the sphere is propor-
tional to the population of the respective country. Pearson correlation coefficient is a measure of the strength of the association between the two param-
eters, (b) Impact of total radiotherapy treatment unit (LINAC and brachytherapy units) availability per 1 million inhabitants on mortality-to-incidence ratio 
(MIR data of 2022). The Pearson correlation coefficient indicated for the relation between the two parameters.
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The stagnant RT workforce since 2016 limits service expansion, 
despite a projected 47–55% rise in cancer incidence in Estonia 
and Latvia by 2050. Meeting future demand requires investment 
in training and retaining radiation oncologists, medical physicists, 
and RT technologists. Professional recognition and support 
remain limited, hindering recruitment. Funding constraints also 
restrict access to continuing education, weakening the region’s 
capacity to implement modern RT techniques.

Although better resourced than Eastern Europe, Central Asia, 
and the Caucasus (ART study) [16], the Baltic States underperform 
compared to EU countries with higher GDP in RT capacity, 
patient volume, and outcomes. This highlights the need for 
region-specific strategies, including centralized planning, cross-
border infrastructure, and harmonized pathways. 

The Baltic States currently lack a particle therapy facility. 
There is an early-stage plan for regional integration which could 
result in a development of a joint particle therapy centre that 
could provide a joint state-of-the-art platform for modern 
cancer care, human resource training, and translational research 
for all three countries [30]. Such a facility could help to reduce 
the gap of access to most modern RT modalities and precision 
medicine and be used as a leverage for training.

This study’s strength lies in its harmonized data from all 11 RT 
centres in the Baltic States, enabling detailed comparisons of 
infrastructure, workforce, and maturity of novel technology 
adoption. Acquired RT data are contextualized with cancer 
burden and international benchmarks. Nevertheless, this study 
has limitations:

• � some self-reported data, though validated, may be subject to 
recall bias.

• � data on fractionation regimens were not in the scope and 
were not evaluated in this work.

• � the analysis focused on RT availability and use, without clinical 
outcomes or access delays.

• � RT use was not stratified by cancer type, limiting comparisons 
with detailed international benchmark models.

In conclusion, this study highlights both progress and 
persistent challenges in cancer care across Estonia, Latvia, and 
Lithuania. While the Baltic States have comparatively strong 
imaging and RT technological capacities and have advanced in 
adopting modern RT techniques, they continue to fall behind EU 
countries with higher GDP in equipment availability, workforce 
capacity, and cancer outcomes.

An urgent, comprehensive cancer strategy should expand RT 
infrastructure, improve screening and awareness, and increase 
the workforce through improved education and training across 
all stages of care. Political commitment and economic investment 
are critical. Strengthening national cancer registries with reliable, 
actionable data is key to developing data-driven strategies. Over 
time, these national systems could evolve into a shared cancer 
registry of Baltic States, particularly valuable if joint regional 
initiatives are to be persuaded.

Looking ahead, the Baltic States aim to accelerate access to 
advanced RT by pursuing the establishment of a regional proton 

and helium ion therapy centre. The facility would support 
cutting-edge research, professional training, and innovation in 
cancer therapies to improve outcomes.

Acknowledgements

We thank all participating institutions and contributors for data 
provision and validation, and acknowledge Nadežda Moisejeva 
MSc, Genadij Aleksejenko PhD and Karolis Jakštas MSc for sup-
port in data collection. This research received no specific grant 
from funding agencies in the public, commercial, or not-for-
profit sectors.

Conflict of interest 

Freddie Bray reports a relationship with the International 
Agency for Research on Cancer. Romas Skomskis reports rela-
tionships with Mediconsult MS and Baltikameda (travel reim-
bursement). All other authors report there are no competing 
interests to declare.

Data availability statement

Aggregated datasets, questionnaires, and institutional list are 
provided in the Supplementary Material, pp. 13–14.

Ethics declarations & trial registry information 

This study was based exclusively on aggregated institutional and 
national registry data. No individual patient data were accessed 
or disclosed; therefore, patient consent was not required.

Author contributions

Conceptualization: EK, KP, MD, and FB. Methodology: EK, KP, MD, 
and FB. Data curation/validation: all authors. Formal analysis/
visualization: EK, KP, MD, and FB. Writing – original draft: EK, KP, 
MD, and FB. Writing – review & editing: all authors. Supervision: 
EK, MD, and FB. All authors had full access to the data and 
approved the final manuscript.

References

[1]	 Abdel‑Wahab M, Gondhowiardjo SS, Rosa AA, Lievens Y, El‑Haj N, 
Polo Rubio JA, et al. Global radiotherapy: current status and future 
directions – white paper. JCO Glob Oncol. 2021;7:827–42. https://doi.
org/10.1200/GO.21.00029

[2]	 World Bank. Data for Estonia, Latvia, Lithuania [Internet]. World Bank 
Open Data; [cited 2025 Feb 05]. Available from: https://data.world-
bank.org/?locations=EE-LT-LV

[3]	 Economist Impact. Sustainable oncology care: a European perspective 
[Internet]. Economist Impact; 2025 [cited 2025 Feb 05]. Available from: 
https://impact.economist.com/perspectives/sites/default/files/down-
load/sustainable_oncology_care_a_european_perspective_report.pdf

[4]	 Hofmarcher T, Berchet C, Dedet G. Access to oncology medicines in 
EU and OECD countries. Paris: OECD Publishing; 2024. OECD Health 
Working Papers No. 170.

https://doi.org/10.1200/GO.21.00029
https://doi.org/10.1200/GO.21.00029
https://data.worldbank.org/?locations=EE-LT-LV
https://data.worldbank.org/?locations=EE-LT-LV
https://impact.economist.com/perspectives/sites/default/files/download/sustainable_oncology_care_a_european_perspective_report.pdf
https://impact.economist.com/perspectives/sites/default/files/download/sustainable_oncology_care_a_european_perspective_report.pdf


362  E. KOROBEINIKOVA ET AL.

[5]	 International Agency for Research on Cancer. Cancer today: data 
visualization [Internet]. Global Cancer Observatory; 2025 [cited 
2025 Feb 05]. Available from: https://gco.iarc.fr/today/en/dataviz/ 
bars?mode=population&types=1&populations=100_191_196_ 
203_208_233_246_250_276_300_348_372_380_40_428_440_ 
442_470_528_56_616_620_642_703_705_724_752_940&values_
position=out&nb_items=-1&populations_h=233_428_440

[6]	 Ferlay J, Laversanne M, Ervik M, Lam F, Colombet M, Mery L, et al. Global 
Cancer observatory: cancer tomorrow (version 1.1) [Internet]. Lyon, 
France: IARC; 2024 [cited 2025 Mar 31]. Available from: https://gco.iarc.
who.int/tomorrow

[7]	 International Agency for Research on Cancer. Cancer tomorrow: trends 
data visualization [Internet]. Global Cancer Observatory; 2025 [cited 
2025 Feb 05]. Available from: https://gco.iarc.fr/tomorrow/en/data-
viz/trends?multiple_populations=1&populations=428_440_233&-
types=1&sexes=2

[8]	 Borràs JM, Lievens Y, Dunscombe P, Coffey M, Malicki J, Corral J, et al. 
The optimal utilization pro- portion of external beam radiotherapy 
in European countries: an ESTRO-HERO analysis. Radiother Oncol. 
2015;116(1):38–44. https://doi. org/10.1016/j.radonc.2015.04.018

[9]	 Borras JM, Lievens Y, Barton M, Corral J, Ferlay J, Bray F, et al. How many 
new cancer patients in Europe will require radiotherapy by 2025? An 
ESTRO‑HERO analysis. Radiother Oncol. 2016;119(1):5–11. https://doi.
org/10.1016/j.radonc.2016.02.016

[10]	 Grau C, Defourny N, Malicki J, Dunscombe P, Borras JM, Coffey M,  
et al; HERO consortium. Radiotherapy equipment and departments 
in the European countries: final results from the ESTRO‑HERO sur-
vey. Radiother Oncol. 2014;112(2):155–64. https://doi.org/10.1016/j.
radonc.2014.08.029

[11]	 Lievens Y, Defourny N, Coffey M, Borras JM, Dunscombe P, Slotman B, 
et al; HERO Consortium. Radiotherapy staffing in the European coun-
tries: final results from the ESTRO‑HERO survey. Radiother Oncol. 
2014;112(2):178–86. https://doi.org/10.1016/j.radonc.2014.08.034

[12]	 Mineikytė R, Janulionis E, Atkočius V, Jaruševičius L, Plieskienė A, 
Gečas J. The changes of radiotherapy in Lithuania: infrastructure, uti-
lization rate, and cost. Acta Med Litu. 2016;23(1):17–23. https://doi.
org/10.6001/actamedica.v23i1.3266

[13]	 Organisation for Economic Co-operation and Development. EU coun-
try cancer profile: Estonia 2025. Paris: OECD Publishing; 2025.

[14]	 Organisation for Economic Co-operation and Development. EU coun-
try cancer profile: Lithuania 2025. Paris: OECD Publishing; 2025

[15]	 Organisation for Economic Co-operation and Development. EU coun-
try cancer profile: Latvia 2025. Paris: OECD Publishing; 2025.

[16]	 Dosanjh M, Gershan V, Wendling EC, Khader JS, Ige TA, Ristova M, 
et al. Access to diagnostic imaging and radiotherapy technologies 

for patients with cancer in the Baltic countries, eastern Europe, cen-
tral Asia, and the Caucasus: a comprehensive analysis. Lancet Oncol. 
2024;25(11):1487–95. https://doi.org/10.1016/S1470-2045(24)00452-2

[17]	 Bray F, Colombet M, Aitken JF, Bardot A, Eser S, Galceran J, et al, editors. 
Cancer incidence in five continents, Vol XII. IARC CancerBase No 19. 
Lyon: IARC; 2023 [cited 2025 Mar 31]. Available from: https://ci5.iarc.
who.int

[18]	 Bray F, Laversanne M, Sung H, Ferlay J, Siegel RL, Soerjomataram I, et al. 
Global cancer statistics 2022: GLOBOCAN estimates of incidence and 
mortality worldwide for 36 cancers in 185 countries. CA Cancer J Clin. 
2024;74(3):229–63. https://doi.org/10.3322/caac.21834

[19]	 Filho AM, Laversanne M, Ferlay J, Colombet M, Piñeros M, Znaor A, 
et al. The GLOBOCAN 2022 cancer estimates: data sources, meth-
ods, and a snapshot of the cancer burden worldwide. Int J Cancer. 
2024;155(3):350–372. https://doi.org/10.1002/ijc.35278

[20]	 World Health Organization. Mortality data platform [Internet]. [cited 
2025 Feb 05]. Available from: https://platform.who.int/mortality

[21]	 United Nations. World population prospects – population division 
[Internet]. [cited 2025 Feb 5]. Available from: https://population.
un.org/wpp/

[22]	 Statistics Estonia. [Internet]. [cited 2025 Feb 05]. Available from: https://
andmed.stat.ee/en/stat

[23]	 Central Statistical Bureau of Latvia. [Internet]. Official statistics 
Portal; [cited 2025 Feb 05]. Available from: https://stat.gov.lv/lv/
statistikas-temas

[24]	 Statistics Lithuania. [Internet]. Official Statistics Portal; [cited 2025 Feb 
05]. Available from: https://osp.stat.gov.lt/

[25]	 Estonian Health Statistics and Health Research Database [Internet]. 
[cited 2025 Feb 05]. Available from: https://statistika.tai.ee/index.html

[26]	 Latvian Health Statistics Database [Internet]. [cited 2025 Feb 05]. 
Available from: https://statistika.spkc.gov.lv/pxweb/lv/Health/

[27]	 Slotman BJ, Cottier B, Bentzen SM, Heeren G, Lievens Y, van den 
Bogaert W. Overview of national guidelines for infrastructure and staff-
ing of radiotherapy. ESTRO‑QUARTS work package 1. Radiother Oncol. 
2005;75(3):349.E1–6. https://doi.org/10.1016/j.radonc.2004.12.005

[28]	 Eurostat. Healthcare resource statistics: technical resources and medical 
technology [Internet]. [cited 2025 Feb 5]. Available from: https://ec.eu-
ropa.eu/eurostat/statistics-explained/index.php?title=Healthcare_
resource_statistics_-_technical_resources_and_medical_technology

[29]	 World Health Organization. Technical specifications of radiotherapy 
equipment for cancer treatment. Geneva: WHO; 2021.

[30]	 Paļskis K, Korobeinikova E, Bogorada-Saukuma D, Purkalne G, 
Mikolaichuk E, Eglitis J, et al. Particle ther- apy – future for the Baltic 
states? Synthesis of the expert workshop report. Health Technol. 
2024;14:965–72. https://doi.org/10.1007/s12553-024-00875-2

https://gco.iarc.fr/today/en/dataviz/bars?mode=population&types=1&populations=100_191_196_203_208_233_246_250_276_300_348_372_380_40_428_440_442_470_528_56_616_620_642_703_705_724_752_940&values_position=out&nb_items=-1&populations_h=233_428_440
https://gco.iarc.fr/today/en/dataviz/bars?mode=population&types=1&populations=100_191_196_203_208_233_246_250_276_300_348_372_380_40_428_440_442_470_528_56_616_620_642_703_705_724_752_940&values_position=out&nb_items=-1&populations_h=233_428_440
https://gco.iarc.fr/today/en/dataviz/bars?mode=population&types=1&populations=100_191_196_203_208_233_246_250_276_300_348_372_380_40_428_440_442_470_528_56_616_620_642_703_705_724_752_940&values_position=out&nb_items=-1&populations_h=233_428_440
https://gco.iarc.fr/today/en/dataviz/bars?mode=population&types=1&populations=100_191_196_203_208_233_246_250_276_300_348_372_380_40_428_440_442_470_528_56_616_620_642_703_705_724_752_940&values_position=out&nb_items=-1&populations_h=233_428_440
https://gco.iarc.fr/today/en/dataviz/bars?mode=population&types=1&populations=100_191_196_203_208_233_246_250_276_300_348_372_380_40_428_440_442_470_528_56_616_620_642_703_705_724_752_940&values_position=out&nb_items=-1&populations_h=233_428_440
https://gco.iarc.who.int/tomorrow
https://gco.iarc.who.int/tomorrow
https://gco.iarc.fr/tomorrow/en/dataviz/trends?multiple_populations=1&populations=428_440_233&types=1&sexes=2
https://gco.iarc.fr/tomorrow/en/dataviz/trends?multiple_populations=1&populations=428_440_233&types=1&sexes=2
https://gco.iarc.fr/tomorrow/en/dataviz/trends?multiple_populations=1&populations=428_440_233&types=1&sexes=2
https://doi. org/10.1016/j.radonc.2015.04.018
https://doi.org/10.1016/j.radonc.2016.02.016
https://doi.org/10.1016/j.radonc.2016.02.016
https://doi.org/10.1016/j.radonc.2014.08.029
https://doi.org/10.1016/j.radonc.2014.08.029
https://doi.org/10.1016/j.radonc.2014.08.034
https://doi.org/10.6001/actamedica.v23i1.3266
https://doi.org/10.6001/actamedica.v23i1.3266
https://doi.org/10.1016/S1470-2045(24)00452-2
https://ci5.iarc.who.int
https://ci5.iarc.who.int
https://doi.org/10.3322/caac.21834
https://doi.org/10.1002/ijc.35278
https://platform.who.int/mortality
https://population.un.org/wpp/
https://population.un.org/wpp/
https://andmed.stat.ee/en/stat
https://andmed.stat.ee/en/stat
https://stat.gov.lv/lv/statistikas-temas
https://stat.gov.lv/lv/statistikas-temas
https://osp.stat.gov.lt/
https://statistika.tai.ee/index.html
https://statistika.spkc.gov.lv/pxweb/lv/Health/
https://doi.org/10.1016/j.radonc.2004.12.005
https://ec.europa.eu/eurostat/statistics-explained/index.php?title=Healthcare_resource_statistics_-_technical_resources_and_medical_technology
https://ec.europa.eu/eurostat/statistics-explained/index.php?title=Healthcare_resource_statistics_-_technical_resources_and_medical_technology
https://ec.europa.eu/eurostat/statistics-explained/index.php?title=Healthcare_resource_statistics_-_technical_resources_and_medical_technology
https://doi.org/10.1007/ s12553-024-00875-2

