
Prioritizing locations for radiotherapy equipment at the national level: a policy-level case 

study of Brazil. 
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Objective: Like many other low-middle income countries (LMICs), there is a major shortfall in 

radiotherapy (RT) services in Brazil. Here we assess the LINAC distribution, cancer incidence, 

the correlation with distance to RT and develop a tool to support prioritization of new LINAC 

distribution in Brazil. 

Material and methods: Using the Brazilian Ministry of Health official reports, LINAC numbers 

and geographic distribution based on cancer incidence/needs were estimated in all Brazilian 

regions and states. A LINAC shortage index (LS index) was calculated as a relative measure of 

LINAC demand compared to supply (LS index: new cancer cases for RT / (LINAC number)/450 

x 100). A prioritization framework considering the LS index, cancer incidence, and geographic 

factors was built (LS index = 100, the radiotherapy need is equal to the supply; LS index with 

values of 150 represents 50% LINAC shortage). Finally, using public cancer registry data from 

the Fundação Oncocentro de São Paulo (FOSP), and Google maps, the geospatial distance 

from home to RT was estimated for cancer patients treated with RT in São Paulo during 2005-

2014.  

Results: The number of LINACS was inadequate (below WHO suggested numbers) in all BR-

regions. The number of new cancer cases for RT in the public health system/LINAC/year for 

each BR-region was 1410 in North (N), 1068 in Northeast (NE), 1466 in Middle west (MW), 

945 in Southeast (SE), and 865 in South (S) (p=0.09). The LS index was higher in MW 326, N 

313, and NE 237 BR-regions, and comparatively lower in SE 210 and S 192, indicating a high 

demand for RT compared to supply. There was a strong association between higher LS index 

and a greater number of patients who traveled to receive radiotherapy (p<0.0001). Patients 

living in MW (493 miles), N (1762 miles), and NE (1501 miles) traveled significantly longer 

average distances to receive RT in Sao Paulo (p=0.03). The reduced number of LINAC in these 

regions was associated with longer distance travelled (p=0.03).  



Conclusion: There is significant discordance between distribution of cancer cases and LINAC 

availability in Brazil. The LS index was associated with the number of patients who traveled, 

and the LINAC number with the need to travel longer distances to receive RT. Based on the 

LS index, we developed a tool to help prioritize the development of RT infrastructure across 

Brazil; this approach may be useful in other health systems.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Introduction  

Cancer is one of the major non-communicable diseases in Brazil with an estimated 625,000 

new cases per year; from 2012 to 2020 cancer incidence has increased 18.5% [1,2]. Brazil is 

the largest country in South America, with a population of about 210 million. It is formed by 

26 states and 1 federal district which are divided into 5 regions. The Southeast (SE), Northeast 

(NE) and the South (S) are the most populated with 89, 57 and 30 million people, respectively. 

The country covers a massive landmass with complex and challenging natural barriers to 

access areas located in the rainforest or next to major waterways. 

Radiotherapy (RT) plays a pivotal role in management of cancers that are endemic in Brazil 

(i.e. prostate, breast, and lung [3,4]) where it has a substantial impact on clinical outcomes 

[4-6]. In Brazil, 80% of the RT is delivered in the public health system (Sistema Unico de Saude, 

SUS) which also serves about 80% of Brazil’s total population (211 million people) [7,8]. Brazil 

has 363 LINACs, with 252 dedicated to the SUS and 111 to the private sector, unevenly 

distributed across the country [9].  

In 2018 it was estimated that more than 100,00 patients lack access to RT (no LINAC capacity 

available) across Brazil [6]. Due to the heterogeneous distribution of RT services (Figure 1 and 

2 – majority of LINAC concentrated in the state of São Paulo), many patients are forced to 

travel long distances to access care (i.e, travel from rural to urban region). Long travel distance 

may impact on treatment choice [10-13], the RT modality offered [14-18], survival rates [19] 

and financial wellbeing.  

São Paulo is the wealthiest and most populated (44 million people, 20% of the national 

population) state with 32% of the LINACs in the country (116/363 linacs) and 27% of all LINACS 

available within the public healthcare system (68/252 linacs) [9]. The disproportionately high 



availability of LINACs in the region attracts thousands of patients every year who travel long 

distances from other states to receive radiation treatment. To address both the shortfall and 

geographic coverage in 2012 the Brazilian government designed a national plan to acquire 

and install 80-100 RT LINACs in a 3 year timeframe [20]. However, the Ministry of Health 2019 

RT census reported that only 8 of these LINACs were installed, and several of these LINACS 

were established in regions with comparatively lower LINAC shortages [9].  

To aid future strategic planning for RT in Brazil, we performed a cross-sectional study using 

data from official National reports and a public database of patients treated in the State of 

São Paulo. Firstly, we aimed to develop a tool (LINAC shortage index (LS Index)) to evaluate 

RT services' distribution and capacity and to assess the Brazilian LINAC shortage. The LS index 

was planned based on Brazilian social inequalities such as lack of RT capacity and the need for 

long-distance travel to access RT treatment. Thus, the LS index was developed to improve 

policy and RT capacity planning and expansion in Brazil, in addition, to serve as a model to 

other countries. Secondly, we aimed to assess the impact of the LS index using real-world 

data. We examined the correlations between the LS index and traveled distances and LS index 

and access to RT using the state of São Paulo as the benchmark. 

 

Material and methods  

Data was extracted from the Fundação Oncocentro de São Paulo (FOSP) public database of 

the Cancer Hospital Registry (RHC) of the State of São Paulo (last assessed on February 02, 

2021 - http://www.fosp.saude.sp.gov.br)[21]. The registry maintains (since 01/01/2005), a 

prospective populational database of all hospital and oncology departments in Sao Paulo 

http://www.fosp.saude.sp.gov.br/


State, Brazil [21]. Patient level detail included basic demographics (sex, age), cancer type, 

clinical-stage, treatment, health insurance status, treatment center, vital status, province of 

residence and RT treatment location. Patients were categorized according to five Brazilian 

regions of origin: North (N), Northeast (NE), Midwest (MW), South (S), and Southeast (SE).  

The number of new cancer cases in Brazil for 2020 was extracted from the National Cancer 

Institute (INCA) 2020 official database [2], and the number of LINACs in each state and region 

from the Ministry of Health 2019 RT census, figure 1 [9].  

When developing our model, we assumed that 50% of all newly diagnosed patients would 

need RT at some point in their disease trajectory based on previous needs assessments [3-6], 

and  80% of patients being treated in the public system [7,8]. Based on these estimates, the 

number of patients from SUS who would require the radiotherapy ‘new cases for RT’ was 

calculated using the formula: (Incidence of cancer x 80%) x 50%.  Then, the number of cancer 

patients estimated to need RT, named ‘new cases for RT’ was divided by the number of LINAC 

in each state (27 in total) and Brazilian regions of origin: North (N), Northeast (NE), Midwest 

(MW), South (S), and Southeast (SE).  

 

To estimate the areas with the highest LINAC deficit, and to prioritize which states and regions 

require further investment in new RT centers, the LINAC shortage index (LS index) was 

developed. In addition, the annual number of patients reasonably treated per year per LINAC 

was 450, defined based on Zubizarreta et al [21]. With these data, the LS index was calculated 

with the number of new cases in the SUS for RT/ (number of LINACs in the area)/450) 

multiplied by 100. For instance, in a region with an LS index = 100, the radiotherapy need is 

equal to the supply. Consequently, the LS index with values of 150 and 220 represents 50% 

and 120% LINAC shortages, respectively. 



The difference between the LS index and the Zubirarreta et al RT capacity tool is that with the 

LS index we could rank the regions and states in a priority list considering the number of 

existing linacs and new cancer cases [21]. In addition, the LS index was analyzed in contrast 

with sociodemographic indicators of inadequate access to healthcare, like the need to travel 

to another state (SP) to receive RT and the distance (km) to the nearest RT center [21].  

Based on the new RT cases, and per state LINAC shortage number, we developed a 

prioritization scheme and applied it to Brazilian states and regions. The prioritization criteria 

were devised based on principles of geographic and social equity [21]. Recognizing these 

principles, the LS index was designed as followed:  

1-   States with no LINACS were considered a top priority, and the cancer incidence was used 

to rank them. In the case of comparable cancer incidence (difference of up to 500 cases), the 

average distance travelled for all patients were used to rank. 

2-   States with at least 1 LINAC installed were ranked according to the LS index, and in cases 

with equal LS index, the cancer incidence was used to rank, and if the cancer incidence had a 

difference of up to 500 cases/year, the traveled distances were employed to rank. 

To evaluate the correlation of the LS index with distance to RT, the patient data was extracted 

from the public database of the Cancer Hospital Registry (RHC) of the State of São Paulo [22]. 

The registry holds data on cancer patients’ treatment since 01/01/2005 [22]. Patient level 

detail included basic demographics (sex, age), cancer type, clinical-stage, treatment, health 

insurance status, treatment center, vital status, province of residence and RT treatment 

location. Patients were categorized according to five Brazilian regions of origin: North (N), 

Northeast (NE), Midwest (MW), South (S), and Southeast (SE).  

To determine travel distance (the distance from the city of origin and the RT facility) we 

applied the Euclidean method within the Google maps platform. We used the state of São 



Paulo as the benchmark (defined as a standard or point of reference against which things 

were compared) as it has the highest number of LINACs, cancer incidence and hosts the FOSP 

RHC cancer registry. The São Paulo state FOSP RHC database includes information on 529,178 

cancer patients treated in the state of Sao Paulo between January 2005 and December 2014 

(last assessed on February 02, 2021 - http://www.fosp.saude.sp.gov.br). 

As the state of São Paulo is in the SE region and due to the proximity with other three 

Brazilians states, an additional and separate analysis of the SE region was also performed. In 

this analysis, we considered the distance travelled by the São Paulo cancer patients within the 

state of São Paulo. We based the analysis on the assumption that rural and less populated 

areas of the state of São Paulo face under-supply of LINACS to treat cancer patients.    

 

Statistical analysis 

Continuous variables were treated by mean and standard deviations. Categorical variables 

were estimated by percentage. The association between the LINAC shortage, the number of 

patients treated outside of their origin and the long distances traveled was tested by linear 

regression. To compare the mean values of distance traveled, new cancer cases for RT, and 

LS index between the regions the Kruskall-Wallis test was used. The correlation Spearman 

test was used in the regression analysis, with a p value < 0.05 considered significant for 

linearity and R2 indicating the strength of the association. R2 > 75% was indicative of a very 

strong association. All statistical analysis was performed with SPSS version 24. 

 

Results 

As of 2021, the absolute number of LINAC machines (and as a % of total) and new cancer 

cases per region was 128 (51.0%), 53(21%), 51(20.0%), 13(5.0%), and 7(3.0%) for SE, S, NE, 

http://www.fosp.saude.sp.gov.br/


MW and North, respectively. The number of new cancer cases per region were around 

302,000,  115,000, 136,000, 48,000  and  25,000  for SE, S, NE, MW and North, respectively; 

figure 1 (map representation). The descriptions of new cancer cases, the need for 

radiotherapy, the number and distribution of LINAC according to the Brazilian regions, and 

the LS index are presented in table 1.  

The LS index ranged from 192 to 326, with the MW and N regions with the highest indexes 

and lowest access to RT treatment. The number of new cases for RT/year (p=0.001), LINAC 

number (p=0.008) and travelled distance (p=0.03) were significantly different among the 

different regions as presented on table 1. Conversely, the LS index values (p=0.48), and new 

cancer cases for RT/LINAC (p=0.09) were not.       

The FOSP RHC registry patient demographics were summarized and presented at table 2 

(online only).  According to the database, only 23% of the patients (n = 123,206) received 

radiotherapy (RT) as part of their cancer treatment, and the state of São Paulo, as expected, 

was the most common case origin accounting for 113,552 patients, followed by (number of 

patients who travelled from other Brazilian-regions to receive treatment in the state of São 

Paulo) Southeast region with 3,942 cases, Midwest 3,215 cases, North 1,472 cases, Northeast 

647 cases, South 327 cases, and other countries 51 cases.  Patients from other states 

accounted for 9,603 (7.8%) of the 123,206 RT patients. RT treated patient demographics were 

summarized and presented at table 2 (online only).  

The LS index and the number of LINACs in each state was associated with the number of 

patients treated outside of the origin state (p=0.0001) and distance travelled (p=0.032) to 

receive RT, respectively. Figure 3a and 3b. Figure 3 c shows the direct correlation between 

the number of LINAC in different regions (p=0.001; state of SP excluded) and patients treated 



in the state of SP. Finally, a national RT priority table based on the number of LINACs, cancer 

incidence, travelled distance, and LS index was derived for all 27 Brazilian states, table 3.  

When defining priority, it is essential to recognize that four states (Tocantins, Acre, Amapa, 

and Roraima) in the North region did not have any RT LINAC serving the Brazilian public 

system (SUS) in 2019, table 3. These 4 states were ranked as the highest priority, based on 

the principles aforementioned. The remaining 23 states were ranked according to the criteria 

previously presented, table 3. Considering the regions in our prioritization table, Midwest and 

North were ranked as first and second regions based on the urgent need to expand RT 

capacity, table 1. The LS index established the rank order with no need to use the cancer 

incidence in 92.5% (25/27 states). 

 

 

Discussion 

 

LINAC capacity alone is not an ideal metric in a country with geographically dispersed 

populations such as Brazil. Thus, here present the LS index, based on LINAC distribution and 

the geographic distribution of new cancer cases needing access to RT. The LS Index is a metric 

aiming to improve equity in accessibility to RT 

In order to improve efficiency and equity in health technology access, the use of real-world 

data, demographic and evidence-based medicine concepts are imperative to support the 

careful application of limited federal resources. Understanding the geographic distribution of 

LINACS in Brazil and their relationship to regional cancer incidence as well as cancer treatment 

center distribution per se allows for an opportunity to evaluate areas lacking RT capacity and 

prioritize regional investment.   



Building on previous work from Zubizarreta et al (suggesting 450 new cancer cases /LINAC/ 

per year as for a developing country), we built a LS index [21].  We believe that the LS index 

(new cancer cases for RT/LINAC)/450) is more appropriate than new cancer cases/ LINAC for 

several reasons. First, it provides a measure of the degree of undersupply (or oversupply) of 

LINACs relative to regional cancer incidence. Second, it was strongly associated with the 

number of people who travel long distances, which has a very large impact on patients. Third, 

the LS index could help policymakers define RT expansion priorities, considering that the LS 

index may be easier to understand than new cancer cases per LINAC. For example, a LS 

index=130 should be understood as a 30% deficit from benchmark baseline. This means that 

there are 585 patients per LINAC instead of 450 from the benchmark. The target from a policy 

perspective would be achieving a LS index =100 or lower. Regions with LS index close or below 

to 100 do not require immediate investment. Accordingly, regions with a higher LS index 

should be prioritized. Thus, the present study is the one of the first in a series of steps to plan 

LINAC distribution for adequate cancer care.  

Our study shows that in Brazil LINACs are not uniformly distributed and do not adequately 

cover the Brazilian demand or achieve equitable geographic access (based on cancer 

incidence). Patients treated in the state of São Paulo from Brazilian regions with the most 

limited RT capacity travelled the longest distances to receive RT treatment.  

Creating tools to aid geographic prioritisation in RT procurement is crucial to ensure fairness 

and equity in outcomes.  As it stands the distribution of RT in Brazil fails both tests of equity 

and distributive fairness [23,24].  The SE region has significantly more LINACs compared to 

other regions with nearly 50% of Brazil’s total RT capacity. However, even with the high 

number of machines, the LS Index in the SE was 210 (ideally it should be 100), and not 

significantly different from other regions, table 1. In other words, there is not enough LINAC 



capacity anywhere (i.e. lack of capacity in regions with a lower cancer incidence of cancer and 

not enough LINACs in regions with higher cancer incidence), table 1. Our data reinforce the 

historical reflection that the implementation of radiotherapy services has not been data 

driven. 

In emerging economies, such as Brazil, with a limited health budget and access to care, 

regional LINACs concentration can correlate with diminished access to standard care cancer 

treatment and/or increased financial toxicity (due to travel). The excessive number of cancer 

cases/ LINAC (>850) and the LS index (>190) in all regions, even in states with a lower cancer 

incidence, supported at least in part our assumptions, table 1. Our data showed that a higher 

LS index was associated with a large number of cancer patients treated outside of their origin; 

our data shows that about 10% of patients treated with RT in Sao Paulo are from outside the 

region. The possible explanation is that regions with a higher LS Index have longer waiting 

times compared to other regions; this leads to patients travelling to large urban centers with 

more RT machines and capacity to absorb the demand. This referral process was possibly 

aggravated with the publication of the SUS 60 days law from May 2013, which decreed that 

patients with cancer must start their cancer treatment within 60 days of diagnosis [6-8]. The 

law is well-intentioned, but without infrastructure and a uniform distribution of LINACs, it 

compels physicians to send their patients to other regions for timely treatments.  

Comparing the Brazilian LINAC expansion plan progress with our LS index priority list, a 

significant lack of correlation is evident. After reviewing the official data from the Ministry of 

Health from 2019, none of the top 10 states for priority per our LS index received or had a 

new LINAC in operation. According to the Brazilian RT Census from 2019, only 8 new RT 

centres were active.  The location of theses 8 RT centers which received a LINAC, were:  5 in 

the NE (1 Paraiba, 1 Sergipe, 1 Bahia, 1 Alagoas and 1 Ceará), 1 in the MW (Distrito Federal), 



1 in the S (Parana) and 1 in the SE (São Paulo), table 4. However, on our prioritization 

framework, the NE states with installed LINACs were ranked as 18°, 23°, 22°,27° and 16º, table 

4. The States from the MW, S, and SE ranked as 14°, 24°, and 20°, table 4. Thus, it is evident 

that our framework would have provided useful information for high level policy decisions 

regarding RT capacity distribution.  

It is also crucial to explain that the LS index establishes the order to start taking action, and it 

does not necessarily mean that the LS index needs to achieve 100 to pass to another region, 

especially when the LS index is high across the country.  The region North was ranked in our 

framework as the top priority because four states do not have any machine to treat their 

patients. Our analysis clarifies that beyond a profound distributive inequality for RT across the 

country with a severe lack of LINAC per se, the government policy for addressing this issue is 

not evidence-based. For instance, after 8 years from the beginning of the expansion plan, 

none of the states in the north region, where there is more shortage in the country, received 

a LINAC. The underinvestment and maldistribution with the Brazilian government RT policies 

have run counter to provision, thus forcing many patients into expensive and arduous 

journeys to access RT and potentially achieving suboptimal clinical outcomes. To the best of 

our knowledge, LS is a new tool that highlights RT infrastructure capacity deficits and makes 

priorities that will lead to the most patient reaching the best possible outcomes. Besides, the 

index can be applied for other developing countries facing similar either iniquity or inequity 

problems to improve the RT network, reducing LINAC shortages and barriers to access RT. 

 

Our study findings should be interpreted in light of methodologic limitations. Several forms 

of bias can occur due to the nature and design of our study and analysis plan which is based 

on a retrospective population database. These limitations include, and are not limited to, 



imperfect availability of patient and RT capacity (based on the minister of health reports) data 

that could influence the development of the LS index. Moreover, the FOSP database considers 

patients from Sao Paulo State, limiting our ability to reproduce the analysis on other states 

and limiting the generalizability of our findings to the rest of the country. However, this is 

expected to be of limited significance, as Sao Paulo is the most populated and prosperous 

state in and on where most patients travel for advanced care. Additionally, the assumptions 

applied to our model (demand and supply) are not perfect and the numbers might vary among 

different regions (i.e., radiation utilization rates and or number or cases per LINAC).  However, 

we believe this can also be seen as a strength of our work as the LS is simple enough that that 

these variables can be modelled in different scenarios to allow planning to be context specific 

 

 

 

Conclusion 

There is serious distributive inequality for RT access across Brazil, with the LINAC capacity 

inadequate to the cancer incidence. This geographical maldistribution forces cancer patients 

into expensive and arduous journals to access RT. Although the Brazilian government's RT 

expansion plan has been created to mitigate these distortions, it is not guided by evidence-

based data. LS index is a new tool to highlight RT infrastructure capacity deficits and establish 

priorities for expanding RT capacity. This tool can be helpful to correct the underinvestment 

and maldistribution with the government treatment policies that have run over the last 

decades. Our data fill a gap and benefit equitably planning cancer services in Brazil and 

potentially in other countries facing similar problems.  

 



Table and figure legends  

Table 1 Characteristics of new cancer cases, number and distribution of LINAC in the Brazil 

regions. 

Table 2 (on line) Characteristics of the FOSP patient’s data including in the analysis. 

Table 3 Radiotherapy priority scale based on the local need for increased RT capacity 

accounting for current LINAC capacity in the SUS, cancer incidence, LINAC shortage index and 

average traveled distance in kilometers. 

Table 4 List of centers concluded per State, Region, date of conclusion and priority order 

considering the LS index. 

Figure 1 Brazil map showing the distribution and the cancer incidence in the regions. 

Figure 2 Brazil map showing the number of patients treated outside the state of origin and 

the average distance to the RT center. 

Figure 3(a) The LS index and Number of patients from each region treated outside of origin 

state; (b) LINAC number in each state and traveled distance; (c) LINAC number and traveled 

distance in the Southwest region. 
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