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Abstract

Aims: Radiotherapy plays a fundamental role in the treatment of cancer. Currently, the Brazilian public health system cannot match the national radiotherapy
demand and many patients requiring radiotherapy are never exposed to this treatment. This study estimated the number of preventable deaths in the public
health system if access to radiotherapy was universal.
Materials and methods: Incidence rates for the year 2016 provided by Instituto Nacional de Cancer were used in this analysis. The number of untreated patients
requiring radiotherapy was obtained through the difference between the total number of patients requiring radiotherapy and the total amount of delivered
radiotherapy treatments in the public health system. The number of deaths for the three most common cancers in each gender due to radiotherapy shortage was
calculated. Initially, the total number of patients per cancer type was divided in stages using Brazilian epidemiological data. Subsequently, previously published
tree arm diagrams were used to define the rate of patients requiring radiotherapy in each specific clinical setting. Finally, the clinical benefit of radiotherapy in
overall survival was extracted from studies with level 1 evidence.
Results: Over 596 000 cancer cases were expected in Brazil in 2016. The public health system covers more than 75% of the Brazilian population and an estimated
111 432 patients who required radiotherapy in 2016 did not receive this treatment. Breast, colorectal and cervix cancers are the most frequent malignant
tumours in women and prostate, lung and colorectal in men. The number of deaths due to a radiotherapy shortage in the year 2016 for these types of cancer
were: (i) breast: 1011 deaths in 10 years; (ii) cervix: 2006 deaths in 2 years; (iii) lung: 1206 deaths in 2 years; (iv) prostate, intermediate risk: 562 deaths in 13
years; high risk: 298 deaths in 10 years; (v) colorectal: 0 deaths, as radiotherapy has no proven benefit in overall survival.
Conclusion: Thousands of cancer patients requiring radiotherapy do not have access to this treatment in the Brazilian public health system. The shortage of
radiotherapy has a significant detrimental effect on cancer survival; over 5000 deaths would probably be prevented in the most common cancer types if
radiotherapy access was universal.
� 2017 The Royal College of Radiologists. Published by Elsevier Ltd. All rights reserved.
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Introduction

Brazil is the largest and most populated country in South
America, with over 206 million inhabitants [1]. This federal

republic promulgated a new constitution in 1988. In this
constitution, access to healthcare is defined as ‘a civilian
right and state obligation’ [2]. In this same year, a unified
public healthcare system (Sistema �Unico de Sa�ude) was
elaborated based on three major principles: universality,
equity and integrality [3].

Oncological diseases are a major cause of mortality
worldwide and rank as the second most common cause of
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death in Brazil. In 2014, the National Institute of Cancer from
Brazil (Instituto Nacional de Cancer; INCA) acknowledged
that 194170 deathswere attributed to oncological causes [4].
It is noteworthy that both the incidence and the number of
deaths associatedwith cancer are in ascendance in Brazil [4].

Radiotherapy plays a fundamental role in cancer treat-
ment plans, acting both as a key curative and as a palliative
treatment. However, similar to many undeveloped countries
[5], Brazil faces a dearth of access to radiation treatment
because of a lack of well-trained personnel, fair reimburse-
ment and enough treatment units [6]. In this sense, the
shortage of linear accelerators (linacs) can be singled out as
an important culprit in this non-ideal healthcare situation.
According to recommendations from the International
Atomic Energy Agency [7], each linac should deliver on
average 450 new courses of radiation therapy per year. Brazil
has 357 currently registered linacs, resulting in only 50.8% of
the required amount of equipment, if the Brazilian cancer
figures and the rate of radiotherapy need described by
Zubizarreta et al. [8] are considered.

The non-universal access to healthcare may effectively be
an unconstitutional act and lead to an increased number of
deathswithin an oncological setting. In this regard, this study
aimed to estimate the number of preventable oncological
deaths in the public health system if access to radiotherapy
were universal for the most common cancers in Brazil.

Materials and Methods

Incidence rates estimated by INCA for the year 2016 were
used in this study [9]. The three most common cancer types

from each gender were evaluated, which represents 33.2%
of new cancer cases in Brazil (Table 1). The number of
preventable deaths was calculated in the scenario where
radiation therapy access was universal to patients in the
Brazilian public health system. The following paragraphs
specify the stepwise methodology used by this study and
Figure 1 illustrates it.

According to the Brazilian Ministry of Health, the Bra-
zilian public health system encompasses 75.32% of the
population’s healthcare [10]. The remaining population re-
lies on private healthcare assistance. INCA states that breast,
colorectal and cervix cancers are the most frequent malig-
nant tumours inwomen and prostate, lung and colorectal in
men. Non-melanoma skin cancers were not considered in
this analysis. The number of oncological patients in the
public health system was estimated by assuming a homo-
geneous distribution of cancer cases among the Brazilian
population, with no distinction between public and non-
public health services. Thus, the number of patients taken
care by the public health system was considered to be
75.32% of the absolute number of new cases of cancer in
Brazil, for each type of oncological illness.

No recent study has evaluated the comprehensiveness of
access to radiotherapy in the Brazilian public health system.
In this study, the non-universal access to radiation treat-
ment was estimated by comparing the number of treated
patients in the public health system in 2015 (corrected by
3.5%: relative increase in cancer cases in 2016) and the ideal
number of oncological patients treated with radiotherapy in
the Brazilian public health population. Previously, Zubi-
zarreta et al. [8] have estimated that 53.27% of the new
cancer patients in South America have an indication of
radiotherapy throughout their oncological care. This rate
was used to calculate the number of patients with cancer
diagnosed in 2016who required radiotherapy at some point
during the course of the disease.

Data from INCA does not detail oncological staging.
Therefore, this information was investigated through plat-
forms of scientific search, such as Medline, EMBASE and
Scielo, by using the following key words: incidence, de-
mographics, epidemiology, breast, cervix, lung, prostate,
colorectal, cancer, Brazil and Brazilian. Whenever several
sources were available, data from the most recent and

Table 1
Absolute and proportional number of cases in Brazil for the year of
2016

Cancer type Number
of cases

Proportion of cases
in Brazil (%)

Prostate 61 200 10.2
Breast 57 960 9.7
Colorectal 34 280 5.7
Lung 28 220 4.7
Cervix 16 340 2.7
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Legend:
RT: Radiotherapy
OS: Overall survival
α Data esƟmated from INCA for the year of 2016
Β Epidemiological studies for each cancer type

γ Rate of Brazilian shortage of RT: calculated in this study based on the number of paƟents requiring and not receiving RT in the Brazilian public health system 
ε Thompson et al 201010, Shafiq et al 201611, Hanna et al 201512 and Foroudi et al 200213
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Fig 1. Flow chart of the methodology used in this study to calculate the number of preventable deaths in the Brazilian public health system if
access to radiotherapy was unrestricted.
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