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Abstract

Background Breast cancer (BC) is the most prevalent form of cancer in Brazilian women, contributing significantly to
cancer-related mortality, particularly when diagnosed at advanced stages.

Methods This ecological, temporal series study evaluated breast cancer mammography screening rate, clinical
staging, and the time from diagnosis to treatment initiation in women of 40-49, 50-69 and > 70 years of age in Brazil,
its geographical regions, and states between 2013 and 2022. The data were extracted from databases of the Unified
Health System (DATASUS).

Results There was a decreasing trend in mammography screening rate for the 40-49-year age group between 2013
and 2020 (Annual Percentual Change- APC=-10.79; p <0.001), and stability in 2020-2022. Rates for the 50-69-year
group remained stable, while fell for women > 70 years of age (APC=-6.27; p <0.001) between 2013 and 2022. Cases
of advanced stages at diagnosis tended to increase in all age groups: 40-49 (APC=1.71; p<0.001), 50-69 (APC=143;
p<0.001) and > 70 years (APC=1.82; p=0.001). The mammography screening rate was low for all the age groups
and all geographical regions, with lower rates found for the 40-49 and > 70-year age groups. The poorest screening
rates were seen in the regions North, Northeast and Midwest, revealing regional disparities. The proportion of cases
diagnosed at advanced stages (ll/1V) increased, particularly in 40-49 and > 70-year age groups. Time from diagnosis
to treatment initiation exceeded 60 days in >50% of cases in all age groups, with an increasing trend in women of
50-69 (APC=1.27;p<0.001) and > 70 years of age (APC=1.83; p<0.001).

Conclusions This study highlights the urgent need for public policies to increase BC mammography screening

rate beyond the 50-69-year age group, and to guarantee equitable access to early diagnosis and timely treatment,
particularly in less affluent areas. Dealing with these disparities is crucial to improving BC outcomes in Brazil, positively
influencing clinical stage at diagnosis, treatment efficacy, and ultimately, survival and mortality.
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Background

Breast cancer (BC) is a leading cause of female mortality
worldwide, with GLOBOCAN 2022 estimates project-
ing a rising global burden through 2050 [1]. These trends
mark profound disparities across continents, age groups,
and socioeconomic levels [1]. While high-human devel-
opment index (HDI) regions like North America demon-
strate effective cancer management, Latin America and
the Caribbean face substantial hurdles in equitable access
and timely diagnosis, often exacerbated by geographical
barriers and limited advanced care in some areas [1-3].

In Brazil, this regional pattern is evident: BC is the
most frequent malignancy among women, accounting for
30.3% of new cases and serving as the primary cause of
cancer-related deaths [4, 5]. Despite national efforts, high
mortality rates persist due to late-stage diagnoses, 37.0%
to 53.5% of cases, representing a crisis by deep regional
and socioeconomic inequalities [6, 7]. Understanding
Brazil’s position within this global and regional frame-
work is therefore essential for refining public health poli-
cies and identifying strategic areas for improvement, as
its experiences may also inform strategies in other low-
and middle-income countries (LMICs).

Unlike high-income countries, where the disease pre-
dominantly affects older populations, the mean age at
diagnosis in the Brazil is 53.9 to 55.0 years, significantly
lower than global averages. Approximately 23.9% to
33.1% of Brazilian women are diagnosed below the age of
50 [8, 9].

The Brazilian healthcare system is characterized by
a dual-tier structure. The Unified Health System (SUS)
provides universal, tax-funded, and comprehensive care
free of charge at the point of service [10, 11]. Approxi-
mately 70% of the population relies exclusively on the
SUS for all health needs [12], mostly low-income groups
and smaller municipalities residents, where geographical
inequalities are worsened [10]. In contrast, about 28.5%
of the population, primarily higher-income, formally
employed individuals in urban centers, possesses private
health insurance (PHI), which grants access to a differen-
tiated network of providers [13].

Regarding BC, Brazil currently employs an opportu-
nistic screening model rather than an organized national
program. This means screening depends on a woman’s
initiative to seek care or a physician’s recommendation
during a consultation, rather than a systematic, active
invitation process.

Brazilian Ministry of Health recommends biennial
mammograms for women aged 50-69 [14]. This strategy
limits Brazilian National Health Service screening access

for women outside this age group. Some Brazilian orga-
nizations advocate annual screening for women aged
40-74, extending to those =75 with >7 years life expec-
tancy [15].

The World Health Organization (WHO) recommends
a mammography screening coverage rate of 70% for the
target population of women aged 50 to 69 years [16].
However, in Brazil, BC screening rates remain below
this recommended level [17, 18], which limits the over-
all effectiveness of the screening strategy. This deficit was
significantly exacerbated by the disruptions to healthcare
services during the COVID-19 pandemic, which led to a
substantial decline in mammographic examinations and
diagnostic procedures [18].

In this context, early detection is crucial for successful
treatment [19]; mammography is a key tool to reducing
breast cancer-related mortality [19, 20]. The time from
signs and symptoms to treatment is a crucial indicator of
early diagnosis and treatment [21]; long waiting periods
negatively affect survival [22]. Despite no consensus on
ideal care intervals, Brazilian legislation establishes treat-
ment should begin within 60 days of confirmed malig-
nancy diagnosis [23].

No Brazilian studies correlate BC screening, clinical
stage, and time from diagnosis to treatment initiation.
Identifying these factors is crucial for developing strate-
gies for breast cancer prevention, control, and improve-
ment of health outcomes.

This study assesses these variables for Brazil, its
regions, and states. We hypothesize that low screening
rates in women over 40 and treatment delays exceeding
60 days contribute to increased late-stage diagnoses (II1I/
V).

Methods

This ecological, temporal series study evaluated BC mam-
mography screening rate, local advanced and advanced
clinical stage (III/IV) at diagnosis, and treatment initia-
tion delays (> 60 days) in the female population receiving
care within the SUS.

This study encompassed Brazil, a nation of continental
dimensions spanning approximately 8.5 million km2. The
country is administratively divided into 26 states and the
Federal District. For a comprehensive geographical anal-
ysis, the variables were evaluated at three distinct levels:
the entire Brazilian territory, its five official geographical
macro-regions, and each of its 27 federative units (states
and Federal District) [24].

The macro-regions and their respective states are [24]:
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+ North: Acre (AC), Amapé (AP), Amazonas (AM),
Paré (PA), Rondonia (RO), Roraima (RR) and
Tocantins (TO).

+ Northeast: Alagoas (AL), Bahia (BA), Ceard (CE),
Maranhio (MA), Paraiba (PB), Pernambuco (PE),
Piauf (PI), Rio Grande do Norte (RN) and Sergipe
(SE).

+ Southeast: Espirito Santo (ES), Minas Gerais (MG),
Rio de Janeiro (R]) and Sao Paulo (SP).

« South: Parand (PR), Rio Grande do Sul (RS) and
Santa Catarina (SC).

« Midwest: Distrito Federal (DF), Goids (GO), Mato
Grosso (MT) and Mato Grosso do Sul (MS).

The analysis covered the period from 2013 to 2022, allow-
ing for a decade-long assessment of trends across these
geographical divisions.

The population was divided into three age groups:
40-49, 50-69, and > 70 years. The Ministry of Health rec-
ommends SUS screening only for the 50-69 age group.
Statistical comparisons used these three age groups,
with 50—69 years compared against 40—-49 and >70 years
(non-recommended groups), due to varying age stratifi-
cation criteria in different database sources.

The rationale for including women aged 4049 in this
analysis is based on the unique epidemiological profile
of breast cancer in Brazil. Given the high potential for
more aggressive biological behaviour in younger patients,
evaluating the care continuum for the 40-49 age group
is essential to identify gaps in early detection and to sup-
port the expansion of screening recommendations.

Despite screening recommendations typically ceas-
ing at 69 years, women aged>70 years were included
due to the continued high incidence of breast cancer in
this demographic. This cohort faces unique challenges,
including potential age-related biases in healthcare access
and increased vulnerability to systemic delays, which
can lead to advanced diagnoses. Analysing this group is
crucial for identifying specific disparities and inform-
ing tailored interventions beyond standard screening
guidelines.

A secondary database was created using mammogram
data from the SUS Outpatient Health Data System (SIA/
DATASUS) [25], and clinical stage/treatment initiation
time from the Oncology Panel [26]. Target population
calculations used IBGE data [27], and supplementary
healthcare coverage estimates used National Agency
of Supplementary Health data [27]. As an ecological
study, these aggregate-level data were integrated by geo-
graphical unit (Brazil, macro-regions, states), age group,
and year. The age variable was consistently accessible
and applied across all primary and supplementary data
sources.
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The internal review board of the Teaching Hospital,
Federal University of Goids approved the study protocol
under reference CAAE 56747022.0.0000.5078. Informed
consent was waived as open and unrestricted data were
used.

Target population

Target population for 2013-2022 was calculated using
population projections from IBGE’s 2018 update [27],
due to late 2022 census publication only on 28 June 2023.
The percentage of women with private healthcare insur-
ance was subtracted annually from projected sizes to
estimate expected mammograms [28]. This percentage
was stratified and varied annually by region, state, and
age group to ensure precise estimation.

Mammography screening rate

Although the Ministry of Health does not recommend
BC screening for women of 40—49 years of age or for
those>70 years of age, for the purpose of comparing
these groups with the 50-69-year group, it was decided
to use the same method of calculating mammogra-
phy screening rate for all groups. Annual mammogram
counts (2013-2022) were sourced from SIA/DATASUS
[25] (codes 02.04.03.018-8, 02.04.03.003-6).

Analysis was restricted to the period beginning in 2013,
since the Oncology Panel data on clinical stage and on
the time from diagnosis to treatment initiation are only
available from that year onwards.

Under-notification is unlikely as registration is required
for payment. Mammography screening rates accounted
for private healthcare beneficiaries to avoid overestima-
tion [28]. Assuming biennial screening for 100% of the
target population, annual need covered half the female
population [28]. Estimated percent coverage was the ratio
of exams performed to expected exams for the target
population [28].

Clinical staging

Clinical staging data, from 2013 onwards, was obtained
from the Oncology Panel [26]. This refers to the final
recorded clinical-histopathological stage at diagnosis.
Only stages I, II, III, and IV were selected (excluding
stage O that represents ductal carcinoma in situ, a pre-
cancerous lesion not considered breast cancer). Data was
grouped into initial (stages I and II) and advanced (stages
IIT and IV) stages of disease.

Time from diagnosis to treatment initiation

Time from diagnosis to treatment initiation was cal-
culated in days from the diagnostic test date to the first
treatment (surgery, chemotherapy, or radiotherapy).
Data, available from 2013 [26], was categorized into <60
days and >60 days. This calculation was performed for
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all women with recorded data in the Oncology Panel,
irrespective of their detection method or initial tumour
stage. For surgical treatments, if diagnosis occurred post-
surgery, procedures were counted within 0-30 days, pro-
vided negative time did not exceed 90 days [26].

Statistical analysis

Trends were analyzed using Annual Percent Change
(APC) for Brazil, its macro-regions and states via Pois-
son regression model (JoinPoint Regression analysis
[29]). Statistical significance was set at p <0.05, with 95%
confidence intervals (95%CI). Trends were classified as
increasing (APC positive, CI lower limit>0), decreasing
(APC negative, CI upper limit<0), or stable (CI includes
Zero).

Results

The study encompassed a substantial number of records
from the Brazilian public health system (SUS) between
2013 and 2022. The data describe three variables across
age groups: screening mammography, advanced staging,
and treatment delay greater than 60 days. For screening
mammography, there were 11,970,315 exams recorded
for the 40-49 years group; 25,171,122 mammograms
in the 50—69 years age group and 2,634,096 for the >70
years group, with a total of 39,775,533 exams. For local
Stage III/IV, there are 38,677 cases in the 40—49 years
group, 73,761 cases in the 50-69 years group, and 24,148
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cases in the >70 years group, with a total of 136,586 cases
recorded. For treatment delay greater than 60 days, there
are 48,270 cases in the 40—49 years group, 112,440 cases
in the 50-69 years group, and 38,023 cases in the >70
years group, totaling 198,733 cases.

Mammography screening rate
Over the period (2013-2022), average mammography
screening rate was below the recommended levels for all
age groups and in all geographical regions, often below
30% nationally, short of optimal levels (Table 1). Marked
regional disparities were evident, with the North and
Northeast exhibiting the lowest average rates. The Mid-
west also presented average rates below the national
average, though typically higher than the North and
Northeast. In contrast, the South and Southeast generally
recorded higher, yet still suboptimal, rates for the same
age cohorts. The mean mammography screening rate,
according to each Brazilian state, can be seen in Fig. 1.
For the target age group of 50—69 years, mammography
screening rates in some Northern states barely reached
10%. Similarly, women aged 40—49 and >70 years in the
North and Northeast also experienced lower average
screening rates compared to other macro-regions, high-
lighting a regional deficit irrespective of age group.
Analysis of Annual Percent Change (APC) revealed a
concerning national decline in mammography screen-
ing rate (Table 2). In the 40—49 age group this decline

Table 1 Breast cancer mammographic screening rates, within Brazilian Public Healthcare System, by age group, for Brazil as a whole

and by region, from 2013 to 2022

Breast cancer mammographic screening rates (%)

Country/ 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 Mean

Region

40 to 49 years
Brazil 3133 28.66 26.06 2432 21.85 20.79 19.69 11.93 16.31 19.11 22.00
North 12.77 14.42 1241 940 9.81 9.03 8.66 6.48 7.64 940 10.00
Northeast 23.11 19.63 18.98 18.53 15.52 15.00 13.89 8.55 13.39 14.89 16.15
Southeast 4142 40.07 3553 3202 2871 27.58 25.84 15.60 20.58 2470 29.20
South 40.14 33.16 31.74 3067 29.29 27.70 2646 15.83 20.20 2330 27.85
Midwest 17.53 16.93 13.15 14.32 12.70 11.20 12.82 6.91 10.67 13.82 13.01

50 to 69 years
Brazil 35.11 38.82 3820 3811 37.64 34.83 33.88 20.05 2717 3232 3361
North 14.09 18.03 16.35 1343 15.22 12.88 12.72 9.89 11.46 14.00 13.81
Northeast 26.50 29.10 3044 32.04 3240 2636 2563 14.07 2229 23.95 26.28
Southeast 4440 5131 50.04 4862 47.3 45.55 43.81 26.74 3441 42.34 4343
South 42.25 4237 4236 4285 4240 4147 40.16 2348 30.22 36.71 3843
Midwest 19.57 2041 15.55 17.10 15.96 15.39 18.03 9.64 15.59 2029 16.75

>70 years
Brazil 1337 12.92 1241 1202 1135 11.06 10.77 6.31 8.01 1033 10.85
North 482 5.60 5.22 430 4.83 393 3.85 278 2.96 392 4.22
Northeast 7.85 6.90 721 7.10 6.15 572 5.66 2.96 433 522 591
Southeast 18.90 19.25 18.19 1737 1641 16.39 15.87 9.74 1211 16.01 16.02
South 15.83 14.38 14.36 14.34 1439 1412 13.76 792 9.76 1247 13.13
Midwest 8.14 751 5.57 5.86 531 537 5.80 281 436 6.40 571
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A) 40 - 49 years

Breast cancer care continuum in Brazil: geospatial distribution of mean mammography
screening rates by age group, 2013-2022

B) 50 - 69 years

C) 270 years
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Fig. 1 The maps illustrate the mean mammography screening rates (%) across Brazilian states for three distinct age cohorts: A 40-49 years; B 50-69 years;
and €=>70 years. The colour gradient represents the average percentage of women who underwent screening within the public health system (SUS)
during the study period. Data reflect the opportunistic screening model currently in place. Note: Brazilian Federative Units are numbered as follows: 1-AC;
2-AM; 3-PA:; 4-AP; 5-TO; 6-MA; 7-PI; 8-CE; 9-RN; 10-PB; 11-PE; 12-AL; 13-SE; 14-BA; 15-MG; 16-ES; 17-RJ; 18-SP; 19-PR; 20-SC; 21-RS; 22-MS; 23-MT; 24-GO;

25-DF; 26-RO; 27-RR

was pronounced, between 2013 and 2020, with an APC
of -10.79 (95%CI: -19.17 to -7.80 p<0.05) and stabilized
between 2020 and 2022, with an APC of 13.54 (95%CI:
-7.76 to 29.78 p<0.05), suggesting that the declining
trend had been interrupted. In the >70 years age groups,
there was a decreasing trend in breast cancer screen-
ing in Brazil over the study period, with an APC of -6.27
(95%CI: -10.13 to -2.69 p <0.05).

These results reflect their non-prioritised status in cur-
rent SUS screening recommendations for BC. Compar-
ing regional trends, the North and Northeast exhibited
the steepest and most statistically significant declines
in mammography screening rates across all three age
groups. The Midwest region also showed significant neg-
ative APCs, contributing to the overall national decline.
Conversely, the South and Southeast showed more stable
or less pronounced declines in screening rates across all
age groups.

Detailed state-level trends for mammography screen-
ing rate are provided in the Supplementary Material
(Supplementary Tables S1-S3).

Local advanced and advanced-Stage cases at diagnosis
Consistent with the observed screening patterns, aver-
age rates of clinical stage (III/IV) BC cases at diagnosis
were alarming in Brazil as a whole, indicating a substan-
tial burden of late detection and a gap in early detection
over time.

In the 40-49-year age group, 54.3% of women were
diagnosed at an advanced stage, with this being the high-
est national mean percentage, followed by the 70-year
age group (49.12%) and the 50-69-year age group
(48.44%), as shown in Table 3. The Midwest had the high-
est mean percentages of advanced stage cases in all age
groups, particularly in the 40-49-year age group (66.90%).
Means were also high in the North and Northeast in all
age cohorts.
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Table 2 Trends in breast cancer mammographic screening rates within the Brazilian Public Healthcare System, for Brazil as a whole
and for each region, in women of 40-49, 50-69 and > 70 years of age from 2013 to 2022

Regions/States  Age Period 1 APC 95%Cl Interpretation  Period 2 APC 95%Cl Interpretation
Brazil 40-49  2013-2020 -1079* -19.17t0-7.80  Reduction 2020-2022 1354 -7.76t029.78 Stability
50-69  2013-2022 -4.61 -9.23100.23 Stability - - - -
>70 2013-2022 -6.27*  -10.1310 2.69 Reduction - - - -
North 40-49  2013-2020  -956* -23.02t0o-425  Reduction 2020-2022 13.82 -845t031.64 Stability
50-69  2013-2020 -6.24 -2296to0 16.11 Stability 2020-2022 10.22 -12.08t030.22  Stability
>70 2013-2022 -739%*  -1090to0-4.19 Reduction - - - -
Northeast 40-49  2013-2020 -991*  -1720t0-7.34 Reduction 2020-2022 1593 -4.731031.32 Stability

50-69  2013-2022 -3.96 -8.05 t0 0.02 Stability - - - -

>70  2013-2022 -797%  -12111t0-4.21 Reduction - - - -
Southeast 40-49  2013-2020 -10.72*  -18.491t0-6.82 Reduction 2020-2022 9.81 -8.56 t0 23.93 Stability

50-69  2013-2022 -363*  -7.01t0-048 Reduction - - - -

>70 2013-2022 -473*  -9.06to -0.69 Reduction - - - -
South 40-49  2013-2022 -7.06*  -10.00 to -4.65 Reduction - - - -

50-69  2013-2022 -356*  -7.01t0-0.25 Reduction - - - -

>70  2013-2022 -5.28*  -9.80t0-0.97 Reduction - - - -

Midwest 40-49  2013-2020 -851%  -16.8410-545 Reduction 2020-2022 1881 -1.86 t0 37.63 Stability
50-69  2013-2020 -6.08%*  -175110-246 Reduction 2020-2022 2234* 087t043.90 Increase
>70  2013-2020 -921%  -216610-522 Reduction 2020-2022 2358 -0.31t047.36 Stability

* Statistically significant: p <0.05; APC Annual percent change, 95%C/ 95% confidence interval. -’ symbol where a trend analysis was not applicable

Table 3 Late-stage breast cancer diagnosis rates within the Brazilian Public Healthcare System, by age group, for Brazil as a whole and
by region, from 2013 to 2022
Advanced Stage Cases (%)

Country/ 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 Mean

Region

40 to 49 years
Brazil 50.12 50.50 5275 5335 53.59 53.59 54.11 56.20 5754 58.60 54.03
North 56.38 60.75 59.79 57.64 63.61 59.61 64.52 65.20 62.82 63.34 61.37
Northeast 50.53 5111 5167 56.04 5452 53.79 52.90 57.00 57.15 5743 54.21
Southeast 49.64 50.87 53.69 5220 5359 5422 5393 55.85 56.91 5897 5399
South 46.34 45.20 46.96 47.48 46.22 47.91 47.93 49.09 50.37 51.27 47.88
Midwest 60.25 5544 65.10 65.26 6541 62.18 69.17 70.70 7861 76.85 66.90

50 to 69 years
Brazil 45.32 46.26 4741 47.37 46.87 48.19 47.64 5175 5207 5149 4844
North 52.53 5157 62.71 54.60 56.73 54.64 56.06 63.32 61.87 62.24 5762
Northeast 48.26 47.07 46.61 48.68 4823 4848 47.22 5333 5043 50.54 48.88
Southeast 44.08 4547 47.79 47.31 47.22 47.98 4761 50.89 51.90 50.74 48.10
South 4249 44.95 43.86 42.57 40.64 44.82 44.28 4525 45.89 4551 44.03
Midwest 52.69 5297 53.84 56.41 56.25 57.52 58.15 67.73 73.70 70.30 59.95

>70 years
Brazil 45.04 45.75 48.20 47.73 49.47 47.92 48.82 53.63 52.85 5177 49.12
North 46.38 52.96 57.02 61.52 58.02 51.65 5353 62.67 54.81 57.10 55.56
Northeast 47.5 46.11 48.95 49.16 4792 46.72 47.26 5413 51.02 5113 4895
Southeast 44.23 46.41 48.28 48.59 49.88 49.77 49.06 5374 53.59 50.98 4945
South 4345 42.56 46.19 44.97 49.03 45.37 48.09 49.10 47.50 49.69 46.60
Midwest 50.60 5152 49.66 49.69 48.64 4742 53.20 68.89 7933 64.39 56.33

The 40-49 years cohort presented a high proportion advanced-stage diagnoses underscores a failure in early
of late diagnoses, underscoring the aggressive nature of  detection mechanisms. The mean rates of BC cases diag-
the disease in younger women and potential diagnos- nosed at clinical stages III/IV, according to each Brazilian
tic delays exacerbated by regional access barriers. This state, can be seen in Fig. 2.
stark inverse correlation between low screening and high
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A) 40 - 49 years

Breast cancer care continuum in Brazil: geospatial distribution of mean rates for locally advanced and
advanced tumours at diagnosis (stages Il/IV) by age group, 2013-2022

B) 50 - 69 years

C) 270 years
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Fig.2 The maps illustrate the mean rates for locally advanced and advanced tumours (%) at diagnosis (stages IlI/IV) across Brazilian states, segmented by
age group: A 40-49 years; B 50-69 years; and C > 70 years. Higher percentages indicate a greater burden of advanced-stage detection within each specific
age group. Note: Brazilian Federative Units are numbered as follows: 1-AC; 2-AM; 3-PA; 4-AP; 5-TO; 6-MA; 7-PI; 8-CE; 9-RN; 10-PB; 11-PE; 12-AL; 13-SE; 14-BA;
15-MG; 16-ES; 17-RJ; 18-SP; 19-PR; 20-SC; 21-RS; 22-MS; 23-MT; 24-GO; 25-DF; 26-RO; 27-RR

As demonstrated in Table 4, in Brazil, the proportion
of cases of BC diagnosed at advanced stages (III/IV)
increased significantly between 2013 and 2022, in all age
groups. 40—49 years of age APC of 1.71 (95%CI: 1.31 to
-2.10 p<0.05), 50-69 years of age APC 1.43 (95%Cl: 0.95
to 1.95 p<0.05), =70 years of age APC 1.82 (95%CI: 0.79
to 3.06 p<0.05).

Regionally, the Midwest had higher average rates in
advanced-stage diagnoses over time, in all age groups.
The North and Northeast had higher average rates too.

Detailed state-level trends for advanced-stage diagno-
sis are provided in the Supplementary Material (Supple-
mentary Tables S4-S6).

Time from diagnosis to treatment initiation >60 days

As shown in Table 5, a substantial proportion of women
in the SUS experienced delays in treatment initiation
exceeding the legally mandated 60-day over the study
period. This pervasive issue was evident across all age
groups and regions, indicating systemic challenges in

the patient journey that directly contravene national
legislation.

The mean for Brazil was 53.29% for the 40-49-year age
group, 56.56% for the 50-69-year age group and 57.56%
for those 70 years of age. The highest mean percent-
ages of these cases were in the North and Southeast of
the country for all the age groups but particularly for the
70-year (61.01%) and 50-69-year age groups (59.89%).
Although means were lower in the south of the country,
there was an increasing trend, particularly after 2019. The
mean rates of cases with a time > 60 days from breast can-
cer diagnosis to the initiation of treatment, according to
each Brazilian state, can be seen in Fig. 3.

Furthermore, APC analysis revealed a worsening trend
in treatment delays across various regions and age groups
(Table 6). To the >70 years age group, showing an APC
of 1.3 (95%CI: 1.51 to 2.36 p<0.05), pointing to potential
age-related biases or increased logistical complexities in
their care. The 50—69 years age group also experienced
significant increases in treatment delays, showing an
APC of 1.27 (95%CI: 0.33 to 2.01 p<0.05), underscoring



Freitas-Junior et al. BMC Public Health (2026) 26:1257 Page 8 of 14

Table 4 Trends in late stage breast cancer diagnosis within the Brazilian Public Healthcare System, for Brazil as a whole and for each
region, in women of 40-49, 50-69 and > 70 years of age from 2013 to 2022

Regions/States Age Period 1 APC 95%Cl Interpretation  Period 2 APC 95%Cl Interpretation
Brazil 40-49  2013-2022 1.71* 1.31t02.10 Increase - - - -

50-69  2013-2022  143* 0.95 to 1.95 Increase - - - -

>70 2013-2022 1.82* 0.79t0 3.06 Increase - - - -
North 40-49  2013-2022 1.27* 0.05 to 2.88 Increase - - - -

50-69  2013-2022 144 -0.19t0 337 Stability - - - -

>70 2013-2022 1.04 -230t05.21 Stability - - - -
Northeast 40-49 2013-2022 142* 0.83 to 2.06 Increase - - - -

50-69  2013-2022  090* 0.12to 1.69 Increase - - - -

>70 2013-2022 117* 02910 2.24 Increase - - - -
Southeast 40-49  2013-2022 172% 14110 2.05 Increase - - - -

50-69  2013-2022 154* 09010 2.18 Increase - - - -

>70 2013-2022 1.96 * 1.04t0 2.97 Increase - - - -
South 40-49  2013-2022  1.25* 0.84t01.73 Increase - - - -

50-69  2013-2017  1.10 -440to 1.00 Stability 2017-2022  182* 0.80to 541 Increase

>70 2013-2022 121% 0.14t02.34 Increase - - - -
Midwest 40-49  2013-2022  2.99* 1.89t04.48 Increase - - - -

50-69  2013-2022 154* 09010 2.18 Increase - - - -
>70 2013-2022  525* 126t0 11.67 Increase - - - -
* Statistically significant: p <0.05; APC Annual percent change, 95%C/ 95% confidence interval. -’ symbol where a trend analysis was not applicable

Table 5 Time from diagnosis to treatment initiation exceeding 60 days rates within the Brazilian Public Healthcare System by age
group, for Brazil as a whole and by region, from 2013 to 2022
Time until treatment > 60 days (%)

Country/ 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 Mean

Region

40 to 49 years
Brazil 50.26 54.56 5337 53.13 53.89 5248 5292 50.87 5372 57.75 5329
North 5393 64.71 59.77 61.26 55.55 55.66 52.18 56.47 63.15 66.12 58.88
Northeast 46.06 49.63 4891 50.21 5255 50.93 49.70 51.17 5130 58.86 5093
Southeast 56.91 59.44 5749 57.87 5791 56.87 57.64 51.86 55.71 59.55 5713
South 4145 48.07 4843 46.01 47.89 46.42 47.25 43.73 48.07 49.08 46.64
Midwest 44.26 5351 51.14 48.81 5121 47.72 51.69 58.84 59.66 61.62 52.85

50 to 69 years
Brazil 5202 55.68 5578 55.83 57.20 56.89 57.89 5375 58.28 62.28 56.56
North 58.60 63.94 5949 61.11 5942 59.19 57.33 60.90 65.66 64.49 61.01
Northeast 47.14 5123 5246 52.54 5551 55.85 5597 52.82 5873 63.24 54.55
Southeast 5743 60.40 60.16 60.39 60.64 60.98 60.27 55.14 59.25 64.24 59.89
South 4391 4822 49.21 49.46 5135 49.30 53.95 4840 5292 5531 50.20
Midwest 49.96 53.82 2267 5146 5541 53.11 59.02 58,51 60.29 65.65 5299

>70 years
Brazil 53.25 55.00 55.79 56.98 58.17 58.58 59.10 55.29 59.85 63.56 57.56
North 58.82 70.08 66.24 60.38 61.91 5795 5747 60.54 68.59 62.58 62.46
Northeast 51.18 55.69 5333 56.08 60.59 61.14 60.16 55.79 61.13 65.67 58.07
Southeast 57.03 59.56 5893 61.37 60.59 60.13 61.31 56.13 60.37 65.03 60.04
South 46.28 43.73 49.55 48.39 49.90 51.99 5333 50.28 55.16 57.75 50.64
Midwest 5191 48.68 56.12 53.14 60.62 59.30 58.58 61.41 61.64 67.90 5793

that systemic inefficiencies impact even the priority —Discussion

population. Although oncological care has improved in Brazil, our
Detailed state-level trends for time from diagnosis to  findings highlights persistent disparities in BC screen-

treatment initiation are provided in the Supplementary ing, diagnosis, and treatment delays, regardless of age or

Material (Supplementary Tables S7-S9). region, align with broader global and regional contexts.
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Breast cancer care continuum in Brazil: geospatial distribution of mean rates for treatment delays by age
group, 2013-2022
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Fig. 3 The maps illustrate the mean rates (%) for treatment delay, defined as an interval > 60 days between diagnosis and the initiation of treatment,
across Brazilian states. The distribution is shown for: A 40-49 years; B 50-69 years; and C>70 years. The data highlight regional disparities in healthcare
system responsiveness and patient navigation. Note: Brazilian Federative Units are numbered as follows: 1-AC; 2-AM; 3-PA; 4-AP; 5-TO; 6-MA; 7-PI; 8-CE;
9-RN; 10-PB; 11-PE; 12-AL; 13-SE; 14-BA; 15-MG; 16-ES; 17-RJ; 18-SP; 19-PR; 20-SC; 21-RS; 22-MS; 23-MT; 24-GO; 25-DF; 26-RO; 27-RR

The high mortality-to-incidence ratios in low- and mid-
dle-HDI regions, including Latin America, reflecting
systemic failures into improved survival [1]. This posi-
tions Brazil alongside other nations in the intermediate
HDI spectrum, where equitable access and quality of care
remain challenging.

The continuous decline in BC screening rates, espe-
cially in the North and Midwest, may directly correlate
with increased late-stage diagnoses. Regional disparities
in diagnosis-to-treatment time also pose a critical chal-
lenge, notably in the North and Southeast.

Breast cancer screening and local advanced/advanced
stage at diagnosis

From 2013 to 2022, BC screening rates for the 50—69 age
group remained stable, albeit persistently below Min-
istry of Health recommendations [28], while declining
for the 40-49 and =70 age groups. These age-stratified
findings are consistent with broader global analyses,
such as those by GLOBOCAN [1], which often highlight

disproportionate screening gaps and subsequent treat-
ment delays, particularly affecting women aged 40-49
and 270 years.

The observed decline in mammography screening
practices reflects a consequence of inconsistent and
inadequate public health strategies, especially in pub-
lic health-dependent regions and evidence-based policy
implementation [30].

This variation likely stems from non-uniform screen-
ing guidelines for younger and older women [14, 15].
Reduced mammography screening rates in these groups
aligns with previous findings showing persistent chal-
lenges in early detection [17, 18, 31, 32]. Contributing
factors include economic constraints, decreased prioriti-
zation of preventive services [33], COVID-19 impact [18,
32], limited healthcare access [33], and reduced focus on
older women’s screening [17].

The COVID-19 pandemic exacerbated breast cancer
care challenges, evidenced by a more pronounced decline
in screening and an increase in advanced-stage diagno-
ses [18, 32]. While interventions led to some regional
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Table 6 Trends in time from diagnosis to treatment initiation within the Brazilian Public Healthcare System, for Brazil as a whole and
for each region, in women of 40-49, 50-69 and 70+ years of age from 2013 to 2022

Regions/States  Age Period 1 APC 95%Cl Interpretation  Period 2 APC 95%Cl Interpretation
Brazil 40-49  2013-2022 069 -049101.80 Stability - - - -

50-69  2013-2022 1.27*  033t0201 Increase - - - -

>70 2013-2022 1.83* 15110236 Increase - - - -
North 40-49  2013-2019 -1.97 -8.54t0 042 Stability 2019-2022  659* 1.21t0 1768  Increase

50-69  2013-2019 -048 -5.12t0 5.10 Stability 2019-2022 37337  -1.00t09.19 Stability

>70  2013-2019 -233 -1240t0 644  Stability 2019-2022  4.95 -204t0 139 Stability
Northeast 40-49  2013-2022  1.74* 025t03.23 Increase - - - -

50-69  2013-2022 2.59* 14610 3.64 Increase - - - -

>70 2013-2022  2.18*% 0.681t03.72 Increase - - - -
Southeast 40-49  2013-2022 -0.17 -0.82t0 0.51 Stability - - - -

50-69  2013-2022 044 -0.23t0 1.03 Stability - - - -

>70  2013-2022 085 -0.02 to 1.65 Stability - - - -
South 40-49  2013-2022 052 -0.71t0 1.80 Stability - - - -

50-69  2013-2022 184~ 0.71t0 2.88 Increase - - - -

>70  2013-2022 257*% 1.83t03.36 Increase - - - -
Midwest 40-49  2013-2018 0.17 -9.88to 745 Stability 2018-2022 632* 1.13t0 1600  Increase

50-69  2013-2022 298* 1.69 t0 4.60 Increase - - - -

>70  2013-2022 299* 1.32t0 5.01 Increase - - - -

* Statistically significant: p <0.05; APC Annual percent change, 95%C/ 95% confidence interval. -’ symbol where a trend analysis was not applicable

screening stabilization from 2020 [32], this was not uni-
form, with the >70 age group receiving less attention,
raising concerns regarding the vulnerability of this group.

The high incidence of stage III/IV BC cases [6, 7, 33] is
alarming, emphasizing an urgent need for improved early
detection across all age groups [17, 18, 33, 34]. Interna-
tionally, local advanced and advanced stages correlate
with greater aggressiveness, less effective treatment, and
poorer prognosis [22]. However, inadequate screening
access, diagnostic delays, and limited treatment resources
can also contribute to this trend [31, 33].

Decreased screening mammography rates alongside
increased late-stage diagnoses suggests public health
policies and awareness campaigns are ineffective [35,
36]. Poor screening compliance inevitably leads to more
advanced diagnoses [6, 37, 38]. This underscores the
need for better early detection, diagnosis, and treatment
access. Delayed diagnosis is also influenced by lack of
information [39], low education [33], lower socioeco-
nomic status [33], and limited healthcare access [31, 33].

A comparison of the two healthcare systems in Bra-
zil, public (SUS) and private, showed that in the former
there is a greater tendency for patients to present a worse
prognosis, not due to the characteristics of the tumors,
but due to the difficulties faced by the patient in screen-
ing, diagnosis and treatment [8, 9, 40]. The present study
emphasizes the difficulties faced by BC patients treated
by the Brazilian Unified Health System (SUS), show-
ing, over a decade, the difficulties observed in 3 differ-
ent points of the patient’s journey, as well as the lack of
improvement in the 3 dimensions, even for patients who

are considered of the priority group for the Ministry of
Health (50 to 69 years old).

Regarding the elderly population (=70 years), the data
reveal a concerning trend towards late-stage diagnosis
similar other studies that demonstrate stage IV reach-
ing 20.4% within this age group [9]. This suggests that the
cessation of routine screening after the age of 69, com-
bined with potential diagnostic overshadowing by age-
related comorbidities, significantly compromises early
detection and adversely impacts overall survival [17].

Regional differences and socioeconomic factors
Our study highlights regional disparities, with outcomes
poorer in Brazil's less developed regions, particularly
the North, Northeast and Midwest. Geographical barri-
ers and prevailing socioeconomic factors, especially in
rural areas, significantly impede access to care, reflecting
broader challenges observed across Latin America [3].
These disparities are deeply rooted in Brazil’s continen-
tal geography and socioeconomic landscape. The terri-
tory is fundamentally characterised by a stark distinction
between state capitals (primary urban and technological
hubs where specialised oncology services and infrastruc-
ture are concentrated) and the ‘interiors;, vast regions
comprising smaller municipalities and rural areas [41].
In these interiors, particularly across the North, North-
east, and Midwest, patients face significant logistical
challenges, including extensive travel distances to reach
urban centres for screening, diagnosis and treatment.
This geographical impediment, compounded by high
poverty levels, directly contributes to the higher rates
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of advanced-stage diagnoses and prolonged treatment
delays observed in the present study.

Our findings align with previous reports demonstrat-
ing significant variations in BC screening and treatment
outcomes, consistently poorer in less developed states [6,
31, 32]. These disparities are attributable to variations in
health infrastructure [42], resource allocation [31, 43],
and socioeconomic conditions, including education and
income levels [33], which collectively determine health-
care access [6, 7, 38]. Consequently, vulnerable popu-
lations disproportionately face challenges in accessing
screening and early treatment, leading to higher rates of
late-stage diagnosis [33, 38, 39, 42].

The presents data confirm that access issues within the
SUS are not primarily due to a scarcity of mammogra-
phy devices, but rather their unequal geographic distri-
bution and insufficient utilisation [7, 31, 44]. Despite the
SUS’s expanded reach, significant access variations per-
sist, particularly in smaller or poorer municipalities [10].
The underutilisation of existing equipment stems from a
shortage of qualified personnel and bottlenecks in spe-
cialised care, directly contributing to prolonged waiting
times for diagnosis and treatment initiation [10].

This systemic inefficiency within the public sector
contrasts with the private sector, where women with
PHI exhibit higher screening rates and earlier diagno-
ses [34, 45]. This divergence is exacerbated by the SUS’s
fragmented diagnostic and treatment pathways, forcing
patients into an uncoordinated journey. Consequently,
socioeconomic status and insurance type remain primary
determinants of breast cancer outcomes in Brazil [11].

The diagnostic journey within the SUS is frequently
hindered by structural fragmentation and a critical lack
of digital integration. Many public referral centres lack
on-site specialised diagnostic services (e.g., histopathol-
ogy, immunohistochemistry), compelling patients to
navigate a complex, Fragmented network of external
laboratories [46]. This fragmentation often necessitates
patients physically retrieving and transporting paper-
based diagnostic results, a burden amplified by vast
travel distances in many Brazilian regions. Such logistical
bottlenecks contribute to treatment delays. Conversely,
integrated diagnostic services and Non-Governmental
Organisation-supported patient navigation have proven
effective in substantially reducing time from consultation
to treatment initiation, underscoring the urgent need for
a cohesive ‘one-stop-shop’ approach in the public sector
[46].

Ultimately, developed regions like the Southeast
achieve greater early diagnosis [32], while less developed
regions (North, Northeast and Midwest) struggle with
late-stage diagnoses and treatment delays [31, 42]. These
disparities reflect unequal resource distribution and inef-
fective public policies [31].
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The increase in late-stage breast cancer diagnoses and
extended diagnosis-to-treatment times (> 60 days) under-
scores the need to improve both screening and health-
care system efficiency in timely treatment initiation [42].
Geographical, economic, and social barriers necessitate
targeted public policies [32, 42]. Prolonged time interval
from diagnosis to treatment initiation and barriers to the
healthcare system.

Prolonged time interval from diagnosis to treatment
initiation and barriers to the healthcare system

A prolonged diagnosis-to-treatment interval is a major
concern. Our findings, consistent with other studies [9,
31, 42, 43, 47], reveal significant treatment initiation
delays (exceeding 60 days) for a substantial proportion of
women, with over 50% affected irrespective of age group.
Brazil's median treatment intervals are significantly lon-
ger than the sub-one-month standard in high-income
nations [48]. Such delays, especially in advanced-stage
patients, directly worsen survival and require more com-
plicated treatment regimens [22, 49, 50].

The interval between diagnosis and the initiation of
treatment has seen a marked and detrimental increase
over the last two decades. The median time to treat-
ment more than doubled from 32 days in the 2000-2004
period to 76 days in 2015-2019 [9]. This systemic delay
is particularly pronounced for patients diagnosed outside
the treating institution, suggesting that fragmented care
pathways and bureaucratic hurdles in the referral sys-
tem are primary drivers of treatment postponement and
undermines clinical outcomes [9].

The efficacy of breast cancer management in Brazil
is different between SUS and PHI. Patients within the
public system face significantly longer wait times for
both diagnostic confirmation and treatment initiation
compared to those in the PHI [9]. Healthcare system
complexity and lack of service integration contribute to
these outcomes [30, 51], highlighting the need for more
effective referral and simplified treatment pathways [42,
43]. Private facilities offer quicker access due to simpli-
fied processes, emphasizing public/private healthcare
inequalities and the need for SUS improvements [42].

Implications for future public policies

Given that around 70% of Brazilians population depends
on the SUS [12] and screening mammography is low,
comprehensive strategies are needed to address early
detection and treatment gaps. To mitigate the economic
burden of BC and improve survival rates, Brazil must
urgently transition from an opportunistic to an organized
national screening program. Such a shift requires mul-
tifaceted strategies beyond mere equipment provision,
including structured referral guidelines for suspicious
cases, continuous training for healthcare professionals,
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and the implementation of patient navigation systems
[52].

Tailored interventions and improving primary health-
care are essential to overcome documented barriers and
ensure equitable access across diverse populations [3],
guaranteeing timely specialist referrals.

In India a study showed that clinical breast examina-
tion (CBE) may reduce mortality by almost 30% and late-
stage diagnosis in women > 50 years of age [53]. In Brazil,
the only ongoing multicenter, phase III, randomized,
prospective clinical trial has trained female community
health workers to perform a physical breast examination
on women of 40 years of age or more within the SUS.
That study aims to evaluate the effectiveness of this struc-
tured screening in reducing the rates clinical stages (III
and IV) at diagnosis and of breast cancer-related mortal-
ity [54].

Training community health workers for CBE is a via-
ble and scalable SUS strategy, especially for women
who do not have regular access to mammography. This
realistically expands screening and provides a practical
path to reduce late diagnoses and mortality within the
financial and structural limitations of the SUS. Further-
more, increasing mammography services (especially in
underserved areas) and promoting awareness campaigns
are crucial. Simplifying referral processes by reduc-
ing bureaucracy will accelerate treatment initiation and
improve outcomes. Finally, developing targeted inter-
ventions addressing regional needs is essential to reduce
socioeconomic disparities and ensure equitable health-
care access.

This study’s limitations stem primarily from its reliance
on publicly available, aggregate secondary data from the
DATASUS platform (SIA/DATASUS, Oncology Panel),
IBGE, and ANS. While this approach ensures a large,
representative sample, it restricts our ability to incorpo-
rate granular individual-level demographic data. Con-
sequently, despite effectively highlighting regional and
age-group disparities in BC screening, diagnosis, and
treatment delays, our analysis cannot fully explore their
underlying social determinants.

Furthermore, the state-level data may mask more
severe intra-state disparities, particularly between capi-
tal cities and rural areas, where healthcare access is more
constrained. Future research should address this intra-
state granularity.

Potential limitations also include inherent delays in
data updates and the possibility of underreporting for
cancer cases in DATASUS. However, the mandatory reg-
istration of all tumor diagnoses, regardless of aggressive-
ness, and the payment-linked recording of mammograms
minimize the likelihood of significant under-notification,
particularly for screening data.
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Conclusion

Despite advances in certain areas about breast cancer,
Brazil continues to confront significant challenges in
BC control, particularly regarding equitable access to
screening, diagnosis and treatment. The regional and
age-related disparities identified in this study underscore
an urgent need for targeted public policy interventions.
These findings are critical for public health managers
seeking to reform BC screening, diagnosis, and treatment
strategies for women aged >40 years in Brazil.

We strongly recommend the extension of BC screening
guidelines to include women aged 40-49 and those>70
years, integrated within Ministry of Health protocols.
Such an expansion is essential to ensure that all women,
irrespective of their geographical location or age group,
receive timely diagnosis and appropriate treatment.
Addressing these systemic disparities is paramount not
only for reducing the substantial human and economic
costs associated with BC but also for advancing Bra-
zil towards more equitable health outcomes, potentially
serving as a transferable model for other LMICs con-
fronting similar public health challenges.
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