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Resumo: Cervical cancer is one of the most prevalent cancers in Brazil, with a highly
heterogeneous distribution across its Federal Units. The aim of this study was to identify
groupings by Federal Unit based on health variables that could represent the three pillars of
actions proposed by the World Health Organization (WHO) for the elimination of cervical
cancer using unsupervised machine learning techniques. After selecting seven health variables,
Principal Component Analysis (PCA) was applied, allowing for the structural reduction of the
data into two factors. The PCA outputs were used as inputs for hierarchical clustering analysis,
resulting in the identification of four clusters. Cluster 1 (MG and PR) was the one closest to the
target recommended by the WHO, with the highest percentages of vaccination coverage,
diagnosis, and treatment. Conversely, Cluster 4 (AC, AM, AP, MA, and PA) represented the
extreme opposite, with the poorest results in vaccination coverage and treatment. Cluster 3 (AL,
CE, PB, PE, PI, and SE) showed the worst results in diagnosis variables. Clusters 3 and 4
suggest difficulties in accessing healthcare services correlated with poverty. Cluster 2 (BA, DF,
ES, GO, MS, MT, RJ, RN, RO, RR, RS, SC, SP, and TO) differed from Cluster 3 due to its
lower poverty index.
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1 INTRODUCAO (OU APRESENTACAO)

In Brazil, according to estimates from INCA (2022), approximately 17,000 new cases
of cervical cancer are diagnosed annually, which represents about 15 cases per 100,000 women.
However, there are significant differences between regions and Federal Units (UFs) of Brazil.
The estimated age-adjusted incidence rates of cervical cancer vary from 12.9 in the Southeast
region to 20.5 per 100,000 women in the Northern region (INCA, 2022).

Although it is one of the most common cancers among women in Brazil, cervical cancer,
also known as cervical cancer, can be 100% prevented or controlled through primary prevention

actions such as vaccination against the Human Papillomavirus (HPV), secondary prevention
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(screening and treatment of pre-cancerous lesions), and tertiary prevention (early diagnosis and
treatment of invasive cervical cancer) (INCA, 2016). Due to its importance in terms of public
health, in August 2020, during the World Health Assembly, the World Health Organization
(WHO) launched the global strategy to accelerate the elimination of cervical cancer (Seventy-
third World Health Assembly, 2020). According to this strategy, all countries should achieve
and maintain an incidence rate of fewer than four cases of cervical cancer per 100,000 women
to achieve the elimination of cervical cancer (WHO, 2020). To make this goal possible, the 90-
70-90 actions were proposed, resting on three pillars: a) vaccination: 90% of girls should be
vaccinated with the HPV vaccine by the age of 15; b) screening: 70% of women should undergo
a high-performance screening test by the age of 35, and again at the age of 45; c) treatment:
90% of women with pre-cancerous lesions and 90% of women with invasive cancer should
receive appropriate treatment (WHO, 2020).

HPV infection is a well-established cause of cervical cancer (De Sanjose et al., 2018).
Virtually 100% of cases are related to HPV infection. Among the more than 40 types of HPV
that infect the genital area, types 16 and 18 are considered to have a high oncogenic risk and
are responsible for about 70% of all cervical cancers (Bruni et al., 2021; De Sanjose et al.,
2018). In terms of primary prevention, HPV vaccines that prevent infection by HPV types 16
and 18 have been available on the market since 2006 (WHO, 2017). In Brazil, the HPV vaccine
was introduced in 2014 in the national immunization program for girls aged 9 to 14,
representing a significant ally in reducing the incidence of cervical cancer in Brazil (SOARES,
2023).

2 METODO (OU OPCOES METODOLOGICAS)

Through a literature review, seven quantitative variables were selected to represent
indicators related to the three pillars of actions in the fight against cervical cancer (Table 1).
Subsequently, unsupervised machine learning techniques were employed, specifically Principal
Component Analysis for structural reduction followed by hierarchical clustering (FAVERO;
FAVERO, 2017).

Table 1. List of indicators selected as variables and the data baseline year.

Indicadores Ano
HPV first-dose vaccine coverage at 15 years old 2021
Proportion of women aged 25 to 64 years who reported having had a cytological 2019

examination in the last 3 years
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Proportion of women aged 25 to 64 years who reported never having had a 2019
cervical cytological examination

Proportion of cases with treatment initiation > 60 days after diagnosis 2022

Cervical cancer incidence adjusted per 100,000 women 2022

Cervical cancer mortality adjusted per 100,000 women 2022

Percentage of poverty 2021

Source: Original research data.

The Principal Component Analysis (PCA) is based on creating uncorrelated factors
from the linear combination of the original variables. The correlation matrix P was defined
using the variables from the database, as shown in Eq. (1), and the Pearson correlation
coefficient was calculated between variable pairs as per Eq. (2) (FAVERO; FAVERO, 2017).
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For the clustering analysis, the outputs of PCA were used as inputs. A dissimilarity
matrix was created using the factors generated in the Principal Component Analysis, employing
the Euclidean distance measure between clusters and a hierarchical agglomeration scheme with
complete linkage method. Since the clusters were formed based on the factors, there was no
need to apply the Z-Score because the factors had already been standardized during the PCA.
A dendrogram, which is a graphical representation of hierarchical agglomeration, was
created to determine the optimal number of clusters. ANOVA was performed to check if at least

one cluster had a statistically different mean from the others (p-value < 0.05).

3 RESULTADOS E DISCUSSAO

The values of the variables analyzed in this study by Federal Unit (UF) can be seen in Table 2.

Table 2. Variables analyzed in the study by federal unit

UF Cv1® Papa3® No Papa® IncColo® MortColo® Poverty®  Tto60("

AC 43,1 82,1 6,7 15,4 10,9 45,5 72,4
AL 74,3 71,3 15,6 18,5 7,5 50,4 47,8
AP 64,7 76,1 13,3 26,7 16,9 46,8 67,4
AM 76,3 85,0 13,3 31,7 16,5 51,4 67,7
BA 65,9 81,5 4.8 11,8 5,0 47,3 57,7
CE 83,9 72,6 8,5 14,0 6,5 45,9 36,2
DF 77,7 79,6 8,4 11,1 6,2 15,7 449
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ES 79,0 83,4 2,8 9,4 6,5 27,2 37,2
GO 72,9 75,8 8,0 9,1 5,8 22,5 50,7
MA 68,0 77,8 91 21,1 9,6 57,9 61,4
MT 83,1 79,7 6,3 111 6,3 20,2 47,1
MS 74,4 83,3 3,6 17,7 6,2 21,0 27,2
MG 76,6 79,7 6,7 7,7 3,3 25,3 41,4
PA 62,0 76,5 10,6 19,5 9,5 46,9 68,0
PB 81,1 66,5 15,8 10,5 6,5 47,2 62,6
PR 90,3 85,6 5,0 9,8 4,8 17,6 20,8
PE 74,1 77,1 9,0 12,1 5,7 50,3 39,8
Pl 72,0 75,0 9,8 15,2 7,2 45,8 25,3
RJ 65,2 86,1 4,2 11,8 4,9 22,8 55,6
RN 64,6 78,4 7,6 12,1 5,5 42,9 41,5
RS 71,6 84,8 4,9 7,1 5,3 13,5 38,0
RO 67,5 80,7 51 16,4 6,0 31,7 44,9
RR 81,3 80,7 8,0 13,3 12,8 46,2 66,7
SC 83,9 85,8 3,0 17,2 4,7 10,2 40,7
SP 83,9 85,3 3,8 7,6 3,5 17,7 51,9
SE 14,7 74,0 9,1 13,9 6,7 48,2 37,5
TO 76,3 75,4 6,5 16,8 7,6 33,6 64,0

Source: Original research data.

Note: (1) First-dose vaccination coverage [CV1]; (2) Cervical cytology in the last three years [Papa3];
(3) Never had cervical cytology [N@oPapa]; (4) Cervical cancer incidence per 100,000 [IncColo]; (5)
Cervical cancer mortality per 100,000 [MortColo]; (6) Percentage of poverty [Pobreza]; (7) Time
between diagnosis and treatment exceeding 60 days [Tto60].

While the analysis of the variable "proportion of women aged 25 to 64 years who
reported having had a cytological examination in the last three years,”" which represents the
second pillar of the WHO's strategy for cervical cancer elimination, appears to meet the
recommended goal of 70%, it is important to note that it was not possible to extract the coverage
of examinations performed within the Brazilian Unified Health System (SUS) from the Cancer
Information System (SISCAN) since it has not been fully implemented nationwide (SISCAN,
2022). Therefore, population surveys with samples exclusively from capitals and the Federal
District were used, which may not be representative of the reality in the states. The rate of over
15% of women reporting never having undergone cytological screening in AL and PB is
concerning.

The variable "proportion of cases with treatment initiation exceeding 60 days after
diagnosis™ was the only indicator that could be extracted from the Department of Informatics
of the Unified Health System (DATASUS) to represent the third pillar of the WHO's strategy
(cervical cancer treatment), with an average of 48.8% of women waiting more than 60 days to
start treatment, ranging from 20.8% (PR) to 72.4% (AC).

4 CONCLUSAO (OU CONSIDERACOES FINAIS)
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This set of unsupervised machine learning techniques allowed for the structural
reduction of seven health variables related to cervical cancer into two factors and the
identification of four groupings of Federal Units (UFs). The UFs' groupings based on health
variables can serve as an important tool for decision-making in targeted actions and resource
allocation for one or more of the pillars recommended for the elimination of cervical cancer,
such as promoting health through intensified vaccination campaigns for eligible young
individuals to receive the HPV vaccine, organized cervical cancer screening for women aged

25 to 64, and improving the healthcare network for cancer treatment.
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