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Brazil is a country with strong socioeconomic disparities,
which may explain the different rates of cervical cancer
incidence and mortality and influence the quality of cervical
cancer screening tests. The aim of this study was to perform a
trend analysis of some quality indicators of Pap smears
according to the Municipal Human Development Index
(MHDI). Information about cytopathological exams
(approximately 65,000,000) performed from 2006 to 2014
in women ages 25 to 64 years was obtained from the Cervical
Cancer Information System (SISCOLO). The average annual
percentage change (AAPC) for each indicator was calculated
using the Joinpoint Regression Program, according to MHDI
levels. Very low frequencies of unsatisfactory cases (<5%)
were observed at different MHDI levels. Although the pos-

Introduction

Cervical cancer, with an estimated 570,000 new cases and
311,000 deaths in 2018 worldwide, is the fourth-most frequent-
ly diagnosed cancer and the fourth-leading cause of cancer-
related death in women. In regions with lower Human Devel-
opment Index (HDI), an indicator that includes education, life
expectancy and per-capita income that is widely used to classify
countries according to their level of development and socio-
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itivity index in the low- and medium-MHDI groups has
increased, the values remained below international recom-
mendations (3%-10%). The HSIL (high-grade squamous
intraepithelial lesion) percentage remained stationary at all
levels of the MHDI. In the low- and medium-MHDI groups,
most quality indicators were below the recommendations by
Brazilian National Cancer Institute INCA, with no improve-
ment trend; in the high-MHDI group, the majority of the
indicators also presented no improvement, although they
show slightly better quality indicators. The MHDI should be
considered in the definition of the policies of the screening
program for cervical cancer in Brazil, and the current
program may require adjustments to achieve improved
efficiency.

economic profile, cervical cancer is the second-most common
in incidence and mortality (1).

Brazil is divided into five macroregions, 26 states and one
federal district, and 5,570 municipalities (5,565 before the year
2013) and shows distinct socioeconomic realities, with regions
comparable with high-income to low-income countries. In
2017, Brazil was classified as a high HDI country (0.759;
http://hdr.undp.org/en/countries/profiles/BRA), whereas in
2010, the Municipal Human Development Index (MHDI)
varied from 0.418 (Melgaco) to 0.862 (Sao Caetano; http://
www.atlasbrasil.org.br/2013/pt/download). Possibly because
of these MHDI disparities, the incidence and mortality rates
of cervical cancer vary widely in Brazil. For 2019, 16,379 new
cases are estimated in Brazil, with an estimated risk of 15.43/
100,000 women, as cervical cancer is the third-most common
cancer among women.

Brazil has a single cervical cancer opportunistic screening
program based on the Pap test (screening is non-population
based), which is recommended for women between 25 and
64 years of age who have initiated sexual activity. The test is
recommended every 3 years after two normal tests in a period of
one year (2).

Previous studies by our group have shown that most of the
quality indicators of cytological tests in Brazil are still below the
values recommended by the Brazilian National Cancer Insti-
tute (INCA) and the Ministry of Health (3) and that there is a
discrepancy in value indicators and their trend by region and
state, possibly due to socioeconomic factors (4). Therefore, the

AAC_R American Association
for Cancer Research’

AACRJournals.org | 299

Downloaded from cancerpreventionresearch.aacrjournals.org on March 26, 2021. © 2020 American Association for Cancer
Research.


http://crossmark.crossref.org/dialog/?doi=10.1158/1940-6207.CAPR-19-0306&domain=pdf&date_stamp=2020-3-4
http://crossmark.crossref.org/dialog/?doi=10.1158/1940-6207.CAPR-19-0306&domain=pdf&date_stamp=2020-3-4
http://hdr.undp.org/en/countries/profiles/BRA
http://hdr.undp.org/en/countries/profiles/BRA
http://www.atlasbrasil.org.br/2013/pt/download
http://www.atlasbrasil.org.br/2013/pt/download
http://www.atlasbrasil.org.br/2013/pt/download
http://cancerpreventionresearch.aacrjournals.org/

Published OnlineFirst December 13, 2019; DOI: 10.1158/1940-6207.CAPR-19-0306

Costa et al.

aim of this study was to evaluate the quality of cytological tests
performed at different HDI levels.

Materials and Methods

This is a time-series analysis of the quality of Pap smears in
Brazil for women ages 25 to 64 years old, evaluated according to
MHDI. This index adjusts the HDI to the municipal reality and
reflects specific and regional challenges in Brazilian human
development (5). The MHDI is measured on a scale ranging
from 0 to 1; the closer the value is to 1, the greater the human
development. The MHDI values are divided into five catego-
ries: very high (>0.800), high (0.700-0.799), medium (0.600-
0.699), low (0.500-0.599), and very low (<0.500; ref. 5). We
grouped the MHDI into 3 categories as follows: high
(MHDI>0.700), medium (0.600<MHDI<0.700), and low
(MHDI<0.600). The distribution of municipalities according
to HDI is shown in Supplementary Fig. SI.

Data related to the Pap smears were collected from the
publicly available Information System of Cervical Cancer
Screening  (SISCOLO,  http://www2.datasus.gov.br/DATA
SUS/index.php), created in 1999 by the INCA and the Depart-
ment of Informatics of the public health system to manage and
monitor the Brazilian cervical cancer screening program. In
brief, SISCOLO contains information on all Pap tests per-
formed in the public system, including first-level screening tests
as well as follow-up Pap tests, providing the number of exams
performed (not the number of women who submitted to the
exams). The cytology results are classified according to a
standard adapted from the Bethesda System, and the main
screening method is the Pap smear; however, liquid cytology is
being incorporated in some primary health units (6). The data
were collected by municipality (information on 5,565 munic-
ipalities) from cytopathological exams performed on women
ages 25 to 64 years who voluntarily participated in the oppor-

tunistic Brazilian governmental program of cervical cancer
prevention from January 2006 to December 2014, according
to collection unit (preanalytical indicators) or service provider
(analytical indicators).

The following information was not available in SISCOLO:
The results of ASC-H (atypical squamous cells of undeter-
mined significance—high grade), HSIL with possible micro-
invasion and transformation zone from January to June 2006,
as well as data from the state of Amapa from January 2013 to the
closing of this study. In addition, inconsistent data (excessive
number of exams) were observed in the state of Acre in 2006;
consequently, these data were not included in the analysis.

The number of women ages 25 to 64 years and living in
municipalities in the years from 2006 to 2013 was obtained
from the Department of Informatics of the public health system
(http://tabnet2.datasus.gov.br/cgi/deftohtm.exe?idb2013/a01.
def) to determine the productivity rate. The number of women
from 2014 was not collected because information regarding the
number of exams was lacking from the last months of 2014; this
limitation did not influence the determination of the other
indicators.

The following quality indicators were determined for women
ages 25 to 64 years: (i) productivity rate (the ratio between the
number of exams performed and the number of women ages
25-64 years); (ii) the percentage of unsatisfactory exams; (iii)
the percentage of cases with representations of the transfor-
mation zone (region of the cervix where the columnar epithe-
lium has been and/or is being replaced by new metaplastic
squamous epithelium); (iv) positivity index (prevalence of cell
alterations in satisfactory exams); (v) ASC-US percentage; (vi)
ASC-H percentage; (vii) ASC (atypical squamous cells) per-
centage; (viii) LSIL percentage; (ix) HSIL percentage (including
HSIL with possible microinvasion); (x) ASC/abnormal per-
centage; and (xi) ASC/SIL ratio. The formulas used to obtain
the indicators are shown in Table 1.

Table 1. Formulas for calculating quality indicators and respective reference values.

Indicators Calculation

Reference values

Preanalytical Productivity rate (%)

Unsatisfactory (%)

number of women

number of exams performed
Transformation zone (%)

Positivity Index (%)
ASC-US (%)

number of satisfactory exams

Analytical

number of satisfactory exams

number of satisfactory exams

ASC-H (%) number of ASC—H exams
number of satisfactory exams
(" number of ASC exams
ASC (A)) number of satisfactory exams x 100
9 number of LSIL exams
LSIL (/D) number of satisfactory exams x 100
9 number of HSIL exams
HSIL (A)) number of satisfactory exams x 100
(¥ number of ASC exams
ASC/AbnormaI %) Aumber of abnormal exams 100
ASC/SIL number of ASC exams

number of SIL exams

number of exams performed % 100

number of unsatisfactory exams % 100
number of transformation zone exams v 1))
number of abnormal exams % 100

number of ASC—US exams _ 100

Not applicable

1% (Average of the collected exams in Brazil in 2010)
Not applicable

3%-10%

Not applicable

Not applicable

<4%-5%

Not applicable

0.5%-1.0% (USA, 0.5%; Canada, 0.6%; UK, 1.1%; Norway, 1.1%)
<60%°

<3?

Note: Information on cytopathologic exams was obtained from women ages 25 to 64 years old.

Abbreviations: ASC, atypical squamous cells; ASC-H, atypical squamous cells, cannot exclude a high-grade squamous intraepithelial lesion; ASC-US, atypical
squamous cells of undetermined significance; HSIL, high-grade squamous intraepithelial lesion; LSIL, low-grade squamous intraepithelial lesion; SIL, squamous
intraepithelial lesion.

@Reference values by Brazilian National Institute of Cancer (INCA).
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This study was approved by the Ethics Committee of the
Barretos Cancer Hospital.

Data processing and statistical analysis

R software (The R Foundations for Statistical Computing)
and Microsoft Excel 2013 (Microsoft Corporation 2013)
were used to organize the collected data, create new spread-
sheets, and calculate the quality indicators according to the
MHDI.

Joinpoint Regression Program Version 4.5.0.1 (June 2017;
Statistical Methodology and Applications Branch, Surveillance
Research Program, National Cancer Institute) was used to
calculate, for each indicator, the annual percentage change
(APC) for each trend identified, using the minimum number of
joinpoints/inflection points (a maximum of 1 joinpoint was
tested; in case of one inflection point, trend 1 and trend 2 were
calculated, whereas only one trend (trend 1) was calculated in
case of zero joinpoints), and the average annual percentage
change (AAPC), which is a summary measure over a fixed
interval. Each significant point indicates an increase or decrease
in the rate (7). To describe linear trends, the APC and AAPC
values and the respective 95% confidence intervals (95% CI)
were computed. When the best model fit has zero joinpoints,
the APC and AAPC are identical.

Results

A total of 65,882,438 exams in the target age range (25-64
years) were performed in Brazil from 2006 to 2014. Supple-
mentary Table S1 shows the distribution of exams according to
cytological results and categories of MHDI, considering the
municipality of the collection unit (preanalytical indicators) or
service provider (analytical indicators). Figure 1 shows the
distribution of exams per age range, where a significant
decrease in the percentage of exams performed in women ages

Figure 1.
Time series of the percentage of exams per age range from 2006 to 2014. * APC
is significantly different from zero (P <0.05).
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25 to 34 years and a significant increase in the percentage of
exams performed in women ages 35 to 54 years were observed.
Supplementary Table S2 shows the values for each indicator,
and Table 2 shows the corresponding APC and AAPC
values. Figures 2 and 3 show the trend lines.

In the high-MHDI group, the trends of the productivity rate,
the percentage of unsatisfactory exams, the percentage of the
transformation zone, the positivity index and percentage of
HSIL remained stationary. A yearly significant increase was
observed in the percentage of ASC-US (AAPC = 3.51), per-
centage of ASC-H (AAPC = 4.78), percentage of ASC (AAPC
= 3.90), percentage of ASC/abnormal (AAPC = 2.81) and
ASC/SIL ratio (AAPC = 6.94), and a significant decrease was
observed in the percentage of LSILs (AAPC = —3.64). It should
be noted that a different behavior in the trend during the period
under study was observed for the percentage of ASC-H, which
remained stationary until 2009 and underwent a significant
increase of 7.57% per year from 2009 to 2014, and for the
percentage of LSIL, which suffered a significant decrease of
7.84% per year from 2006 to 2009 and then remained stationary
until 2014.

In the medium-MHDI group, during the period under study,
the trend of the percentage of HSIL remained stationary
over time. There was a significant increase in the positivity
index (AAPC = 1.40), percentage of ASC-US (AAPC = 6.92),
percentage of ASC-H (AAPC = 6.28), percentage of
ASC (AAPC = 11.17), percentage of ASC/abnormal
(AAPC = 4.92) and ASC/SIL ratio (AAPC = 9.33). A yearly
significant decrease was observed in the productivity
rate (AAPC = —2.62), percentage of unsatisfactory exams
(AAPC = -—3.39), percentage of transformation zone
(AAPC = —2.27), and percentage of LSIL (—2.14). Note the
different behavior in the trend during the period under study
for the positivity index, which remained stationary until 2008
and underwent a significant increase of 1.40% per year from

(%) Exams per age range

APC = 1.59* (95% Cl, 0.16; 3.04)

60

|

50

40
!

APC = -3.09* (95% Cl, -4.72 to-1.45)

.\r\\\

Percentage

30
)

&4 APC=2.48(95% Cl,-0.01" 5.03)
B | L]
-— = ] - u
o4
20|06 20|08 20I1 0 20|1 2 20|1 4
Year
; - -.- - . A

25-34 years 35-54 years 55-64 years

Cancer Prev Res; 13(3) March 2020

Research.

301


http://cancerpreventionresearch.aacrjournals.org/

Published OnlineFirst December 13, 2019; DOI: 10.1158/1940-6207.CAPR-19-0306

Costa et al.

Table 2. Quality indicator trends by Brazilian Municipal Human Development Index from 2006 to 2014.

Indicator MHDI Trend 1 Trend 2
Period APC 95% CI Period APC 95% CI AAPC 95% CI
LL uL LL UL LL UL
Productivity High 2006-2013  -1.95 -4.46 0.62 - - - - -1.95 -4.46 0.62
Rate (%)
Medium 2006-2013 -2.62° -4.86 -0.33 - - - - -2.622 -4.86 -0.33
Low 2006-2013  -2.51% -4.72 -0.24 - - - - -2.51° -4.72 -0.24
Unsatisfactory High 2006-201M -4.48 -9.50 0.82 201-2014 1.06 -3.85 2829 108 -3.37 5.73
exams (%)
Medium 2006-2014 -3.39° -4.67 -2.08 - - - - -3.39% -4.67 -2.08
Low 2006-2014  -3.68° -6.56 -0.70 - - - - -3.68° -6.56 -0.70
Transformation High 2006-2014 -0.35 -1.07 0.38 - - - - -0.35 -1.07 0.38
Zone (%)
Medium 2006-2014 -2.27° -3.01 -1.53 - - - - -2.27° -3.01 -1.53
Low 2006-2014  -2.45° -3.19 -1.70 - - - - -2.45% -3.19 -1.70
Positivity Index  High 2006-2012  -0.30 -2.58 2.04 2012-2014 9.56 -7.90 30.33 2.08 -1.23 5.51
(%)
Medium 2006-2008 -1.72 -8.27 5.29 2008-2014  2.47° 1.21 373 1.40° 0.01 2.81
Low 2006-2014  4.392 1.97 6.87 - - - - 4392 197 6.87
% ASC-US High 2006-2014  3.51° 1.23 5.84 - - - - 3.51° 1.23 5.84
Medium 2006-2014  6.92% 4.98 8.88 - - - - 6.92° 4.98 8.88
Low 2006-2014  6.51° 1.82 1.43 - - - - 6.51° 1.82 N.43
% ASC-H High 2006-2009 0.29 -6.98 8.13 2009-2014  7.57° 4.35 10.89 4.78° 2.30 7.33
Medium 2006-2014  6.28° 4.08 8.53 - - - - 6.28° 4.08 8.53
Low 2006-2014  10.19° 4.33 16.38 - - - - 10.19° 4.33 16.38
% ASC High 2006-2014  3.90% 1.63 6.21 - - - - 3.90° 1.63 6.21
Medium 2006-2008 25.72° 1.10 42.27 2008-2014 6.70° 4.92 8.51 naze 8.58 13.82
Low 2006-2014  6.94 3.00 1.03 - - - - 6.94° 3.00 1.03
% LSIL High 2006-2009 -7.84° -12.29 =317 2009-2014 -1.02 -3.78 1.81 -3.64° -5.36 -1.88
Medium 2006-2014 -2.14° -4.01 -0.23 - - - - -2.142 -4.01 -0.23
Low 2006-2014 129 -2.36 5.07 - - - - 1.29 -2.37 5.07
% HSIL High 2006-2008 -7.70 -16.00 1.42 2008-2014 0.86 -0.77 250 -1.36 -3.18 0.51
Medium 2006-2014 -1.18 -2.51 0.7 - - - - -118 -2.51 0.17
Low 2006-2014 135 -3.00 5.90 - - - - 1.35 -3.00 5.90
ASC/Abnormal High 2006-2014  2.81° 1.95 3.67 - - - - 2.81° 1.95 3.67
(%)
Medium 2006-2014  4.92° 3.84 6.01 - - - - 4,922 3.84 6.01
Low 2006-2014 274 -0.73 6.33 - - - - 274 -0.73 6.33
ASC/SIL High 2006-2014  6.94° 4.95 8.96 - - - - 6.94° 4.95 8.96
Medium  2006-2012 7.68° 5.76 9.63 2012-2014 14.42° 287 2728 9.33° 7.05 1.65
Low 2006-2014  7.05% 3.13 n13 - - - - 7.052 313 ni3

Abbreviations: AAPC, average annual percentage change; APC, annual percentage change; ASC, atypical squamous cells; ASC-H, atypical squamous cells, cannot
exclude high-grade squamous intraepithelial lesion; ASC-US, atypical squamous cells of undetermined significance; Cl, confidence interval; HSIL, high-grade
squamous intraepithelial lesion; LL, lower limit; LSIL, low-grade squamous intraepithelial lesion; MHDI, Municipal Human Development Index; SIL, squamous

intraepithelial lesion; UL, upper limit.
2APC is significantly different from zero (P < 0.05).

2008 to 2014, as well as for the ASC/SIL ratio, which underwent
a significant increase of 7.68% per year from 2006 to 2012 and
another significant increase of 9.33% per year from 2012 to
2014.

In the low-MHDI group, the trends of the percentage of
LSIL, percentage of HSIL, and percentage of ASC/abnormal
remained stationary over time. There was a significant
increase in the positivity index (AAPC = 4.39), percentage of
ASC-US (AAPC = 6.51), percentage of ASC-H (AAPC =
10.19), percentage of ASC (AAPC = 6.94) and ASC/SIL ratio
(AAPC = 7.05). A significant decrease was observed in the
productivity rate (AAPC = —2.51), percentage of unsatisfac-
tory exams (AAPC = —3.68), and percentage of transforma-
tion zone (AAPC = —2.45).

Discussion

The Brazilian guidelines for cervical cancer screening rec-
ommend that women between 25 and 64 years old undergo a
Pap test every 3 years if the results are normal, but many women
with a normal Pap test undergo screening more than once every
3 years (8), with approximately 50% of Pap tests performed on
an annual basis (9). In addition, part of the Brazilian population
(approximately 25%) has private health insurance; these indi-
viduals seem to prefer using the private rather than the public
system for Pap tests, and data from these exams are not
included in SISCOLO. Compared with developing regions of
Brazil, the developed regions of the country have a higher rate
of individuals using the private health system (http://www.ans.
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Figure 2.

Time series of the preanalytical quality indicators according to different levels of the Municipal Human Development Index from 2006 to 2014. (A) productivity rate
(%); (B) % unsatisfactory exams; and (C) transformation zone (%). Models fit with zero joinpoints.

gov.br/anstabnet/cgi-bin/tabnet?dados/tabnet_tx.def), which
may explain the similar productivity rates between regions
with high and low MHDL

The analysis of the preanalytical Pap test results showed that
the percentages of unsatisfactory exams are within the range
recommended by the WHO (<5%); however, only the group of
municipalities with high MHDI follow the INCA recommen-
dations (<1%). The numbers of unsatisfactory exams were
higher in the low-MHDI groups, but the tendency of the
number of unsatisfactory samples in this group of municipal-
ities, as in the medium-MHDI group, has been decreasing. A
previous study in Brazil showed similar results, with 0.4% of
unsatisfactory exams in the state of Maceié and 0.2% in Rio de
Janeiro (10). In addition, in 2002, a study involving 1,088
laboratories and 10,505,773 cytopathological exams from SIS-
COLO showed a percentage of unsatisfactory exams of 1.66%,
with 25% of the laboratories having more than 2.0% of unsat-
isfactory samples (11). In 2010, of the 10,275,476 tests per-
formed in public health, approximately 1.0% were considered
unsatisfactory (12). In previous studies from our group using
SISCOLO data, the average percentage of unsatisfactory sam-
ples in Brazil from 2006 to 2013 in women ages 25 to 64 years
was approximately 1.0% (3), varying by region (from 0.41% in
the South Region, a developed region, to 1.89% in the Northeast
Region, an underdeveloped region) and state (from 0.27% in
Parana to 3.75% in Pernambuco; ref. 4).

The majority of cervical lesions begin to develop in the
transformation zone (TZ), and the presence of epithelial cells
from this region in the Pap test increases the likelihood of lesion
identification (13, 14). We observed an expressive difference of
approximately 15 percentage points in the indicator TZ%, with
higher TZ% values in the high-MHDI group than in both the
low- and medium-MHDI groups. In addition, the TZ% in the
low- and medium-MHDI groups decreased in the period under
study, possibly due to problems related to sample collection. In
a study conducted in the state of Maranhao that used data
collected from SISCOLO between 2007 and 2012, higher TZ
percentages were found in municipalities with very low-MHDI

AACRJournals.org
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(80.0%) when compared with medium/low- (59.1%) or high-
(42.2%) MHDI municipalities (15); these results are contrary to
those observed in our study. The authors explain the high TZ
values in the very low-MHDI municipalities of Maranhao as a
result of better technical preparation by the professionals
performing the smear collection (15).

The preanalytical indicators of the Pap test are related
to the quality of the sample collection performed in primary
care units; therefore, the difference between MHDI groups
in these indicators could result from developed areas being
more attractive for well-trained and experienced technicians/
physicians.

Regarding the analytical indicators, the positivity index is
higher in the group of municipalities with high MHDI,
although in the period under study, it showed a stationary
tendency. In the low- and medium-MHDI groups, an
increase in the positivity index was observed, but indepen-
dently of the MHDI levels, the values observed are below those
recommended by the INCA (3%-10%), suggesting that the
quality of cytologic examination is low at all levels, especially
for the low- and medium-MHDI groups. In a previous study,
our group observed that the positivity index varied between
0.38 (Amapd) and 10.53 (Roraima) in Brazilian states and
regions (4). Other studies have indicated that the states of
Maranhao (15) and Maceidé (10) show results below the
recommended values (2.2% and 1.1%, respectively), whereas
Rio de Janeiro (10) and Goids (16) are within the
recommended range (6.8% and 6.1%, respectively). Important-
ly, another study showed that Brazil has 627 (53%) cytopa-
thology service providers with a positivity index below
2.0% (12), which is in accordance with the results obtained in
the present study.

In countries that have a well-structured cytological screening
program, such as the United States, England, and Norway, the
reported positivity indexes are 4.3% (17), 5.9% (https://digital.
nhs.uk/catalogue/PUB18932), and 5.7% (https://www.kreftre
gisteret.no/en/Cancer-prevention/Cervical-Cancer-Scfreening-
Programme/Helsepersonell/Anual/), respectively. In the
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Time series of the analytical quality indicators
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Athena trial, a 2009 study across the United States (61 centers in
23 states) in which 46,887 women >21 years old underwent
liquid-based cytology, the abnormal exam rates ranged from
3.8% to 9.9% (18).
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The detection of HSIL was, in the 3 groups of MHDI, below
the range recommended by the INCA (0.5%-1.0%), with
slightly better results observed in the high-MHDI group and
very similar results in the medium- and low-MHDI groups. For
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all groups, the trends were stationary. These results are in line
with other studies describing a detection of HSIL or HSIL™ of
approximately 0.3% (3, 11, 15) but varying among states
(0.1% in Macei6 and 0.9% in Rio de Janeiro) and regions
(0.21% in the Southeast Region and 0.49 in the North Region;
refs. 4, 10). In developed countries such as the United States,
England, and Norway, the detection of HSIL is 0.5% (17),
1.0% (https://digital.nhs.uk/catalogue/PUB18932) and 0.8%
(https://www kreftregisteret.no/screening/Om-forebyggende-
undersokelser/), respectively. HSIL detection could be influ-
enced by local factors, such as cervical cancer prevalence and
incidence, and, as underdeveloped regions in Brazil have
higher cervical cancer incidence compared with developed
regions (19), a higher HSIL rate was expected in medium-
and low-MHDI groups. The low ability to detect intraepithe-
lial lesions observed in the present study can be a result of
suboptimal slide preparation, high workload routine, limited
continued education or even inadequate training of the
professionals.

In all levels of the MHDI, an increase in the ASC/SIL ratio
was observed as a result of increased detection of atypical
squamous cells (ASC-US and ASC-H) and decreased detection
of LSIL. This is typical of a cervical cancer screening performed
in a population of older women who have a lower prevalence of
LSIL and a higher prevalence of ASC, and as Fig. 1 shows, there
was a decrease in the number of exams performed on women
ages 25 to 34 years and an increase in women ages 35 to
54 years.

Analytical indicators are associated with the quality of the
laboratories and the professionals that analyze the Pap smears.
To maintain an adequate level of competence, the Pan Amer-
ican Health Organization (PAHO) suggests that a laboratory
process at least 15,000 exams annually (20). A Brazilian study
from 2002 showed that among 739 participating laboratories,
only 18.9% had performed at least 15,000 exams per year (11),
suggesting that the majority of laboratories may be working
with professionals who have not adequately developed their
skills. The laboratories with high Pap test demands are in the
most developed regions, regions that are most attractive to the
most experienced professionals and where the offer of training
is higher. These factors may contribute to a difference in Pap
test analysis among MHDI groups.

In medium-MHDI municipalities and especially in low-
MHDI municipalities, several indicators, such as transforma-
tion zone percentage, positivity index and HSIL percentage, are
below recommended values, suggesting problems in the detec-
tion of severe abnormalities, which can be associated with a
high number of false-negative exams, possibly related not only
to the poor quality of the smear or low laboratory quality but
also with problems related to program organization. Despite
efforts, including external quality control of laboratories—
although limited to a small number of samples in selected
laboratories examined periodically (21, 22)—training of the
professionals, and cervical cancer prevention campaigns,
among others, the results suggest that the opportunistic cervical
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cancer screening program is not effective, especially in under-
developed regions in Brazil.

In addition to the factors influencing the quality of the
screening test, one should also consider the possible influence
of healthcare barriers, such as difficulties in access to public
health services, lack of knowledge, illiteracy, and sense of
embarrassment (23, 24). These barriers are more present in
underdeveloped regions and could possibly affect the percent-
age of abnormal lesions.

HDI is associated with a cancer prognosis (25) and is
inversely associated with the incidence of and mortality from
cervical cancer (26). An increase of 0.2 is the HDI was
associated with a 20% decrease in the risk of developing cervical
cancer and a 33% decrease in the risk of dying of cervical
cancer (27). A recent study using Brazilian hospital-based
cancer registry data from 2005 to 2014 shows that the stage
at diagnosis was associated with HDI, with a significant asso-
ciation between low HDI and a smaller proportion of cases
diagnosed at an early stage (28). Therefore, it is important to
consider the MHDI when defining and implementing cervical
cancer screening strategies in Brazil.

The future policies of cervical cancer screening programs in
Brazil should include the introduction of molecular tests with
the purpose of detecting infection with high-risk types of the
human papillomavirus (hr-HPV). The hr-HPV test has already
been introduced in several cervical cancer screening programs
due to the intrinsic limitation of the cytological test or the
heterogeneous quality offered by diagnostic services. Studies
have shown that the hr-HPV test has higher sensitivity and
negative predictive value for detecting intraepithelial lesion
neoplasia 2 or worse (CIN2") compared with either conven-
tional or liquid-based cytology (29-31). Hence, possible
changes in the cervical cancer screening program in Brazil
can include the use of hr-HPV testing as a primary screening
test. The scheme to be used should consider the different
socioeconomic contexts of Brazil (different levels of MHDI)
and the recommendation to be applied for each model (e.g.,
interval recommendation). A recent study suggested sample
self-collection and HPV testing as a promising strategy for
unscreened or underscreened women who are unwilling or
unable to undergo clinic-based cervical screening (32). This
scheme is useful for women living in remote areas or in areas
where access to primary care attention is difficult. Finally,
another important action that could increase the coverage of
screening and is an important condition for the high perfor-
mance of the HPV test is the implementation of an organized
population-based cervical cancer screening program.

The present study is limited by the restricted information
available from SISCOLO, as SISCOLO, as already mentioned,
only gives the number of exams and not the number of women
who underwent the exam, includes not only first-level but also
follow-up Pap tests and does not include data on Pap tests
performed in the private health system. In addition, for a more
comprehensive analysis of the cervical cancer screening pro-
gram, other indicators, such as coverage rates, predictive
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values, colposcopy referrals, treatment rates and screening
failures, that could not be determined by the present study,
should be considered.

In conclusion, this study showed that the groups of munic-
ipalities with low- and medium-MHDI have the majority of
quality indicators below the values recommended by the INCA,
with, in general, no improvement trend in the years under
study. Although they showed slightly improved quality indi-
cators, the majority of the group of municipalities with high
MHDI present stationary trends, showing an increase only in
the detection of ASC (ASC-US and ASC-H), which was also
observed in the low- and medium-MHDI municipalities. The
results suggest that the MHDI should be considered in the
definition of the policies of the screening program for cervical
cancer in Brazil and that the current program requires adjust-
ments to achieve better efficiency.
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