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—HPV testing impact on early—stage cancer detection:
a population—based demonstration study in a
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Summary
Background Cervical cancer is a preventable disease, and the Brazilian screening is opportunistic and has low
impact. The current study evaluated an initiative to organize screening using DNA—HPV testing as a replacement
for cytology.

Methods This demonstration study examined information from 16 384 DNA—HPYV tests for screening in women
aged 25—64 years from Indaijatuba city between October 20r7—March 2020. The comparison was 20 284 women
screened using cytology between October 2014—March 2017. The flowchart indicates the repetition of a negative test
in five years. HPV16- and/or HPV18-positive tests and the 12 pooled high—risk HPV-positive tests with abnormal lig-
uid—based cytology were referred for colposcopy. If cytology was negative, the HPV test was repeated in 12 months.
The analyses evaluated coverage, age—group compliance, and cancer detected.

Findings After 30 months, the coverage projection was greater than 80%. The age compliance for the HPV test was
99.25%, compared to 78.0% in the cytology program. The HPV test program showed 86.8% negative tests and
6.3% colposcopy referrals, with 78% colposcopies performed. The HPV testing program detected 21 women with
cervical cancer with a mean age of 39.6 years, and 67% of cancers were early—stage compared to 12 cervical cancer
cases detected by cytological screening (p=0.0284) with a mean age of 49.3 years (p=0.0158), and one case of early
—stage (p=0.0014).

Interpretation Organizing cervical cancer screening using DNA—HPYV testing demonstrated high coverage and age
compliance in a real—life scenario, and it had an immediate impact on cervical cancer detection at an early—stage.
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Introduction and cervical cancer in its early—stages.> The Brazilian

In Brazil, 16 590 new cases of cervical cancer are cervical cancer screening program started in 1984, and
expected annually in the 2020—2022 triennium with a it went nationwide in 1998. The strategy is based on
mortality rate of 6.17/100 0oo. These numbers indicate ~ conventional cytology (Pap—test), which should be
that cervical cancer, which is a preventable disease, repeated every three years after two consecutive
causes the death of one woman every go minutes in ~ annual negative results in women aged 25 to
Brazil." Population-based screenings are essential for ~ 64 years.” The Unified Health Care System (Sistema

the early detection and treatment of precursor lesions ~ Unico de Saude, SUS) offers this test free of charge
to women with a cervix who are sexually active, and

it includes transsexual men and nontranssexual peo-
ple binaries designated women at birth.> Despite the
implementation of this program, Brazil’s cervical
cancer incidence and mortality rates have remained
relatively stable for decades.’
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Research in context

Evidence before this study

The literature review on the transition of opportunistic
to organized programs for population screening of cer-
vical cancer showed two gaps related to this process in
low- or middle-income settings: a lack of information
about organized programs and replacing conventional
cytology (Pap test) with a DNA-HPV test. There is a need
for real-life information for Brazil and similar countries
to support actions on updating existing programs,
which are costly and with a very low impact on cervical
cancer mortality.

Added value of this study

This study shows the first's results of a pivotal demon-
stration study in a Brazilian city, started in 2017, aimed
to achieve high population coverage and compliance to
the guidelines using a primary DNA-HPV test. This popu-
lation-based study done in a real-life scenario is one of
the pioneers' studies in middle-income settings and
including women aged 25-29 years.

Implications of all the available evidence

Results from this demonstration program are crucial to
providing a reasonable way to implement HPV testing
as a cervical cancer screening. The Program achieved
high age compliance and coverage near 100%, with at
least 78% of abnormal tests follow-up already done,
suggesting a path to the consolidation of an organized
program. After 30 months running, the Program
achieved a cornerstone result: the detection of more
cervical cancer cases, 67% of them at an very early-
stage (microinvasive carcinoma), preceding 10 years in
the diagnosis. Early-stage detection leads to treatment
less costly, less mutilating, and near to 100% of the
cure. These immediate results in addition to the previ-
ous of cost-effectiveness demonstration may support
the Health Managers adopting the test and the Program
structure to set an efficient and lasting national screen-
ing program.

Clinicians in Brazil's public and private health sys-
tem follow the Brazilian Guidelines for the Screening of
Cervical Cancer defined by the National Cancer Insti-
tute (INCA), Ministry of Health.> However, Brazil's cur-
rent cervical cancer screening system is opportunistic,
which means that testing follows the spontaneous
demand of women with access to basic health units and
other reasons. The result is an excess of cytology per-
formed in women outside the range or with inadequate
periodicity. Only 30% of cytology tests are performed
according to the official guidelines, and 67% are exces-
sive tests.* The data show that approximately 20% of
cytology tests are performed on women under 25 years.

Unfortunately, 60% of cervical cancers are diagnosed in
the advanced stage even in more developed regions.””

One strategy to improve this scenario includes
changing the periodic screening from opportunistic to
organized, similar to some European countries that
demonstrated a sustainable reduction in the cervical
cancer mortality rate.* "® For an organized and success-
ful screening program, the following pillars must be
met: inform and mobilize the population; achieve the
target population coverage goal; ensure access to diag-
nosis and treatment; ensure the quality of actions and
continuously monitor and management actions, such
as women diagnosed with cervical intraepithelial lesions
in screening should be referred to a secondary unit for
diagnostic confirmation and treatment, according to the
established clinical guideline.?

Effectiveness in reducing mortality rates requires
proper diagnosis and treatment of lesions in their intra-
epithelial phase or in the absence of frank invasion.
Recent studies showed the superiority of population-
based screening using the primary DNA—HPV test to
detect precursor lesions.”"* The World Health Organi-
zation (WHO) recommends replacing the cytology
—based strategy with HPV test—based screening when
there are sufficient financial resources.” This recom-
mendation is supported by the consolidated knowledge
that cervical cancer is caused by the persistent infection
of high—risk human papillomavirus (hr—HPV) in the
cervix epithelium, primarily HPV16 and HPV18.'+"

Following the WHO recommendation, our research
group started a population—based demonstration proj-
ect in 2017 to raise epidemiological, cost—benefit and
life gain indicators to support the transition of the cur-
rent Brazilian cytology—based opportunistic screening
program to an HPV—based organized screening pro-
gram.

The “PREVENTIVO” program (PREvention of HPV
Viruses in ENTire Indaiatuba by Vaccination and Orga-
nization of the screening) is based on primary DNA
—HPV testing and was implemented in Indaiatuba,
which is a medium—sized city (250 thousand inhabi-
tants) in Sao Paulo State, Brazil.'® The first step of
implementation was the development of a dynamic
microsimulation Markov model for cost—effectiveness
analysis based on real-life costs. The results showed
that HPV testing every five years was cost—effective and
had a negative incremental ratio (ICER) for quality
—adjusted life—year QALY gain. Also, changing from
cytology to HPV testing for screening in Indaiatuba city
made improved the cost effectiveness of the program.”

The current paper presents the initial results on cov-
erage and compliance after the transition from the
opportunistic cytology—based testing to an organized
DNA—HPV testing screening program and demon-
strates the immediate impact on cervical cancer detec-
tion in a real—life scenario.
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Methods

The study protocol based on the PREVENTIVO pro-
gram was previously published with detailed methodol-
ogy, study population, eligibility criteria, flowchart
management, and clinical procedures.'® The study
involved information on women between 25—64 years
old who were served by the Brazilian Public Health Sys-
tem (SUS) while living in Indaiatuba. This city was cho-
sen because all health care facilities are interconected,
and its health information system is computerized with
individual digital records. The users of the Brazilian
Public Health System are the target population and
comprised 50% of the 70 573 women candidates for cer-
vical cancer screening, according to an official estimate
in 2019."® The goal was to reach 80% coverage in the
new screening program.

HPV test selection

Because a screening program based on HPV molecular
testing should be previously validated to show high
reproducible sensitivity for the detection high—grade
squamous intraepithelial lesions or worse (HSIL+) [19],
the Cobas® HPV Test (Roche Molecular Systems, Pleas-
anton, CA, USA) was chosen for this study. This test
was previously evaluated in large clinical trials.”?*° It
simultaneously provides individual results on the high-
est-risk genotypes, HPV16 and HPV18, and aggregates
results on the 12 other hr—HPV genotypes (types 31, 33,
35, 39, 45, 51, 52, 56, 58, 59, 66, and 68). All genotypes
were diagnosed simultaneously in one sample.

Management flowchart
Briefly, the following clinical procedures were followed
according to the first result of the DNA—HPYV test:

I. Negative DNA—HPV test: return after five years to
repeat the test;

2. Positive HPVi6 and/or HPVi8 test: referral for
colposcopy and biopsy if needed;

3. Positive HPV test for the 12 other hr—HPVs: liquid
—based cytology performed on the same cervical
sample. When the cytology was positive for any cer-
vical abnormality (ASC—US, LSIL, HSIL, suspi-
cious for glandular lesion, or cancer), the woman
was referred for colposcopy. When the cytology was
negative, the woman was told to return after 12
months to repeat the HPV test. In the PREVEN-
TIVO program, a woman cannot be screened more
than once within her screening round. We used a
computer program that followed algorithms accord-
ing to study protocols, which did not allow the col-
lection of women outside the established flowchart.

All women with abnormal tests and indications for
colposcopy were referred to a reference outpatient clinic.
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Excision of the transformation zone (ETZ) was per-
formed when needed. Cases suspicious of cervical can-
cer or in a more complex clinical situation were referred
to the regional gynecological cancer center located at
Women Hospital of the University of Campinas, where
radical surgeries, radiotherapy, and chemotherapy are
performed to manage cervical cancer patients.

Follow—up

All women with abnormal screening tests, negative
colposcopy evaluation, and negative 12—month DNA
—HPV test returned to routine screening at a 5—year
interval. If cervical intraepithelial neoplasia or cervical
cancer was detected, the management and monitoring
were guided by the Brazilian National Cancer Institute
guidelines.’

Data collection and analysis

The new Program started in October 2017. All informa-
tion about the participants was generated from the
health information system. The research group had
access to all data and worked as a quality control surveil-
lance system of the Program's progress. All women
with abnormal tests were selected and followed for com-
pliance with the study flowchart. The final diagnosis
was the worst grade of the histological evaluation of tis-
sue obtained from colposcopy—directed cervical biopsy
or ETZ. Cancer cases were staged according to the
FIGO system.”"

Cases screened between October 201y and March
2020 (30 months and just before the pandemic's
impact) were considered. For comparison, we used the
same city population as a reference in the previous 30
months before implementation of the PREVENTIVO
program (October 2014 to March 2017), when routine
cytological screening was performed. The focus of this
first evaluation was to assess coverage, age compliance
and cervical cancer diagnosis.

Data analyses were performed using the chi
—squared or Fisher’s tests and the t—test in StatsDirect
statistical software 3.0 (England, www.statsdirect.com).
P—values < 0.05 were considered significant.

Ethical aspects

The research ethics committee of the University of
Campinas approved this study (number 1045580, May
1, 2015). The mayor of Indaiatuba sanctioned a law insti-
tuting the HPV test as the standard for screening in
201y, which replaced conventional cytology in all public
health care.”” Therefore, the need for an informed con-
sent form was waived. The research group accessed the
electronic data from the medical records of the health
information system. A spreadsheet for statistical analy-
sis was created without the identification of the women
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studied. The research team had no contact with any
women.

Role of the funding source: Roche Diagnostics sup-
ported the supplies and equipment required to perform
HPV testing, computer system development, two lab
technicians, and a screening program coordinator.
Roche did not have any involvement in the data collec-
tion, analysis, or interpretation. The researchers did not
receive any payment for this study. The funders had no
role in the study design, data collection, analysis, or
writing of this report. All authors had full access to the
study data and executed all the research steps, including
writing and the decision to submit for publication.

Results

Between October 2017 and March 2020 after the imple-
mentation of the PREVENTIVO program, 16 384 DNA
—HPV tests were performed in women from Indaiatuba
city, with a progressive increase in population coverage
over time, with a projected coverage greater than 80%
of the target population of the public health care system
at five years (Figure 1).

The age compliance in the screened population was
99.25% (16 261/16 384) in the DNA—HPYV test program
and 78.0% (15 822/20 284) in the cytology program per-
formed in the previous 3o0-month period. The cytology
program presented 16.7% of tests performed under
25 years of age (Table 1).

Of the 16 384 HPV tests performed, 86.8% (n= 14
228) showed negative results, and these women were
told to return after five years to repeat the HPV test.
There were 387 women (2.4%) who tested positive for
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HPVi16 and/or HPV1i8. These women were referred
directly for colposcopy. Of the 1 769 women who tested
positive for the 12 other hr—HPV genotypes, 1 130
(6.9% of the total) presented negative cytology results
and were told to repeat the HPV test after 12 months. A
total of 639 women (3.9% of the total) presented abnor-
mal cytology results and were referred for colposcopy.
The total cytology tests performed were 1769 (10.8%),
and the total number of women referred to colposcopy
was 1 026 (6.3%). Colposcopy was 3.7 times more com-
monly indicated than the previous cytological screening
program (1.7%, 344/20 284).

Of the 1 026 colposcopies indicated until January
2020, 244 women were waiting for the procedure, and
there were 14 dropouts (colposcopy compliance of
78%). Table 2 describes the referral outcomes according
to the screening test results. A total of 21 cervical cancer
cases were detected: 15 cases (71%) were HPV16+ and/
or HPV18+; and 6 cases (29%) were 12 other hr—HPV+
and Cytology+ (p=0.0009). Between seven cases of
adenocarcinomas, all cases were HPVI6+ and/or
HPV18+ (HPV16=3; HPV18= 2; HPV16 and 18= 2).

The 21 cervical cancer cases diagnosed in the first 30
months of the new screening program were compared
with the 12 cases detected in the previous 30-month
period (October 2014 to March 201y) based on conven-
tional cytology screening. The results are shown in
Tables 3 and 4.

Discussion
The PREVENTIVO screening program is based on the
primary DNA—HPYV test, and it showed high coverage

Projected

coverage

Figure 1. The cumulative number of screening HPV tests performed in the first 30 months of the program (bars; total
tests = 16 384). For reference, the lines represent the projected cumulative population coverage for 5 years: 80% coverage
(full/green line) and 100% coverage (dotted/red line). Population considered: public health system women users (50%)
aged 25—64 years from the official 2019 population estimate [18].
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DNA—HPV test
October 2017—March 2020

Cytology test

October 2014—March 2017

(n=16 384) (n=20 284)
Age at screening n % n %
25 to 64 years (target) 16 261 99.25 15822 78.0
< 25 years* 123 0.75 3395 16.7
< 20 years 0 0 1286 6.3

Table 1: Comparison of age group compliance between the PREVENTIVO program and the previous program based on conventional cytology.

* 67 cases in women aged 24 years.

Screening test result

Outcome DNA—HPV16+ and/or HPV18+ (n=387) 12 other hr—HPV+ and Cytology + (n=639) Total
Waiting for colposcopy 93 131 224
Dropped out 4 10 14
Biopsy in progress 3 8 11
Diagnosis completed (cervix) 287 490 777
Cervical cancer* (%) 15 (5.2%) 6(1.2%) 21 (2.7%)
Microinvasive SCC 7 5 12
Microinvasive ADENO 2 .

sccC 1 1

ADENO 5 - 5

Table 2: Follow—up of the 1 026 colposcopy cases following an abnormal screening test.
* Chi—Squared test, p=0.0009 (cervical cancer diagnosed versus diagnosis completed). Screening test: Cobas® HPV Test (Roche Molecular Systems,
Pleasanton, CA, USA); 12 other hr—HPVs encompassed types 31, 33, 35, 39, 45, 5L, 52, 56, 58, 59, 66, and 68). SCC: squamous cell carcinoma;

ADENO: adenocarcinoma or adenosquamous carcinoma.

Cervical cancer diagnoses DNA—HPV test Cytology test P—value
October 2017—March 2020 October 2014—March 2017
(n=16 384) (n=20 284)
Detection (n) 21 (0.13%) 12 (0.06%) 0.0284*
Age (mean year) 39.6y 493y 0.0158"
Stage IA“ vs Stage II+ (n) 14 (67%) vs 3 (14%) 1 (8.3%) vs 8 (67%) 0.0014**
Adenocarcinoma (n) 7 (33%) 3(25%) 7 0.4634**

Table 3: Cervical cancer cases were detected in a 30—month period according to the screening program based on the DNA—HPV test or

conventional cytology.
* Chi—squared test
**% Fisher’s exact test

# T—test.

“ Cancer staging according to FIGO?3: Stage IA means microinvasive carcinoma; Stage 11+ means Stage II or worse.

# (1) Adenosquamous carcinoma included.

and compliance rates in the targeted women (25 to
64 years old) after 30 months. It was very effective in
detecting more cervical cancer cases, and 67% of these
cases were at an early—stage (Stage IA), which antici-
pates a cancer diagnosis.
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We found 21 cervical cancer cases, which suggests a
higher prevalence than previously reported data.® Nota-
bly, these data directly reflect the implementation of an
organized program using a more accurate test with
higher coverage, and adequate follow-up of positively
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HPV test screening Cytology screening
n Date Age Cervical cancer Date Age Cervical cancer
Histology Stage Histology Stage
1 JUL/19 25 mi—SCC 1A1 DEC/15 35 mi—ADENO 1A1
2 JUN/19 27 mi—ADENO 1A1 JUN/16 36 ADENO 1B1
3 MAR/19 31 mi—SCC 1A1 SEP/16 46 SCC 1B1
4 SEP/18 34 mi—SCC 1A1 NOV/15 54 Nee 1B1
5 JUN/19 35 mi—SCC 1A1 OCT/16 37 Adenosquamous B
6 JAN/18 36 mi—SCC 1A1 MAY/15 36 SCC 1B
7 DEC/18 40 mi—SCC 1A1 OCT/15 76 Nee 113
8 NOV/19 40 mi—SCC 1A1 JUL/15 39 Nee 111}
9 MAR/18 40 mi—ADENO 1A1 JUN/16 49 SCC 1B
10 JAN/18 41 mi—SCC 1A1 JuLnz 61 Nee 11]:]
1 FEB/18 42 mi—SCC 1A1 JAN/16 71 SCC 1B
12 AUG/19 51 mi—SCC 1A1 NOV/15 52 SCC IVA
13 JAN/18 55 mi—SCC 1A1
14 JAN/18 44 mi—SCC 1A2
15 FEB/18 29 ADENO 1B1
16 NOV/17 50 ADENO 1B1
17 AUG/19 38 ADENO 1B2
18 MAY/19 46 ADENO IB3
19 JUN/19 44 ADENO B
20 JuL/18 35 SCC 1B
21 OCT/19 48 Nde IVA
Table 4: Description of cervical cancer cases in the first 30 months of the HPV test screening program compared to the previous screening
using conventional cytology.
Cervical cancer staging according to FIGO;* mi: microinvasive; SCC: squamous cell carcinoma; ADENO: adenocarcinoma.

tested women. All of these results were found in a popu-
lation without previous efficient screening. The high
number of cervical cancer cases detected may be associ-
ated with a comprehensive population scan using a
high-performance screening pattern, which could find
cases that would appear in subsequent years after the
development of symptoms. Our results support this
assumption because the possible anticipation of cancer
detection by 10 years, according to the average age com-
pared to cases detected in the previous opportunistic
cytological program and the high—rate detection of
microinvasive carcinomas (67% vs. 8%).

The organization of the PREVENTIVO screening
program suggests that the developed strategies reached
a higher target population coverage and evaluated staff
compliance with the program. Health professionals in
this study were trained to follow the flowchart defined
by the protocol. This protocol suggested the abandon-
ment of annual screening cultures and introduced a
new and more modern technique associated with
patient guidance on periodicity and actions to actively
search for patients targeted for screening.

The organization of a screening program is the cor-
nerstone to significantly reduce mortality due to cervical
cancer.” Cytology-based screening demands high-qual-
ity control of all steps, and it failed to show cost-effec-
tiveness in the highly complex population-based
programs in Europe.?*** The fragile health systems
framework from low- and middle-income countries,
where cervical cancer incidence is high, makes it chal-
lenging to overcome these barriers.”> Notably, we
detected two cases of cervical cancer in women who
were outside the target age group for the cytology
screening program. These women outside the target
age group represent an indisputable example of the fail-
ure of the previous opportunistic screening. These data
are critical and strongly support the importance of orga-
nized screening.

As a continental country, Brazil presents diverse lev-
els of development, regions with high—middle income
and other regions where poverty and inequalities pre-
vail. The Brazilian Ministry of Health is concerned
about the cervical cancer situation and spends annual
resources to provide cytology tests in sufficient numbers

www.thelancet.com Vol 5 Month January, 2022
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to cover more than 80% of the targeted population.>®

However, the effective coverage does not exceed 30% in
the better scenarios.* Cervical cancer mortality rates
have remained stable for decades and increased in the
Amazon region."”” Before the new program started,
Indaiatuba city performed 11000 cytology tests annually
in the public health system, with an estimated 33%
effective coverage.

The PREVENTIVO program previously demon-
strated its cost—effectiveness.” The present analysis is
complementary and showed surprising results after the
first 30 months. The program achieved high age compli-
ance and coverage of the target population near 100%,
and only 6 ooo tests were performed annually, which
suggests a path to the consolidation of an organized pro-
gram.

Cervical cancer viral etiology analysis demonstrates
the importance of stratifying the risk according to HPV
genotyping. HPV16 and/or HPV18 are more related to
cancer, and we detected a slightly higher number of
adenocarcinomas (seven cases, all related to
HPViI6 and/or HPV18). When planning the program,
the research team supported the citys policy-makers in
implementing a single flowchart for women aged 25 to
29 years and women aged 30 years or older. We planned
a specific analysis in the subgroup of women aged 25 to
29 after the end of the first round of the screening pro-
gram. Additionally, the Brazilian HPV Vaccination Pro-
gram started in 2014, and vaccinated women will reach
the age of screening in 2025. We expect that the HPV
test will be the most effective screening method for vac-
cinated women.**

Another important issue related to HPV test screen-
ing is the increasing number of colposcopies indicated.
We found 3.7 times more colposcopy indications com-
pared to the previous opportunistic screening program.
It was necessary to increase the number of colposcopy
professionals and update their training. An interesting
new situation for them is the performing of colposcopy
with knowledge of the HPV status but without informa-
tion about cytology when HPV16 and/or 18 are present.
Colposcopy compliance was 78%. The compliance rate
in a similar implementation screening study in Argen-
tina (2011) of 49 ooo HPV tests performed between
2012—2014, Was 74.6%.%°

The transition to a high coverage program with more
effective screening tests provided the detection of more
cervical cancer cases, and most of them were prevalent
cases. The mean age of cases was 10 years younger than
the cases detected in the preceding period. A total of
67% of cases were in the very early—stage (stage IA,
microinvasive) compared to the expected 9% of cervical
cancers detected in stage IA in previously published
regional data from 2001—2012.

One of the most important factors influencing the
cost—effectiveness of the program was the high cost of
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treating cervical cancer in advanced stages.”” Early-stage
detection leads to treatment that is less costly and less
mutilating with a nearly 100% cure rate.>® These repre-
sentative numbers of early detection cases found after
30 months of the HPV test are encouraging. This result
is another cornerstone in achieving an organized pro-
gram, which was observed in other successful popula-
tion-based programs. We considered that these
achievements would have a significant impact on the
survival and quality of life of these women.

There are still some activities for the PREVENTIVO
program to evolve and establish itself as an organized
program. It is crucial to demonstrate high coverage and
compliance with program guidelines at the end of the
first round and beyond. The program foresees the
implementation of call and recall systems to invite the
target women and follow women with abnormal tests.
Periodic revisits are predicted. From the second round
onwards, the demonstration of infrequent observations
of new cervical cancer cases will be crucial to confirm
the program's success.

The main strength of the current study is that this is
the first demonstration of a population-based program
to replace conventional cytology with a DNA—HPYV test
for primary screening in a real—life scenario in the Bra-
zilian public health system. The results support the
adoption of the test and the program structure by the
Ministry of Health to set new procedures for a national
screening program. The results presented are impact-
ful, even with the short program running time.

The main limitation in replicating this program is
the initial investment in the acquisition of HPV tests
and the need for a digital network to record informa-
tion, because the existence of a single and integrated
register platform is crucial for identifying the tar-
geted population. The PREVENTIVO program is
based on all users of the Brazilian Public Health Sys-
tem, and it excludes users of private clinics, who cor-
respond to approximately 50% of the total
population of 25—64-year-olds.

In summary, the implementation of an organized
cervical cancer screening program with DNA—HPV
testing in a Brazilian city demonstrated high coverage
and age compliance in a real—life scenario, and it had
an immediate impact on cervical cancer detection at an
early—stage. The program's actions are likely reproduc-
ible in similar locations, where the burden of this pre-
ventable cancer is high.
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with justification.

Declaration of interests
The authors declare that they have no competing inter-
ests.

Acknowledgments

This project was funded by the University of Campinas
(Women’s Hospital), Indaiatuba City (SUS), and Roche
Diagnostics, as detailed below: The study (screening
program implementation and cost—effectiveness analy-
ses) was designed by researchers from the University of
Campinas and introduced by the Indaiatuba City Hall.
Both the University of Campinas and the municipality
used the existing and functioning structure to place the
new screening program and carry out the study at no
additional cost. The supplies and equipment required to
perform HPV testing, support to computer system
development, two lab technicians, and a screening pro-
gram coordinator, were provided and/or supported by
Roche Diagnostics. There were no compensations or
cash transfers provided to any institution or researchers
stated in the cooperation agreement between the par-
ties. The authors executed all the research steps, includ-
ing writing and the decision to publish.

Supplementary materials

Supplementary material associated with this article can
be found, in the online version, at doi:ro.1016/j.
lana.2021.100084.

References

1 Estimate/2020 — Cancer Incidence in Brazil. Instituto Nacional de
Cancer Jose Alencar Gomes da Silva (INCA) 2020. https://www.inca.
gov.br/sites/ufu.sti.inca.local /files/ /media/document//estimativa
—2020—incidencia—de—cancer—no—brasil.pdf Accessed 22 June
2021

2 IARC. International Agency for Research on Cancer—WHO: IARC
handbook on cervical cancer prevention, 10. Lyon: IARC Press;
2005.

3 Brazilian Cervical Cancer Screening Guidelines. Instituto Nacional
de Cancer Jose Alencar Gomes da Silva (INCA) 2016. http://www.cit-
ologiaclinica.org.br/site/pdf/documentos/diretrizes—para—o—ras-
treamento—do—cancer—do—colo—do—utero_2016.pdf Accessed 22
June 2021.

4 Freitas RA, Carvasan GA, Morais SS, Zeferino LC. Excessive Pap
smears due to opportunistic cervical cancer screening. Eur | Gynae-
col Oncol 2008;29:479-82.

5 Vale DB, Menin TL, Braganga JF, Teixeira JC, Cavalcante LA, Zefer-
ino LC. Estimating the public health impact of a national guideline
on cervical cancer screening: an audit study of a program in Campi-
nas, Brazil. BMC Public Health 2019;19:1492.

6 Teixeira JC, Maestri CA, Machado HDC, Zeferino LC, Carvalho NS.
Cervical Cancer Registered in Two Developed Regions from Brazil:

10

11

12

3

14

15

16

17

18

9

20

21

22

23

24

25

26

27

Upper Limit of Reachable Results from Opportunistic Screening.
Rev Bras Ginecol Obstet 2018;40:347-53.

Vale DB, Sauvaget C, Muwonge R, et al. Level of human develop-
ment is associated with cervical cancer stage at diagnosis. J Obstet
Gynaecol 2019;39:86—90.

Quinn M, Babb P, Jones ], Allen E. Effect of screening on incidence
of and mortality from cancer of cervix in England: evaluation based
on routinely collected statistics. BMJ 1999;318:904-8.

Ronco G, Pilutti S, Patriarca S, et al. Impact of the introduction
of organised screening for cervical cancer in Turin, Italy: cancer
incidence by screening history 1992—98. Br ] Cancer
2005;93:376-8.

van der Aa MA, Pukkala E, Coebergh JW, Anttila A, Siesling S. Mass
screening programmes and trends in cervical cancer in Finland and
the Netherlands. Int | Cancer 2008;122:1854-8.

Ronco G, Dillner J, Elfsttom KM, et al. Efficacy of HPV—based
screening for prevention of invasive cervical cancer: follow—up
of four European randomised controlled trials. Lancet
2014;383:524-32.

Koliopoulos G, Nyaga VN, Santesso N, et al. Cytology versus HPV
testing for cervical cancer screening in the general population.
Cochrane Database Syst Rev 2017;8:CD0o08587. https://doi.org/
10.1002/14651858.CD008587.pub2.

World Health Organization editor. WHO guidelines for screening
and treatment of precancerous lesions for cervical cancer preven-
tion. Geneva: World Health Organization; 2013.

Smith JS, Lindsay L, Hoots B, et al. Human papillomavirus type dis-
tribution in invasive cervical cancer and high—grade cervical lesions:
A meta—analysis update. Int. J. Cancer 2007;121:621-32.
Chrysostomou AC, Stylianou DC, Constantinidou A, Kostrikis LG.
Cervical Cancer Screening Programs in Europe: The Transition
Towards HPV Vaccination and Population—Based HPV Testing.
Viruses 2018;10:729.

Teixeira JC, Vale DB, Braganca JF, Campos CS, Discacciati MG,
Zeferino LC. Cervical cancer screening program based on primary
DNA—HPV testing in a Brazilian city: a cost—effectiveness study
protocol. BMC Public Health 2020;20:576.

Vale DB, Silva MT, Discacciati MG, Polegatto I, Teixeira JC, Zefer-
ino LC. Is the HPV test more cost—effective than cytology in cervical
cancer screening? An economic analysis from a middle—income
country. PLoS One 2021;16(5):e0251688. https://doi.org/10.1371/
journal.pone.o251688.

Seade Foundation. Portal de Estatisticas do Estado de Sao Paulo. Fil-
tered by city “Indaiatuba”, population “women”, and age—group “25 to
64 year” 2011—2019. http://produtos.seade.gov.br/produtos/proj-
pop/index.php Accessed 25 November 2019.

Wright TC, Stoler MH, Behrens CM, Sharma A, Zhang G, Wright
TL. Primary cervical cancer screening with human papillomavirus:
end of study results from the ATHENA study using HPV as the first
—line screening test. Gynecol Oncol 2015;136:189-97.

Ronco G, Dillner J, Elfstrtom KM, et al. Efficacy of HPV—based
screening for prevention of invasive cervical cancer: follow—up
of four European randomised controlled trials. Lancet
2014;383:524-32.

Bhatla N, Berek JS, Cuello Fredes M, et al. Revised FIGO staging for
carcinoma of the cervix uteri. Int ] Gynaecol Obstet 2019;145:129-35.
City Hall of Indaiatuba. Municipal Secretariat for Legal Affairs, 7.
Department of Legislative Technique; 20 November 2019. p. 255.
https://sapl.indaiatuba.sp.leg.br/pysc/download_norma_pysc>cod_-
norma=6329&texto_original=1.

Vaccarella S, Lortet—Tieulent J, Plummer M, Franceschi S, Bray
F. Worldwide trends in cervical cancer incidence: impact of
screening against changes in disease risk factors. Eur J Cancer
2013;49:3262-73.

Basu P, Ponti A, Anttila A, et al. Status of implementation and orga-
nization of cancer screening in the European Union Member States
— summary results from the second European screening report. Int
J Cancer 2018;142:44-56.

Sankaranarayanan R, Budukh A, Rajkumar R. Effective screening
programmes for cervical cancer in low— and middle—income devel-
oping countries. Bull World Health Organ 2001;79:954—62.

Murillo R, Herrero R, Sierra MS, Forman D. Cervical cancer in Cen-
tral and South America: Burden of disease and status of disease con-
trol. Cancer Epidemiol 2016;44(1):S121-30. https://doi.org/10.1016/j.
canep.2016.07.015. Suppl.

Vale DB, Sauvaget C, Muwonge R, et al. Disparities in time trends
of cervical cancer mortality rates in Brazil. Cancer Causes Control

2016;27:889-96.

www.thelancet.com Vol 5 Month January, 2022


https://doi.org/10.1016/j.lana.2021.100084
https://doi.org/10.1016/j.lana.2021.100084
https://www.inca.gov.br/sites/ufu.sti.inca.local/files//media/document//estimativa-2020-incidencia-de-cancer-no-brasil.pdf
https://www.inca.gov.br/sites/ufu.sti.inca.local/files//media/document//estimativa-2020-incidencia-de-cancer-no-brasil.pdf
https://www.inca.gov.br/sites/ufu.sti.inca.local/files//media/document//estimativa-2020-incidencia-de-cancer-no-brasil.pdf
http://refhub.elsevier.com/S2667-193X(21)00080-6/sbref0002
http://refhub.elsevier.com/S2667-193X(21)00080-6/sbref0002
http://refhub.elsevier.com/S2667-193X(21)00080-6/sbref0002
http://www.citologiaclinica.org.br/site/pdf/documentos/diretrizes-para-o-rastreamento-do-cancer-do-colo-do-utero_2016.pdf
http://www.citologiaclinica.org.br/site/pdf/documentos/diretrizes-para-o-rastreamento-do-cancer-do-colo-do-utero_2016.pdf
http://www.citologiaclinica.org.br/site/pdf/documentos/diretrizes-para-o-rastreamento-do-cancer-do-colo-do-utero_2016.pdf
http://refhub.elsevier.com/S2667-193X(21)00080-6/sbref0004
http://refhub.elsevier.com/S2667-193X(21)00080-6/sbref0004
http://refhub.elsevier.com/S2667-193X(21)00080-6/sbref0004
http://refhub.elsevier.com/S2667-193X(21)00080-6/sbref0005
http://refhub.elsevier.com/S2667-193X(21)00080-6/sbref0005
http://refhub.elsevier.com/S2667-193X(21)00080-6/sbref0005
http://refhub.elsevier.com/S2667-193X(21)00080-6/sbref0005
http://refhub.elsevier.com/S2667-193X(21)00080-6/sbref0005
http://refhub.elsevier.com/S2667-193X(21)00080-6/sbref0006
http://refhub.elsevier.com/S2667-193X(21)00080-6/sbref0006
http://refhub.elsevier.com/S2667-193X(21)00080-6/sbref0006
http://refhub.elsevier.com/S2667-193X(21)00080-6/sbref0006
http://refhub.elsevier.com/S2667-193X(21)00080-6/sbref0007
http://refhub.elsevier.com/S2667-193X(21)00080-6/sbref0007
http://refhub.elsevier.com/S2667-193X(21)00080-6/sbref0007
http://refhub.elsevier.com/S2667-193X(21)00080-6/sbref0009
http://refhub.elsevier.com/S2667-193X(21)00080-6/sbref0009
http://refhub.elsevier.com/S2667-193X(21)00080-6/sbref0009
http://refhub.elsevier.com/S2667-193X(21)00080-6/sbref0010
http://refhub.elsevier.com/S2667-193X(21)00080-6/sbref0010
http://refhub.elsevier.com/S2667-193X(21)00080-6/sbref0010
http://refhub.elsevier.com/S2667-193X(21)00080-6/sbref0010
http://refhub.elsevier.com/S2667-193X(21)00080-6/sbref0011
http://refhub.elsevier.com/S2667-193X(21)00080-6/sbref0011
http://refhub.elsevier.com/S2667-193X(21)00080-6/sbref0011
http://refhub.elsevier.com/S2667-193X(21)00080-6/sbref0012
http://refhub.elsevier.com/S2667-193X(21)00080-6/sbref0012
http://refhub.elsevier.com/S2667-193X(21)00080-6/sbref0012
http://refhub.elsevier.com/S2667-193X(21)00080-6/sbref0012
http://refhub.elsevier.com/S2667-193X(21)00080-6/sbref0012
https://doi.org/10.1002/14651858.CD008587.pub2
http://refhub.elsevier.com/S2667-193X(21)00080-6/sbref0014
http://refhub.elsevier.com/S2667-193X(21)00080-6/sbref0014
http://refhub.elsevier.com/S2667-193X(21)00080-6/sbref0014
http://refhub.elsevier.com/S2667-193X(21)00080-6/sbref0015
http://refhub.elsevier.com/S2667-193X(21)00080-6/sbref0015
http://refhub.elsevier.com/S2667-193X(21)00080-6/sbref0015
http://refhub.elsevier.com/S2667-193X(21)00080-6/sbref0016
http://refhub.elsevier.com/S2667-193X(21)00080-6/sbref0016
http://refhub.elsevier.com/S2667-193X(21)00080-6/sbref0016
http://refhub.elsevier.com/S2667-193X(21)00080-6/sbref0016
http://refhub.elsevier.com/S2667-193X(21)00080-6/sbref0017
http://refhub.elsevier.com/S2667-193X(21)00080-6/sbref0017
http://refhub.elsevier.com/S2667-193X(21)00080-6/sbref0017
http://refhub.elsevier.com/S2667-193X(21)00080-6/sbref0017
http://refhub.elsevier.com/S2667-193X(21)00080-6/sbref0017
https://doi.org/10.1371/journal.pone.0251688
https://doi.org/10.1371/journal.pone.0251688
http://produtos.seade.gov.br/produtos/projpop/index.php
http://produtos.seade.gov.br/produtos/projpop/index.php
http://refhub.elsevier.com/S2667-193X(21)00080-6/sbref0021
http://refhub.elsevier.com/S2667-193X(21)00080-6/sbref0021
http://refhub.elsevier.com/S2667-193X(21)00080-6/sbref0021
http://refhub.elsevier.com/S2667-193X(21)00080-6/sbref0021
http://refhub.elsevier.com/S2667-193X(21)00080-6/sbref0022
http://refhub.elsevier.com/S2667-193X(21)00080-6/sbref0022
http://refhub.elsevier.com/S2667-193X(21)00080-6/sbref0022
http://refhub.elsevier.com/S2667-193X(21)00080-6/sbref0022
http://refhub.elsevier.com/S2667-193X(21)00080-6/sbref0022
http://refhub.elsevier.com/S2667-193X(21)00080-6/sbref0023
http://refhub.elsevier.com/S2667-193X(21)00080-6/sbref0023
https://sapl.indaiatuba.sp.leg.br/pysc/download_norma_pysc?cod_norma=6329&texto_original=1
https://sapl.indaiatuba.sp.leg.br/pysc/download_norma_pysc?cod_norma=6329&texto_original=1
http://refhub.elsevier.com/S2667-193X(21)00080-6/sbref0025
http://refhub.elsevier.com/S2667-193X(21)00080-6/sbref0025
http://refhub.elsevier.com/S2667-193X(21)00080-6/sbref0025
http://refhub.elsevier.com/S2667-193X(21)00080-6/sbref0025
http://refhub.elsevier.com/S2667-193X(21)00080-6/sbref0026
http://refhub.elsevier.com/S2667-193X(21)00080-6/sbref0026
http://refhub.elsevier.com/S2667-193X(21)00080-6/sbref0026
http://refhub.elsevier.com/S2667-193X(21)00080-6/sbref0026
http://refhub.elsevier.com/S2667-193X(21)00080-6/sbref0027
http://refhub.elsevier.com/S2667-193X(21)00080-6/sbref0027
http://refhub.elsevier.com/S2667-193X(21)00080-6/sbref0027
https://doi.org/10.1016/j.canep.2016.07.015
https://doi.org/10.1016/j.canep.2016.07.015
http://refhub.elsevier.com/S2667-193X(21)00080-6/sbref0029
http://refhub.elsevier.com/S2667-193X(21)00080-6/sbref0029
http://refhub.elsevier.com/S2667-193X(21)00080-6/sbref0029

Articles

28 Kyrgiou M, Arbyn M, Bergeron C, et al. Cervical screening: ESGO

—EFC position paper of the European Society of Gynaecologic
Oncology (ESGO) and the European Federation of Colposcopy
(EFC). Br J Cancer 2020;123:510—.

29 Arrossi S, Paolino M, Laudi R, et al. Programmatic human papillo-

mavirus testing in cervical cancer prevention in the Jujuy Demon-
stration Project in Argentina: a population—based, before—and

www.thelancet.com Vol 5 Month January, 2022

30

—after retrospective cohort study. Lancet Glob Health 2019;7:€772—
83. https://doi.org/10.1016/S2214-109X(19)30048-8.

Hartman CA, Teixeira JC, Barbosa SB, Figueiredo SM, Andradade
LALA, Bastos JFB. Analysis of conservative surgical treatment and
prognosis of microinvasive squamous cell carcinoma of the cervix
stage IA1. Results of follow-up to 20 years. Int | Gynecol Cancer

2017;27:357-63.


http://refhub.elsevier.com/S2667-193X(21)00080-6/sbref0030
http://refhub.elsevier.com/S2667-193X(21)00080-6/sbref0030
http://refhub.elsevier.com/S2667-193X(21)00080-6/sbref0030
http://refhub.elsevier.com/S2667-193X(21)00080-6/sbref0030
https://doi.org/10.1016/S2214-109X(19)30048-8
http://refhub.elsevier.com/S2667-193X(21)00080-6/sbref0032
http://refhub.elsevier.com/S2667-193X(21)00080-6/sbref0032
http://refhub.elsevier.com/S2667-193X(21)00080-6/sbref0032
http://refhub.elsevier.com/S2667-193X(21)00080-6/sbref0032
http://refhub.elsevier.com/S2667-193X(21)00080-6/sbref0032

	Organization of cervical cancer screening with DNA-HPV testing impact on early-stage cancer detection: a population-based demonstration study in a Brazilian city
	Introduction
	Methods
	HPV test selection
	Management flowchart
	Follow-up
	Data collection and analysis
	Ethical aspects

	Results
	Discussion
	Contributors
	Data sharing

	Declaration of interests
	Acknowledgments
	Supplementary materials
	References



