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Abstract

Background: The Latin American region represents a hotspot for oral cancer incidence and mortality. To reduce
oral cancer mortality rates, screening for early detection of subjects with suspicious or innocuous oral lesions has
been promoted. A systematic review was performed to assess the outcomes of oral cancer screening in the Latin
American region.

Material and Methods: An electronic search was conducted in eight databases and grey literature. The eligibility
criteria included screening where adult participants underwent any screening test during an organized screening
program. Screening programs were assessed to understand trends in oral cancer diagnosis. Rates of oral cancers
diagnosed in screening programs were classified as increase, decrease, or stable based on each year assessed.
Results: Following our searches, twelve studies conducted in Brazil and Cuba were included. The screening
tests reported were visual oral examination (VOE) and in one study in addition light-based fluorescence testing.
13,277,608 individuals were screened and a total of 1,516 oral cancers were detected (0.01%). Only two studies
aimed to screen high-risk individuals (smokers and drinkers). Oral cancer cases diagnosed during screening pro-
grams were proportionately stable over the years 1997 to 2009 but increased from 2010 to 2021. The fluorescence-
associated VOE test demonstrated a sensitivity of 100% and a specificity of 90%. Similarly, the VOE test alone
exhibited a sensitivity of 100%, with specificity ranging from 75% to 90%.

Conclusions: Screening studies conducted in Latin American countries had serious limitations both in methodol-
ogy (lack of examiner training) and in reporting data (lack of description of clinical categories of screen positives).
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Capacitation of health workers to perform VOE in well-designed screening programs should be implemented.

Key words: Oral cancer, screening, early detection, diagnosis, systematic review.

Introduction

Oral cancer is an important global health issue. An
estimated 377,713 new cases and 177,757 deaths were
reported by the Global Cancer Observatory (GLOBO-
CAN) in 2020 (1). Development of oral cavity cancer is
known to be associated with lifestyles such as tobacco
use (both smoking or smokeless forms) and alcohol con-
sumption and for lip cancers ultraviolet exposure (2).
Due to significant regional differences in the prevalence
of well-recognized risk factors related to oral cancer,
there is worldwide variation concerning disease in-
cidence and mortality, with higher incidence found
in lower- and middle-income countries, especially in
Brazil and Cuba (1). In addition, in the Latin Ameri-
can and the Caribbean region, socioeconomic factors
and economic inequalities may influence the incidence
and mortality rate of oral cancer which is considered a
socioeconomic-mediated disease (3).

Brazil represents the largest population in the Latin
American region. In Brazil, as well as in other coun-
tries from Latin America, oral cancer poses a signifi-
cant health burden (oral cancer is the 16th most com-
mon cancer in both sexes with an annual incidence of
3.6 cases per 100,000 inhabitants and a mortality rate
of 1.5 deaths per 100,000 inhabitants) (1). This high oral
cancer incidence makes it imperative to evaluate the ef-
fectiveness of cancer screening programs in this spe-
cific geographic environment and cultural context (1).
While global data on oral cancer screening outcomes
provide valuable insights (4,5), it is essential to recog-
nize the impact of such programs may vary significantly
depending on specific regional and cultural factors.

To reduce oral cancer mortality rates, screening for
early detection of subjects with suspicious or innocu-
ous oral lesions has been promoted. Screening pro-
grams contribute to advanced referral for performing
diagnostic tests, biopsies, and histopathological analy-
sis (4). Screening is defined as a method of identify-
ing asymptomatic individuals who probably have a
disease and applying tests, to distinguish them from
those who may not have it (5). In this context, several
models of oral cancer screening programs have been re-
ported across the globe, including screening high-risk
groups or screening the whole population, programs
integrated with medical screening, industrial and work-
place, mouth-self-examination (MSE), and opportu-
nistic screening (5). The most common screening test
executed is the visual oral examination (VOE), which
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involves an inspection and palpation of the oral cavity
and lip under a suitable light source (6). In addition to
VOE, several adjunctive, non-invasive diagnostic tests
are reported in the literature for oral cancer screening
including light-based tests, vital staining, and oral cy-
tology (7). Recently, salivary biomarkers and artificial
intelligence have been proposed to detect oral cancer
(8,9). Nevertheless, until now, all these adjunctive non-
invasive methods offer limited evidence of effective-
ness as they are still in stages of development and may
be considered promising methods (5).

In this context, understanding the performance of
screening programs undertaken for oral cancer screen-
ing is essential to refine future screening strategies, to
reduce deaths related to the disease. The performance
refers to the effectiveness and accuracy of an oral can-
cer screening program. It encompasses the ability of the
screening program to achieve a high yield to correctly
identify individuals with oral lesions or abnormalities
(high sensitivity) and to correctly exclude individuals
without oral lesions (high specificity). Therefore, the
study aims to systematically review the performance
and outcomes of all screening programs already per-
formed in the Latin American region. The focused
question for this review is: What are the performance
and outcomes of screening tests and programs under-
taken to detect oral cancer in adults in the Latin Ameri-
can region?

Material and Methods

- Protocol and registration

This systematic review was conducted and reported ac-
cording to the guidelines of Preferred Reporting Items
for Systematic Reviews and Meta-Analysis of Diagnos-
tic Test Accuracy Studies (PRISMA DTA-Statement)
(10). The protocol was peer-reviewed and registered at
the International Prospective Register of Systematic
Reviews (PROSPERO) under the registration number:
CRD42022329803.

- Eligibility criteria

The eligibility criteria were based on the following
PIRD strategy (10) (Population, Index, Referential, and
Diagnostic) to assess diagnostic accuracy tests: P - adult
population; I - oral visual examination and/or other ad-
junctive non-invasive tests; R - surgical or biopsy with
histological assessment; D - oral cancer.

We included cross-sectional test accuracy and descrip-
tive studies that investigated the performance of screen-
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ing to detect oral cancer in adult patients (18 aged or
over) living in the Latin American region. Studies were
considered if a screening test was applied to a selected
group of individuals in an organized program and screen
positives were then referred to a specialist to confirm a
final diagnosis. We considered screening only asymp-
tomatic individuals. In addition, only detection of oral
squamous cell carcinoma located in the oral cavity and
lip was included at following the sites: tongue, hard pal-
ate, buccal mucosa (lip and cheek lining), the floor of
the mouth, retromolar trigone, and gingiva. Regarding
noninvasive tests, for detection of oral cancer, we in-
cluded: VOE, vital staining (toluidine blue), light-based
detection (autofluorescence or chemiluminescence), re-
mote screening (telemedicine), biomarkers (saliva and
blood), oral cytology (brush biopsy), magnetic reso-
nance imaging, or artificial intelligence.

We excluded: studies that did not specify the age
groups; studies that included pediatric patients; studies
that screened for cancer in anatomical sites other than
the oral cavity and lip; studies reporting exclusively oral
potentially malignant disorders; epidemiological sur-
veys reporting disease prevalence; case finding reports,
case reports, reviews, letters, short-communications,
conference abstracts, and laboratory research; studies
whose full texts were not available; studies conducted
in other regions outside Latin America; studies pub-
lished in a language other than English, Spanish, French
or Portuguese; studies with duplicate data.

- Information sources and search strategy

We conducted literature searches in eight electronic
databases: PubMed (via MEDLINE), Scopus, Embase,
Web of Science, SciELO, LILACS, IBECS, and BBO-
ODONTOLOGIA (last four databases were assessed
via Virtual Health Library). Furthermore, additional
searches were performed in the grey literature (Google
Scholar, ProQuest Dissertation and Thesis, and ‘Biblio-
teca Digital de Teses e Dissertagdes’) and reference lists
of included studies to find those missing in the search
strategy. We conducted all searches on May 03rd, 2022,
and we updated the search on August 10th, 2022.

We adapted the search for each database, including re-
lated medical subject headings (MeSH) and free terms
controlled with boolean operators (OR and AND).
We used the following keywords: "Adult" OR "Young
Adult" OR "Middle Aged" OR "Aged" OR "Elderly"
AND "oral cancer” OR "mouth neoplasm" OR "oral
neoplasm” OR "mouth cancer" AND "screening" OR
"early detection" OR "early diagnosis" OR "screening
test” OR "sensitivity" OR "specificity" OR "reproduc-
ibility" OR "accuracy" OR "diagnostic accuracy". The
search terms used in each database can be found in
Supplement 1.

- Study selection

After searching databases and article selection, we
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performed the duplicate removal process in a two-step
procedure. Firstly, one author (C.M.P.) exported records
from each database to EndNote reference manager soft-
ware (EndNote X7, Thomson Reuters, Philadelphia,
PA), and the same author removed duplicate articles.
Afterwards, the records were imported to the online
software Rayyan (Rayyan, Qatar Computing Research
Institute), and the same author manually removed re-
sidual duplicates in the second step. We applied a two-
phase process to select the studies. In the first phase,
two reviewers (C.M.P, M.E.P.O) selected articles based
on titles and abstracts retrieved from databases using
Rayyan. Studies that did not meet the inclusion criteria
were excluded. Studies with titles and abstracts with in-
sufficient information were directed to the next phase.
In the second phase, the same reviewers applied the
eligibility criteria to the studies' full text and recorded
the reasons for exclusion. Two authors (C.M.P, M.E.P.O)
first resolved any disagreement in both phases by dis-
cussing and then consulting a third author (A.G.N). One
author (C.M.P) critically assessed reference lists for all
eligible articles, and the same author selected the ar-
ticles that were missed during our searches.

- Data collection process

Two independent reviewers (C.M.P, A.G.N) collected
data from the selected articles and the retrieved infor-
mation was cross-checked. Any disagreement was dis-
cussed between them and the third reviewer (S.W) if
necessary. The following data were extracted: first au-
thor; year of publication; country; characteristics of the
participants (number, age, sex, and risk factors); type
of screening test, number of examiners and whether
calibration was performed, number of oral cancers
detected, study analytics (true-positive, true-negative,
false-positive, false-negative), methods of recruitment
of participants, and additional strategies reported in
screening programs.

- Risk of bias and applicability

We used the Quality Assessment of Diagnostic Accu-
racy Studies 2 (QUADAS-2) tool to assess the quality
of the included studies that assessed the screening tests
over four key domains: patient selection, index test,
reference standard, and flow and timing of participants
through the study (11). Each domain was evaluated in
terms of risk of bias and applicability. The included
studies were rated as high, unclear, or low according
to the qualification domains. A third reviewer (A.G.N)
was consulted in case of disagreements. All reviewers
agreed on the scoring before critical appraisal assess-
ments. Furthermore, we used the Joanna Briggs Insti-
tute (JBI) Critical Appraisal Checklist for Analytical
Cross-sectional Studies (12), which evaluated the per-
formance of screening programs. We categorized these
studies as follows: high risk of bias (when the study
reached a score of up to 49% "low"), moderate risk of
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bias (when the study reached a score of 50% to 69%
"low"), and low risk of bias (when the study reached at
least a score of 70% "low™).

- Effect measures and synthesis of results

The primary objective of this study was to evaluate
the performance of screening tests and the outcomes
of programs designed to detect oral cavity cancers in
Latin America. We examined whether reported stud-
ies provided sufficient data to determine the sensitiv-
ity and specificity estimates, positive predictive value
(PPV), and negative predictive value (NPV). Due to
the absence of crucial data in the included studies,
a meta-analysis of diagnostic accuracy could not be
performed. The non-reporting of the number of suspi-
cious cancer lesions detected by tests in several stud-
ies precluded the conduct of standard analyses such as
the Diagnostic Odds Ratio (DOR) and Summary Re-
ceiver Operating Characteristic Curve (SROC). The
quantitative data, including the number of individuals
screened and oral cancer cases diagnosed, were com-
piled to create a database for analysis. The relative fre-
quency was used to report the overall estimates of oral
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cancer. We summarized the yearly data of individuals
screened and oral cancer cases diagnosed to determine
whether there was a rise, fall, or consistency of cases
diagnosed over time. A line chart was created based on
the extracted data.

Results

- Study Selection

After a systematic search, we identified 8,364 records
in the primary electronic databases. After duplicate re-
moval, 5,073 records were screened by their title and
abstract. In phase one, we considered 109 studies for
full-text reading. After evaluation by the eligibility cri-
teria, 102 reports were excluded in phase two, and we
included 07 studies. In additional searches, we iden-
tified 275 records in the grey literature and reference
lists of included articles. After duplicate removal, we
screened and evaluated 259 records. Subsequently, we
assessed 32 reports for eligibility criteria. After full-
text reading, 27 reports were excluded, and we included
05 studies. Overall, we included 12 studies (Supplement
2) in our systematic review (Fig. 1).
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Fig. 1: Flowchart describing literature search and overall included studies according to PRISMA guideline (2020).
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- Study characteristics

The period of publication of all included studies ranged
from 1997 to 2021. These 12 studies were conducted
in two countries located in the Latin American region:
Brazil (n=11) and Cuba (n=1). Only two screening tests
were reported: VOE and light-based tests (fluorescence).
The population screened in each study ranged from 143
to 10,167,999 participants (total n=13,277,608) (Table 1),
and a total of 1,516 oral cancers were detected. Regard-
ing gender with available data, females (n=4,085) were
screened more frequently compared to males (n=3,490).
The screening was performed in opportunistic settings
(75%) and among high-risk individuals (17%) (Fig. 2).
Opportunistic screening takes place when a dental health
professional provides an additional examination or test
to a patient during a routine dental check-up. High-risk
screening specifically aims to detect lesions in patients
who smoke or consume alcohol. Dental surgeons (75%),
primary care providers (17%), and an oral pathologist
(8%) were the professionals responsible to execute the
screening (Fig. 2). Only eight studies (58%) reported
training and calibration of these professionals to per-
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form screening (Fig. 2). Only 2 studies provided suffi-
cient data to analyze the accuracy of screening (Table 1).
- Risk of bias and applicability

In diagnostic accuracy studies (n=4), all studies have a
clear description (low risk of bias) of the patient selec-
tion method, one study (25%) had gaps for describing
the execution of index and reference standard tests, and
75% (high risk of bias) of studies did not report the in-
terval between application of the index text and re-ex-
amination (Supplement 3). For applicability concerns,
the included studies were matched with the review
questions, especially reference standard and patient se-
lection, of which 75% and 100% were low proportions,
respectively (Supplement 3).

For descriptive studies (n=8) that assessed the screen-
ing, one study was classified as low risk, five as moder-
ate risk, and two as high risk of bias (Supplement 3).
The majority of descriptive studies did not describe the
eligibility criteria to include the individuals. Also, five
studies did not report clearly how VOE was performed
and whether the examiners were calibrated prior to the
screening process.

Table 1: Overview of individuals screened, positive by test, and diagnosed with oral cancer in screening studies.

N Screen Positive N Nseen | N confirmed after investigations | Oral
Stud by spe- cancer
y Screened | Benjgn [ OPMD | Cancer | Total |referred c}i]alli)st Benign | OPMD | Cancer | Total | rate
Almeida et | 698,287
al 2012 | 00104y | 2158 | NA | NA | 59158 | 77305 | NA | NA | NA | NA | NA | NA
Almeidaer | 1,530,986
al. 2012 | G00s.08) | 12046| NA [ NA (112,046 | 112,046 | NA | NA | NA | 231 | 231 | 0,01%
Aar;t“;ggft 238,087 | 20270 | N/A | NA [20270 | 5280 [ NJA | NA | NA | 26 | 26 |001%
A;lm%‘llg"t 1282 | NA | NA | NA | NA 102 94 74 25 01 100 | 0,07%
Carrer (2009) | 629613 | NA | NA | NA | NA | 28401 | NA | NA | NA | 70 70 | 0,01%
Linares, 2021 | 694 NA | NA | NA | NA 118 71 45 25 05 75 | 0,72%
Oliveira et 956 NA | NA | NA | NA 75 66 59 0 0 59 | 0,00%
al., 2021
PiV"ggﬁ;’ a1 202 0 69 01 70 44 24 0 23 01 24 | 049%
S;;”?gg? 10,167,999 NA | NA | NA | NA | 30478 | 825 | 3,062 | 6440 | 1,162 |10,664| 0,01%
Sartori, 2004 | 2980 | NA | NA | NA | 537 N/A 133 75 50 08 133 | 0,26%
Scheufenel | 500 | NA | NA | NA [ NA [ 1t [ mo| o8 | o | o2 | 1 |039%
Simonato
etal, 2019 | og3 | NA | NA | o | Na | 33 3| 30 0 o | 31 [035%
(VOE * Fluo- o
rescence)
Simonato
etal,2019 | 1765 NA | NA 02 N/A 190 126 | 103 32 02 137 | 0,11%
(VOE)
Souggfi a1 3065 | NA | NA | NA | 206 | Na 73 56 10 07 73| 0,17%

OPMD, oral potentially malignant disorders; N/A, not available; VOE, visual oral examination.
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Fig. 2: Characteristics of screening programs in Brazil and Cuba concerning individual recruitment, type of screening, profession-

als involved, and training and calibration of screening tests.

- Results of individuals studies

Brazilian studies: In Brazil, most screening programs
were targeted towards older populations (>60 years)
and were conducted as part of an organized influenza
vaccination program during the period from 2003 to
2009. Screening was offered to high-risk individuals,
namely smokers and alcohol drinkers, in two studies. In
all studies the screening tests involved the use of visual
oral examination (VOE) and in one study additional
fluorescence tests were conducted. Lip and oral cavity
screenings were conducted by dental surgeons, oral pa-
thologists, and primary care providers. Additional strat-
egies included leaflet distribution and instructions for
MSE to aid oral cancer prevention and to improve the
awareness of the population on the risk habits and early
Symptoms.

Overall, 3,109,609 individuals were screened, and the
proportion of oral cancers detected corresponds to
0.01% of the screened population. Oral cancer detection
rate ranged from 0.01% to 0.72% in individual stud-
ies (Table 1). Only two studies reported the number of
screen positives by recording the number of subjects
with suspected oral cancers. Most studies reported only
the total number of positive subjects without separately
recording those with benign lesions, OPMD, or cancer
(Table 1). We therefore could not undertake any detailed
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analysis on the efficacy of screening, except for 2 re-
ported studies.

Cuban study: A screening study conducted in Cuba
from 1983 to 1990 was included in this analysis, which
was performed in an opportunistic setting. The screen-
ing involved VOE performed by dental surgeons on
10,167,999 individuals, out of which 8,259 were as-
sessed by specialists to confirm the diagnosis. The
study did not report the number of suspicious cancers
found by VOE. The final diagnosis of malignancies con-
stituted 0.1% of the screened population. Most of the
diagnosed oral cancers were in stages III from 1982 to
1984, and stages [ and II from 1985 to 1988.

- Synthesis of results

The VOE and fluorescence sensitivity/specificity val-
ues were available only in two studies (Table 2). VOE
reported 100% for sensitivity and specificity ranged
from 75% to 90%. The light-based fluorescence had
100% and 90% for sensitivity and specificity, respec-
tively (Table 2). PPV for VOE ranged from 0.36 to 0.43
and VOE associated with fluorescence showed a PPV of
0.37%. NPV was 0.10 for both screening tests (Table 2).
During the screening period (1997 to 2021), it is pos-
sible to observe a decrease in the number of individu-
als screened and a consequent reduction in oral cancer
diagnosis (Fig. 3).
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Table 2: Diagnostic values of screening tests.

. e . i . Oral cancer
Study Screening test Sensitivity | Specificity | PPV | NPV detection rate

Simonato et al., 2019 VOE + Fluorescence 100% 90% 0.37 0.10 3.2%

Simonato et al., 2019 VOE 100% 90% 0.36 0.10 3.2%

Pivovar et al., 2017 VOE 100% 75% 0.43 0.10 1.4%

PPV, positive predictive value; NPV, negative predictive value.
Oral cancer screening in the Latin American region over the years
100,000,000 60.0%
10,000,000 N\
\ 50.0%
\\
1,000,000 N R——
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Fig. 3: Oral cancer screening over the years in Latin America represents the number of individuals screened and cases detected

each year reported.

Since the 2000s, the number of diagnosed oral can-
cer cases has decreased significantly. There was rel-
ative stability in the number of cases of oral cancer
from 2004 to 2009, since the variation in the num-
ber of cases in this period was relatively small. The
data also showed that in some specific years, such as
2005 and 2006, the number of oral cancer cases di-
agnosed increased significantly compared to previous
years. However, the number of diagnosed oral cancer
cases gradually increased again, reaching 71 cases in
a population of 629,613 people in 2009. When ana-
lyzing the data for the screened population, the oral
cancer rate per person screened remained relatively
stable from 1997 to 2009, with small variations over
the years. However, between 2009 and 2021, there was
a significant increase in the oral cancer rate per person
screened, with an increase in cases diagnosed relative
to the population screened (Fig. 3).
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Discussion

VOE is considered a conventional test to identify indi-
viduals with lesions suspicious of oral cancer. The sen-
sitivity and specificity estimates reported in two of the
included studies for VOE are within the ranges reported
in a previous global analysis (13). However, both sensi-
tivity estimates in our study are from small sample size
studies, which makes it difficult to affirm the effective-
ness of the diagnostic test. In comparison to the pre-
vious global analysis that assessed VOE to detect oral
cancer lesions, the study's sensitivity estimates are gen-
erally lower. This could be due to several factors, such
as a smaller sample size, differences in the methodology
used, or the inclusion of patients with more advanced or
difficult-to-detect oral cancer. It is also possible that the
examiners had less experience or training in conduct-
ing VOE, affecting the accuracy of their assessments.
On the other hand, the study's specificity estimates are
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within the range reported in previous study (13), which
suggests that VOE may be relatively effective in rul-
ing out individuals who do not have oral cancer. This is
an important consideration in oral cancer screening, as
false positives can lead to unnecessary diagnostic tests
and procedures. Overall, the variability in sensitivity
and specificity estimates across studies highlights the
importance of careful methodology and standardization
in conducting oral cancer screening using VOE.

The screening study reported by Simonato et al. (14) is
the first instance when an autofluorescence adjunctive
technique has been applied in a primary care setting.
All previous studies to our knowledge have been con-
ducted in secondary care facilities (15). The sensitivity
estimates for fluorescence testing reported in this study
are higher than the sensitivity estimates reported in the
global analysis (15). This suggests that fluorescence test-
ing could be a reliable tool for detecting oral cancer in
Brazil. However, a single study with a small sample size
has limitations, and reproducibility studies are needed in
different patient populations. Previous evidence report-
ed that the fluorescence test has limitations due to poor
specificity and this test has not been adequately assessed
in the primary care setting (16). It may also be useful
to explore complementary screening methods in future
screening studies, such as combining toluidine blue
staining and fluorescence testing with VOE, to improve
the accuracy and reliability of oral cancer detection.
The results of the two studies of the VOE test showed a
range of PPV for oral cancer screening exams, with val-
ues ranging from 0.36 to 0.43. These results suggest that
the accuracy of oral cancer screening exams may vary
depending on the specific population being screened and
the method used. One potential factor that could con-
tribute to the variation in PPV values is the prevalence
of oral cancer in the population being screened. If the
population being screened has a higher prevalence of
oral cancer, this could lead to higher PPV values, as the
screening exam is more likely to correctly identify indi-
viduals with the disease. Conversely, if the population
has a lower prevalence of oral cancer, this could lead to
lower PPV values, as the screening exam is more likely
to produce false positive results. However, both included
studies in PPV analysis comprises a small simple size.
The small simple size in these two screening programs
may affect the precision and generalizability of the PPV
estimates and may not be as meaningful or reliable for
drawing robust conclusions. While the small sample size
restricts the PPV's interpretability, there is a necessity of
conducting larger-scale studies to obtain more accurate
and reliable estimates of the PPV for future oral cancer
screening programs. Overall, the results of these studies
suggest that the accuracy of oral cancer screening exam-
inations may vary depending on the specific population
being screened and the method used. Clinicians should
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consider these factors when interpreting the results of
screening exams and making decisions about further di-
agnostic testing or treatment. Further research is needed
to identify the most accurate and effective screening
methods for oral cancer, particularly in populations with
varying levels of disease prevalence.

During the period of the screening, there was a greater
period of stability (2004-2009) of diagnosed cases pro-
portional to the number of individuals who participated
in the screening programs. The number of oral cancer
cases detected during a screening program may vary
depending on several factors, such as the health lit-
eracy of the target population, the acceptability of the
screening methods for a given population, and the ef-
fectiveness of the program in identifying early-stage
cancer cases (15-17). Oral cancer may be more likely
to be diagnosed by dental surgeons who are adept at
recognizing the clinical signs of the disease (5). In
this context, as part of screening programs and public
health campaigns, VOE was found to be valid for the
detection of oral cancer in the previous study but it still
suffers low consistency of application and the need for
calibration of the examiners (17). In addition, VOE has
been considered a cost-effective strategy for oral cancer
detection, especially in an opportunistic and high-risk
patient setting (18). However, this non-invasive method
depends on the abilities of examiners and their knowl-
edge about the clinical features of the disease at the time
of screening, to improve the test’s sensitivity. Therefore,
more training and calibration of examiners involved in
oral cancer screening should be performed to have a
better achievement of lesion detection by VOE.

We observed that several studies did not report wheth-
er the examiners were calibrated or trained to perform
screening through VOE, which can explain the risk of
bias as low certainty of evidence in included studies.
Regarding the examiners, general dentists, oral patholo-
gists, and primary care providers (PCPs) were cited as
the health professionals utilized in these studies. For
better performance of screening tests, general dentists
are considered the best health professionals with suffi-
cient knowledge to execute the tasks and improve test
sensitivity (19). Nevertheless, as the Latin American
region is considered low-and-middle-income countries,
the training of general dentists can be compromised due
to difficult access to higher education resulting in a low
manpower ratio of these professionals (4,5). A previous
study reported that otolaryngologists could perform
screening with satisfactory sensitivity and specificity
rates through VOE (20). In this context, to compensate
for the lack of general dentists, PCPs and medical work-
ers are suitable health professionals able to perform oral
cancer screening, as was reported by two included stud-
ies (21-24). Future national screening programs should
select PCPs and medical workers and train them on how
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to recognize oral lesions facilitating geographic regions
such as Latin America where there are restrictions on
general dentists. Also, continuing education for dentists
needs to be freely available to improve VOE sensitivity.
The lack of training of examiners and not adhering to a
standard method of application could explain the non-
acceptable performance of the reported studies. Where
there is a lack of trained oral health professionals work-
ing in primary care, MSE could be recommended to the
population as a means of screening (25). The overall
impression gained from this systematic review is that it
is important for examiners and Principal Investigators
to improve their skills in reporting test results follow-
ing screening programs. In this regard an intervention
campaign conducted in Argentina that included training
dentists in diagnostic skills and a public awareness pro-
gram through media and networks resulted in improving
delays of diagnosis of oral cancer (26) and a reduction
in mortality rates 10 years after a continuous campaign.
High-risk population screening is a model for the early
detection of oral cancer. Two included study from Bra-
zil that performed VOE in a high-risk population sug-
gests the possibility of applying a high-risk-oriented
approach. Also, a clinical trial from India reported a
reduction of 34% in oral cancer in high-risk populations
after screening (27). From this perspective, targeted
screening programs may be an effective strategy for re-
ducing oral cancer mortality. Despite a limited number
of published studies so far reported recruiting high-risk
individuals (smokers and alcohol drinkers), this type
of screening program could achieve good results (28).
Therefore, identifying and directing these risk-high indi-
viduals towards appropriate preventive measures could
be an alternative plan of action to implement in the Latin
American region as primary oral cancer prevention.

Concerning screening programs undertaken in Latin
American countries, there is only one opportunistic
screening model implemented in Cuba through VOE
(29), and the results suggest over several years of screen-
ing a reduction in advanced oral cancer cases; however,
the Cuban screening program did not eventually lead
to a reduction in the incidence and mortality rate (29).
Not only in the Latin American and Caribbean region
but also in Europe, where some countries are consid-
ered a hotspot for oral cancer incidence, do not report
consistent results regarding established programs for
oral cancer detection (30). Taiwan has demonstrated
success with VOE use in its screening program, result-
ing in reduced oral cancer incidence and mortality rates
(31). Most of the included studies in this systematic re-
view are from Brazil, where high oral cancer mortality
rates are reported in the literature (32,33). The lack of
well-researched programs denotes that further clinical
trials are necessary to standardize oral cancer screen-
ing programs, especially in Latin American countries,
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to improve the efficacy of VOE which will eventually
lead to a reduction in mortality rates.

The findings in our systematic review are subject to a
number of limitations. Our searches brought up only a
few studies in two countries in Latin America, which
restricts our findings to these regions. Many studies did
not report the effect measure, which restricted our anal-
ysis. Despite studies aimed to report their performance
of screening, it was possible to observe the absence of
crucial data, such as the absolute number of oral cancer-
positive cases detected by testing, which compromised
the standard analysis. It was not possible to undertake
a meta-analysis. Primary studies remained with sever-
al limitations in methodology. In this context, further
clinical trials are needed to derive more reliable infor-
mation regarding the role of VOE as a screening test,
calibration of the screeners, high number of screened
populations, and necessary follow-up process to con-
firm false positives, to assess the reduction in mortality
from oral cancer as an outcome of screening programs.
In summary, only a limited number of screening pro-
grams are reported for oral cancer detection in Latin
American countries. The precise results from VOE and
light-based (fluorescence) screening tests used by gen-
eral dentists, oral pathologists, and primary care pro-
viders to perform oral cancer screening were not eas-
ily accessible for analysis due to poor reporting in the
published reports. The results of oral cancer detection
during the screening remained stable over the years elu-
cidating the necessity of better improvement, especially
concerning target population and VOE applicability.

Conclusions

The results of visual oral examination (VOE) yielded
several limitations in the performance of oral cancer
screening in Brazil mainly due to a lack of examiner
training and poor data reporting. Despite the reduction
in the number of cases of oral cancer diagnosed in the
2000s, the disease still represents a public health prob-
lem and requires continuous attention. National screen-
ing programs for oral cancer detection are still unavail-
able in Latin America and Caribbean countries. Thus,
national screening programs should be further tested to
achieve carly detection, and any reduction of oral can-
cer incidence and mortality rates.

References

1. Sung H, Ferlay J, Siegel RL, Laversanne M, Soerjomataram I, Je-
mal A, et al. Global Cancer Statistics 2020: GLOBOCAN estimates
of incidence and mortality worldwide for 36 cancers in 185 countries.
CA Cancer J Clin. 2021;71:209-49.

2. Warnakulasuriya S. Global epidemiology of oral and oropharyn-
geal cancer. Oral Oncol. 2009;45:309-16.

3. Freire AR, Freire DEWG, de Aratjo ECF, de Almeida Carrer FC,
Pucca Junior GA, de Sousa SA, ef al. Socioeconomic indicators
and economic investments influence oral cancer mortality in Latin



Med Oral Patol Oral Cir Bucal-AHEAD OF PRINT - ARTICLE IN PRESS

America. BMC Public Health. 2021;21:377.

4. Gonzélez-Moles MA, Aguilar-Ruiz M, Ramos-Garcia P. Chal-
lenges in the early diagnosis of oral cancer, evidence gaps and strate-
gies for improvement: A scoping review of systematic reviews. Can-
cers (Basel). 2022;14:4967.

5. Warnakulasuriya S, Kerr AR. Oral cancer screening: Past, pres-
ent, and future. J Dent Res. 2021;100:1313-20.

6. Yang EC, Tan MT, Schwarz RA, Richards-Kortum RR, Gillen-
water AM, Vigneswaran N. Noninvasive diagnostic adjuncts for the
evaluation of potentially premalignant oral epithelial lesions: Cur-
rent limitations and future directions. Oral Surg, Oral Med, Oral
Patho, and Oral Radiol. 2018;125:670-8]1.

7. Giovannacci I, Vescovi P, Manfredi M, Meleti M. Non-invasive
visual tools for diagnosis of oral cancer and dysplasia: A systematic
review. Med Oral Patol Oral Cir Bucal. 2016;21:¢305-15.

8. KaurJ, Jacobs R, Huang Y, Salvo N, Politis C. Salivary biomarkers
for oral cancer and pre-cancer screening: a review. Clin Oral Inves-
tig. 2018;22:633-40.

9. Kar A, Wreesmann VB, Shwetha V, Thakur S, Rao VUS, Arakeri
G, et al. Improvement of oral cancer screening quality and reach: The
promise of artificial intelligence. J Oral Pathol Med. 2020;49:727-30.
10. McInnes MDF, Moher D, Thombs BD, McGrath TA, Bossuyt
PM. The PRISMA-DTA Group (2018). Preferred reporting items for
a systematic review and meta-analysis of diagnostic test accuracy
studies: The PRISMA-DTA statement. JAMA. 2018;319:388-96.

11. Whiting PF, Rutjes AW, Westwood ME, Mallett S, Deeks JJ, Re-
itsma JB, et al. QUADAS-2 Group. QUADAS-2: a revised tool for
the quality assessment of diagnostic accuracy studies. Ann Intern
Med. 2011;155:529-36.

12. Moola S, Munn Z, Tufanaru C, Aromataris E, Sears K, Sfetcu R,
et al. Systematic reviews of etiology and risk. JBI Manual for Evi-
dence Synthesis. 2020.

13. Walsh T, Warnakulasuriya S, Lingen MW, Kerr AR, Ogden GR,
Glenny AM, et al. Clinical assessment for the detection of oral cav-
ity cancer and potentially malignant disorders in apparently healthy
adults. Cochrane Database Syst Rev. 2021;12:CD010173.

14. Simonato LE, Tomo S, Scarparo Navarro R, Balbin Villaverde
AG]J. Fluorescence visualization improves the detection of oral, po-
tentially malignant, disorders in population screening. Photodiagno-
sis Photodyn Ther. 2019;27:74-8.

15. Walsh T, Macey R, Kerr AR, Lingen MW, Ogden GR, Warnaku-
lasuriya S. Diagnostic tests for oral cancer and potentially malignant
disorders in patients presenting with clinically evident lesions. Co-
chrane Database Syst Rev. 2021;20;7:CD010276.

16. Rashid A, Warnakulasuriya S. The use of light-based (optical)
detection systems as adjuncts in the detection of oral cancer and oral
potentially malignant disorders: a systematic review. J Oral Pathol
Med. 2015;44:307-28.

17. Alves JC, da Silva RP, Cortellazzi KL, Vazquez Fde L, Marques
RA, Pereira AC, et al. Oral cancer calibration and diagnosis among
professionals from the public health in Sdo Paulo, Brazil. Stoma-
tologija. 2013;15:78-83.

18. Thankappan K, Subramanian S, Balasubramanian D, Kuriakose
MA, Sankaranarayanan R, Iyer S. Cost-effectiveness of oral cancer
screening approaches by visual examination: Systematic review.
Head Neck. 2021;43:3646-61.

19. Psoter WJ, Morse DE, Kerr AR, Tomar SL, Aguilar ML, Harris
DR, et al. Oral cancer examinations and lesion discovery as reported
by U.S. general dentists: Findings from the National Dental Practice-
Based Research Network. Prev Med. 2019;124:117-23.

20. Yang KY, Jiang RS, Shiao JY, Wang CC, Wang CP, Liang KL, e?
al. Visual screening of oral cavity cancer: The role of otolaryngolo-
gists. Laryngoscope. 2007;117:92-5.

21. Downer MC, Moles DR, Palmer S, Speight PM. A systematic re-
view of test performance in screening for oral cancer and precancer.
Oral Oncol. 2004;40:264-73.

22. Heller DJ, Kumar A, Kishore SP, Horowitz CR, Joshi R, Vedan-
than R. Assessment of barriers and facilitators to the delivery of care
for noncommunicable diseases by nonphysician health workers in

el0

Oral cancer screening in the Latin American region

low- and middle-income countries: a systematic review and qualita-
tive analysis. JAMA Netw Open. 2019;2:1916545.

23. Nagao T, Warnakulasuriya S. Screening for oral cancer: Future
prospects, research and policy development for Asia. Oral Oncol.
2020;105:104632.

24. Warnakulasuriya KA, Ekanayake AN, Sivayoham S, Stjern-
sward J, Pindborg JJ, Sobin LH, et al. Utilization of primary health
care workers for early detection of oral cancer and precancer cases in
Sri Lanka. Bull World Health Organ. 1984;62:243-50.

25. Shrestha G, Maharjan L. Mouth self-examination for preven-
tion and control of oral cavity cancer. INMA J Nepal Med Assoc.
2020;58:360-62.

26. Morelatto RA, Moretti C, Bolesina NJ, Zapata MJ, Liandro MF,
Warnakulasuriya S, et al. Reexamination of delays in diagnosis of
oral cancer following an intervention program in Cordoba, Argen-
tina. Oral Surg Oral Med Oral Pathol Oral Radiol. 2022;133:301-7.
27. Sankaranarayanan R, Ramadas K, Thomas G, Muwonge R,
Thara S, Mathew B, et al. Effect of screening on oral cancer mortal-
ity in Kerala, India: a cluster-randomised controlled trial. Lancet.
2005;365:1927-33.

28. Speight PM, Epstein J, Kujan O, Lingen MW, Nagao T, Rangana-
than K, et al. Screening for oral cancer-a perspective from the Global
Oral Cancer Forum. Oral Surg Oral Med Oral Pathol Oral Radiol.
2017;123:680-7.

29. Sankaranarayanan R, Fernandez Garrote L, Lence Anta J, Pisani
P, Rodriguez Salva A. Visual inspection in oral cancer screening in
Cuba: a case-control study. Oral Oncol. 2002;38:131-6.

30. Warnakulasuriya S, Fennell N, Diz P, Seoane J, Rapidis A. An
appraisal of oral cancer and pre-cancer screening programmes in Eu-
rope: a systematic review. J Oral Pathol Med. 2015;44:559-70.

31. Chuang SL, Su WW, Chen SL, Yen AM, Wang CP, Fann JC, et al.
Population-based screening program for reducing oral cancer mor-
tality in 2,334,299 Taiwanese cigarette smokers and/or betel quid
chewers. Cancer. 2017;123:1597-609.

32. Cunha ARD, Prass TS, Hugo FN. Mortality from oral and oro-
pharyngeal cancer in Brazil, between 2000 and 2013: trends by so-
ciodemographic strata. Cien Saude Colet. 2020;25:3075-86.

33. Romagna DV, Oliveira MM, Abreu LG, Stein C, Hugo FN, Teix-
eira R, et al. Incidence and mortality rates of lip, oral cavity, and
pharynx cancers in Brazil: time-trend and age-period-cohort analy-
sis from the last 30 years, Global Burden of Disease Study. Rev Soc
Bras Med Trop. 2022;55:¢0286.

Funding

This work was supported in part by the Coordenacdo de Aperfeigoa-
mento de Pessoal de Nivel Superior (CAPES), Ministry of Education,
Brazil (Finance code 001 - Grant number 88887.608669/2021-00).

Conflict of interest

All authors certify that they have no affiliations with or involvement
in any organization or entity with any financial interest or non-fi-
nancial interest in the subject matter or materials discussed in this
manuscript.

Ethics
This article does not contain any studies with human participants or
animals performed by any of the authors.

Availability of data and materials

Data supporting the findings of this study is available on the sup-
plementary material and from the Correspondence upon reasonable
request.

Authors contributions

CMP and AR-SS: Conceptualization; CMP, AGCN, MEPO: Data
curation; CMP and AGCN: Formal analysis; CMP, AGCN, ARSS:
Investigation; CMP, ARR-SS: Methodology; SW, AR-SS: Supervi-
sion; Original draft; CMP, MEPO, SW: Writing - review and editing:
CMP, SW, ACPR, TBB, MAL, MG, LES, ARSS.



