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Objectives: To analyze the association between social determinants and oral cancer mortal-
ity in Brazil from 1997 to 2017.
Methods: An ecological panel data study based on oral cancer mortality. The social determi-
nants were represented by the income ratio, the Human Development Index, the Gini coef-
ficient, the illiteracy rate, the average household income, the rate of people living below the
poverty line, and the percentage of the black population. A descriptive analysis of mortality
rates was performed, assessing heterogeneity across space and time and characterizing
social determinants. The statistical association was verified using a multivariate negative
binomial regression model (selected to account for overdispersion observed in the initial
Poisson regression).
Results: In states where there was an increase in income inequality and illiteracy rate
(p<0.001), there was a reduction in mortality rates (p=0.03). In states where there was an
increase in average household income per capita (p<0.001), the rate of people living below
the poverty line (p<0.001), and the percentage of the black population (p=0.03), there was an
increase in mortality rates from oral cancer.
Conclusions: There are positive and negative associations between social determinants and
oral cancer mortality rates. (Rev Port Estomatol Med Dent Cir Maxilofac. 2025;66(4):182-190)
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Introduction

According to the World Health Organization (WHO), head and
neck cancers account for between 0.5% and 2% of all malignant
diseases. Data from the International Agency for Research on
Cancer (IARC) revealed a crude incidence rate for Latin Amer-
ica and the Caribbean in 2022 of 2.9 per 100,000 inhabitants
and a mortality rate for the same year of 1.3 deaths per thou-
sand inhabitants.! In turn, the National Cancer Institute (INCA)
indicates that Brazil has the highest incidence of the disease
in South America, with an estimated 15,100 new cases of oral
cancer, 10,900 in men and 4,200 in women, per year in the
three-year period 2023-2025.12

The etiology of oral cancer is multifactorial, occurring from
the interaction of genetic, environmental, and, above all, life-
style-related factors, especially the consumption of tobacco
and alcoholic beverages.® Other factors include a family histo-
ry of cancer, diet, sun exposure (lip cancer), and some viral
infections, such as human papillomavirus (HPV) and Ep-
stein-Barr virus.*®

The concept of social determination has been proposed to
investigate how diseases behave in a given population and to
explain how distribution occurs unevenly in some situations.
Thus, the social determinants of health highlight specific char-
acteristics of the social context that affect health, as well as
how social conditions translate these impacts on health.®’
According to Dahlgren and Whitehead’s theoretical model
from 1991,% social inequalities in health are the result of inter-
actions between different levels of conditions. The model dis-
tributes the social determinants of health into five layers: two
more proximal layers, two intermediate layers, and a final
distal layer, the macro-determinants.

Social determinants may be associated with both the oc-
currence of oral cancer and its mortality. A systematic review
by Dourado-Martins et al.’ revealed that variables such as ed-
ucation, family income, occupation, geographical area, social
marginalization, longevity, and the Human Development In-
dex (HDI) were related to the occurrence of oral cancer. Race/
ethnicity may also be related to the occurrence and mortality
of the disease, since the black population is mainly concen-
trated in peripheral areas, where they experience other social
inequalities and greater barriers to accessing health services.
However, some aggregate studies investigating the relation-
ship between disease mortality and social and economic indi-
cators have yielded controversial results.'%-1?

In Brazil, the highest oral cancer mortality rates are in the
South and Southeast, which are regions with better social in-
dicators.’>'*The most recent data from the Ministry of Health'’s
Mortality Information System (SIM-MS), together with the Bra-
zilian Institute of Geography and Statistics (IBGE) population
data, revealed a crude mortality rate of 3.4 deaths per 100,000
men and 1.1 deaths per 100,000 women in 2022, with this rate
being higher in the South region at 2.7 and the Southeast re-
gion at 2.4.%> Additionally, some aggregate studies have shown
an association between better social indicators and higher
mortality rates from the disease.'>1°

Taking into account the high rates of oral cancer mortality
in Brazil, the polarization of the highest rates in regions with
better social and economic indicators, as well as the contro-

versies in the literature on the subject, ecological studies that
evaluate social determinants and mortality from the disease
can help visualize the rates in different states, verify their be-
havior over time, and analyze the possible associated social
determinants. The results can contribute to interventions and
strategies to prevent, control, and reduce mortality from the
disease.'” Thus, the aim of this study is to assess the associa-
tion between social determinants and the oral cancer mortal-
ity rate in Brazil between 1997 and 2017.

Material and methods

This was an ecological study using a panel data set in Brazil,
with all states and the Federal District as the unit of analysis.
The study object was the oral cancer mortality rate, classified
according to the 10th International Classification of Diseases
(ICD-10) Co0, C01, C02, C03, C04, CO5, C06, CO7, CO8, CO9, and
calculated per 100,000 inhabitants. Mortality data were ob-
tained from the SIM/MS, and the number of inhabitants was
obtained from the latest IBGE census and intercensal esti-
mates for the years studied.

The social determinants were represented by the income
ratio (number of times the aggregate income of the top fifth
of the income distribution (richest 20%) is greater than the
income of the bottom fifth (poorest 20%) of the population),
the Gini coefficient (measures the degree of income concen-
tration), the HDI (index that summarizes the average perfor-
mance of a territory in three basic dimensions of human de-
velopment: longevity, education and income), the illiteracy
rate (proportion of people aged 15 and over who cannot read
and write at least a simple note), the average household in-
come (sum of the monthly income, expressed in reais (R$), of
all residents in the household divided by the total number of
residents in the household), the rate of people living below the
poverty line (index of people who have less than US$1.90 per
day), and the percentage of the black population (proportion
of the population declared black). All values were collected
from the Atlas of Human Development in Brazil by the United
Nations Development Program (UNDP) and the Continuous
National Household Sample Survey (PNAD) by the IBGE and
the Institute for Applied Economic Research (IPEA).

A descriptive analysis of the time series of oral cancer
mortality rates was carried out across the different units of
analysis to assess heterogeneity by space and time and char-
acterize oral cancer mortality rates and their social determi-
nants. The statistical association between oral cancer mortality
rates and social determinants was evaluated using a multivariate
negative binomial regression model, which was selected to ac-
count for overdispersion observed in the initial Poisson regression.
The Hausman test was used to assess whether the estimators
in the random effects model are equal to those in the fixed
effects model, resulting in the use of the fixed effects model.

In order to quantitatively interpret the effect of social
determinants in determining the risk of oral cancer mortal-
ity, the exponential regression model coefficient for each
predictor was multiplied by “n” times to make the associa-
tion with the outcome easier to understand. To check for
collinearity among the variables, the variance inflation fac-
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tor (VIF) was calculated, with results for all variables (maxi-
mum value of 3.07) well below the cut-off point (10) suggest-
ed by the literature.'®

Microsoft Office Excel 2013 for Windows and STATA/SE 14
were used to build the database and perform the statistical
analysis. The databases used in this research are open-access
and do not contain data that would allow the research subjects
to be identified.

Results

Between 1997 and 2017, there were 64,526 deaths from oral
cancer throughout Brazil. Figure 1 shows the time series of oral
cancer mortality rates in the different states and the Federal
District. Graphically, the rates varied across most states, with
Sao Paulo showing the greatest stability over time.

The heterogeneity and the average mortality rate by space
are shown in Figure 2. The highest mortality rates were seen
in the state of Espirito Santo, followed by Rio de Janeiro and
Sergipe.

Figure 3 shows the spatial distribution of average oral can-
cer mortality rates in Brazil from 1997 to 2017. The highest

average rates were observed in the states of Rio de Janeiro,
Espirito Santo, Rio Grande do Sul, and S&o Paulo.

The heterogeneity and average mortality rates from oral
cancer over time are shown in Figure 4. In general, rates in-
creased over time. The highest rate was in 2016, followed by
2017, both in the state of Espirito Santo.

Table 1 shows the characterization of oral cancer mortali-
ty rates and social determinants by Brazilian state. For descrip-
tive analysis, the states were divided into two groups based on
their highest and lowest average mortality rates. The six states
with the highest average oral cancer mortality rates were all
in the Southeast and South: Rio de Janeiro, Espirito Santo, Rio
Grande do Sul, Sdo Paulo, Parand, and Santa Catarina. The six
states with the lowest average rates were all in the North and
Northeast, mainly in the North: Acre, Maranhdo, Roraima, To-
cantins, Amap4d, and Amazonas. The other states and the Fed-
eral District had intermediate average mortality rates.

Table 2 shows the multivariate negative binomial regres-
sion model using fixed effects to assess the association be-
tween social determinants and the oral cancer mortality rate
across Brazilian states between 1997 and 2017. The results
showed statistical significance for the determinants of income
ratio (p=0.033), illiteracy rate (p<0.001), average household in-
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Figure 1. Oral cancer mortality rate, according to Brazilian states, 1997 to 2017.

Source: Mortality Information System, Brazilian Institute of Geography and Statistics (IBGE), 1997-2017.
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Figure 2. Heterogeneity of the average oral cancer mortality rate in Brazilian
states, 1997 to 2017.

Source: Mortality Information System, Brazilian Institute of Geography and Statistics (IBGE), 1997-2017.
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Figure 3. Spatial distribution of average oral cancer mortality rates in Brazil, 1997 to 2017.

Source: Mortality Information System, Brazilian Institute of Geography and Statistics (IBGE), 1997-2017.
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Figure 4. Heterogeneity of the average oral cancer mortality rates between 1997
and 2017 in the states of Brazil.

Source: Mortality Information System, Brazilian Institute of Geography and Statistics (IBGE), 1997-2017.

come (p<0.001), index of people living below the poverty line
(p=0.001), and percentage of the black population (p=0.034).
However, some determinants showed an inverse relationship
with the mortality rate in terms of social coherence.

Regarding the income ratio, in a given state, a 10% increase
in the income ratio was associated with a 96% decrease in the
oral cancer mortality rate. For the illiteracy rate, in states
where the rate increased by 10%, the oral cancer mortality rate
decreased by 52%. With regard to average household income,
in states with a 200 reais increase, the mortality rate increased
by 3%. However, when the percentage of people living below
the poverty line increased by 10%, the mortality rate rose by
4%. In addition, in the states where there was a 15% increase
in the percentage of the black population, there was also a 15%
increase in the oral cancer mortality rate.

Discussion

Although the highest oral cancer mortality rates are observed
in the South and Southeast regions, the trend shows higher
growth in the North and Northeast.’ In the study by Souza'® on
the period 1996-1998, the highest average rates were described
in Rio Grande do Sul, Parand, Santa Catarina, Rio de Janeiro, Sdo
Paulo, Amapa, Tocantins, and Alagoas. These results show that
the entire Southern region had higher average mortality rates.
However, in the 2014-2016 period, the highest average rates
were in Rio Grande do Norte, Paraiba, Pernambuco, Alagoas and
Sergipe, Rio de Janeiro, Espirito Santo, Santa Catarina, and
Parand, most of which were in the Northeast region.

The study by Perea et al.'* revealed that the Northeast had
one of the lowest average coefficients for the period, but with
an average annual increase in mortality of 6.9%. The Southeast,
on the other hand, had the second-highest average coefficient
but was the only region to see a reduction in mortality rates.
This study did not calculate the trend or the annual percentage
variation in mortality rates.

According to Borges et al.,’® who studied the proportional
mortality rate for oral cancer in Brazil, regions with better so-
cioeconomic indicators are more likely to develop chronic-de-
generative diseases because, according to the IBGE, they have
better demographic indicators for life expectancy at 60 years
of age and a higher proportion of elderly people in the popu-
lation. In addition, the underreporting of deaths in some states
in the North and Northeast must also be taken into account.

During the period studied, Brazil underwent significant
changes in terms of oral health care. Significant changes in
oral health have taken place since 2000, with the expansion of
oral health in primary care and the publication of the Nation-
al Oral Health Policy (PNSB) guidelines and the establishment
of a network of care for the prevention and control of the dis-
ease, as well as care for people with oral cancer.?>-?> However,
there was no decline in the average mortality rates from oral
cancer over the studied period. In the time series, the only
reduction observed was from 2009 to 2010. On the other hand,
a study by Cunha, Prass, and Hugo?* found an association be-
tween the implementation of this policy and oral and oropha-
ryngeal cancer mortality rates in Brazil. The study found that
the expansion of primary dental care coverage and the number
of Dental Specialty Centers were associated with a reduction



187

REV PORT ESTOMATOL MED DENT CIR MAXILOFAC . 2025;66(4):182-190

Table 1. Characterization of the oral cancer mortality rates and social determinants by Brazilian states, 1997 to 2017.

States c(::: i?)gfgéorl;:::l?itt}':\ :;; Income ratio HDI Gini coefficient
1997 2017 %  covt [1997 2017 x  covt 1997 2017 X vt [1997 2017 %X  cvt
States with the highest rates
Rio de Janeiro 23 2.0 22 0.2 19.8 15.1 174 19 0.57 0.76 0.68 0.07 0.57 0.53 0.55 0.02
Espirito Santo 13 3.0 21 0.6 229 136 178 42 0.5 0.74 0.70 0.08 0.57 0.51 0.53 0.03
Rio Grande do Sul 1.6 25 21 0.2 19.6 12.2 155 29 0.54 0.74 0.67 0.07 0.55 0.49 0.51 0.03
Sao Paulo 21 25 21 0.2 29.7 132 18.8 53 0.57 0.78 0.71 0.07 0.53 0.49 0.51 0.03
Parana 1.6 22 20 0.3 22.8 15.1 196 45 0.50 0.74 0.66 0.08 0.57 0.47 0.52 0.04
Santa Catarina 13 24 17 0.4 17.0 9.3 117 25 0.54 0.77 0.68 0.08 0.53 0.44 0.47 0.04
States with the lowest rates
Acre 03 1.0 0.4 0.4 29.3 17.7 236 5.5 0.40 0.66 0.55 0.09 0.58 0.56 0.58 0.03
Maranhdo 0.1 11 0.5 0.3 28.9 19.2 21.0 3.7 0.35 0.63 0.51 0.10 0.62 0.54 0.57 0.04
Roraima 0.5 11 0.6 0.4 20.1 124 15.6 3.0 0.45 0.70 0.61 0.08 0.44 0.52 0.53 0.04
Tocantins 0.2 1.0 0.6 0.3 26.3 157 18.0 34 0.36 0.69 0.56 0.11 0.63 0.52 0.55 0.04
Amapa 0.6 1.0 0.7 0.4 231 16.6 17.6 35 0.47 0.70 0.60 0.08 0.57 0.50 0.53 0.05
Amazonas 0.8 0.9 0.7 0.2 22.0 124 16.9 5.0 0.43 0.67 0.56 0.09 0.59 0.53 0.55 0.05
. o Average Household Index of people living Percentage of
States Wliteracy rate (%) Income (reais) below the poverty line (%)| the black population
1997 2017 X cvl | 1997 2017 X cvt | 1997 2017 X cvt | 1997 2017 X cvt
States with the highest rates
Rio de Janeiro 6.6 3.1 44 11 |993.74 1628.88 1331.02 233.67 | 6.3 24 48 17 11.8 147 125 15
Espirito Santo 135 5.9 8.6 23 | 65176 127954 99411 22956 | 10.8 29 5.5 29 6.1 11.1 8.1 19
Rio Grande do Sul 7.0 4.0 5.1 1.0 | 856.05 1084.87 840.94 20454 | 11.8 34 7.9 3.8 4.6 5.9 5.2 0.5
Sao Paulo 6.8 3.6 4.9 11 |1111.77 833.00 777.44 187.99 | 30.3 39 143 9.4 44 6.8 5.6 0.8
Parana 10.6 49 7.0 18 |760.83 801.85 65231 147.71| 30.7 6.1 18.1 10.5 23 3.4 29 0.4
Santa Catarina 6.3 3.2 4.5 12 | 855.61 1708.31 131550 321.54 | 57 11 29 19 26 21 25 0.4
States with the lowest rates
Acre 9.9 132 144 40 | 74829 869.90 79272 117.92 | 206 10.3 16.1 49 0.0 6.9 46 23
Maranhdo 35.8 19.0 22.8 43 | 281.88 700.73 514.36 151.28 | 44.9 154 26.0 9.4 37 119 83 3.0
Roraima 38 6.8 7.7 20 |650.73 1078.87 866.04 16128 | 8.9 44 6.6 3.6 32 85 6.2 25
Tocantins 232 115 15.3 3.6 | 39803 1031.28 743.34 22694 | 32.8 6.5 145 8.1 2.7 89 6.1 26
Amapa 18 3.1 48 27 | 57178 89249 695.06 14350 | 18.0 7.6 144 5.6 1.9 7.6 6.6 20
Amazonas 9.1 6.4 7.9 19 [596.22 980.17 75231 17249 | 17.8 7.10 129 6.3 0.8 4.2 35 12

Source: Mortality Information System, United Nations Development Program (UNPD) and the Continuous National Household Sample Survey
(PNAD) of the Brazilian Institute of Geography and Statistics (IBGE) and the Institute of Applied Economic Research (IPEA).

Data processed by the authors.

HDI - Human Development Index; T Coefficient of variation (cv=standard deviation)

in oral and oropharyngeal cancer mortality rates in Brazil.
Thus, the increase in mortality rates over time in this study
may reflect increased access to health services for disease
treatment and, consequently, greater notification of deaths
from the disease. Furthermore, the long-term benefits of
health policies should be considered.'*

In this study, the social determinants that were statistical-
ly significant were: income ratio, illiteracy rate, average house-
hold income, index of people living below the poverty line, and
percentage of the black population.

The income ratio is an indicator of economic inequality,
and the results of this study show an inverse relationship: the
greater the inequality, the lower the oral cancer mortality
rates. Other studies have shown an inverse relationship be-
tween an economic indicator and the oral cancer mortality
rate.'®?> The study by Borges et al.’ revealed a proportional
relationship between mortality from the disease and the spe-
cific HDI for income and average household income per capi-
ta. Assis? also found an association with per capita income,
showing that higher per capita income is associated with high-

er oral cancer mortality rates. In the present study, an increase
in per capita income was also associated with higher mortal-
ity rates. However, the study by Sakamoto et al.’' showed a
significant decrease in mortality rates as average incomes
increased.

Another statistically significant social determinant was
the illiteracy rate, for which an increase was associated with
a decrease in the mortality rate. This social determinant was
also studied by Petti and Scully.?® According to those authors,
there is a positive correlation between this variable and the
oral cancer mortality rate, indicating that the higher the illit-
eracy rate in countries, the higher the mortality rates, unlike
the findings of this study.

The increase in the number of people living below the pov-
erty line in this study was associated with an increase in mor-
tality rates. For some authors, the relationship between pov-
erty and oral cancer mortality can be explained by greater
exposure to the main risk factors for the disease and less avail-
ability and access to diagnosis and early treatment of the dis-
ease in less favored regions.?’:?8
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Table 2. Multivariate negative binomial regression model (fixed effects) for the association between oral cancer mortality

rate and social determinants in Brazil, from 1997 to 2017

Fixed Effects

Indicators Coefficient
Coefficient exponentialt Standard error p-value*
(relative risk)
Income ratio -.0044903 .9955197 .0020961 0.033
HDI -.0023947 .9976082 1099693 0.983
Gini coefficient -.1546489 .856716 .1463076 0.365
Illiteracy rate -.0659357 9361911 .0038335 <0.001
Average household income .0001463 1.000146 .0000266 <0.001
Index of people living below the poverty line .0034595 1.003466 .0010822 0.001
Percentage of the black population .0093725 1.009417 .0044584 0.034

Observations
N=27,T=21
Total obs: 567

Source: Mortality Information System, United Nations Development Program (UNDP) and the Continuous National Household Sample Survey
(PNAD) of the Brazilian Institute of Geography and Statistics (IBGE) and the Institute of Applied Economic Research (IPEA), 1997-2017.

Data processed by the authors.

w. »

T The coefficient exponential was multiplied by “n” times for the quantitative interpretation of the effect of each indicator on the oral cancer

mortality rate; *Adjusted for the other variables in the model.

In this study, an increase in the percentage of the black
population was associated with an increase in oral cancer
mortality rates. Race/ethnicity can be considered a social de-
terminant related to sociodemographic characteristics; how-
ever, it can also be related to living and socioeconomic condi-
tions, the social and educational environment, and influences
on behaviors and the construction of social networks. Further-
more, race/ethnicity is considered one of the determinants of
social inequality in cancer, which is complexly related to social
class, reflecting the distribution of power between groups in a
society.? Other studies have looked at this determinant and its
relationship with oral cancer mortality.'%?°*0 The study by Mo-
lina et al.?® showed that head and neck cancers have a high
overall mortality rate with a disproportionate impact on Afri-
can-American and poor patients. The authors revealed that
the high disparities by race and socioeconomic status are not
fully explained by demographics, comorbid conditions, or un-
dertreatment. Although oral cancer in Brazil mainly affects
white people, Antunes et al.’ through an ecological study car-
ried out in Sao Paulo, revealed an increase in rates for the black
population and stabilization for the white population. The
study points out that oral cancer mortality in the black popu-
lation almost doubled during the study period and exceeded
mortality in the white population in almost all categories.

The limitations of this study must be considered: trends in
rates were not calculated, and mortality rates were not stan-
dardized by sex, age, or anatomical site. Furthermore, ecological
studies are subject to the ecological fallacy bias, meaning the
results presented cannot be inferred at the individual level. Oth-
er aspects to consider include the fact that this is a study using
secondary, outdated data, which makes its validity dependent
on the reliability of the sources. Therefore, we suggest conduct-

ing new, more up-to-date national studies to expand knowledge
on the social determinants and oral cancer mortality in Brazil
and thus support the development of effective prevention pol-
icies. Furthermore, other data analysis approaches are suggest-
ed, including standardizing rates, accounting for other determi-
nants, and better controlling for confounding factors.

Conclusions

The determinants that showed a statistical association with
the mortality rate were the income ratio, illiteracy rate, average
household income per capita, index of people living below the
poverty line, and percentage of the black population. In states
where there was an increase in income inequality and the il-
literacy rate, there was a reduction in mortality rates, and in
states where there was an increase in average household in-
come per capita, the index of people living below the poverty
line, and the percentage of the black population, there was an
increase in oral cancer mortality rates.
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Determinantes sociais e mortalidade por cancro oral
no Brasil: Andlise de 20 anos

RESUMO

Objetivos: Analisar a associacao entre determinantes sociais e a
mortalidade por cancro oral no Brasil de 1997 a 2017.
Métodos: Estudo ecoldgico de dados em painel realizado a partir
da mortalidade por cancro oral. Os determinantes sociais foram
representados pela razdo de renda, indice de desenvolvimento
humano, coeficiente de Gini, taxa de analfabetismo, renda média
domiciliar, indice de pessoas que vivem abaixo da linha da pobre-
za e percentagem da populacdo preta (classifica¢do IBGE). Foi rea-
lizada a andlise descritiva das taxas de mortalidade, avaliada a
sua heterogeneidade em funcdo do espago e do tempo e caracte-
rizados os determinantes sociais. A associagdo estatistica foi ve-
rificada utilizando um modelo multivariado de regressao binomial
negativa (em substitui¢do do modelo de Poisson para corrigir a
sobredispersao).
Resultados: Nos estados em que houve aumento da desigualdade
de renda e taxa de analfabetismo (p<0,001), houve redugao das
taxas de mortalidade (p=0,03). Nos estados em que houve aumen-
to da renda média domiciliar per capita (p<0,001), do indice de
pessoas que vivem abaixo da linha de pobreza (p<0,001) e da por-
centagem da populagao preta (p=0,03), houve aumento das taxas
de mortalidade por cancro oral.
Conclusdes: Existem associagOes positivas e negativas entre deter-
minantes sociais e as taxas de mortalidade por cancro oral.
© 2025 Sociedade Portuguesa de Estomatologia e Medicina Dentéria.
Publicado por SPEMD. Este é um artigo Open Access sob uma
licenca CC BY-NC-ND
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
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