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PURPOSE Breast cancer screening is not recommended for young women (< 40 years old); therefore, those
diagnosed are more likely to have advanced and metastatic disease, reducing treatment outcomes. This study
aimed to investigate breast cancer epidemiology among young women in Brazil.

METHODS Data from three publicly available databases and a cohort from a university hospital in Brazil were
analyzed in a retrospective study. Descriptive statistics was performed on disease prevalence and stage dis-
tribution across age groups. Incidence was estimated using age-standardized incidence ratio. The impact of age
in disease-specific survival was also analyzed.

RESULTS Invasive breast cancer prevalence data by age group revealed that 4.4% and 20.6% of patients
were < 35 and < 45 years old, respectively. In the United States, this prevalence was 1.85% and 11.5%,
respectively (odds ratio [OR], 2.2; P < .0001). The percentage of regional and metastatic diseases were
higher in Sao Paulo State (Fundagéo Oncocentro de Sao Paulo [FOSP]) compared with the United States
(45% and 9.8% v 29% and 5.7%, respectively; P < .0001). In FOSP, regional and metastatic disease
prevalence were higher among young patients (53.5% and 11.3%, respectively). The median tumor size in
patients < 40 years old was higher (25.0 mm x 20.9 mm; P < .0001), and young patients have higher risk to
be diagnosed with positive lymph nodes (OR, 1.5; P = .004) and higher proportion of luminal-B and triple-
negative (TNBC) tumors. Young patients have a poor disease-specific survival because of late-stage di-
agnosis and more aggressive breast cancer subtypes (human epidermal growth factor receptor 2—enriched
and TNBC) (P < .0001).

CONCLUSION In Brazil, breast cancer prevalence among young patients and late-stage incidence during this age
span is higher. Advanced disease and more aggressive subtypes lead to a significant impact on breast cancer-
specific survival in young patients.

JCO Global Oncol 7:81-88. © 2021 by American Society of Clinical Oncology
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INTRODUCTION

Breast cancer is the leading malignancy affecting
women worldwide.! The probability of developing breast
cancer increases with age, and the incidence of the
disease is reported as uncommon in women younger
than 40 years.? According to the US SEER database

with breast cancer are more likely to be diagnosed
with advanced disease, with the prevalence of aggres-
sive tumor subtypes being higher compared with older
patients.® This scenario may influence the survival
rate and the cost of treatment.” Additionally, breast
cancer in young patients has other critical implica-

staging system, the median age at diagnosis is 62
years, and the prevalence in patients < 35 years and
between 35 and 45 years of age is 1.9% and 8.4%,
respectively.®

Although stage has been described as the main prog-
nostic factor in breast cancer, the disease is consid-
ered heterogeneous.* Many studies have reported that
molecular classification based on whole gene expres-
sion profile or immunohistochemistry could stratify
patients into distinct subtypes in terms of biological
behavior and prognosis.> Moreover, young patients

tions; these patients are at high risk of developing a
new breast cancer in the residual ipsilateral or the con-
tralateral mammary gland because of the longer re-
maining lifespan and the social and economic impacts
of the treatment for those at the working and repro-
ductive ages.®

Breast cancer incidence is reportedly increasing in
several low- and middle-income countries.®!° This
increase has been affecting all age groups; hence,
determining the actual prevalence of breast cancer
in women under screening ages is crucial for making
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CONTEXT

Key Objective

This study aimed to explore the incidence, characteristics at presentation, and outcomes of breast cancer in young women in
Brazil. We performed epidemiological data analysis of three breast cancer databases from Brazil and have made
comparisons with the US SEER database staging system.

Knowledge Generated

We observed a higher prevalence of breast cancer in young women (< 40 years old) in Brazil. Based on age-adjusted
incidence, our results support the fact that the higher prevalence is because of a higher incidence. Young patients had
more aggressive subtypes and higher risk of being diagnosed with advanced and metastatic tumors. Late diagnosis and the
higher prevalence of triple-negative and human epidermal growth factor receptor 2 (HER2)—positive tumors in young
patients are associated with worse disease-specific survival.

Relevance

Clinical-pathological characteristics of breast cancer in young women lead to significant impact on disease-specific survival.
These findings add important information for public health planners and reinforce the need to identify specific surveillance
and screening policies in young women.

public health policy decisions. In this study, we aimed to
analyze the prevalence and incidence of breast cancer in
young patients and its impact on disease-specific survival
in a Brazilian population.

Population and Exclusion Criteria

A total of 114,936, 218,053, 1,632,850, and 1,970 pa-
tients were classified as International Classification of Dis-
eases code 50 in FOSP, INCA, SEER, and HCRP cohorts,

METHODS
Study Design

This was a retrospective observational study based on the
analysis of three publicly available databases (Fundagéao
Oncocentro de S&o Paulo [FOSP] cohort, the Instituto
Nacional de Cancer [INCA] cohort, and the SEER Program—
SEER cohort) and a cohort from Hospital das Clinicas—
Ribeirdo Preto School of Medicine-University of Sdo Paulo,
Brazil (HCRP cohort). It was approved by the local com-
mittee in ethics (#2.638.453/2018). The public databases
were used to estimate breast cancer prevalence and in-
cidence in Brazil and the United States. The HCRP da-
tabase was used to analyze disease-specific survival in
young patients with breast cancer. All patients included in
the three Brazilian data sets had their treatment covered by
the public health system (Sistema Unico de Saude).

TABLE 1. Distribution of the Number of Total Cases Analyzed in Databases

respectively. Data curation was based on histological di-
agnosis, year of diagnosis, sex, and registry duplication.
The exclusion criteria were as follows: (1) duplication, (2)
misclassification, (3) misdiagnosis, (4) diagnosis of non-
invasive disease, (5) malignant tumor not arising from
mammary epithelial cells, (6) diagnosis in male, and (7)
year of diagnosis before the year 2000. Information without
the year of diagnosis and years with small representation
data (< 40% of the median) were also excluded. Table 1
presents the final cohort population.

Statistical Analyses

Patients were classified into age groups (5 years’ range).
Descriptive statistics was performed. Disease prevalence
and stage distribution across age groups were compared
using x? test. We used 2010 population estimates in S&o
Paulo, Brazil, and in the United States as the base for
population incidence estimation.!' The age-standardized
incidence ratio and the cumulative risk were estimated
as previously described.'? To maintain stage classification

FosP INCA SEER HCRP uniformity, we used the SEER nomenclature: localized
Inclusion years 2000-2019 1996-2014 1973-2015 2000-2013  (stage | and Il NO), regional (stages Il with N1 and III), and
Total (C.50) 114,936 218,050 1,632,850 1,970 distant (stage IV).'® For survival analysis, patients were
Curated data (N) 101,813 85,117 922,962 1823 divided |_nto two groups as _deﬂnedlm the European Society
% excluded 114 60.5° 438 s for Medical Oncology 3 international consensus: young
° ' ' ' ' (< 40 years) and standard (> 40 years).'* The breast
Years after curation  2000-2017  2000-2014 2000-2015 2000-2013

cancer subtypes in the HCRP data set were considered to
be (1) luminal A if estrogen receptor (ER)-positive and/or
progesterone receptor (PR)-positive, human epidermal
growth factor receptor 2 (HER2)—negative, and grade # 3;
(2) luminal B if ER—positive while PR—and HER2-negative

Abbreviations: FOSP, Fundac¢édo Oncocentro de Sdo Paulo; HCRP, Hospital das
Clinicas—Ribeirdo Preto School of Medicine-University of Sdo Paulo, Brazil; INCA,
Instituto Nacional de Cancer.

®Excluded the duplicates from State of Sdo Paulo.
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or if ER— and PR—positive, HER2—negative, and grade 3;
(3) luminal/HER2 if ER—positive and/or PR—positive while
HER2—positive; (4) HER2 if ER- and PR-negative while
HER2—positive; and (5) triple-negative (TNBC) if ER—, PR—,
and HER2—-negative.!® The difference in primary tumor size
was analyzed using Wilcoxon test. Chi-squared or Fisher’s
exact tests were performed to analyze association among
qualitative variables and the estimated odds ratio (OR).
Univariate survival analyses were based on Kaplan-Meier
curves and tested for significance using the logrank test.
Cox multivariate regression model including the significant
variables from the univariate analysis was used for hazard
ratios estimation. The level of significance was set at 5%.
We conducted all analyses using R version 3.6.1.1¢

RESULTS

Prevalence of Invasive Breast Cancer According to Age
(FOSP Plus INCA Databases)

According to data from the FOSP and INCA databases, the
median number of invasive breast cancer diagnosed per
year from 2000 to 2017 was 5,183.5 (interquartile range
[IQR], 2,021) and 5,841 (IQR, 1,002), respectively. The
mean age at diagnosis was 52.3 = 13.6 years (FOSP
cohort) and 56.7 =+ 14.3 years (INCA cohort). According to
the prevalence of invasive breast cancer by age groups,
in the FOSP cohort, 4.4% of patients were < 35 years and
20.5% were < 45 years. The INCA cohort showed a similar
distribution, with 4.4% of patients < 35 years and 20.6%
< 45 years. Figure 1 illustrates the distribution of invasive
breast cancer across age groups in the FOSP and INCA
databases.

Comparative Analysis Between Brazilian Databases
(FOSP Plus INCA) and the US Database (SEER)

According to the SEER data, the median number of cases
per year was 57,202 (IQR, 7,142.25), and the mean age at
diagnosis was 61.7 = 14.0 years. The age at diagnosis is
significantly higher in the SEER data set compared with the
Brazilian data (P < .0001). The prevalence of patients with
invasive breast cancer was 1.85% and 11.5% for women
< 35 and 45 years, respectively. Breast cancer among
young women accounts for 10.5% and 5% of cases in the
Brazilian and SEER cohorts, respectively. There is a sig-
nificant difference in prevalence among young patients
between the two data sets (OR, 2.2; 95% Cl, 2.20 to 2.28;
P < .0001).

To correct for population density in the distribution data, we
used the SEER and FOSP data and estimated the age-
standardized incidence ratios. The overall incidence ratio
was higher in the SEER cohort (36.7 v 26.7 cases/100,000
women/year), with a cumulative risk by the age of 40 years
of 0.13% (SEER cohort) and 0.15% (FOSP cohort).
Figure 2 illustrates the age-standardized incidence ratios
in both databases. Note that the incidence ratio by the age
of 50 years is higher in the FOSP cohort.

Stage Distribution Among Young Patients

We analyzed the distribution of tumor stages at diagnosis
according to the age at breast cancer onset using data from
the SEER and FOSP databases. Overall, the percentages of
regional and metastatic diseases are higher in FOSP cohort
(45% and 9.8% v29% and 5.7 %, respectively; P < .0001).

30
25
20
FIG 1. Breast cancer prevalence accord-
ing to age groups in Brazil. FOSP, Fun- o
dacéo Oncocentro de S&o Paulo; INCA, S~ 151
Instituto Nacional de Cancer.
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5 .
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Invasive breast cancer prevalence in Brazil (FOSP plus INCA)
from 2000 to 2017 (n = 185,456)
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FIG 2. Age-standardized breast can-
cer incidence in Brazil (FOSP) and the
United States (SEER). FOSP, Funda-
¢ao Oncocentro de Séo Paulo.

Database
Il FospP
B SEER

Age-Standardized Incidence Rate

-20  20-24 25-29 30-34 35-39 40-44

45-49 50-54 55-59 60-64 65-69 70-74
Age Groups

The prevalence of regional and metastatic diseases is even
higher among young patients. In the FOSP cohort, 53.5%
and 11.3% of young patients were diagnosed with regional
disease and metastatic disease, respectively. Figure 3 il-
lustrates the distribution of stages according to age groups
in both databases.

Impact of Age in Breast Cancer Subtypes and Survival

survivals using data from the HCRP database. Although the
overall survival was not affected by age (P = .6), young
patients have a significant reduction in disease-specific
survival. The median survival time was 8.1 years (95% Cl,
6.9 to 11.0) for young and 11.5 years (95% Cl, 10.6 to
13.3) for standard patients (P = .004). Figure 4 shows the
Kaplan-Meier curves for disease-specific survival.

Based on the univariate analyses, disease stage and
tumor subtype significantly influenced the disease-specific

We analyzed the association of age groups, breast cancer
subtypes, and the impact in overall and disease-specific

FOSP SEER

100% A

75% A
FIG 3. Percentage of localized, regional
(node positive) and distant (metastatic) Stage
breast cancer patients in Brazil (FOSP) 50% - [l Distant
and the United States (SEER) according u Regional
to age status. Standard > 40 years old and I Localized
young < 40 years old. FOSP, Fundacéo
Oncocentro de S&o Paulo. 259% |

0% -
Standard Young Standard Young
Group
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Age Group
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FIG 4. Disease specific survival 2
according to age groups (standard & 0.50 A
versus young) in 1,820 breast cancer Tg
patients treated at Hospital das S
i ibeirs > 0.25
Cl|n|§§s, R|bel|raolPreto School of 173 P 00035
Medicine, University of Sao Paulo,
Brazil (HCRP cohort). Standard > 40
years old and young < 40 years old. T
0 2.74
S Number at risk
3 Standard 1611 1015
& Young 209 136
<

5.48 8.21 10.95
Years
551 188 0
76 28 0

survival. The distribution of breast cancer subtypes and
stages are significantly different in young patients. Table 2
summarizes patient characteristics according to age group.

Young patients presented with more advanced disease.
The median tumor size in young and standard groups was
25.0 mm (IQR, 25) and 20.9 mm (IQR, 16), respectively
(P<.0001). The axillary involvement was associated to the
primary tumor size (P < .0001), and young patients had
higher risk to be diagnosed with positive lymph nodes (OR,
1.5;95% Cl, 1.1 to 2.1; P=.004). Additionally, there was
a higher proportion of luminal-B and TNBC among young
versus standard patients (11% v 7.3% and 20% v 15%,
respectively; P = .03).

To correct for age, stage, and tumor subtypes in the hazard
ratios, we used the Cox proportional hazard ratio model
to assess the effect of these multiple variables on disease-
specific survival. According to the multivariate analysis,
the significant variables affecting disease-specific survival
were tumor subtype (HER2-enriched and TNBC) and tu-
mor stage (Table 3).

DISCUSSION

Breast cancer diagnosis and treatment in young patients
is challenging because aggressive subtypes are more fre-
quent and most patients are diagnosed with advanced
disease.?”!® In turn, this leads to a high cost of treatment,
massive impact on familial, sexual, social, and economic
aspects, and reduced survival rate.®!° Although several
data support the observation of a low breast cancer prev-
alence among young patients, we have demonstrated that
the prevalence among the Brazilian population is not ir-
relevant. We identified 10.5% of diagnosed breast cancer
in patients < 40 years. Additionally, the estimated age-
standardized incidence suggested that our population is
under higher risk of developing breast cancer before age

JCO Global Oncology

50 years. More than 60% of young patients were diagnosed
with locally advanced or metastatic disease, and the prev-
alence of TNBC was also higher. These factors led to a
significant decrease in disease-specific survival.

Breast cancer screening programs do not cover young
women under average risk. There is no evidence that
screening young women leads to a significant reduction in
breast cancer mortality,?*?* added to the potential increase
in overdiagnosis and the radiation-induced cancer.?!
Furthermore, the screening mammogram'’s low sensitivity
in dense breasts, in addition to the low disease prevalence,
leads to an unacceptable predictive positive value in young
women.?? Thus, in this age group, breast cancer is mainly
diagnosed on symptomatic women.

Some studies have estimated the natural progression of
breast cancer.>?* Plevritis et al®® reported that the median
tumor size during transition from local to regional disease
(axillary involvement) is 2.5 cm. Among the HCRP cohort
in our study, 50% of young patients were diagnosed with
tumor > 2.5 cm, corroborating with the observation that
most young Brazilian patients are diagnosed with regional
and distant disease. Moreover, a previous study has shown
that the difficulty in patient flow for public health care and
the consequent timing between diagnosis and treatment are
important factors associated with advanced clinical stage
at diagnosis.?® Socioeconomic conditions, formal educa-
tion, and race contribute considerably to this scenario,
indicating that breast cancer awareness and access to the
public health system are the main aspects that the gov-
ernment has to deal with.?” These observations are highly
relevant for decision makers on public health policies.

In addition to the investment in cancer awareness and
healthcare access, identifying people with high risk of de-
veloping breast cancer may be another strategy to optimize
breast cancer care in young women.?'?® This approach
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TABLE 2. Clinical and Pathological Differences Between Young (< 40 Years Old)
and Standard (> 40 Years Old) Patients With Breast Cancer From the Hospital das
Clinicas—Ribeirao Preto School of Medicine-University of Sdo Paulo, Brazil Cohort

TABLE 3. Multivariate Analysis of Disease-Specific Survival in 1,823
Patients With Breast Cancer From Hospital das Clinicas—Ribeirdo Preto
School of Medicine-University of Sdo Paulo, Brazil Cohort

Variable Standard (%) Young (%) P Variable HR 95% ClI P

N 1,611 209 NA Age group

Grade (n) Standard (ref) 1 —

1 343 (23) 31 (15) Young 1.2 091to 1.6 1
2 842 (55) 106 (562) Subtype
3 339 (22) 65 (33) .002 Luminal-A (ref) 1 —

ER Luminal-B 1.08 0.7t0 1.6 .6
Negative 404 (25) 71 (34) HER2+/HR+ 1.03 07t01.4 8
Positive 1,186 (75) 138 (66) .009 HER2-enriched 2.5 1.8t03.3 < .0001

PR TNBC 1.8 141024 < .0001
Negative 615 (39) 86 (41) Stage
Positive 976 (61) 123 (59) 5 Localized (ref) 1 —

HER2 Regional 34 261043 < .0001
Negative 1,207 (76) 148 (74) Distant 17.6 12.4 10 25 < .0001
PN S0 (28] 28 (25 & Abbreviations: HR, hazard ratio; HR+, hormone receptor-positive;

Subtype ref, reference; TNBC, triple-negative.

Luminal-A 847 (55) 86 (43)

Luminal-B 115 (7) 22 1) high-risk families and individuals,>3 which seems to be a
HERZ+/HR+ 225 (14) 31 (15) rational measure for populations with high breast cancer
HER2-enriched 151 (9) 22 (11) incidence and prevalence.

TNBC 236 U15) 40 (20) 03 Another point we would like to address is the higher inci-

Stage dence of breast cancer among young women in Brazil than
Localized 723 (45) 71 (34) in the United States, which is also supported by reports
Regional 827 (51) 129 (62) from Brazil and from other developing countries.?”-343%
Distant 61 (4) 8 (4) 01 Differences in disease incidence among young individ-

Family history® uals may be attributaple no.t only to inherited gengtic

factors but also to modifiable risk factors, such as smoking
Present 275 (11.2) 43135 3 and alcohol, and the exposure to carcinogens. Although
Absent 1,312 (88.6) 166 (86.5)

NOTE: Data presented as no. (%).

Abbreviations: ER, estrogen receptor; HR+, hormone receptor-positive; NA, not
applicable; PR, progesterone receptor; TNBC, triple negative.

@Family history of breast cancer in first- and/or second-degree relatives.

aims to improve early diagnostic rates, based on increased
surveillance and awareness, and to apply risk reduction
strategies for high risk women.?® A cross-sectional study,
using three breast cancer risk assessment tools (Gail, Tyrer-
Cuzick, and BRCAPRO) and including 382 women 35-69
years of age in the South region of Brazil, has demonstrated
that the tools can identify up to 8.8% of women 35-39 years
as having high risk for breast cancer.3® These tools can also
identify individuals at risk for Hereditary Breast and Ovary
Cancer (HBOC) syndrome. One study has demonstrated
the prevalence of BRCAI or BRCA2 mutation in 21.5% of
349 unrelated individuals in Brazil with personal or familial
high risk for HBOC syndrome.®! Integrating genetic cancer
risk assessment in primary care with a genetic counselor
is a potential opportunity for systematically screening

86 © 2021 by American Society of Clinical Oncology

the etiological factors responsible for such differences are
unknown,'”?” the chronic exposure to endocrine disrupt-
ing and carcinogenic pesticides may be a concern. Recent
studies suggest the exposure of organochlorine pesti-
cides may be associated with a higher incidence of breast
cancer.®® Furthermore, toxicoproteomics analysis has dem-
onstrated that women exposed to pesticides are more
prone to develop ER-negative breast cancer.®” In terms of
absolute numbers, Brazil is the largest consumer of pes-
ticides worldwide.® Therefore, future studies on population
genomics and exposure to environmental carcinogens are
necessary to elucidate these factors.

A recent study of the Brazilian population has already
demonstrated unfavorable clinicopathological features for
breast cancer among young women.?” However, this study
did not analyze how these factors may influence the overall
and disease-specific survival. In our study, we were able to
explore the impact of molecular subtyping and stage in a
long-term follow-up breast cancer cohort. Our data dem-
onstrated that disease-specific survival is clearly affected by
late diagnosis as well as TNBC and HER2-enriched breast
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cancer prevalence among the young population. The di-
agnosis of regional disease in young women increases
the risk of dying because of breast cancer by 3.5 times.
Such an observation reinforces the need to establish a
program for the identification and surveillance of high-risk
populations.

Our study has some limitations. First is the inherent limi-
tation of retrospective studies, as well as the possibility of
some missing data. Second is the lack of follow-up data
among the FOSP, INCA, and SEER databases. Neverthe-
less, the follow-up information on the breast cancer patients
under the HCRP cohort (n = 1,823) is highly consistent.
Additionally, the age and stage distributions of the HCRP
data set are highly similar to that of the FOSP and INCA
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