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Abstract

Objective. To describe the rationale and the methodology of a multicenter project to study the etiology of
breast cancer in young Latin American women. Materials
and methods. The International Agency for Research
on Cancer has established an international collaborative
population-based case-control study in four countries in
Latin America: Chile, Colombia, Costa Rica, and Mexico
(the PRECAMA study). Standardized methodologies were
developed to collect information on reproductive variables,
lifestyle, anthropometry, diet, clinical and pathological data,
and biological specimens. The study will be extended to
other countries in the region. Conclusion. PRECAMA is
unique in its multidisciplinary approach that combines genetics, genomics, and metabolomics with lifestyle factors. The
data generated through this project will be instrumental to
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Resumen

Objetivo. Describir la justificación y la metodología para el
establecimiento de un proyecto multicéntrico sobre el cáncer
de mama en mujeres jóvenes de América Latina. Material
y métodos. La Agencia Internacional para la Investigación
del Cáncer (IARC) ha establecido un estudio colaborativo
internacional de casos y controles con base poblacional en
cuatro países de América Latina: Chile, Colombia, Costa
Rica y México (el estudio PRECAMA). Se han desarrollado
metodologías estandarizadas para recolectar información
sobre variables reproductivas, estilos de vida, antropometría
y dieta, datos clínicos y patológicos y muestras biológicas.
Conclusión. PRECAMA es único en su enfoque multidisciplinario. Los datos generados a través de este proyecto
serán fundamentales para identificar los principales factores
de riesgo del cáncer de mama en mujeres jóvenes. Los ha-
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identify major risk factors for molecular subtypes of breast
cancer in young women, which will be important for prevention and targeted screening programs in Latin America.

llazgos serán relevantes para la prevención y los programas
de detección oportuna en América Latina, con beneficios
clínicos inmediatos.
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B

reast cancer (BC) is the second most common cancer in the world, and by far the most frequently
occurring cancer among women, with an estimated
1.67 million new cases diagnosed in 2012 (25% of all
cancers).1,2 It is estimated that one-third of these cancers
occur in women younger than 50 years.3 However, this
proportion varies according to geographical region and
socioeconomic status. In Latin America, the proportion
of incident BC cases among women younger than 45
years is about 20%, whereas in North America and the
European Union the proportions are about 12%.3 Similarly, mortality data show an important difference in the
proportion between Latin America (14%) and Western
countries (7%).3 Although the age distribution differs
substantially between Western and Latin American
countries, the large number of incident BC cases currently observed among young women in Latin America
can only be partly explained by the population age
structure.4 The Latin American population is culturally
and genetically heterogeneous, with varying ancestral
backgrounds, and the proportion of BC that is due to
hereditary factors appears to vary with ethnicity.5 In
addition, the association of BC with risk factors in Latin
American women could be confounded by the extensive
diversity in genetic ancestry, which may differentially
influence the risk of breast cancer.6 This Latin American
population is currently undergoing significant lifestyle
and nutritional transitions that result in unique contrasts in exposures, providing opportunities to identify
endogenous (genetics and genomics) and exogenous
(metabolic modification, behavioral, and cultural) factors associated with BC subtypes.
BC is a heterogeneous disease, and the presence or
absence of estrogen receptor (ER) and/or progesterone
receptor (PR) expression, as well as the molecular pathological characteristics, are key determinants of the tumor
clinical behavior and response to treatment.3,7 BC in
young women has aggressive characteristics, in particular
a high proportion of triple-negative and human epidermal growth factor receptor 2 (HER2)-positive (HER2+)
cancers,8 high risks of local recurrence and of contralateral
BC,9 and high mortality associated with advanced stage
at diagnosis.8,9 Genetic background and/or different
environmental exposures (including lifestyle, dietary
habits, and sedentary behaviors) are likely to shape
BC tumor characteristics and cancer progression.10,11

However, so far, only a few studies have evaluated the
impact of lifestyle on the incidence in BC subtypes in
young women, and most of the studies have focused on
Western populations.12-14 In Caucasian premenopausal
women, alcohol intake is associated with increased risk of
BC,15 and a reduction of risk is observed with breastfeeding, but there is still limited evidence on the role of diet
and body fatness.16 Data from Latin America are sparse,
although previous studies suggest a potential effect of
dietary factors and physical activity.17-20
To increase the knowledge of clinical and pathological profiles associated with specific genetic and lifestyle
risk factors in Latin American women, the International
Agency for Research on Cancer (IARC) in collaboration
with Latin American partners is conducting a multicenter case-control study on BC in young women in four
Latin American countries (Chile, Colombia, Costa Rica,
and Mexico) to determine BC subtypes and associated
risk factors for BC incidence and survival. The results
of this investigation will have immediate benefits for
specific preventive actions focusing on modifiable behavioral risk factors and for patient-tailored selection
among the existing treatment options.
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Materials and methods
This project is coordinated by IARC and involves scientific
teams in four Latin American countries, with one coordinating center in each country and one or more hospitals
collaborating with the coordinating center. Through IARC
and a central pathology laboratory (the Porter Lab) at the
Fred Hutchinson Cancer Research Center (FHCRC) in
Seattle, the research teams have harmonized and standardized protocols for recruitment of cases and controls,
collection of questionnaire data, collection and storage
of blood and urine samples, tumor block fixation and
handling, and pathology review. All questionnaires and
forms are administered in the local language (Spanish). A
central web-based database has been developed.

Ethics approval and consent to participate
All participants gave written informed consent before
enrolment, and the study protocols were approved by the
institutional review boards in Chile (Oncologic Institute
Foundation Arturo López Pérez and National Cancer
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Institute), Colombia (Cancer Institute Las Americas and
University of Antioquia), Costa Rica (Costa Rican Institute of Clinical Research [ICIC] and Center for Strategic
Development and Information in Health and Social Security [CENDEISSS] of the Costa Rican Social Security Fund
[CCSS]), and Mexico (National Institute of Public Health
[Instituto Nacional de Salud Pública, INSP] and the Mexican
Social Security Institute [Instituto Mexicano del Seguro Social,
IMSS]), and by the Ethics Committee of the International
Agency for Research on Cancer (IARC). The pilot phase of
the study started in 2012.

Recruitment of subjects
Selection of cases
Incident cases of primary invasive BC are recruited from
general or cancer-specific hospitals or private oncology
institutes. The inclusion criteria are: (1) age 20-45 years;
(2) resident for ≥3 years in the same city district; (3)
having an incident primary invasive BC with positive
biopsy and clinical staging (according to tumor-nodemetastasis standards). The exclusion criteria for eligible
subjects are: (1) severe chronic disease (e.g. renal insufficiency); (2) limited ability to communicate; (3) pregnant
or nursing; (4) previous diagnosis and treatment of
cancer (except non-melanoma skin cancer).
Cases are recruited before any treatment and after
signing an informed consent to participate. All of the
recruiting health institutions provide services to populations with a wide range of socioeconomic status. Recruitment and sample collection are performed at each
of the study clinics. Cases referred to the PRECAMA
hospitals from other cities or regions are not included in
the study, because of the difficulty of selecting adequate
controls. Women with a recent biopsy diagnosis of BC
(incident case) or a referral to the breast surgeon because
of suspicious mammography that was confirmed as
BC are approached by a nurse and/or a breast surgeon
and invited to participate in the study. After the study
is presented, women who are willing to participate
provide their telephone number and contact information. Through telephone calls, nursing assistants check
the eligibility criteria and invite the women to attend
the recruitment clinical center. During the visit, trained
nurses or physicians obtain informed consent, conduct
the interviews, and collect samples.
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by the cases (acquaintances but not relatives). Controls
are matched to cases on age (± 3 years), city district of
residence, and health insurance institution. The exclusion
criteria are the same as for the cases. After the study is
presented, women who are willing to participate sign
an informed consent. In Colombia and Mexico, controls
are interviewed at home; in Chile and Costa Rica, the
interview is conducted at the study clinic.

Data collection
Lifestyle assessment
The questionnaire includes information on socioeconomic status during infancy and early childhood
(based on parental education and occupation, place of
residence, and type of housing during childhood), health
and reproductive history (number of births, age at each
birth, age at menarche, and duration of breastfeeding
for each birth), history of benign breast disease, use of
hormones (e.g. oral contraceptives), smoking habits,
alcohol intake, maximum attained body weight, body
silhouette at different ages, physical activity (household
and recreational) and hours per day spent sedentary (e.g.
watching television), diet, occupation, environmental
exposures, ethnicity, and family history of cancer.
Dietary intake assessment

Controls are randomly selected from the underlying
population residing in the same city district as the case
for ≥3 years, using a multilevel sampling frame. In Chile,
because of logistic constraints, some controls are referred

Dietary intake is assessed through a semi-quantitative
food frequency questionnaire specific to each country that
includes food items with a standard portion size.21 These
questionnaires have been validated in women residing
in Mexico City 22,23 and in Costa Rica.24 In each country,
the list of food items was carefully reviewed with local
nutritionists, and additional foods were added if necessary
according to local nutrition surveys, in order to capture the
local diet. The number of food and drink items in each food
frequency questionnaire therefore varies across countries,
and include 195, 217, 168, and 191 items, respectively, for
Chile, Colombia, Costa Rica, and Mexico.
For each food item, a commonly used unit or portion size is indicated (specified serving size: a slice, a
glass, or a natural unit such as one apple), and participants are asked how often, on average, over the previous year, they consumed the specified amount of each
food, choosing among 10 frequencies of consumption:
>6 times/day, 4-5 times/day, 2-3 times/day, 1 time/
day, 5-6 times/week, 2-4 times/week, 1 time/week, 2-3
times/month, <1 time/month, or never. In addition,
information is collected on intake of alcoholic and nonalcoholic drinks (sugar-sweetened beverages, tea, coffee,
and water), as well as on added sugar, added salt, fat
used for cooking, and intake of fat from meat. Women
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are also asked to provide information on consumption
of multivitamins and specific vitamin supplements.
Physical activity
Women are asked to report a representative week in terms
of the number of hours of sleep and the level of physical
activity: mild (1.0-3.4 metabolic equivalents [METs]),
moderate (3.5-5.9 METs), and vigorous (≥6 METs) activity during work time, work at home, or recreational
time on each day of the week and over the weekend.
The women are provided with specific definitions and
examples of these different types of activities, for a better
characterization of the physical activity level. Hours per
day are summed to calculate the number of hours per
week of each type of activity to calculate MET-hours/
week, using the following coefficients: mild (2), moderate
(4), and vigorous (6-8). In addition, some information on
vigorous physical activity during adolescence and early
adulthood is obtained.
Anthropometric measurements
Anthropometric measurements are performed by trained
personnel according to Lohman’s recommendations.25
The measurements include weight, height, sitting height,
waist and hip circumferences. In addition, women are
asked to identify their body silhouette from among six
options (from very thin to very fat) at six different ages:
childhood (6-11 years), adolescence (12-18 years), early
adulthood (19-25 years), before pregnancy, adulthood (age
26 years until one year before diagnosis), and current. The
validity of responses to these pictograms has been tested
in different settings and has been proven to be reliable.26

review. Additional thicker (6 µM) sections from each
tumor are cut into microfuge tubes and shipped to the
Porter Lab for DNA extraction. Because of logistic issues, tumor samples from Mexico are shipped directly
to the Porter Lab, where all procedures are conducted.
Pathology review and IHC analyses
Histology sections from tumor biopsies are reviewed for
diagnosis, tumor grade, lymphovascular invasion, and
stromal and lymphocyte response. IHC is performed for
ER (SP1, Lab Vision, Fremont, CA), PR (PgR 636, Dako,
Denmark), HER2 (AO485, Dako, Denmark), epidermal
growth factor receptor (EGFR) (31G7, Invitrogen, Camarillo, CA), CK5/6 (D5/16 B4, Dako, Denmark), p53
(Pab 1801, Calbiochem, La Jolla, CA), and nuclear protein
Ki-67 (Ki-67, MIB-1, Dako, Denmark) according to standardized and optimized protocols that include antigen
retrieval when required. Tumor samples with ≥1% of
immunostained tumor cell nuclei are considered positive
for ER and PR expression (ER+, PR+). For HER2, samples
are considered positive if there is strong membrane immunostaining (3+), and negative otherwise. In addition,
the expression percentages of tumor protein p53 (p53,
classified as positive if >10%)29 and the proliferation
marker Ki-67 (classified as high if >14%)30 are determined.
Triple-negative (TN) tumors are defined as ER-, PR-, and
HER2-, and among the TN tumors, basal-like cancers are
defined as ER-, PR-, HER2-, and EGFR+ and/or CK5/6+.
Storage, management, and quality control of data
and biological samples

Each center applies standardized protocols for specimen collection. The protocols have been previously
developed and validated.27,28 Blood samples are obtained
at recruitment by venipuncture using vacutainers,
aliquoted into serum (20 0.2-ml aliquots), plasma (20
0.2-ml aliquots), red blood cell (6 0.2-ml aliquots), and
buffy coat (6 0.2-ml aliquots), and stored at -80 °C. Spot
urinary samples are collected in 50-ml flasks, aliquoted
(101-ml aliquots), and stored at -80 °C. Tumor samples
are formalin-fixed and paraffin-embedded (FFPE) according to standardized protocols within one hour after
excision. Paraffin blocks are stored at the local pathology service facilities. Each study site prepares serial
thin (4 µM) sections of fixed tumor tissues mounted on
glass slides in batches that are shipped immediately on
cold packs to the Porter Lab at FHCRC for immunohistochemistry (IHC) analyses and centralized pathology

To facilitate data entry and validation, a computerized
version of the questionnaire, based on previous BC
studies in Mexico,17,18 has been developed.
Questionnaire data are entered locally using a
web-based application and centralized at IARC at
regular intervals. IARC conducts consistency checks
and quality controls; any queries are resolved directly
with the center before files are merged for data harmonization and establishment of the central database. Mirror halves of the blood fractions and urinary samples
are stored in local biobanks in each center, and half is
stored and centralized at the IARC biobank, in order
to minimize the risk of sample loss in case of freezer
breakdown or other problems affecting samples in one
of the locations, and to facilitate retrieval of samples for
PRECAMA-wide projects. Tumor DNA is also centralized and stored at IARC.
The shipment of all biological samples will follow
the International Air Transport Association (IATA)
international regulations (http://www.iata.org/ps/
publications/dgr/Pages/manuals.aspx).
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Blood fractions and urine samples are shipped in
dry ice, while tumor DNA is shipped in frozen gel packs.

What are the molecular phenotypes of breast cancer in
premenopausal Latin American women, and do they
differ from those in other populations? Because of the
molecular heterogeneity of the disease, one objective of the study is to subtype tumors according
to IHC markers (ER, PR, HER2, EGFR, CK5/6,
Ki-67, p53),31 and to study their genomic features,
such as somatic mutations in cancer genes and
genome-wide mutational signatures.32 This will
enable better characterization of the tumor biology
and assessment of the contribution of mutational
processes (endogenous and exogenous) to tumor
development. These genomic features have not
been analyzed in detail in young women, and data
on Latin American women are lacking. Associations
between exposure/lifestyle factors and specific molecular features will provide important mechanistic
insights into the etiology of different BC subtypes.
		
Pilot data in PRECAMA32 indicated that the majority of cases were positive for ER or PR (72%), and
21% were triple-negative. In 126 sequenced cases,
TP53, PIK3CA and AKT1 were the most frequently
mutated genes. TP53 mutations were more frequent
in HER2-enriched and triple negative subtypes,
while PIK3CA/AKT1 mutations were more frequent
in ER-positive tumors. Interestingly, in this population, a higher proportion of G:C>T:A mutations was
observed in TP53 compared with data from TCGA
and METABRIC BC series. Overall, these pilot results
show that although the overall mutation burden was

as expected from data in other populations, mutational patterns observed in TP53 suggested possible
differences in mutagenic processes giving rise to
these tumors compared with other populations.
Which reproductive and lifestyle risk factors are specifically associated with major subtypes of breast cancer in
young LA women? Of particular interest are:
(i) the role of earlier age at menarche and lactation33 - reproductive factors are the group of
factors with the strongest and most consistent
associations with BC risk.34 Known risk factors
associated with BC include age at menarche,
age at first birth, and parity, but only few
studies have focused on risk factors for BC in
young women, particularly by subtypes. Preliminary results on 288 cases and controls from
the PRECAMA study indicated that older age
at first full-term pregnancy, longer time between menarche and first full-term pregnancy,
and an older age at last pregnancy were associated with an increased risk of ER+ tumors,
while pregnancy, number of childbirths, time
since last birth, and history of breastfeeding
were inversely associated with ER+ tumors.33
In addition, older age at menarche and longer
duration of breastfeeding were inversely associated with ER- tumors. Overall, these first
results indicate that reproductive factors may
be differentially associated with BC subtypes
in young Latin American women.
(ii) the role of body fatness, fat distribution, and
change in body shape over time. Although
body mass index (BMI), a valid parameter of
general adiposity, has been consistently related
to a decreased risk of premenopausal BC, recent data suggest that waist circumference and
waist-to-hip ratio, a better proxy of abdominal
adipose tissue, which is more metabolically
active than peripheral adipose tissue,35,36 are
related to an increased risk of premenopausal
BC in specific subgroup.37-39 Detailed anthropometric data, biological markers (inflammatory markers, hormones, and adipokines),
and metabolomic analyses will improve our
understanding of potential mechanisms.
(iii) the role of dietary factors and dietary patterns,
for which results are still inconclusive (particularly fatty acid components, diets with high
glycemic load, processed foods, low vitamin
D, and low folate);16 and
(iv) the role of physical activity level and sedentary behaviors.16,40,41 Regular physical activity
reduces the risk of premenopausal breast can-
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Discussion
Major research questions and objectives
The primary aim of the PRECAMA study is to identify
molecular subtypes of BC and their risk factors in young
Latin American women in order to support targeted
strategies for prevention and control. In addition, this
project aims to support development of human resources and infrastructure for research on BC in Latin
America. The availability of extensive and validated
epidemiological data on current and past lifestyle exposures, as well as access to tumor blocks and biological
samples collected through high-quality standard operating procedures, makes PRECAMA a unique resource for
cutting-edge molecular epidemiology projects.
PRECAMA will be a very important platform to
provide evidence to address still-unanswered questions
about BC etiology in young LA women. The key questions that will be addressed are the following:
1)

2)
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cer.16 However, data from Latin America and
developing regions are still sparse.
3)

What is the role of genetic ancestry in breast cancer risk
in young Latin American women, and the role of genetic
variants involved in metabolic disorders?
		
Population admixture studies have demonstrated that genetic ancestry is associated with BC risk
in Latin women from the United States,5 and these
results have been replicated in a sample of Mexican
women.6 However, little is known about the role of
admixture on genetic mapping in Latin American
women in association with BC subtypes41 and associated risk factors. In PRECAMA, ancestry will
be estimated using validated Ancestry Informative
Markers (AIMs) that allow distinguishing with a
high probability the three ancestral populations.
		 Epidemiological studies have linked diabetes
with BC risk in Caucasian populations, and recent
meta-analyses have shown an increase of >20% in BC
risk among women with type 2 diabetes compared
with women without the disease.42,43 This association could be due to shared lifestyle risk factors
or intrinsic etiology, such as genetic susceptibility.
Several susceptibility genes for type 2 diabetes and
metabolic disorders have been identified in the Latin
American population.44,45 However, there are no data
on shared genetic susceptibility to these diseases and
BC in young women. The results will provide a better
understanding of the potential mechanisms involved
and will help to identify susceptible individuals.
4) What are the factors that may play a role in breast cancer
progression, recurrence, and survival according to specific subtypes? Breast tumors in young women are
often aggressive and have poor prognosis, leading
to early death. Given the limited understanding
of the basic biology, epidemiology, and optimal
therapeutic strategies for tumors of young Latin
women, it is essential to identify lifestyle factors
that could have a beneficial impact on survival.12

Future directions
The PRECAMA study currently includes four Latin
American countries, and the study will be extended to
other countries in the region (Brazil and Guatemala).
With a target sample size of 1 500 cases and 1 500
controls, this project will be the largest ongoing effort
to characterize the relationship between different BC
subtypes and risk factors in young, premenopausal
women. Importantly, this project strongly supports the
development of research infrastructure and capacity
building to strengthen breast cancer research in Latin
606

America. The Latin American countries involved in
PRECAMA (Chile, Colombia, Costa Rica and Mexico,
with Brazil and Guatemala joining) cover about 65% of
the entire population in Latin America.
The ongoing development of a BC survival cohort
in order to evaluate prognostic factors, treatment response, and recurrence patterns in this population will
be extremely valuable for the treatment of the disease
and improvement of survival. Family history and highpenetrance germline mutations will be explored in relation to the risk of BC in young Latin American women.
The establishment of genetic counselling for women
with inherited mutations and for their families would
also be a priority in infrastructure development. Young
women are more likely to have genetic susceptibility to
BC9 with specific germline mutations that could be related to ancestry. Some mutations with high penetrance,
such as those in the BRCA1 and BRCA2 genes, have been
widely described (80% risk of BC), and other mutations
with lower penetrance are known in the Caucasian
population,46,47 however, there are limited data among
Latin American women. Therefore, it will be important
to assess the hereditary component in this population.

Conclusion
PRECAMA is unique in its multidisciplinary approach
that combines genetics, genomics, and metabolomics
approaches with extended documentation of lifestyle
factors. The data generated through this project will
identify new markers and pathways that influence
BC incidence and survival in young, premenopausal
women and can support the development of subtypespecific risk prediction models for BC in young women.
Targeted screening of highly susceptible individuals
will enable early diagnosis and timely treatment, with
favorable consequences for survival. In Latin America,
this will have immediate clinical benefits. Knowledge of
genomic tumor characteristics, treatment response, and
prognostic factors will enable clinicians to better select
the most effective treatment options and to provide
recommendations for behavior changes and referral to
relevant community services to improve survival.

List of recruitment centers
In Chile, cases are recruited in Santiago through the
Oncologic Institute Foundation Arturo López Pérez, the
Hospital Santiago Oriente Dr. Luis Tisné Brousse, and
the National Cancer Institute. In Colombia, cases are recruited in three cities: Medellín, from the Cancer Institute
Las Americas, the Oncologic Center of Antioquia, and
Clínica Vida; Barranquilla, from the Ultrasonographic
salud pública de méxico / vol. 61, no. 5, septiembre-octubre de 2019
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Diagnostic Center (CEDIUL) and the Bonnadona Prevenir
clinic; and Cali, from the Hemato Oncologists Center. In
Costa Rica, cases are identified in women attending large
general hospitals and private practice physicians who are
resident in districts located in the Greater Metropolitan
Area, Pérez Zeledón, or the provinces of Guanacaste and
Puntarenas. In Mexico, cases are recruited through the
Hospital de Oncología del Centro Médico Nacional Siglo XXI,
Instituto Mexicano del Seguro Social.
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