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Abstract

Background—Germline mutations in the BRCA1 and BRCAZ genes confer an estimated 58—
80% lifetime risk of breast cancer. In general, screening is done for cancer patients if a relative has
been diagnosed with breast or ovarian cancer. There are few data on the prevalence of mutations
in these genes in Mexican women with breast cancer and this hampers efforts to develop screening
policies in Mexico.

Methods—We screened 810 unselected women with breast cancer from three cities in Mexico
(Mexico City, Veracruz and Monterrey) for mutations in BRCAL and BRCA2, including a panel of
26 previously reported mutations.

Results—Thirty-five mutations were identified in 34 women (4.3% of total) including 20 BRCA1
mutations and 15 BRCA2 mutations. Twenty-two of the 35 mutations were recurrent mutations
(62.8%). Only five of the 34 mutation carriers had a first-degree relative with breast cancer (three
with BRCAL and two with BRCA2 mutations).
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Conclusion—These results support the rationale for a strategy of screening for recurrent
mutations in all women with breast cancer in Mexico, as opposed to restricting screening to those
with a sister or mother with breast or ovarian cancer.

Impact—These results will impact cancer genetic testing in Mexico and the identification of at-
risk individuals who will benefit from increased surveillance.

Introduction

In Mexico, breast cancer has overtaken cervical cancer as the leading cause of cancer-related
death in women (1-4) and mortality rates are increasing (5-7). Typically, breast cancer is
diagnosed at a relatively advanced stage (111 and above) (8-9) when the chance of cure is
reduced. The median age of breast cancer diagnosis is 51 years (approximately one decade
younger than that of women in Europe or North America) and almost one-half of Mexican
women are premenopausal at breast cancer diagnosis (6-8).

The BRCA1 (10) and BRCAZ2 (11) genes account for between 5% and 10% of all breast
cancer cases, and particularly in those women with a family history of breast and ovarian
cancer (12-15) but the prevalence of mutations in these genes in Latin American women
and their contribution to breast cancer is largely unknown. The lifetime risk of breast cancer
in women who carry a BRCA1 or BRCA2 mutation is about 80% (12—14) but the absolute
risk varies by country and by ethnic group (16). Characteristics of hereditary breast cancer
include a young at age at onset and multiple cases of early-onset breast cancer or ovarian
cancer in the family (12-14). However, as many as 50% of breast cancer patients with an
inherited mutation in BRCAL and BRCAZ2 do not have a close relative with breast or ovarian
cancer, either because their mutation is paternally-inherited, their family is small, random
segregation and incomplete penetrance (17).

The prevalence of BRCA1 and BRCA2 mutations combined is approximately 0.3% in North
America (12-17), but may be higher than this in countries or populations where there are
founder mutations, such as Israeli Jews (18-20), Dutch (21), French-Canadians (22),
Icelandic (23), Greenlandic (24), Polish (25), Russia and Eastern European (26-30) and
Greek populations (31-32). Recurrent mutations have also been described in women of
Hispanic origin in the United States (33-38). The presence of recurrent BRCA1 and BRCA2
mutations has been noted in a few studies from Latin America and the Caribbean (39-42)
including four small studies from Mexico (43-46). The identification of recurrent mutations
greatly facilitates genetic testing of BRCAL and BRCAZ2 (47). In this study, we screened for
26 mutations that have been observed previously in Mexican women and we have screened
for other mutations in exon 11 in BRCAL and exons 10 and 11 in BRCAZ2 in 810 Mexican
women with breast cancer.

Materials and Methods

Materials

A multi-center breast cancer case-control study was established in twelve hospitals in three
cities in Mexico (Mexico City, Monterrey and Veracruz). DNA and epidemiological data
has been collected from January 2007 through June 2010 (48-51). Table 1 provides some of
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the descriptive statistics of 810 cases. A full summary of features of the cases and controls
has been published elsewhere (48-51). The controls are not the focus of this current study.
This study was designed to examine predictors of breast cancer risk among women age 35 to
69 years. Cases were histologically-confirmed new diagnosis of breast cancer, including
invasive and in situ tumors. Data collection included the administration of a structured
questionnaire by means of a face to face interview and anthropometric measurements and
collection of a blood sample at the hospital by a trained nurse. All participants provided a
written informed consent. The study was approved by the Institutional Review Board at each
participating institution. The health questionnaire collected information on socio-
demographic characteristics; reproductive factors; use of oral contraceptives and hormone
replacement therapy; family and personal history of chronic diseases; personal history of
transmitted sexual diseases; histories of body size, smoking, and alcohol consumption; and
history of medical X-rays and mammograms. Subjects were informed of the goals of the
study and the implications of the possible identification of a mutation in either BRCAL or
BRCAZ2. Subjects were permitted to decline participation for genetic testing.

Laboratory Methods

Biospecimen Processing

Once a subject agreed to participate in the study, the research nurse collected blood samples
in two five ml EDTA tubes. Blood samples were stored at each hospital at —20°C to —70°C
and within three weeks they were sent to the Instituto Nacional de Salud Publica,
Cuernavaca, Mexico and stored at —70°C until shipment. The frozen blood was shipped on
dry ice to the Narod laboratory in Toronto. Genomic DNAs were extracted from blood using
the ArchivePure DNA Blood Kit (5Prime, Gaithersburg, MD) according to protocol. Stock
DNA samples were bar-coded with a unique subject identification number to ensure reliable
sample processing.

BRCA1 and BRCA2 mutation screening

All samples were screened for 26 mutations found in the Mexican population; 21 in BRCA1
(MIM113705) and 5 in BRCA2 (MIM600185). Exon 11 of BRCAL and exons 10 and 11 of
BRCA2 were screened by the protein truncation test, PTT (TNT™ T7 Coupled Reticulocyte
Lysate System, Promega, Madison, WI; and [3°S] Methionine/Cysteine, New England
Nuclear, Boston, MA). Overlapping primer sequences were obtained from the Breast Cancer
Information Core (BIC). PTT screening covered the three exons encompassing 17 known
Mexican mutations in BRCAL (K654X, 943ins10, S955X, Q1200X, R1203X, 1205del56, c.
3124 3133delAGCAATATTA, ¢.2805_2808delAGAT, C1787S & G1788D, 2415delAG,
2525del4, 2552delC, 2925del4, 5382insC, 3148delCT, 3787delTA and 4184del4) and 5
known Mexican mutations in BRCA2 (Q742X, W2586X, ¢.5114 5117delTAAA, c.

2639 2640delTG and 3492insT), as well as other Hispanic mutations and any other novel
deleterious mutations in these exons.

The four remaining BRCA1 mutations were tested by differing methods. A tetra-primer
Amplification Refractory Mutation System (ARMS) assay was designed for the exon 13
R1443X mutation, a restriction fragment length polymorphism (RFLP) was designed for the
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exon 18 A1708E mutation, and a TagMan Copy Number Variation (CNV) assay (Applied
Biosystems Inc., Assay ID: Hs05509065_cn) was employed to detect the BRCAL ex9-12del
large rearrangement. The binding site of the probe for TagMan CNV assay was on exon 10
of BRCA1 gene. To confirm the mutations identified by the TagMan CNV assay and also
determining the extent of the deleted region, a Multiple Ligation-dependent Probe
Amplification (MLPA) assay (MRC Holland Inc., Assay ID: P002) on 3500XL genetic
Analyzer (Applied Biosystems Inc.) was used. The 185delAG mutation, commonly seen in
the Hispanic women in the US of apparent Mexican and Jewish ancestry was coupled in a
previously designed multiplex assay (52). In addition, we tested for the BRCA1 5382insC
and BRCA2 6174del T mutations commonly seen in Jews and others of eastern European
ancestry using the same rapid multiplex method (52). Mutation-positive controls were
included in the assay. All primer designs and PCR conditions are available upon request. All
deleterious mutations detected by all methods were confirmed by direct sequencing
[BigDye® Terminator v.3.1 Cycle Sequencing Kit; 3130xL Genetic Analyzer (Applied
BioSystems, Foster City, CA)] according to the manufacturer’s protocol.

Statistical Analysis

Results

To compare characteristics by menopausal or mutation status, Kruskal Wallis for continuous
variables and Chi Square and Fisher’s exact tests for categorical variables were used. The
differences were considered statistically significant when p<0.05. All analyses were
conducted using Stata v. 12.

Eight hundred and ten women with breast cancer were included in the study. Of the 810
women, 66% were from Mexico City, 22% from Monterrey and 12% from Veracruz. The
median age of diagnosis was 51.5 years and 334 (41% of total) were premenopausal. A
family history of any cancer was reported in 34% of the postmenopausal women and in 23%
of the premenopausal women (p = 0.001). However, the frequency of first degree relatives
with breast cancer was similar in both groups (Table 1).

Thirty-five mutations were identified in 34 of the 810 women (4.3%), (Table 2). In BRCAL,
four recurrent mutations and four private mutations were detected in 20 women. The exon
9-12 mutation was detected in eight women. The exon 18 C5242A mutation was detected in
four women and two mutations were seen twice (exon 11 2552delC and exon 13 C4446T).
In BRCAZ2, two recurrent mutations and nine private mutations were detected in 14 women.
Two BRCA2 mutations were seen three times each (exon 10 2024del5 and exon 11
C4339T). One woman harbored two BRCA2 mutations (exon 10 2024del5 and 4321insAA).
No Jewish founder mutations (BRCA1 exon 2 185delAG and exon 11 5382insC and BRCA2
exon 11 6174delT) were detected. Eighteen of the women (53%) with a BRCA mutation
were from Mexico City; eight mutation-carriers (23%) were from Monterrey and eight
mutation-carriers (23%) with nine mutations were from Veracruz (including the woman with
two BRCA2 mutations). The BRCA2 exon 11 2024del5 mutation was only found in three
women from Veracruz (Table 2).
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The mean age of breast cancer onset was 43 years in BRCAL carriers; 50.9 years in BRCA2
carriers and was 52 years in non-carriers (p<0.001) (Table 3). The prevalence of mutations
was 11.8% for women diagnosed aged 30-39; 4.8% for women diagnosed aged 40-49;
3.4% for women diagnosed aged 50-59 and 1.6% for women diagnosed at 60 years or older.

A history of any cancer in a first degree relative was reported in 55% of BRCA1 carriers,
46.7% of BRCA2 carriers and 28.5% of non-carriers. However, breast cancer in a first-
degree relative was seen in only three of 20 (15%) women with BRCA1 mutations and two
of 15 (13.3%) women with a BRCA2 mutation and 53 of 775 (6.8%) of non-carriers. The
prevalence of mutations by cancer family history is provided in Table 3.

European ancestry was not associated with either BRCA1 or BRCAZ carrier status (Table 3).
(51)

Discussion

We conducted a breast cancer case-control collection in 12 hospitals in three cities in
Mexico. Eight hundred and ten blood samples from women with breast cancer were
collected of whom 334 (41%) were premenopausal and 476 (59%) were postmenopausal.
Thirty-five mutations were identified in 34 of the 810 (4.3%) women tested including 8
unique BRCA1 mutations in 20 women and 11 unique BRCA2 mutations in 14 women
(Table 2).

Genetic testing for mutations in BRCAL and BRCAZ2 has potentially important public health
implications for the detection of high risk individuals for whom targeted prevention and
tailored management strategies can be implemented (53). The ability to offer genetic testing
in Mexico on a widespread level would be enhanced with the identification of common
mutations in the two genes so the cost of genetic sequencing is reduced. In the present study,
we detected recurrent mutations in 2.7% of 810 unselected cases of breast cancer. Twenty-
two of the 34 mutation carriers had a mutation that was seen more than once, therefore the
strategy of looking solely for recurrent mutations would have a sensitivity of approximately
60%. Ideally, to maximize sensitivity, one would screen all breast cancer patients for both
BRCAL and BRCAZ in their entirety. However, given the current high costs of sequencing,
this strategy is prohibitively expensive in Mexico. Alternate strategies include the testing of
all high-risk patients for all mutations through full gene sequencing or testing all cancer
patients (high and low-risk) for a smaller number of mutations (recurrent and founder
mutations). Of interest, in the present study, only three of 20 (15%) women with BRCA1
mutations (all with the exon 9-12 deletion) and two of 14 (14.3%) women with a BRCA2
mutation (one harboring a 3036del ACAA and another with 5770del A mutation) had a first
degree relative with breast cancer (Table 3) and therefore the strategy of testing only
familial cases of breast cancer would result in the identification of only a minority of
mutation carriers, even if complete sequencing were done for both genes. The three women
with the BRCAL exon 9-12 deletion developed breast cancer at 44, 44 and 56 years
respectively. The two women with BRCA2 mutations were <50 years at diagnosis (one was
42 years and the other woman was 48 years).
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There are small reports of BRCAL/2 mutation screening studies in Mexico. Ruiz-Flores et al,
(43), identified one BRCA1 3857del T and one BRCA2 2663-2664insA mutation among in
51 Mexican breast cancer patients, (6% of 32 early-onset breast cancer patients). Vidal-
Millan et al, (44), found three mutations in BRCA1 and BRCAZ2 genes in 40 Mexican breast
cancer patients (5%). Calderon-Garciduefias et al, 2005 (45) found one BRCA1 mutation
(exon 11, 3587delT) and one BRCA2 mutation (exon 11, 2664insA) in 22 early-onset
Mexican breast cancer patients. Vaca-Paniagua et al, 2012, (46) found four mutations in 39
Mexican breast-ovarian cancer families, three of which were novel including BRCAL c.
3124 3133delAGCAATATTA and c.2805_2808delAGAT and BRCA2 c.

5114 5117delTAAA and c¢.2639 2640delTG. Using our mutation screening strategy
including PTT for exon 11 in BRCAL and exons 10 and 11 in BRCA2, we would have
detected each of the above mutations, were they present among the 810 Mexican women.
However, we did not detect any of the above mutations.

Of note, no Jewish founder mutations were reported in any of these four studies, nor did we
detect women harboring these mutations in this study. However, mutation screening studies
performed in Latina women, mainly of Mexican origin in the United States revealed the
presence of the Jewish BRCAL exon 2, 185delAG founder mutation. VVogel et al reported
that four of 78 Hispanic women with familial breast cancer carried this mutation and ten
carried other mutations including BRCA1 2552delC (37). John et al, found a BRCAL
mutation in 21 of 393 (5.3%) of Hispanic women with breast cancer in California (38). They
found the prevalence of BRCA1 mutation carriers of 3.5% (95% Cl, 2.1%-5.8%) in Hispanic
patients (n = 393), compared with 8.3% (95% ClI, 3.1%-20.1%) in Ashkenazi Jewish
patients (n = 41) and 2.2% (95% ClI, 0.7%-6.9%) in other non-Hispanic white patients (n =
508). The BRCAL 185delAG was the most common mutation in Hispanics and was found in
five of 21 carriers (24%). Weitzel and colleagues (33) studied 110 unrelated Latina women
at high risk of breast/ovarian cancer in Los Angeles. Thirty-four of the 110 women had a
mutation (31%); of these 18 were of Mexican descent. Four mutations were seen more than
once in women with Mexican origins: BRCAL exon 2 185delAG (four times); exon 13
C4446T (R1443X) (three times); exon 11 2552delC (2 times) and BRCA2 exon 11 3492insT
(2 times). In a more recent follow-up study (34), the BRCA1 exon 13 C4446T (R1443X) was
reported six times, four of which were in families of Mexican descent. The 2552delC was
reported in four families and the A1708E was observed in three families of Mexican origin.
The latter was also reported by Myriad Genetics in seven Latin American subjects in the
BIC database (54). The BRCA2 exon 11 3492insT was identified in 10 families of Mexican
descent only. In this study, we also identified the BRCA1 exon 13 C4446T (R1443X) twice;
the exon 11 2552delC twice, the A1708E four times and BRCA2 exon 11 3492insT once.
Weitzel et al (33) also reported single BRCA1 mutations which we also detected in the
current study, each in a single individual: 1135insA, 2415delAG and C3717T (Q1200X).
We found recurrent BRCA2 mutations; exon 10 2024del5, (which was reported 11 times in
BIC (54) but not in individuals of Latin American descent) and exon 11 C4339T (reported
once in BIC (54) in an individual of Spanish descent) in three cases each. We identified a
BRCAZ2 3036del4 mutation in a single case which was also identified by Osario et al, (55) in
a Spanish breast cancer family, while the 2024del5 mutations appears to be of Greek origin
(31-32). In summary, the BRCAL 1135insA, 2415delAG, 2552delC, C3717T, C4446T,
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C5242A and 9-12del and BRCA2 2024del5, 3492insT and C4339T mutations are recurrent
mutations in the Mexican population. One novel BRCA1 mutation (2190delA) and five
novel BRCA2 mutations (2971del5, 4321insAA, 4534del AT, 5859delC and 6686delC) were
also identified in our study, which were not previously reported.

However, we did not find any BRCAL exon 2 185delAG mutations in agreement with the
four previous reports in Mexican breast cancer patients (43-46) but in contrast to the
observations in Hispanic American patients of Mexican descent (33-37). We included
Jewish mutation-positive controls in each multiplex assay, in which the appropriate
mutations were detected so we do not consider this result to represent a false-negative.
Possible explanations for the high frequency of the BRCAL 185delAG mutations in previous
reports may be Spanish admixture of the population of Hispanic Americans in the US from
which the study subjects are drawn (56). Velez et al, 2012, investigated the ancestral origin
of 33 unrelated individuals of Spanish descent with BRCAL ¢.185delAG in Colorado (57).
The presumed European component showed enrichment for Sephardic Jewish ancestry,
consistent with historical accounts of Jewish migration from the realms that comprise
modern Spain and Portugal during the Age of Discovery (58).

Weitzel and colleagues (34) also reported a founder deletion (BRCAL exons 9-12) in 3.8%
unrelated breast cancer families of Mexican origin. A recent follow-up study has shown that
the BRCAL ex9-12del deletion represents 10% of all BRCAL mutations in 746 Hispanics
with a personal or family history of breast and/or ovarian cancer and 492 population-based
Hispanic breast cancer cases (35). We detected this mutation in eight women (1% of the 810
women tested) or 22% of all observed BRCAL/2 mutations.

Overall, the age of breast cancer onset was around 8 years younger in BRCAL carriers (43
years) compared to BRCA2 carriers (50.9 years) and nine years younger than non-carriers
(52 years) (p<0.001) (Table 3).

One woman with breast cancer at age 53 years harbored two BRCA2 mutations (exon 10
2024del5 and exon 11 4321insAA). The exon 10 2024del5 mutation is a common mutation
in Greek breast cancer families (31) and was found only in three women from Veracruz in
this study. Biallelic BRCA2 mutations have been reported in Fanconi anaemia (FA),
specifically subtype D1 (59). FA is a recessive condition associated with progressive bone
marrow aplasia, congenital abnormalities and predisposition to leukaemia and solid tumours
of the head and neck, oesophagus and vulva (60). The biallelic BRCA2 mutations form of
FA is severe with high risks of childhood cancer, particularly Wilms tumour, brain tumours
and acute myelogenous leukaemia (59-61). Recently, a woman with ovarian cancer was
found to harbor biallelic BRCAL mutations (62). To our knowledge, this is the first report of
breast cancer in a biallelic BRCA2 mutation carrier. The combinations of BRCA2 mutations
that are viable are limited. The exon 11 4321insAA has not been reported previously in BIC
(54) or the literature and the functional impact of this mutation is unknown. Of note the
Mexican woman with bialleleic BRCA2 mutations in this study did not show signs of FA so
the 4321insAA mutation may be non-deleterious.
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Medullary breast cancer has been highly associated with BRCA1 mutations (63). In this
study we found that 2/7 (28.5%) of the medullary breast cancers were from women with
BRCAL1 mutations. Although medullary breast cancer histologic subtypes represent a small
number of the total number of breast cancers, the presence of this subtype is potentially an
indicator for the presence of a BRCA1 mutation in Mexican women.

There are several strengths to this study. This is the largest study of BRCAL/2 mutations in
Mexican women with breast cancer. The study population is not defined under the broad
generational classification of ‘Hispanic’, rather a narrower definition of Mexican ancestry
only. The lack of the Jewish founder mutations in this, and other published studies on
Mexican breast cancer cases shows the importance of studies in women in Latin American
countries and that more attention should be paid to more clearly define the ancestral origin
of “Hispanic’ women in the US.

This study also has limitations. The samples were not fully screened for mutations in the
BRCA1 and BRCA2 genes via sequencing or dosage analysis such as MLPA. It is entirely
plausible that with full screening of the genes, additional recurrent and common mutations
may have been detected. Testing of a panel of recurrent mutations would be pragmatic but
larger studies would be required to more definitively delineate a better set of true Mexican
founder mutations. Furthermore, there is the possibility that some of the women in the study
are related which may inflate the frequency of particular mutations.

Another limitation is the inability to consider second-degree family relatives and that the
presence of ovarian cancer was not adequately recorded. However, family history in second-
degree relatives is considered less predictive of BRCA-carrier status. Indeed, our results
suggest that family history of breast cancer in first-degree relatives is not particularly
predictive of BRCA-carrier status in Mexican women either.

In conclusion, studies of this kind are essential to determine the genetic etiology of breast
cancer in Mexican women. These results highlight the variability in the mutation spectrum,
penetrance and phenotype of BRCAL and BRCA2 mutations in Mexican women and reveal
the presence of particular recurrent mutations in this population. Further comprehensive
evaluation of the prevalence of BRCAL1 and BRCA2 mutations is necessary. Through
judicious testing of women believed to be at high risk for early-onset breast cancer, it is
possible to identify highly-predisposed women prior to the development of cancer. Current
preventive options such as preventive mastectomy or tamoxifen may be tailored to the
BRCA1/2 mutation carrier so as to improve morbidity and mortality associated with this
disease.

Acknowledgements

We would like to thank all the study participants. We thank CONACYyT for the financial support provided for this
study and all physicians responsible for the project in the different participating hospitals: Dr. Germéan Castelazo
(IMSS, Hospital de la Raza, Ciudad de México, DF), Dr. Sinhué Barroso Bravo (IMSS, Hospital Siglo XXI, Ciudad
de México, DF), Dr. Fernando Mainero Ratchelous (IMSS, Hospital de Gineco-Obstetricia No 4. s“Luis Castelazo
Ayala,” Ciudad de México, DF), Dr. Hernando Miranda Hernandez, SS, Hospital General de México, Ciudad de
Meéxico, DF), Dr. Joaquin Zarco Méndez (ISSSTE, Hospital 20 de Noviembre, Ciudad de México, DF), Dr.
Edelmiro Pérez Rodriguez (Hospital Universitario, Monterrey, Nuevo Leén), Dr. Jests Pablo Esparza Cano (IMSS,
Hospital No. 23 de Ginecologia, Monterrey, Nuevo Le6n), Dr. Heriberto Fabela (IMSS, Hospital No. 23 de

Cancer Epidemiol Biomarkers Prev. Author manuscript; available in PMC 2016 March 01.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Torres-Mejia et al.

Page 9

Ginecologia, Monterrey, Nuevo Le6n), Dr. José Pulido Rodriguez (SS, Hospital Metropolitano Dr. “Bernardo
Sepulveda,” Monterrey, Nuevo Leon), Dr. Manuel de Jesus Garcia Solis (SS, Hospital Metropolitano Dr “Bernardo
Sepulveda,” Monterrey, Nuevo Ledn), Dr. Fausto Hernandez Morales (ISSSTE, Hospital General, Veracruz,

Vel
Ve

racruz), Dr. Pedro Coronel Brizio (SS, Centro Estatal de Cancerologia “Dr. Miguel Dorantes Mesa,” Xalapa,
racruz), Dr. Vicente A. Saldafia Quiroz (IMSS, Hospital Gineco-Pediatria No 71, Veracruz, Veracruz), Dr.PH.

Teresa Shamah Levy, INSP, Cuernavaca Morelos and Ma. del Pilar Cuellar-Rodriguez, INSP, Cuernavaca Morelos.

Financial Support: E. Ziv was recipient of the c R0O1CA120120 and K24CA169004.

References
1

10

11.

12.

13.

14.

15.

16.

Cancer

. Pan American Health Organization. Health in the Americas. Vol. 569. Washington D.C.: PAHO;

PAHO Scientific Publication; 1998. p. 1

. Parkin, DM.; Whelan, SL.; Ferlay, J.; Raymond, I.; Young, J., et al., editors. Cancer incidence in

five continents, volume VII. Vol. 143. Lyon, France: International Agency for Research on Cancer.
IARC Scientific Publication; 1997.

. Curado, MP.; Edwards, B.; Shin, HR.; Ferlay, J.; Heanue, M.; Boyle, P.; Storm, H., et al. Cancer

incidence in five continents, volume IX. Lyon, France: International Agency for Research on
Cancer. IARC Scientific Publication; 2008.

. Kamangar F, Dores GM, Anderson WF. Patterns of cancer incidence, mortality, and prevalence

across five continents: defining priorities to reduce cancer disparities in different geographic regions
of the world. J Clin Oncol. 2006; 24:2137-2150. [PubMed: 16682732]

. Chavarri-Guerra Y, Villarreal-Garza C, Liedke PE, Knaul F, Mohar A, Finkelstein DM, et al. Breast

cancer in Mexico: a growing challenge to health and the health system. Lancet Oncol. 2012;
138:e335-e343. [PubMed: 22846838]

. Knaul FM, Nigenda G, Lozano R, Arreola-Ornelas H, Langer A, Frenk J, et al. Breast cancer in

Mexico: a pressing priority. Reprod Health Matters. 2008; 16(32):113-123. [PubMed: 19027629]

. de la Vara-Salazar E, Suérez-Lépez L, Angeles-Llerenas A, Torres-Mejia G, Lazcano-Ponce E.

Breast cancer mortality trends in Mexico, 1980-2009. Salud Publica Mex. 2011; 53(5):385-393.
Spanish. [PubMed: 22218792]

. Bosetti C, Rodriguez T, Chatenoud L, Bertuccio P, Levi F, Negri E, La Vecchia C, et al. Trends in

cancer mortality in Mexico, 1981-2007. Eur J Cancer Prev. 2011; 20(5):355-363. [PubMed:
21464718]

. Stankov A, Bargallo-Rocha JE, Silvio AN, Ramirez MT, Stankova-Ninova K, Meneses-Garcia A, et

al. Prognostic factors and recurrence in breast cancer: experience at the national cancer institute of
Mexico. ISRN Oncol. 2012; 2012:825-258.

. Miki Y, Swensen J, Shattuck-Eidens D, Futreal PA, Harshman K, Tavtigian S, Liu Q, et al. A
strong candidate for the breast and ovarian cancer susceptibility gene BRCAL. Science. 1994;
7(266):66-71. 5182. [PubMed: 7545954]

Wooster R, Bignell G, Lancaster J, Swift S, Seal S, Mangion J, et al. Identification of the breast
cancer susceptibility gene BRCA2. Nature. 1995; 378:789-792. [PubMed: 8524414]

Ford D, Easton DF, Stratton M, Narod S, Goldgar D, Devilee P, et al. Genetic heterogeneity and
penetrance analysis of the BRCA1 and BRCAZ2 genes in breast cancer families. The Breast Cancer
Linkage Consortium. Am J Hum Genet. 1998; 62:676-689. [PubMed: 9497246]

Frank TS, Deffenbaugh AM, Reid JE, Hulick M, Ward BE, Lingenfelter B, et al. Clinical
characteristics of individuals with germline mutations in BRCA1 and BRCAZ2: analysis of 10,000
individuals. J Clin Oncol. 2002; 20:1480-1490. [PubMed: 11896095]

Parmigiani G, Berry D, Aguilar O. Determining carrier probabilities for breast cancer-
susceptibility genes BRCA1 and BRCA2. Am J Hum Genet. 1998; 62:145-158. [PubMed:
9443863]

Shih HA, Couch FJ, Nathanson KL, Blackwood MA, Rebbeck TR, Armstrong KA, et al. BRCA1
and BRCA2 mutation frequency in women evaluated in a breast cancer risk evaluation clinic. J
Clin Oncol. 2002; 20:994-999. [PubMed: 11844822]

Kurian AW. BRCA1 and BRCA2 mutations across race and ethnicity: distribution and clinical
implications. Current Opinion in Obstetrics & Gynecology. 2010; 22:72-78. [PubMed: 19841585]

Epidemiol Biomarkers Prev. Author manuscript; available in PMC 2016 March 01.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Torres-Mejia et al.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

Page 10

Antoniou A, Pharoah PD, Narod S, Risch HA, Eyfjord JE, Hopper JL, et al. Average risks of breast
and ovarian cancer associated with BRCA1 or BRCA2 mutations detected in case series
unselected for family history: a combined analysis of 22 studies. Am. J. Hum. Genet. 2003;
72:1117-1130. [PubMed: 12677558]

Warner E, Foulkes W, Goodwin P, Meschino W, Blondal J, Paterson C, et al. Prevalence and
penetrance of BRCA1 and BRCA2 gene mutations in unselected Ashkenazi Jewish women with
breast cancer. J. Natl Cancer Inst. 1999; 91:1241-1247. [PubMed: 10413426]

Metcalfe KA, Poll A, Royer R, Llacuachaqui M, Tulman A, Sun P, et al. Screening for founder
mutations in BRCAL and BRCAZ2 in unselected Jewish women. J. Clin. Oncol. 2010; 28:387-391.
[PubMed: 20008623]

Phelan CM, Kwan E, Jack E, Li S, Morgan C, Aubé J, Hanna D, et al. A low frequency of non-
founder BRCA1 mutations in Ashkenazi Jewish breast-ovarian cancer families. Hum. Mutat.
2002; 20:352-357. [PubMed: 12402332]

Verhoog L, van den Ouweland AM, Berns EC, van Veghel-Plandsoen MM, van Staveren IL,
Wagner A, et al. Large regional differences in the frequency of distinct BRCA1/BRCA2 mutations
in 517 Dutch breast and/or ovarian cancer families. Eur. J. Cancer. 2001; 37:2082-2090.
[PubMed: 11597388]

Ghadirian P, Robidoux A, Zhang P, Royer R, Akbari M, Zhang S, Rousseau F, Foulkes WD, et al.
The contribution of founder mutations to early-onset breast cancer in French-Canadian women.
Clin. Genet. 2009; 76:421-426. [PubMed: 19863560]

Tulinius H, Olafsdottir GH, Sigvaldason H, Arason A, Barkardottir RB, Egilsson V,
Ogmundsdottir HM, Tryggvadottir L, Gudlaugsdottir S, Eyfjord JE, et al. The effect of a single
BRCA2 mutation on cancer in Iceland. J. Med. Genet. 2002; 39:457-462. [PubMed: 12114473]

Harboe TL, Eiberg H, Kern P. A high frequent BRCA1 founder mutation identified in the
Greenlandic population. Fam. Cancer. 2009; 8:413-419. [PubMed: 19504351]

Gorski B, Byrski T, Huzarski T, Jakubowska A, Menkiszak J, Gronwald J, et al. Founder
mutations in the BRCAL1 gene in Polish families with breast-ovarian cancer. Am. J. Hum. Genet.
2000; 66:1963-1968. [PubMed: 10788334]

Sokolenko AP, Rozanov ME, Mitiushkina NV, Sherina NY, lyevleva AG, Chekmariova EV, et al.
Founder mutations in early-onset, familial and bilateral breast cancer patients from Russia. Fam.
Cancer. 2007; 6:281-286. [PubMed: 17333477]

Uglanitsa N, Oszurek O, Uglanitsa K. The contribution of founder mutations in BRCAL1 to breast
cancer in Belarus. Clin. Genet. 2010; 78:377-380. [PubMed: 20507347]

Elsakov P, Kurtinaitis J, Petraitis S, Ostapenko V, Razumas M, Razumas T, et al. The contribution
of founder mutations in BRCAL to breast and ovarian cancer in Lithuania. Clin. Genet. 2010;
78:373-376. [PubMed: 20345474]

Tikhomirova L, Sinicka O, Smite D, Eglitis J, Hodgson SV, Stengrevics A, et al. High prevalence
of two BRCAL1 mutations, 4154delA and 5382insC, in Latvia. Fam. Cancer. 2005; 4:77-84.
[PubMed: 15951956]

Hamel N, Feng BJ, Foretova L, Stoppa-Lyonnet D, Narod SA, Imyanitov E, et al. On the origin
and diffusion of BRCA1 ¢.5266dupC (5382insC) in European populations. Eur J Hum Genet.
2011; 19(3):300-306. [PubMed: 21119707]

Armakolas A, Ladopoulou A, Konstantopoulou I, Pararas B, Gomatos IP, Kataki A, et al. BRCA2
gene mutations in Greek patients with familial breast cancer. Hum Mutat. 2002; 19(1):81-82.
[PubMed: 11754111]

Koumpis C, Dimitrakakis C, Antsaklis A, Royer R, Zhang S, Narod SA, et al. Prevalence of
BRCA1 and BRCA2 mutations in unselected breast cancer patients from Greece. Hered Cancer
Clin Pract. 2011; 15:9-10.

Weitzel JN, Lagos V, Blazer KR, Nelson R, Ricker C, Herzog J, et al. Prevalence of BRCA
mutations and founder effect in high-risk Hispanic families. Cancer Epidemiol Biomarkers Prev.
2005; 14(7):1666-1671. [PubMed: 16030099]

Weitzel JN, Lagos VI, Herzog JS, Judkins T, Hendrickson B, Ho JS, et al. Evidence for common
ancestral origin of a recurring BRCA1 genomic rearrangement identified in high-risk Hispanic
families. Cancer Epidemiol Biomarkers Prev. 2007; 16(8):1615-1620. [PubMed: 17646271]

Cancer Epidemiol Biomarkers Prev. Author manuscript; available in PMC 2016 March 01.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Torres-Mejia et al.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

5L

Page 11

Torres D, Rashid MU, Colombian Breast Cancer Study Group (COLBCS). Seidel-Renkert A,
Weitzel JN, Briceno I, et al. Absence of the BRCAL1 del (exons 9-12) mutation in breast/ovarian
cancer families outside of Mexican Hispanics. Breast Cancer Res Treat. 2009; 117(3):679-681.
(2009). [PubMed: 19333752]

Weitzel JN, Clague J, Martir-Negron A, Ogaz R, Herzog J, Ricker C, et al. Prevalence and Type of
BRCA Mutations in Hispanics Undergoing Genetic Cancer Risk Assessment in the Southwestern
United States: A Report From the Clinical Cancer Genetics Community Research Network. J Clin
Oncol. 2012 Dec 10.

Vogel KJ, Atchley DP, Erlichman J, Broglio KR, Ready KJ, Valero V, et al. BRCA1 and BRCA2
genetic testing in Hispanic patients: mutation prevalence and evaluation of the BRCAPRO risk
assessment model. J Clin Oncol. 2007; 25(29):4635-4641. [PubMed: 17925560]

John EM, Miron A, Gong G, Phipps Al, Felberg A, Li FP, et al. Prevalence of pathogenic BRCA1
mutation carriers in 5 US racial/ethnic groups. JAMA. 2007; 298(24):2869-2876. [PubMed:
18159056]

Torres D, Rashid MU, Gil F, Umana A, Ramelli G, Robledo JF, et al. High proportion of
BRCAZL/2 founder mutations in Hispanic breast/ovarian cancer families from Colombia. Breast
Cancer Res. Treat. 2007; 103:225-232. [PubMed: 17080309]

Gomes MC, Costa MM, Borojevic R, Monteiro AN, Vieira R, Koifman S, et al. Prevalence of
BRCAL and BRCA2 mutations in breast cancer patients from Brazil. Breast Cancer Res. Treat.
2007; 103:349-353. [PubMed: 17063270]

Donenberg T, Lunn J, Curling D, Turnquest T, Krill-Jackson E, Royer R, et al. A high prevalence
of BRCAL mutations among breast cancer patients from the Bahamas. Breast Cancer Res. Treat.
2011; 125(2):591-596. [PubMed: 20838878]

Jara L, Ampuero S, Santibafiez E, Seccia L, Rodriguez J, Bustamante M, et al. BRCAL and
BRCAZ2 mutations in a South American population. Cancer Genet Cytogenet. 2006; 166(1):36—45.
[PubMed: 16616110]

Ruiz-Flores P, Sinilnikova OM, Badzioch M, Calderon- Garciduefias AL, Chopin S, Fabrice O, et
al. BRCA1 and BRCA?2 mutation analysis of early-onset and familial breast cancer cases in
Mexico. Hum Mutat. 2002; 20(6):474-475. [PubMed: 12442275]

Vidal-Millan S, Taja-Chayeb L, Gutiérrez-Hernandez O, Ramirez Ugalde MT, Robles-Vidal C,
Bargallo-Rocha E, et al. Mutational analysis of BRCA1 and BRCA2 genes in Mexican breast
cancer patients. Eur J Gynaecol Oncol. 2009; 30(5):527-530. [PubMed: 19899408]

Calderén-Garciduefias AL, Ruiz-Flores P, Cerda-Flores RM, Barrera-Saldafia HA. Clinical follow
up of mexican women with early onset of breast cancer and mutations in the BRCA1 and BRCA2
genes. Salud Publica Mex. 2005; 47(2):110-115. [PubMed: 15889636]

Vaca-Paniagua F, Alvarez-Gomez RM, Fragoso-Ontiveros V, Vidal-Millan S, Herrera LA, Cantd
D, et al. Full-exon pyrosequencing screening of BRCA germline mutations in Mexican women
with inherited breast and ovarian cancer. PLoS One. 2012; 7:5.

Narod SA. Screening for BRCAL and BRCA2 mutations in breast cancer patients from Mexico:
the public health perspective. Salud Publica Mex. 51 suppl. 2009; 2:5191-s196.

Angeles-Llerenas A, Ortega-Olvera C, Pérez-Rodriguez E, Esparza-Cano JP, Lazcano-Ponce E,
Romieu I, et al. Moderate physical activity and breast cancer risk: the effect of menopausal status.
Cancer Causes Control. 2010; 21(4):577-586. [PubMed: 20084545]

Beasley JM, Coronado GD, Livaudais J, Angeles-Llerenas A, Ortega-Olvera C, Romieu I, et al.
Alcohol and risk of breast cancer in Mexican women. Cancer Causes Control. 2010; 21(6):863—
870. [PubMed: 20155314]

Sanchez-Zamorano LM, Flores-Luna L, Angeles-Llerenas A, Romieu I, Lazcano-Ponce E,
Miranda-Hernandez H, et al. Healthy lifestyle on the risk of breast cancer. Cancer Epidemiol
Biomarkers Prev. 2011; 20(5):912-922. [PubMed: 21335508]

Fejerman L, Romieu I, John EM, Lazcano-Ponce E, Huntsman S, Beckman KB, et al. European
ancestry is positively associated with breast cancer risk in Mexican women. Cancer Epidemiol
Biomarkers Prev. 2010; 19(4):1074-1082. [PubMed: 20332279]

Cancer Epidemiol Biomarkers Prev. Author manuscript; available in PMC 2016 March 01.



1duosnuen Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Torres-Mejia et al.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

Page 12

Kuperstein G, Foulkes WD, Ghadirian P, Hakimi J, Narod SA. A rapid fluorescent multiplexed-
PCR analysis (FMPA) for founder mutations in the BRCA1 and BRCA2 genes. Clin Genet. 2000;
57(3):213-220. [PubMed: 10782928]

Alter BP, Rosenberg PS, Brody LC. Clinical and molecular features associated with biallelic
mutations in FANCD1/BRCAZ2. J Med Genet. 2007; 44(1):1-9. [PubMed: 16825431]

Breast Cancer Information Core [Internet]. Bethesda: NHGRI; 2013. Available from: http://
research.nhgri.nih.gov/bic/ [cited 2013 June 19]

Osorio A, Barroso A, Martinez B, Cebrian A, San Roméan JM, Lobo F, et al. Molecular analysis of
the BRCA1 and BRCAZ2 genes in 32 breast and/or ovarian cancer Spanish families. Br J Cancer.
2000; 82(7):1266-1270. [PubMed: 10755399]

Diez O, Osorio A, Robledo M, Barroso A, Doménech M, Cortés J, et al. Prevalence of BRCA1 and
BRCAZ2 Jewish mutations in Spanish breast cancer patients. Br J Cancer. 1999; 79(7-8):1302-
1303. [PubMed: 10098775]

Velez C, Palamara PF, Guevara-Aguirre J, Hao L, Karafet T, Guevara-Aguirre M, et al. The
impact of Converso Jews on the genomes of modern Latin Americans. Hum Genet. 2012; 131(2):
251-263. [PubMed: 21789512]

Mullineaux LG, Castellano TM, Shaw J, Axell L, Wood ME, Diab S, et al. Identification of
germline 185delAG BRCA1 mutations in non-Jewish Americans of Spanish ancestry from the San
Luis Valley, Colorado. Cancer. 2003; 98(3):597-602. [PubMed: 12879478]

Myers K, Davies SM, Harris RE, Spunt SL, Smolarek T, Zimmerman S, et al. The clinical
phenotype of children with Fanconi anemia caused by biallelic FANCD1/BRCA2 mutations.
Pediatr Blood Cancer. 2012; 58(3):462-465. [PubMed: 21548014]

Reid S, Renwick A, Seal S, Baskcomb L, Barfoot R, Jayatilake H, et al. Familial Wilms Tumour
Collaboration. Biallelic BRCA2 mutations are associated with multiple malignancies in childhood
including familial Wilms tumour. J Med Genet. 2005; 42(2):147-151. [PubMed: 15689453]
Rahman N, Scott RH. Cancer genes associated with phenotypes in monoallelic and biallelic
mutation carriers: new lessons from old players. Hum Mol Genet. 2007; 15(16 Spec No 1):R60-
R66. Review. [PubMed: 17613548]

Domchek SM, Tang JB, Stopfer J, Lilli DR, Hamel N, Tischkowitz M, et al. Biallelic Deleterious
BRCAL Mutations in a Woman with Early-Onset Ovarian Cancer. Cancer Discov. 2012; 26
Mavaddat N, Barrowdale D, Andrulis IL, Domchek SM, Eccles D, Nevanlinna H, et al. Pathology
of breast and ovarian cancers among BRCA1 and BRCA2 mutation carriers: results from the
Consortium of Investigators of Modifiers of BRCA1/2 (CIMBA). Cancer Epidemiol Biomarkers
Prev. 2012 Jan; 21(1):134-147. [PubMed: 22144499]

Cancer Epidemiol Biomarkers Prev. Author manuscript; available in PMC 2016 March 01.


http://research.nhgri.nih.gov/bic/
http://research.nhgri.nih.gov/bic/

Page 13

Torres-Mejia et al.

_ 12 _ ot _ 12 _ L _:.NV _ :_ 0
5(%) u ‘sbeis

€500 (z0) T (€0) T (zo) | ¢ onse|delain
(z0) T (€0) T (zo) | z | emseaur-uou paiytoads-uoN
(¥0) 14 (00) 0 (z0) 14 aupody
(¥0) [ (€0) T o) | € Ase|jided
(90) € (00) 0 (¥0) € woyqLIo/eINgN L
(z0) T (90) z o) | € nyis Ul fejngo-]
(z0) 1 (6'0) € (s0) 4 snouraniA
(8°0) 4 (6'0) € (60) | ¢ Ksejnpay
(9¢) LT (871) 9 (82) | €z Pa1JISSe|d JON
() G¢ (T2 L (ov) | e PaxIN
(09) ve (0'6) o (29) | 8 nys ul [eng
(8'21) 19 #'11) ge | (zzen) | 66 Jenqo
(5'09) 88¢ (z'€9) 112 | (9'19) | 66V [e1na
5(%) u ‘ABojors1y Jeoueo ses g
¥ST'0 (22 €1 (871) 9 (€2) | 61 %00T-9.
(c02) 96 (os1) 05 | (o'81) | 9vT %G.-TS
(0zv) 002 (8'sp) €sT | (9ev) | ese %05-52
(g92) | 9T (z0g) 10t | (0'82) | L2 %G5>

(%) u ‘Anseouy ueadoun3

100°0> (L€9 '1°€8) (e'Lv 'vov) (765 ‘Lvv) abuel aj1enbisiul
6'LG 6'€r G UeIpaIN
(s1eak) aby
9.p=u yee=u 018=U u
jesnedowswisoy | efesnmedousuwsid solsI IR leyD
genend snyels [esnedous |\ oL

0T0Z—.002 ‘Znioeia pue Aal1luoi ‘A1 02IXalAl Ul snyeis [esnedousu Aq J8oued 1Sealq Ylm USWOM JO SONSHIaloeIeyD

T alqel

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

Cancer Epidemiol Biomarkers Prev. Author manuscript; available in PMC 2016 March 01.



Page 14

Torres-Mejia et al.

‘sisAJeue ay) Wouy papnjoxa a1am sBUIgIS JO JagUNU 1133 MOUY| 10U pIp oym siuedionied ‘saAie|as 8a16ap 1si1y se sBulqis pue siussed palspisuod w>>U

“eyep Buissiw 03 anp 94,00T 01 dn ppe Jou Aew mmmﬁcoosn_o
"Sa|qeLIeA [22110631eD 104 1531 19BX8 S _Iaysid 0 158 arenbs 14D ‘sa|gelteA Snonunuod 1o 1581 Sijje _S_m:_v_g

*(s1e3A 8= USWIOM 8SOU) 40} PaIaPISUOI) SNJels [esnedouau umouNun
10 (Awo3oaioydoo yum) [eaifuns ‘(poiad Ise| a2uls syluow T <) asnedouaw [esnyeu sapnjoul asnedouswisod :(poriad ise| 8auls syluow gT>) asnedouswiiad pue asnedouawald sspnjoul mm:mgo%EwEm

1000 (8€g) 19T (re2) 8. (5'62) | 682 SOA

(829) 66¢ (8'52) ese | (289) | zss ON

n,o@cv U ‘89 16ap 15114 Ul SBoUed Jo AIoSIH

1860 (T°2) ve (z2) 124 (z2) | ss SOA

(6726) oy (8°26) ote | (8'z6) | 25 ON

u@cv U ‘994Bap 1541} Ul BOUed Se g Jo AIoXSIH

8ST0 (re) 9T (ST S (92 | 12 3]qelJIsse|o-UoN

(§1) L 2 8 (61T) | ST Al

(002) G6 (6'%2) €8 (022) | 8Lt mn

(6°2%) 822 (rov) GgeT | (8w | €9¢ 1]

(zo1) 1§ (801) 9 (zom) | 28 1

fesnedowowisod | efesnmedousws.id soIs1B10R RReYD

gPNeAd snjess fesnedoud [e1o L

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

Cancer Epidemiol Biomarkers Prev. Author manuscript; available in PMC 2016 March 01.



Page 15

Torres-Mejia et al.

Author Manuscript

A lexng Bursstin 8y VVOVI3PT18¢-80822 656 dois Y19P9E0E TT | ¢vodg | 1S2ZN
ON leng 1l 14 VIN VIN SI9PTL6¢ TT | ¢voydd | 89LTN
ON Je|nqo 1 2] VIN V/IN Yvsulteey TT | ¢vddd | VSOEN
ON Je|nqo-] 1 125} 1V111I3P008T—-96.Td 665 dois SI9pye0c 0T | ¢vodd | VSOEN
ON lexng I 6€ 1V111I3P008T—-96L1d 665 dois Slapye0c 0T | ¢vddd | 6TEEN
ON leng 1l €5 1V111I3P008T—-96.T7d 665 dois SI9pye0c 0T | ¢vodd | L9C¢EN
ON lexng 11 6Y V<OECTS™ 380LTV Vereso 8T | TvOdd | S68TN
ON palIsseld JON 1 0L V<OECIS? 380LTV V¢veso 8T | TvOydd | 8ELTN
ON Krelinpaiy | 6€ V<OECTS™ 380LTV Vereso 8T | TvOdd | L/€ed
ON leng Buissin [47 V<OECIS? 380LTV V¢veso 8T | Tvdydd | 060cd
ON lexng | 8¢ 1<D/2ey™ XEVYTYd 199%¥0 €T | TvOdd | €S0EN
ON leng 1 0S 1<0/¢ey™d XEVPTYd 19%9¥0 €T | TvOoyd | LO9TW
ON lexng Bursstin 6€ 1<0865€™ X00210 1/T/€D0 TT | TvOdg | €L2ZN
ON leng | 8¢ JI3pEEYEC™ 18 dois Jl18pesse TT | Tvoydd | ¢vTed
ON pal}isse|d 10N Buissin 0§ QI8pPEEYCD 18 dois Jl8pesse 1T | TvOdd | 8S0¢d
ON leng 1 123 OVI8PL6¢¢—962¢D 99/ dois OVIePSTYe TT | TvOdd | SScCN
ON lexng I 18 VI3PTL0¢-TL0C™ 00/ dojs VI8pP06TC TT | TvOdd | 9S6TN
ON Arefinpaiy Buissin 144 VSUulLTOT—9T0T D Gye dois VSUIGETT TT | Tvoydd | 60€cd
ON Buissin Burssin LE 13p¢ G8TY ¢8YS™D | UONIdP QYL ¥T 13p | ¢T-6 | TvOdd | 9€CEN
SOA leng | 95 13p¢ G8TY ¢8YS™D | UOnaIdp QYL vT 19p | ¢T-6 | TvOdd | VWOEA
SIA lerng | 144 13p¢ G8TY ¢8YS™D | UONIdP QYL ¥T 19p | ¢T-6 | TvOdd | ¥S6TN
ON leng 1l ey 13p¢ G8TY ¢8YS™D | UOnaIdp QYL vT 19p | ¢T-6 | TvOdd | 9T6TN
ON lexng 11 4 13p¢ G8TY ¢8YS™D | UONIdP QYL ¥T 19p | ¢T-6 | TvOdd | T9LTN
ON leng 1 ey 13p¢ G8TY ¢8YS™D | UOnaIEp QYL vT 19p | ¢T-6 | TvOdd | 60CTN
ON lexng Buissin I3 13p¢ G8TY ¢8YS™D | UONIEP QYL vT 19p | ¢T-6 | TvOdd | €.02A
SOA leng Buissin 144 13p¢ G8TY ¢8YS™D | UOnaIEp QYL vT 19p | ¢T-6 | Tvdodd | ¢90¢a
vO 49
XH NV | ADOTOISIH | 3OVIS | IOV 9INJePUSWOUSADH | abueyd uopod uolreIniA- | uox3 9O e

0T0Z—.002 ‘ZnIoeIa A pue Asi1luoi ‘AlID 02IXa|Al Ul 182UED 1Sealq YIIM USLIOM Ul SUOIRINW 2yDyd puR TvOud

¢ ?olgel

Author Manuscript

Author Manuscript

Author Manuscript

Cancer Epidemiol Biomarkers Prev. Author manuscript; available in PMC 2016 March 01.



Page 16

Torres-Mejia et al.

Author Manuscript

190UR) ISB8Iq JO AI0ISIY AjIWey =D Hg XH INY4 ‘A18100S UOITRLIEA 8LIOUSD UBWNH =SADH :SUOIBIABIGQY

ON leng Buissin 4] 1<OTTTP™ XTLETO 16€EYD TT | ¢vddd | 0cceN
ON Je|nqo I 72 1<OTTTP™ XTLETO 16EEYD TT | ¢vodd | TSLTN
ON leng 1l 6€ 1<OTTTP™ XTLETO 16€EYD TT | ¢voydd | 6VETN
ON 1erng 11 99 VVOVI2P6879-98192 99Tz do)S | WVOVISPYTLY TT | ¢vodd | v68TN
ON leng 1l ey VIN 71€5Ted J18p9899 TT | ¢vodd | 69CEN
ON 1erng I 99 VIN V/IN QI8p6S8S TT | ¢vodg | TE8TN
SOA leng 1l [47 VI3p2ySsd 2981 dois VI8P0.L.LS TT | ¢voydd | TIGTN
ON Je|nqo 11 1§ VIN V/IN 1VI8presy TT | ¢vodd | 6.€¢d
ON PpoI}IsSe|d J0N 1 €9 1SUIG92E—V9CE™ 860T dois 1sulgere TT | ¢voydd | €6TTN
vO 49
XH NV | ADOTOISIH | 3OVIS | 3OV 9.NJePUBWOUSADH | abueyd uopod uolreinA | uox3 9O e

Author Manuscript

Author Manuscript

Author Manuscript

Cancer Epidemiol Biomarkers Prev. Author manuscript; available in PMC 2016 March 01.



Page 17

Torres-Mejia et al.

0T0Z2—-2002 ‘ZnioeIaA pue Aa.i3juol ‘AlID 02IXSIA Ul SNIE]S UoITeINW Z/TVOuSd AQ S3SeD 190URd 1Seaiq JO SoIISLaloereyD

Author Manuscript

(00) | o | (0g2) | s | (901) | 28 | (zoT) | 28 I
(o) o | (0o |o| | st | GGa | ¢t 0
(%) u ‘abeis
€810 (0o | o[ (o |Jo| €| 2 | (o | ¢ onse|deldN
(00 | o | () | o | (€0) | 2 | (c0) | ¢ | omsenur-uou payioads-uoN
(0o | o[ (o |Jo| €| 2 | (o | ¢ aunoody
(0o o (o o | Go | ¢ | GO | € Aue|ided
(0o o (o o | o | ¢ | GO | ¢ woJLIqLId/TeINGN L
(00) | o | (00) | 0 | (0 € (¥'0) € nys ul Jengo-]
(o) Jo| (o |o| @G| v | (GO | ¥ SnouraNAl
(00) | o | (cor) | 2 | (90) S (6'0) L Arelinpay
(L9) | T [(on) | ¢ | (92) | oz | (82) | ez PaIYISSe|d 10N
(00) | o | (o) [ o | (xv) | 2e | (oW | 2¢ PaXIN
(00 | o (o) | o () | vs | (29) | s nis ut [eyong
(002) | € | (o) | o | wen) | 96 | (zzT) | 66 Jenqo
(ee) | 1t | (05w | st | (0T9) | €Lv | (9T9) | 66V [erona
n?x,v u ‘ABojoxs1y Jeoued ses g
8680 (o) | o| (o) | 0| (52 | 61 | (€2) | 61 %00T—-9.
(L9) | v | (0o1) | ¢ | (t81) | ovT | (0'8T) | 9vT %G/
(oov) | 9 | (0ss) | 11 | (rew) | 9ge | (9ew) | ese %0562
(192) | v | (00g) | 9 | (0'82) | 12 | (0'82) | L2z %SZ>
Q?\OV u ‘A11se0uy ueado.ung
1000> | (z95'sey) | (wev'ese) | (L65'6vy) | (765 Lvr) abue. ajiuenbisiul
6'0S ey s §1S ueIpa
(s1eah) aby
gr=u oz=u GlL=u 018=U u
YNEAd | 7 youg T voud B|11e0 UON /101 sols1eloe reyd

€9l|qel

Author Manuscript

Author Manuscript

Author Manuscript

Cancer Epidemiol Biomarkers Prev. Author manuscript; available in PMC 2016 March 01.



Page 18

Torres-Mejia et al.

Author Manuscript

‘sisA|eue ay) Wouy papnjoxa a1am sBUI|gIS JO JagunU 1133 Mouy| 10U pip oym siuedionied

p

"SaAIIe[a] 99163 1s41) se sBuljqis pue sjuated paIspISUOd m,

“eyep Buissiw 03 anp 9,00T 03 dn ppe Jou Aew sabejusdlad

q

"so|qeLie [ea110681eD 10j 159) 10BX3 S _IBUSIH ‘SI|GRLIEA SNONUILOD 10} 1S3) SI|[BAA xS,

1100 | (Zov) | L | (0s8) | TT | (982) | T2z | (562) | e€e SOA
(ces) | 8 | (osw) | 6 | (069) | ses | (T89) | zss ON

o,n@ov U ‘99.Bap 15414 Ul SBOURD JO AIOSIH
ocTo | (eet) | ¢z [ (osn) | € | 89 | €5 | (€0 | 8§ SOA
(298) | et | (0g8) | 21 | (zee) | zeL | (826) | 25L ON

(%) u '88.16op 1511} Ul JBOURD e U] JO AI0ISIH
GEZ'0 (00) | o | (00 [ 0| 22) | 12 | (90) | 12 8]0el}IsSe|d-UON
(00) | o | (o) | o] (6T) | st | (6T | st Al
(Lov) | £ | (os1) | € | (Zt2) | 89T | (022) | 8LT I
(eee) | ¢ | (0Ge) | s | (gsv) | ese | (8¥h) | €9¢ Il

GT=u oz=u GlL=u 018=U u

YNEAd | 7 youg T voud B|11e0 UON 101 sols1ieloe reyd

Author Manuscript

Author Manuscript

Author Manuscript

Cancer Epidemiol Biomarkers Prev. Author manuscript; available in PMC 2016 March 01.



