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Abstract Breast cancer (BC) is the leading cause of cancer
related death among women in 2014. The AURKA gene that
encodes the protein called Aurora kinase A plays an important
role in the progression of the cell cycle, by controlling and
promoting the entry into the phase of mitosis. The single nu-
cleotide polymorphism AURKA T91A (rs2273535)
(Phe21Ile) has been identified as functional alternator of this
kinase, the Ile allele is associated with the occurrence of chro-
mosome segregation errors and tumor progression. Therefore,
it is essential to know how BC risk is associated with histo-
pathological characteristics, immunohistochemical character-
istics, and genotype polymorphism in a high altitude
Ecuadorian mestizo population. In this retrospective case-
control study 200 individuals were analyzed. DNA was ex-
tracted from 100 healthy and 100 affected women. Genotypes
were determined by genomic sequencing. We found signifi-
cant association between the AURKA T91A (rs2273535)
(Phe211le) genotype and an increased risk of BC develop-
ment: Phe/Ile (odds ratio [OR] = 2.6; 95% confidence interval
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[CI] = 1.4-4.9; P = 0.004), Ile/Ile (OR =3.8;95% Cl = 1.6—
9.0; P=0.002), and Phe/lle + Ile/Ile (OR =2.9;95% Cl = 1.6
5.2; P =0.001). Additionally, the rs2273535 variant was as-
sociated with the tumor grade SBR III (OR = 9.6; 95%
CI = 1.0-91.9; P = 0.048) and the Ki-67 > 20 (OR = 16.5;
95% Cl =2.7-101.3; P =0.002). In brief, this study provides
the first evidence where the Ile allele of the AURKA gene
could act as potentially predictive biomarker of BC in the high
altitude Ecuadorian mestizo population that lives at 2800 m
above sea level (masl).

Keywords Breastcancer - AURKA - Ecuadorian population -
Genotyping - High altitude - Mestizo

Introduction

Breast cancer (BC) is the most commonly diagnosed cancer
(1,676,633 cases) and the leading cause of cancer-related
death among women (521,817 cases) in 2012 [1].
Worldwide, the areas with a higher incidence of BC per each
100,000 inhabitants are Western Europe (89.9), Oceania
(85.5), and Northern Europe (76.7) while South America has
a lower incidence (44.3) [2]. In Ecuador, the incidence rate of
BC was 32.7 and the mortality rate was 10.3 in 2012 [3].

The histopathologic classification of BC (noninvasive or in
situ carcinoma, and invasive or infiltrating ductal carcinoma)
together with the molecular subtypification of the estrogen
receptor (ER) status, progesterone receptor (PR) status, and
HER2/neu status provides valuable information on tumoral
behavior for an efficient treatment of BC [4—7].

BC is driven by genetic alterations, including single nucle-
otide variants (SNVs), small insertions or deletions (indels),
gene fusion, copy-number variations (CNVs) and large chro-
mosome rearrangements. The next-generation sequencing
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(NGS) technologies have generated massive amounts of can-
cer genome data, providing somatic mutation landscapes to
better understand breast cancer biology [8—16]. The driver
mutations have selective growth advantage in tumor cells.
These mutations have been considered prognostic markers
and as therapeutic targets in the control of cell division and
tumor growth inhibition [17]. AURKA (20q13.2) gene en-
codes the Aurora kinase A protein that has straight relation
to the cell cycle since it performs both in the centrosome
maturation and in the correct assembly of the spindle appara-
tus in mitosis (Fig. 1a) [18, 19].

The Aurora kinase A has a high level of expression detect-
ed in human malignant neoplasm and it performs as a key
regulatory component in critical control points of response
for cell oncogenic transformation through the phosphorylation
of p53/TP53. It phosphorylates the isoforms of the protein
phosphatase 1 (PP1) in order to inhibit its activity. The
Aurora kinase A is overexpressed in the late G2 phase to
trigger the mitotic process, which turns it into a promoting
factor of tumorigenesis [20]. The polymorphism T91A
(rs2273535) (Phe21lle) of the AURKA gene has been identi-
fied as functional alternator of this kinase, the Ile allele is
associated with the occurrence of chromosome segregation
errors and tumor progression (Fig. 1b, ¢) [21]. Recent studies
by Xu et al., and Mendiola et al., have proposed the
Aurora kinase A as a prognostic factor in cancer treatment
[22, 23]. The results obtained so far do not report data on
in the incidence and the behavior of the AURKA gene in
mestizo populations in Latin America that live at 2800 m
above sea level (masl).

The objective was to determine the risk of breast cancer
associated with histopathological characteristics, immunohis-
tochemical characteristics, and the genetic polymorphism
AURKA T91A (rs2273535) (Phe21lle) in a high altitude
Ecuadorian mestizo population.

Materials and Methods
Study Subjects

The Bioethics Committee of the Universidad de las Americas
approved this retrospective case-control study following the
Declaration of Helsinki. A total of 200 Ecuadorian mestizo
women who lived at 2800 masl were included into the analy-
sis. Concerning the 100 individuals with BC, all samples were
obtained from the Pathology Department at Solon Espinosa
Ayala Oncologic Hospital. Affected individuals were diag-
nosed with BC between 2008 and 2011. Each case history
conferred relevant information such as pTNM (tumor, nodule,
metastasis) classification, tumor stage (T1-T4), Scharf Bloom-
Richardson staging system (SRBIII: slightly-differentiated tu-
mor, SRBII: mildly-differentiated tumor, SRBI: well-
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differentiated tumor), age, affected breast, histopathological
classification, ER status, PR status, HER2/neu status, metas-
tasis status, and Ki-67 levels (cut-off 20%) like prognostic
factor. With regards to the control group, 100 peripheral blood
samples from individuals of the mestizo population with no
smoking history were selected at random from the sample
bank at Centro de Investigacion Genética y Gendmica at
Universidad Tecnologica Equinoccial. Thus, the matching
of cases and controls presented similar age at menarche
(14.2 vs. 14.6 years), age at menopause (47.4 vs.
46.7 years), age (54.0 vs. 52.3 years), age at first live
birth (26.8 vs. 26.2 years), breast cancer in first-degree
relative (3.1 vs. 2.1%), and the mean number of live
births (2.5 vs. 2.5), respectively. Furthermore, informed
consent was obtained from all individual participants in-
cluded in the study.

DNA Extraction and Purification

The extraction and purification of the genomic DNA of the
case and control individuals were obtained by means of the
PureLink Genomic DNA Kit (Invitrogen, Carlsbad, CA). The
tumor tissues were previously dissolved with proteinase K
(Qiagen, Hilden, Germany). The DNA of the affected individ-
uals, that presented an average concentration of 84 ng/pl, was
extracted from ten sections (5 um) of formalin-fixed paraffin-
embedded breast tumor tissue previously cut with a micro-
tome CUT 6062 (SLEE, Mainz, Germany). Meanwhile, the
DNA of the healthy individuals was extracted from peripheral
blood samples and presented an average concentration of
135 ng/pl. Both calculations were obtained, using a
NanoDrop 2000 (Thermo Scientific, Waltham, MA).

Genotyping

Genotyping was performed using the polymerase chain reac-
tion (PCR) and DNA sequencing analysis. A final volume of
25 ul was used for each PCR reaction for AURKA. Each
reaction consisted of 4 pl of DNA template (20 ng/ul),

Fig. 1 Genetic analyses of T91A (1s2273535) (Phe211le) polymorphism P>
in the AURKA gene. a Location of rs2273535 polymorphism in
chromosome 20. b Genotyping of rs2273535 polymorphism by DNA
sequencing. ¢ AURKA pathway: The AURKA acts as a regulatory
component for cell oncogenic transformation through the
phosphorylation and stabilization of p53/TP53. It phosphorylates the
protein phosphatase-1 (PP1) to inhibit its activity. AURKA is
overexpressed in the late G2 phase to trigger mitosis. AURKA acts
upon CDC25B, a direct regulator of the complex cyclin B1-CDK1,
essential for mitosis. The rs2273535 polymorphism is associated with
the overexpression of Aurora A and the loss of the anchorage site of
ubiquitin 2E (UBE2N), related to tumor progression. P53: Inhibition of
tumor suppression, CDK: Mitosis activation, BUBR1: Microtubules
bonded to kinetochore, NPL: Assembly of mitotic use, PLK:
Chromosome segregation, AURKA: Centrosome duplication
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0.5 uM of forward (FW) 5'- CTGCTTGCTCTTTTGGGTGT
-3" and reverse (RV) 5'- CTCTTCCATTCTAGGCTACA
GCTC -3’ primers, 0.4 uM of each deoxynucleotide triphos-
phate (ANTPs), 3 mM of MgCl,, 1.5 U of Platinum Taqg DNA
polymerase with 1X reaction buffer (500 mM of KCI,
200 mM of Tris-HCI, pH = 8.4) (Invitrogen, Madison, WI).

The polymorphism studied was AURKA T91A
(rs2273535) (Phe211le). This polymorphism is located within
two conserved motifs in the N-terminal region of AURKA
gene [24]. For the analysis of the 152273535 polymorphism,
a fragment consisting of 272 base pairs (pb) carrying exon 3
was amplified. The PCR program started with an initial dena-
turation stage lasting 4 min at 94 °C, followed by 32 cycles of
30 s at 95 °C, 30 s at 54 °C, 45 s at 72 °C, and a final
elongation for 3 min at 72 °C. Each run was completed using
a Sure Cycler 8800 thermocycler (Agilent, Santa Clara, CA).
The amplified fragment (272 pb) was analyzed by electropho-
resis in 2% agarose gels stained with ethidium bromide and
was observed in an ImageQuant 300 transilluminator (General
Electric, Fairfield, SC).

Subsequently, the PCR amplicons were analyzed through
sequence analysis, using the Genetic Analyzer 3130 (Applied
Biosystems, Austin, TX). The final volume of the reaction
was 12 ul and contained 2.8 of Milli-Q water, 2 ul of 5X
buffer, 1 pl of primer FW (3.2 pmol), 1 ul of BigDye
Terminator v3.1 sequencing standard (Applied Biosystems,
Austin, TX), and 3 ul of PCR product (3 to 10 ng). Once
the product was amplified, it was purified, using
Agentcourt Cleanseq (Beckman Coulter, Miami, FL).
The amplification program consisted of 3 min at 96 °C,
followed by 30 cycles of 10 s at 96 °C, 5 s at 50 °C, and
4 min at 60 °C [25]. Finally, sequence analysis was per-
formed using Sequencing Analysis Software 5.3.1
(Applied Biosystems, Austin, TX) and the alignment with
sequence from GeneBank (AURKA NG 012133.1) was
performed using Seq-Scape Software v2.6 (Applied
Biosystems, Austin, TX).

Statistical Analysis

The information from the clinical records of the patients was
collected in a database. Genotypic and allelic frequencies of
the AURKA gene were calculated; also, Hardy-Weinberg
equilibrium (HWE) was determined by using a web-tool
(http://www.oege.org/software/hwe-mr-calc.shtml) [26].
With the use of IBM SPSS Statistics 22 software (SPSS Inc.,
Chicago, IL), chi-square (x?) and odds ratio (OR) (with a 95%
confidence interval [CI] and 2 x 2 contingency table) test were
applied to determine the association between the risk of de-
veloping BC, the SNP rs2273535, and histopathological and
immunohistochemical features. A value of P < 0.05 was con-
sidered statistically significant.
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Results

The genotype distribution and allele frequency of the
AURKA T91A (rs2273535) (Phe21lle) polymorphism are
shown in Table 1. The genotypic frequency of the Phe/Phe
normal homozygous genotype was 0.3, of the Phe/Ile normal
heterozygous was 0.5, and the Ile/Ile rare homozygous geno-
type was 0.2. The allele frequency of the Phe allele was 0.6
and the Ile allele was 0.4. The P value >0.05 demonstrated that
there was no significant difference in the frequencies; conse-
quently, there was HWE in all study population.

The distribution of baseline characteristics in all patients
with BC is shown in Table 2. Regarding the studied popula-
tion, the 46% of the healthy group had the Phe/Phe normal
genotype, the 54% of the affected group had the Ile/Ile geno-
type (P =0.002). The 57% of the studied population had right
breast affected and the 43% left breast affected (P = 0.931).
The 79.5% of the affected individuals had invasive ductal
carcinoma, the 9% had lobular carcinoma in situ, the 7% mu-
cinous carcinoma, and the 4.5% papillary carcinoma subtype
(P = 0.398). In relation to Scarff-Bloom-Richardson tumor
grade, the 29% of the individuals had SBR III (reference),
the 45% had SBR II (P = 0.017), and the 26% SBR I
(P =0.007). As for membrane receptors, the 68% of individ-
uals had ER+ status and the 32% had ER- status (P = 0.561).
The 58.5% had PR+ status and the 41.5% PR- status
(P = 0.972). The 22% had HER2+ status and the 78%
HER2- status (P = 0.875). The 66% of individuals had Ki-
67 < 20 and the 34% Ki-67 > 20 (P = 0.000). Concerning
immunohistotype, the combinations from most frequent to
least frequent were: 47.4% with ER+ RP+ HER2-
(P = 0.875), 20% with ER- RP- HER2- (P = 0.771), 8.4%
with ER+ RP- HER2- (P = 0.922), 7.4% with ER- RP-
HER2+ (P =0.692), 6.3% with ER+ RP+ HER2+ (reference),
5.3% with ER+ RP- HER2+ (P = 0.632), 3.2% with ER- RP+
HER2- (P = 0.153), and 2.1% with ER- RP+ HER2+
(P =0.587).

The association between the studied AURKA Phe311le
polymorphism and the risk of developing BC is detailed in
Table 3. Regarding variant rs2273535, the AURKA Phe/lle
genotype presented an OR of 2.6 (95% CI = 1.4-4.9;
P = 0.004); the AURKA Ile/Ile genotype presented an OR
0f 3.8 (95% CI=1.6-9.0; P = 0.002). Whereas the combina-
tion of AURKA Phe/lle + Ile/Ile genotypes presented an OR
0f2.9 (95% CI =1.6-5.2; P = 0.001).

The association among the AURKA Phe31lle polymor-
phism, breast cancer risk, and baseline characteristics is de-
tailed in Table 4. Regarding the SBR tumor grade, the analysis
of logistic regression between SBR III vs. SBR I resulted in an
OR of 0.48 (95% CI = 0.1-2.5; P = 0.040) in individuals
affected with the Phe/Ile genotype, and an OR of 12.0 (95%
CI = 1.0-92.0; P = 0.048) with the Ile/Ile genotype. As for
membrane receptors, the comparison between ER- vs. ER+
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Table 1  Genotype distribution and allele frequency of the AURKA T91A (rs2273535) (Phe211le) polymorphism
Gene Genotype Genotypic frequency Allele frequency P value HWE
Cases Controls All Cases Controls All
TI91A rs2273535Phe311le Phe/Phe (AA) 0.2 0.5 0.3 0.5 0.7 0.6 > 0.05
Phe/Ile (AT) 0.5 0.4 0.5
Ile/lle (TT) 0.2 0.1 0.2 0.5 0.3 0.4

HWE Hardy-Weinberg equilibrium of all study population

resulted in an OR of 0.7 (95% CI = 0.2-2.0; P = 0.523) with
the Phe/lle genotype and an OR of 1.2 (95% CI = 0.4-4.3;
P =0.724) with the Ile/Ile genotype. The comparison between
PR- vs. PR+ resulted in an OR of 0.9 (95% CI = 0.3-2.5;
P = 0.852) with the Phe/lle genotype and an OR of 0.8
(95% CI = 0.3-2.9; P = 0.817) with the Ile/Ile genotype.
The comparison between HER2+ vs. HER2- resulted in an
OR of 0.9 (95% CI = 0.3-3.3; P = 0.884) with the Phe/lle
genotype and an OR of 0.7 (95% CI = 0.2-2.8; P = 0.679)
with the Ile/Ile genotype. Lastly, the comparison of the cell
proliferation marker Ki-67 between >20 vs. < 20 resulted in an
OR of 0.8 (95% CI = 0.3-3.1; P = 0.829) with the Phe/lle
genotype and an OR of 16.5 (95% CI1 =2.7-101.3; P =0.002)
with the Ile/Ile genotype.

Discussion

Identifying genetic alterations involved in the development of
cancer is crucial to fully understand BC biology, as well as for
the development of new therapeutics [27]. During the last
decade, BC genome-wide association studies (GWAS) have
identified ~80 loci with small to moderate effects on OR rang-
ing from 1.05 to 1.53, the most studied populations being
European, North American, and Asian. However, Latin
American populations have been poorly studied and the
NGS analyses consider very few samples of mestizo indi-
viduals. Therefore, the genetic characterization of these
populations is essential to better understand the develop-
ment of BC [28].

Many studies have indicated that the AURKA T91A
(rs2273535) (Phe2llle) polymorphism is a general low-
penetrance susceptibility gene in breast [29], colorectal [30],
and esophageal cancer [31]. However, results from these stud-
ies remain inconsistent. Consequently, Tang et al. made an
association between the rs2273535 polymorphism and cancer
susceptibility in a meta-analysis study of 27 published studies
involving 19,267 multiple cancer cases and 29,359 controls
from Caucasians and Asians [32]. The results of this study
demonstrate that rs2273535 is associated with an increased
risk of BC and esophageal cancer. Additionally, the stratified
analysis performed regarding ethnicity demonstrates that
1rs2273535 is associated with cancer risk in Asians [32]. The

studies of the AURKA T91A (rs2273535) (Phe211le) poly-
morphism in an affected Asian population with BC were con-
ducted in China [33, 34] and Taiwan [35], whereas the studies
in Caucasians were carried out in Germany [36, 37], Iceland
[38], the UK [39], and the USA [40, 41]. In consequence, this
is the first study conducted in a female Latin American mes-
tizo population from a high altitude (2800 masl). It is note-
worthy that this retrospective research presented a limited
number of cases. However, it gives us relevant information
about BC risk, histopathological characteristics, and its asso-
ciation with the AURKA T91A (rs2273535) (Phe21lle)
polymorphism.

In our study, we found that the AURKA Phe/Ile and Ile/Ile
genotypes present a significantly higher risk factor in affected
females with ORs of 2.6 (P = 0.004) and 3.8 (P = 0.002),
respectively. While the combination of the Phe/lle + Ile/Ile
genotypes generated an OR of 2.9 (P = 0.001). Hence, there
is an association between 1s2273535 and BC in the mestizo
population living at high altitude.

Concerning the SBR tumor grade, the highest percentage
of the population presented SBRII (45%); however, SBRIII
was presented in the 52.6% of the rare Ile/Ile homozygous
individuals (P = 0.017), suggesting that there is a selective
growth of cells with Ile/lle genotype in tumorgenesis. This
would determine a bad diagnosis for the carriers of this geno-
type in advanced stages.

It has been established that the Ile rare allele is more fre-
quently found than Phe in patients with BC. Additionally,
heterozygous patients for the Phe/Ile genotype have more an-
euploidy cells than the normal Phe/Phe heterozygous patients
[42], suggesting that the rare Ile allele is related to events that
lead to tumor progression. On the other hand, cells with the
Ile/Ile genotype have a deficient bond to the ubiquitin-
conjugating enzyme E2 (UBE2N), suggesting that the substi-
tution Phe31 > Ile inhibits the protein degradation of the
Aurora A (Ile31), in late mitosis; and consequently, its onco-
genic effect is provided [42].

The hormone receptor status indicates that the 26.7% of
ER-, the 21.8% of PR+, and the 21.9% of the HER2- individ-
uals have Ile/Ile genotype. Despite the fact that these receptors
are the most important prognosis factors for BC, the P value of
0.561, 0.972, and 0.875, respectively, shows there is no sta-
tistically significant differences among the hormone receptors
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Table 2 Distribution (n, %) of

baseline characteristics (at

diagnosis) through genotypes in

all patients with breast cancer
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Phe/Phe (AA) Phe/lle (AT) Ile/Ile (TT) Total P value
n % n % n % n %

Samples
Healthy 46 46.0 42 42.0 12 12.0 100 50 0.002
Affected 23 23.0 54 54.0 23 230 100 50

Breast affected
Right 14 24.6 29 50.9 14 246 57 57 0.931
Left 10 23.3 21 48.8 12 279 43 43

Pathology
Invasive ductal carcinoma 14 20.0 36 514 20 28.6 70 79.5  0.398
Lobular carcinoma in situ 3 37.5 4 50.0 1 12.5 8 9
Papillary carcinoma 2 50.0 2 50.0 0 0.0 4 4.5
Mucinous carcinoma 0 0.0 4 66.7 2 333 6 7

Tumor grade (SBR) *
SBR III 5 26.3 4 21.1 10 52.6 19 29 Reference
SBR 1T 5 17.2 18 62.1 6 207 29 45 0.017
SBR I 6 353 10 58.8 1 59 17 26 0.007

ER Status ®
+ 15 234 37 57.8 12 18.8 64 68 0.561
- 8 26.7 14 46.7 8 26.7 30 32

PR Status
+ 13 23.6 30 54.5 12 218 55 58.5 0972
- 10 25.6 21 53.8 8 20.5 39 41.5

HER?2 Status
+ 6 28.6 11 52.4 4 19.0 21 22 0.875
- 17 233 40 54.8 16 219 73 78

Metastasis
+ 5 16.1 19 61.3 7 22.6 31 31 0.499
- 17 24.6 34 49.3 18 26.1 69 69

Ki-67 ¢
<20 15 31.2 31 64.6 2 42 48 66 0.000
>20 5 20.0 9 36.0 11 440 25 34

Immunohistotype
ER+ PR+ HER2+ 1 16.7 4 66.7 1 16.7 6 6.3 Reference
ER+ PR+ HER2- 10 22.2 25 55.6 10 222 45 474 0875
ER+ PR- HER2+ 2 40.0 2 40.0 1 200 5 53 0.632
ER+ PR- HER2- 2 25.0 5 62.5 1 12.5 8 8.4 0.922
ER- PR+ HER2+ 1 50.0 1 50.0 0 0.0 2 2.1 0.587
ER- PR+ HER2- 1 333 0 0.0 2 66.7 3 32 0.153
ER- PR- HER2+ 2 28.6 3 429 2 28,6 7 74 0.692
ER- PR- HER2- 4 22.2 9 50.0 5 27.8 19 20 0.771

SBR Scarff-Bloom-Richardson grade

ER estrogen receptor

PR progesterone receptor

#35% of patients without diagnosis of SBR excluded

®6% of patients without diagnosis of ER, PR, and HER2 excluded

©27% of patients without diagnosis of Ki-67 excluded
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Table 3 Association between the
AURKA T91A (r52273535) Model Genotype Cases, n (%) Controls, n (%) OR 95% Cl P value
(Phe211le) polymorphism and -
breast cancer risk among cases Codominant Phe/Phe * 23 (23.0) 46 (46.0) 1.0
and controls Phe/Ile 54 (54.0) 42 (42.0) 2.6 1449 0.004
Ile/Ile 23 (23.0) 12 (12.0) 3.8 1.6-9.0 0.002
Dominant Phe/Phe * 23 (23.0) 46 (46.0) 1.0
Phe/Ile + Ile/Ile 77 (77.0) 54 (54.0) 29 1.6-5.2 0.001
OR odds ratio

CI coefficient interval

4 References

with the genotypes of the rs2273535 variant [43], obtaining
results similar to the North American population [44]. On the
other hand, there are other risk factors for the development of
BC, such as early menarche, late menopause, and replacement
hormone therapy [45]. The histopathological classification de-
termined that the 79.5% of the affected individuals had inva-
sive ductal carcinoma, and in connection with this subtype,
the 28.6% presented Ile/Ile genotype (P = 0.398). The com-
bined immunohistotype classification determined that the
47.4% of the individuals were ER+ RP+ HER2- (P = 0.875)
and in connection with this subtype, the 22.2% presented Ile/
Ile genotype; whereas the 3.2% of the individuals were ER-
PR+ HER2- (P = 0.153), and in connection with this subtype,
the 66.7% presented Ile/Ile genotype.

The logistic regression analysis showed that the Ile/Ile ge-
notype was associated with SBRIII tumor grade with an OR of
12.0 (95% CI = 1.1-28.8; P =0.040), and with the cell growth
factor Ki-67 when >20 with an OR of 16.5 (95% CI = 2.7—
101.3; P = 0.002), in comparison with the normal Phe/Phe
homozygous genotype. On the other hand, there was no evi-
dence of significant associations when the ER and PR status
were analyzed separately as a whole (P > 0.05), no relation
was found among the polymorphism and the overexpression
of the HER2/neu receptor (P = 0.638), and the presence of
ganglio metastasis (P = 0.679).

Our present study clarifies that the AURKA gene and its
protein could act as potential predictive biomarker in BC. In
conclusion, this study as well as our previous genetic studies

Table 4  Association among the AURKA T91A (rs2273535) (Phe211le) polymorphism, breast cancer risk, and baseline characteristics

Variable Phe/Phe Phe/lle P Value Ile/lle P Value
Reference OR (95% CI) OR (95% CI)

Tumor grade (SBR)

SBRIII vs. SBRI 1.0 0.48 (0.1-2.5) 0.385 12.0 (1.1-28.8) 0.040

SBRIII / SBRII vs. SBRI 1.0 1.32 (0.4-4.6) 0.665 9.6 (1.0-92.0) 0.048
ER Status

ER- vs. ER+ 1.0 0.7 (0.2-2.0) 0.523 1.2 (0443) 0.724
PR Status

PR- vs. PR+ 1.0 0.9 (0.3-2.5) 0.852 0.8 (0.3-2.9) 0.817
ER + PR Status

ER+/PR- vs. ER+/PR+ 1.0 0.9 (0.5-1.9) 0913 0.9 (0.4-2.1) 0.866

ER—/PR- vs. ER+/PR+ 1.0 1.2 (0.6-2.7) 0.525 1.0 (0.4-2.5) 0.934
Metastasis

M+ vs. M- 1.0 0.5 (0.2-1.7) 0.293 0.7 (0.2-2.8) 0.679
HER?2 Status

HER2+ vs. HER2- 1.0 0.9 (0.3-3.3) 0.884 0.7 (0.2-2.9) 0.638
Ki-67

>20 vs. <20 1.0 0.8 (0.3-3.1) 0.829 16.5 (2.7-101.3) 0.002
OR odds ratio

SBR Scarff-Bloom-Richardson grade

ER estrogen receptor

PR progesterone receptor
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on MTHEFR in breast cancer [25], AR and MTHFR in prostate
cancer [46, 47], EGFR in lung cancer [48], GPX-1 in bladder
cancer [49], and hRADS in chronic myelogenous leukemia
are important contributions in order to integrate pharmacoge-
netics and pharmacogenomics in clinical practice in Latin
America [50-52].
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