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Abstract: Various predictive and prognostic factors could affect

breast carcinoma behavior, but to date no definitive correlation has

been established between them and breast carcinoma subtypes. The

present study was conducted to examine the interrelationships of these

predictive and prognostic factors as well as their effects on breast

carcinoma subtypes.

The archives of all patients with breast carcinoma (from 2008 to

2014) were studied. Patients’ data were extracted using a checklist that

included age, histology type, size and grade of tumor, lymph node

involvement, estrogen receptor (ER) and progesterone receptor (PR)

status, along with the overexpression of human epidermal growth factor

receptor (HER2/neu) and the rate of Ki67 and p53 mutations. All data

were analyzed by SPSS-17 software with x2 and Fisher exact tests, as

well as the least significant difference pairwise comparison test.

A total of 566 patients’ records were included in this study. The

mean age of patients was 50� 12.9 with an age range of 17 to 98 years.

A meaningful correlation was found between age and the type of tumor

(P¼ 0.001). Infiltrating lobular carcinoma had a higher ER positivity

between groups (85.7%), whereas noninvasive carcinomas had a higher

PR positivity (67%). In addition, a meaningful correlation was detected

between the type and grade of tumor (P¼ 0.001). No meaningful

relationship was observed between the type of tumor and HER2/neu

overexpression and number of lymph nodes involved. Between the

groups, medullary carcinoma had the highest Ki67 index (P¼ 0.007).

Meaningful correlation was found between the grade of tumor and

lymph node involvement (P¼ 0.005) and also with HER2/neu over-

expression (P¼ 0.002). Higher grades had greater positivity in Ki67

index and p53 mutation rates (P¼ 0.002, P¼ 0.01). HER2/neu positive

tumors had a higher Ki67 index (P¼ 0.03).

Higher Ki67 index tumors showed more HER2/neu overexpression,

larger size, and more lymph node involvement compared with other

types and maybe considered aggressive. Moreover, in young patients
zatollah, MSc, and Poorya Barand, GP

(Medicine 94(32):e1359)

Abbreviations: ER = estrogen receptor, HER2/neu = human

epidermal growth factor receptor, LSD = least significant

difference, PR = progesterone receptor.

INTRODUCTION

B reast cancer is the most common cancer type among
women. The mortality rate has been significantly reduced

in recent years because of its early diagnosis and the advanced
methods of treatment; however, it is still the second leading
cause of death from cancer in women in European and Western
countries, preceded only by lung cancer.1,2 In Iran, breast cancer
is the fifth leading cause of death from cancer; it affects 1 in
every 8 women and has an annual incidence rate of 31 per
100,000 women, meaning that 8500 individuals are diagnosed
with breast cancer each year. In Iran in the last 5 years, 30,000
women died from breast cancer.3 By using screening methods
such as ultrasound and mammography, and by continuously
training women to conduct self-examination, the age of breast
cancer incidence has reduced in the last few years from the
fourth decade of life to the second and third decades.3 Various
predictive and prognostic factors affect tumor progression.4–6

Predictive factors are distinguished from prognostic factors in
that the latter can be measured and are associated with the nature
of the disease, whereas the former determine the response to
treatments.4 Some factors are both prognostic and predictive,
including estrogen receptor (ER) and progesterone receptor
(PR) status, p53 mutation status, and human epidermal growth
factor receptor (HER2/neu) overexpression. Prognostic factors
include the type of tumor, number of involved lymph nodes at
the time of tumor diagnosis, size of the tumor, tumor grade,
Ki67 status (cellular marker for proliferation), and the patient’s
age.5,7 Numerous studies have been conducted on these prog-
nostic factors and their relationships with one another; however,
the studies have reported disparate results.4–7 Therefore, the
present study was conducted to analyze cases of breast cancer in
a university medical center in an effort to find a logical
relationship between the type of tumor, and these predictive
and prognostic factors perhaps identify a better diagnostic
method that increases the patients’ longevity and improves
their quality of life.

METHODS
The present retrospective-observational analytical study
emale breast cancer patients admitted to
nt of Shahid Sadoughi Hospital of Yazd
d 2014. Shahid Sadoughi Hospital is the
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carcinomas (3; 11.5%). HER2/neu overexpression was
examined in 514 patients, with 182 (35.4%) of the tumors
demonstrating HER2/neu overexpression (Table 1). Invasive

TABLE 1. Frequency Distribution of Molecular Subtypes

Frequency
(N)

Valid
Percent

Total
(N %)

HER2/neu positive 182 35.4 514 (100)
Triple negative

�
89 17.4 512 (100)

ERþ, PRþ, HER2/neu�
Ki>14% 86 15.2 566 (100)
main university hospital and referral center in Yazd for immu-
nohistochemical testing of cancer tumors. The research deputy
of the medical school of Shahid Sadoughi University of Medical
Sciences approved this study. Informed consent was obtained
from all individual participants included in the study. Our
exclusion criterion was metastatic carcinomas to the breast.
A total of 566 cases were found eligible and enrolled in the
current study, and 13 patients with metastatic tumors to the
breast were excluded. The patients’ information was extracted
from their pathology and hospital records according to the
prepared checklist and considering the predictive and prognos-
tic variables such as age, tumor size, histologic subtype and
grade of tumor, number of involved lymph nodes, p53 mutation
status, ER and PR status, HER2/neu overexpression, and Ki67
labeling index. The patients’ pathological slides were extracted
from the archives, reviewed again separately by 2 qualified
pathologists, each blinded to the participation of the other.
Breast carcinoma was divided into 2 major groups based on
a WHO classification of breast carcinoma: invasive and non-
invasive. The invasive group was divided into the ductal,
lobular, tubular, mucinous, and medullary categories. The rare
types, including the secretory, apocrine, and neuroendocrine
types, were classified under the ‘‘others’’ category because of
their small number. The Scarff-Bloom-Richardson standard
grading system was used to grade the tumors. The tumors were
graded as 1, 2, or 3 based on the formation or nonformation of
tubules, their nuclear pleomorphism, and the number of mitosis.
Grade 1 is defined as a well-differentiated tumor with the best
prognosis, grade 2 is a moderately differentiated tumor with an
intermediate prognosis, and grade 3 is a poorly differentiated
tumor with the worst prognosis. The slides were previously
immunohistochemically stained according to the manufac-
turer’s guidelines (Dako, Glostrup, Denmark), and were
retrieved from the archives and reviewed separately by 2
pathologists. To estimate the percentage of cells that stained
positive for ER and PR, 100 tumor cells were counted, and the
ratio of the number of stained cells to the total number of cells
was calculated and reported as a percentage. The intensity of
reaction was graded as negative, weak, moderate, or strong.
Both parameters (percentage and intensity) were used in scoring
system of ER and PR status. The tumor cells with>20% stained
were considered as positive, those with 5% to 19% stained were
considered as borderline, and those with <5% stained were
designated negative; however, in the final report, all the tumor
cells with>5% stained were considered positive. For the HER2/
neu overexpression, the data were classified from 0 to 3 based
on the criteria provided by Dako (Glostrup); the scores 0 and 1þ
were considered as negative, 2þ as borderline, and 3þ as
positive. All the cases with a 2þ score were sent to another
center for the FISH test, and all the cases with a positive FISH
were identified as HER2/neu overexpression positive. To report
p53 mutation status based on the slides immunohistochemically
stained according to the guidelines of Dako (Glostrup), the
tumor cells with>10% stained were considered as positive, and
those with <10% stained considered as negative. The Ki67
immunohistochemically stained slides for Ki67 marker were
divided into 4 groups: the nonstained as negative, those stained
up to 10% as low, those stained over 10% to 20% as borderline,
and >20% as high; however, the cells stained over 10%
were considered as positive. Overall, breast carcinomas were
divided into 4 major molecular subtypes: Luminal A (ERþ and/

Shokouh et al
or PRþ, HER2�, low Ki67), Luminal B (ERþ and/or PRþ,
HER2þ or HER2� with high Ki67), Triple negative/basal-like
(ER�, PR�, HER2�), and HER2 type (ER�, PR�, HER2þ).8
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Statistical Tests and Analyses
Statistical analyses were performed using SPSS software

version 17 for windows (IBM Inc, NY). To determine the
relationship between qualitative variables, x2 test was used;
in case of a small sample size, however, we used Fisher exact
test. Therefore, for testing the quantitative variables, t test and
analysis of variance (ANOVA) as well as least significant
difference (LSD) test for pairwise comparison were used.
Continuous data (such as age, lymph node involvement, and
tumor size) between groups were expressed as mean� standard
deviation (SD) and categorical data as frequency counts (per-
centages). All qualitative data (ER, PR status, HER2/neu over-
expression, p53 mutation status, and Ki67 index) based on
breast cancer subtypes were analyzed by x2 test. To compare
pairs in groups, LSD test was used. x2 test was used for the
comparison of the frequency of lymph node involvement
between groups, and ANOVA was used for the comparison
of the mean of Ki67 and p53 mutation in different HER2/neu
overexpression groups. We then used LSD pairwise comparison
test on the basis of significances of Ki67 in HER2/neu groups.
P values <0.05 were considered statistically significant.

RESULTS
The present study was conducted on 566 breast cancer

patients with a mean age of 50� 12.9 years and an age range of
17 to 98 years. Invasive ductal carcinoma 328 (58%) and
carcinoma in situ 136 (24%) were the more prevalent cases
of breast cancer. The least prevalent case was mucinous car-
cinoma, with a frequency of 9 (16%). In terms of tumor grades,
grade 2 was the most prevalent (195; 54.8%) and grade 1 was
the least prevalent (35; 1.8%). The details of lymph node
involvement were available only for 423 patients, with 251
(59.3%) to have their lymph nodes involved. ER details were
available in 523 patients, showing 336 (64.2%) of tumors to
have this type of receptor, and PR details were available in 521
patients, showing 297 (57%) of tumors to have this type of
receptor. There was a significant correlation between the type of
breast cancer and ER status, and medullary carcinomas showed
the lowest frequency of ER expression (5; 19.2%) and lobular
carcinomas the highest (24; 85.7%) (x2 test, P¼ 0.001).
Analysis of the relationship between PR status and the type
of breast cancer showed that PR expression was significantly
correlated with the type of breast cancer. Noninvasive carci-
nomas and tubular carcinoma (67% and 66.7%) had the highest
frequency of PR expression (x2 test, P¼ 0.001), whereas the
lowest frequency of PR expression pertained to medullary
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Ki<14% 57 10.1 566 (100)

�
Triple negative: ER�, PR�, and HER2/neu�.
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TABLE 3. Ki67 Expression by Triple Negative Type and HER2/
neu Positive Type Breast Cancer

Ki67 (N %)

Variable <14% >14% Total Py

Triple negative
�

12 (19.7) 49 (80.3) 61 (100) 0.109
HER2/neu positive 18 (16.2) 93 (83.8) 111 (100) 0.001

Correlation Between Molecular Markers in Breast Carcinoma
ductal and in situ carcinomas had the highest frequency of
HER2/neu overexpression (35.4% and 34.9%, respectively);
however, no significant relationship was observed between the
type of cancer and HER2/neu overexpression (Fisher exact test,
P¼ 0.63). Analysis of the frequency of tumor grades showed
the most prevalent type to be grade 2 (195; 54.8%), and a
significant relationship was established between tumor grade
and the type of cancer. Invasive lobular carcinoma was found to
be the most prevalent grade 2 tumor (6; 60%), whereas medul-
lary carcinoma was the most prevalent grade 3 tumor (2; 66.7%)
(Fisher exact test, P¼ 0.001). Analyses showed no significant
relationship between the type of tumor and lymph node invol-
vement (P¼ 0.056), although invasive lobular carcinoma was
shown to have the highest frequency of lymph node involve-
ment (14; 60.9%) whereas mucinous and tubular carcinomas
showed the lowest frequency of lymph node involvement
(33.3% and 25%, respectively). As shown in Table 2, a sig-
nificant relationship was found between the type of tumor and
the age of incidence, such as medullary carcinoma, which was
not the case in patients over the age of 70 (x2 test, P¼ 0.001). A
significant relationship was found between the type of tumor
and the Ki67 index; therefore, medullary carcinoma had the
highest frequency of Ki67 expression (17; mean¼ 55.9). The
mean size of tumors was 2.9 cm, and the largest tumor size
belonged to the lobular carcinoma (mean 3.5 cm), whereas
tubular carcinoma had the smallest size (mean 1.9 cm); how-
ever, no significant differences were found between the size of
tumor and its type (ANOVA, P¼ 0.74). LSD pairwise com-
parisons did not show any significant relationship between age
and lymph node involvement (t test, P¼ 0.076). The pairwise
comparisons did not show any significant relation between age
and ER expression, age and PR expression, or age and HER2/
neu overexpression (P was calculated as 0.059, 0.94, and 0.37,
respectively). Analyses showed grade 3 tumors demonstrated
the highest frequency (72; 73.5%) of lymph node involvement,
suggesting a significant relationship between tumor grade and
lymph node involvement (P¼ 0.005), so that the relative fre-
quency of lymph node involvement increased with tumor
grades. The frequency of HER2/neu positive (3þ) breast car-
cinoma, triple negative breast cancers, Luminal A (ERþ, PRþ,
HER2/neu�, Ki67< 14%) breast cancers, and Luminal B
(ERþ, PRþ, HER2/neu�, Ki67> 14%) breast carcinomas
were calculated, and the results are shown in Table 1. Ki67
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expression by triple negative type and HER2/neu positive type
breast carcinomas was analyzed, and significant difference was
noted between these groups (Table 3). In addition, there was a

TABLE 2. Frequency Distribution of Different Types of Breast Ca

A

Type 17–39 N (%) 40–49 N (%) 50–59

Medullary 8 (28.6) 9 (32.1) 9
Infiltrative ductal 60 (18.35) 94 (28.75) 82
Infiltrative lobular 7 (23.3) 10 (33.3) 7
Mucinous 1 (11.1) 5 (55.5) 2
Tubular 0 (0) 3 (75) 0
Others 8 (25.8) 15 (48.4) 6
Carcinoma in situ 36 (26.5) 40 (29.4) 30
Total 120 (21.2) 176 (31.1) 136

x2 test, P¼ 0.01.

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.
significant correlation between tumor grade and HER2/neu
overexpression, and HER2/neu was more frequently expressed
with higher tumor grades (P¼ 0.02). Analysis of the relation-
ship between Ki67 and tumor grade showed that Ki67 increased
with tumor grade, and grade 3 tumors had the highest mean
Ki67 value (45.8), whereas grade 1 tumors had the lowest
(23.2); (ANOVA, P¼ 0.001; Table 4). p53 expression
increased with tumor grade; grade 1 tumors had a mean of
7.7 and grade 3 tumors had a mean of 27.16, so the relationship
between these 2 parameters was statistically significant
(ANOVA, P¼ 0.014; Table 4). In the LSD pairwise compari-
sons, p53-positive tumors were reported to have less lymph
node involvement (mean p53¼ 17.5), whereas p53-negative
tumors were reported to have more lymph node involvement
(mean p53¼ 24); however, there was no significant relationship
between p53 mutation status and lymph node involvement
(P¼ 0.17). Nevertheless, a significant relationship was found
between the size of tumor and lymph node involvement, as
lymph node involvement increased with the size of tumor
(ANOVA, P¼ 0.003). The mean size of tumors with lymph
node involvement was 3.28 cm, whereas the mean size of
tumors without lymph node involvement was 2.58 cm, indicat-
ing a significant difference (t test, P¼ 0.001). Pairwise com-
parison showed a significant relationship between HER2/neu
overexpression and Ki67 labeling index, as HER2/neu over-
expression increased with Ki67 index (P¼ 0.03). However, no
significant relationship was found between p53 mutation status
and HER2/neu overexpression (P¼ .12) (Table 5). The corre-
lation coefficient between both Ki67 index and p53 mutation

�
Triple negative: ER�, PR�, and HER2/neu�.
yP value: x2 tests.
and the size of tumor and age was calculated using Pearson
correlation test, which showed that the correlations between the
size of tumor and Ki67 expression (r¼ 0.139 and P¼ 0.02) and

ncer Based on Age

ge

N (%) 60–69 N (%) 70–98 N (%) Total N (%)

(32.2) 2 (7.1) 0 (0) 28 (100)
(25) 60 (18.35) 31 (9.5) 327 (100)
(23.3) 4 (13.3) 2 (6.7) 30 (100)
(22.2) 1 (11.1) 0 (0) 9 (100)
(0) 1 (25) 0 (0) 4 (100)
(19.3) 0 (0) 2 (6.5) 31 (100)
(22.1) 19 (13.4) 11 (8) 136 (100)
(24.1) 87 (15.4) 46 (8.15) 565 (100)
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TABLE 4. Correlation of Tumor Grade With Ki67 Index and p53 Mutation Rates

Ki67 p53

Grade N (%) Mean�SD P
�

N (%) Mean�SD P
�

1 15 (6.7) 23.2� 19.45 0.001 9 (7) 7.7� 17.15 0.14
2 127 (56.4) 30.9� 25.65 75 (57.7) 13.56� 21.1
3 83 (36.9) 45.84� 28.25 46 (35.4) 27.16� 35.04
Total 225 (100) 35.9� 27.34 130 (100) 17.97� 27.4
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between age and Ki67 expression (r¼�0.181 and P¼ 0.001)
were significant, whereas the correlations with p53mutation
were not significant (r¼ 0.91 and P¼ 0.19) (Table 6). Like-
wise, the correlations of p53 with the size of tumor and age were
not significant (r¼�0.084, P¼ 0.28 and r¼�0.064, P¼ 0.35,
respectively). There was an inverse correlation between age and
p53 mutation, but this correlation was not statistically signifi-
cant (Table 6). Analysis of the relationship between molecular
subtype and age showed that no significant relationship was
found between Luminal A subtype and patient’s age (P¼ 0. 41,
Fisher exact test); however, this type was more frequently
expressed in patients <50 years (76; 57.6%) compared with

�
P value: x2 test.
patients >50 years (56; 42.4%). No significant correlation was

found between triple negative and HER2 type with age
(P¼ 0.21 and P¼ 0.48, respectively, Fisher exact test).

DISCUSSION
Breast cancer is one of the most prevalent cancers in

women.6 Various factors affect the prognosis and relapse of
this disease; each type of breast cancer exhibits distinct beha-
vior, and whereas some types of breast cancer metastasize
quickly, others are slow to metastasize and for a few, distant
metastasis never occurs. The present study was therefore con-
ducted to examine the status of different prognostic and pre-
dictive factors in breast carcinoma subtypes and to elucidate the
interrelationships between these factors in order to identify
significant relationships between the factors themselves and
between the factors and the breast cancer types. One of the
prognostic factors is breast carcinoma histologic subtype. Inva-
sive ductal carcinoma and carcinoma in situ are the most
prevalent type of breast carcinomas.7,9 In our study similar
to other studies, the most common type of breast carcinoma was

invasive ductal carcinoma.1–3 In a statistical study conducted by
the UK cancer registry, breast cancer had 2 age peaks (1 in the
50–59 age group and the other in the 65–70 age group), but

TABLE 5. Correlation Between HER2/neu Status With Ki67 Index

Ki67

N (%) Mean�SD

Negative 235 (68) 33.10� 28.4
HER2/neu Borderline 68 (19.6) 36.01� 24.6

Positive 43 (12.4) 45.04� 26.3
Total 346 (100) 35.16� 27.7

�
P value: ANOVA test.
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stabilized for a period before increasing again from age 75.2

However, in our study, the majority of patients with breast
cancer were 1 decade younger than European countries.2 In a
study conducted in India, cases of breast cancer were mostly
younger than age 50 and it therefore appears that breast cancer
patients are younger in Asian countries than in European
countries.11 Studies conducted in other countries reported the
prevalence of carcinoma in situ as 15% to 20 %; the present
study reported the prevalence as 24%, which is in concordance
with preceding reports.7,9

ERs and PRs are both predictive and prognostic factors and
play a crucial role in the treatment of patients with breast
cancer.12,13 On the basis of the current study, invasive lobular
carcinoma had the highest frequency of ER expression, fol-
lowed by noninvasive tumors. As a result, although invasive
ductal carcinomas were more frequent, they behaved differently
in terms of their ER status, and those 2 carcinomas (lobular and
ductal) appear to respond better to hormone therapy. The lowest
frequency of ER and PR expression is related to the medullary
carcinomas, which is consistent with findings of other stu-
dies.4,14 In a study conducted by Li et al15 on the hormonal
status of patients with breast cancer, the highest frequency of
ER expression pertained to mucinous and invasive lobular
carcinomas, which was inconsistent with the findings of the
present study in which mucinous carcinomas had a lower
frequency of ER expression compared with lobular carcinomas.
In our study, carcinoma in situ had the highest and medullary
carcinoma the lowest frequency of PR expression, which might
suggest that in situ carcinomas progress very slowly under
hormone suppression therapy and it might even be possible
to prevent them from becoming invasive over time.4 In a study
conducted by Bae et al,16 however, the highest frequency of PR
expression pertained to mucinous carcinoma. On the basis of

literature review, mucinous or colloid carcinomas metastasize
later and are less likely to involve the lymph nodes at the
emergence of the tumor.17 Although 30% to 40% of medullary

and p53 Mutation

p53

P
�

N (%) Mean� SD P
�

9 0.033 135 18.55� 29.44 0.12
9 43 25.15� 30.27
5 29 12.27� 22.86
3 207 19.02� 28.92

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.



TABLE 6. Correlation Between Tumor Size, Age With Ki67
Index, and p53 Mutation

Ki67 p53

N P
�

N P
�

Tumor size 266 0.02 162 0.28
Age 351 0.01 211 0.35
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carcinomas were PR positive in the cited study,18 the present
study found only 11.5% of medullary carcinomas to express PR,
suggesting that the medullary cancer patients examined in the
present study are less likely to benefit from hormone suppression
therapy. HER2 receptors are on breast cells and normally control
their growth, division, and repair. In approximately 25% of breast
cancers, the HER2 gene amplified and the result is HER2/neu
overexpression that causes uncontrolled growth and division of
breast cells.15–17 Almost all of the high-grade in situ breast
carcinomas have a HER2/neu overexpression, but lobular carci-
nomas are less likely to demonstrate overexpression of HER2/
neu.18 In the present study, our patients had greater HER2/neu
overexpression compared with other studies as well as the highest
frequency of HER2/neu overexpression related to invasive ductal
carcinomas and the lowest frequency related to mucinous carci-
nomas, suggesting the higher invasiveness and greater aggres-
siveness of ductal carcinoma compared with other types. On the
basis of this study, it appears likely that invasive ductal carci-
nomas have a greater likelihood of lymph node involvement
compared with other types; however, this relationship was not
statistically significant, and our study is in line with the previous
published studies.19 Following invasive ductal carcinomas, car-
cinoma in situ had the highest frequency of HER2/neu over-
expression. In a study conducted by Latta et al, 50% to 60% of
noninvasive carcinomas had HER2/neu overexpression, and
given that HER2/neu overexpression in this group is associated
with a higher prevalence of local relapse.20 In our study, cases of
breast cancer with HER2/neu overexpression were mostly
younger than age 50; however, no significant relationships were
found between the 2 parameters. The present study was consistent
with other studies in that HER2/neu overexpression was mainly
observed in patients <50.21,22 In the present study, HER2/neu
overexpression increases with tumor grade, suggesting the higher
likelihood of HER2/neu expression at higher grade tumors,
thereby causing the tumors to be more invasive and more likely
to relapse. Similar studies also showed the increase in HER2/neu
overexpression with tumor grade.22,5

Another prognostic factor of breast cancer is tumor grade;
higher tumor grades are associated with an increased degree of
relapse, greater extent of involvement, and higher chance of
distant metastasis.23,24 In the present study, grade 2 tumors were
more prevalent than the other tumor grades (1 and 3), and
lobular carcinomas had the highest frequency of grade 2 tumors,
followed by invasive ductal carcinomas. The comparison of the
different types of carcinomas showed that medullary carci-
nomas had the highest frequency of grade 3 tumors, and
although high grade in appearance, this carcinoma acts as a
low-grade tumor that does not progress rapidly and involves

�
P value: Pearson correlation test.
regional lymph nodes to a lesser degree.25 The present study
showed a significant relationship between tumor grade and the
extent of lymph node involvement. The highest levels of lymph

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.
node involvement were observed in grade 3 carcinomas. More-
over, the present study showed that lobular carcinomas were
expressed with higher levels of lymph node involvement,
followed by invasive ductal carcinomas; and although medul-
lary carcinomas had a higher grade, their level of lymph node
involvement was lower compared with lobular and ductal
carcinomas; however, the difference was not statistically sig-
nificant. Among all types of carcinomas, tubular carcinomas
had the optimum grade (grade 1) and the lowest level of lymph
node involvement and are therefore accompanied by the best
prognosis and the least level of distant metastasis and local
relapse.25 Ki67 was considered as a prognostic factor; in
literature review high index labeled Ki67 is considered an
unfavorable factor that influences tumor progression and is
associated with poorer prognosis.26 In the present study, medul-
lary carcinomas had the highest rate of Ki67 expression,
followed by mucinous carcinomas, although both these carci-
nomas showed a lower degree of local relapse and lymph node
involvement compared with the other carcinomas. These 2
carcinomas showed a statistically significant difference with
the other types of carcinomas in their Ki67 status, although
higher levels of Ki67 indicate the invasive nature of the tumor
and entail a worse prognosis. A significant relationship was also
found between Ki67 and tumor grade, as tumors with higher
grades have higher levels of cell proliferation and are con-
sequently more invasive than the other grades; these findings
were consistent with the findings of other studies.27,28 In the
present study, tumors with higher Ki67 expression showed a
higher HER2/neu overexpression as well; this correlation may
be used to predict the biological behavior of breast cancer. This
study also showed that Ki67 expression decreased as the
patient’s age increased, demonstrating that Ki67 expression
is higher and the tumor is more invasive in younger patients.
This result was consistent with the results obtained by Vasseur
et al,27 who found Ki67 expression to be higher in younger
patients compared with older patients. Although no significant
relationships were found between the level of Ki67 expression
and lymph node involvement in the present study, a positive
relationship was observed between the mean level of Ki67
expression and involved lymph nodes. This result indicates
that higher percentages of Ki67 expression result in more
involved lymph nodes, making lymph node involvement a
key issue to be considered in the case of Ki67-positive cells.
Ki67 expression thus affects the prognosis of breast cancer
along with other factors, including the size and grade of tumor;
however, it is not significantly effective in and by itself. The last
potential predictive/prognostic parameter examined in the pre-
sent study was p53 mutation status. Various reports have out-
lined the role of p53 in the progression of breast carcinoma.28 In
our study, although mucinous tumors had the highest p53
mutation, no statistically significant differences were observed
between the different types of carcinomas in this regard.
However, p53 mutation increased significantly with the grade
of the tumor, as the highest p53 mutation was observed in grade
3 tumors. The pairwise comparisons also showed no significant
relationships between p53 status and lymph node involvement
and HER2/neu overexpression. On the basis of the calculated
correlation coefficient, the size of tumor and age did not
significantly correlate with p53 mutation; however, p53 showed
an inverse correlation with age. Nevertheless, Kim et al28

concluded that with the increase in p53 mutation, tumors

Correlation Between Molecular Markers in Breast Carcinoma
become more invasive and p53 mutation should be considered
a negative predictor, yet there are still ambiguities in the routine
evaluation of this factor in the different types of breast cancer.
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Literature review revealed that the Luminal A subtype was the
most frequent subtype, and HER2 type with Basal-like type was
the least; however, our study was not in line with these previous
reports.29,30 Recent studies have focused on molecular subtypes
of breast carcinomas, and hope to be useful in management and
treatment of these lesions.30,31 In previous studies, the Luminal
A group correlated with low-grade tumors and had better
prognosis compared with others; however, in the present study
no significant correlation was obtained between molecular
subtype and grade of tumors.30,31

CONCLUSION
Breast cancer patients with higher Ki67 expression showed

more HER2/neu overexpression, and these cancers may be
identified as aggressive tumors. Moreover, in young patients
with breast carcinoma, the rates of Ki67 with overexpression of
HER2/neu and p53 mutation were higher, and it is shown to be
indicative of a more invasive tumor and a higher frequency of
metastasis. However, p53 mutation was seen with higher tumor
grades, but no significant correlation was obtained between its
status and lymph node involvement, so its role in the pro-
gression of tumors remains unclear.
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7. Baulies S, Cusidó M, González-Cao M, et al. Hormone receptor and

HER2 status: the only predictive factors of response to neoadjuvant

chemotherapy in breast cancer. J Obstet Gynaecol. 2014:1–5[Epub

ahead of print].

8. Barnard ME, Boeke CE, Tamimi RM. Established breast cancer risk

factors and risk of intrinsic tumor subtypes. Biochim Biophys Acta. 2015;

1856:73–85doi: 10.1016/j.bbcan.2015.06.002. [Epub ahead of print].

9. Robinson D, Holmberg L, Moller H. The occurrence of invasive

cancers following a diagnosis of breast carcinoma in situ. Br J

Cancer. 2008;99:611–615.

10. Glover JA, Bannon FJ, Hughes CM, et al. Increased diagnosis and

detection rates of carcinoma in situ of the breast. Breast Cancer Res

Treat. 2012;133:779–784doi: 10.1007/s10549-012-1975-y.

11. Khokhar A. Breast cancer in India: where do we stand and where do

we go? Asian Pac J Cancer Prev. 2012;13:4861–4866.

Shokouh et al
molecular subtypes of breast cancer with clinicopathological fea-

tures. J Ayub Med Coll Abbottabad. 2014;26:290–293.

6 | www.md-journal.com
13. Salmen J, Neugebauer J, Fasching PA, et al. Pooled analysis of the

prognostic relevance of progesterone receptor status in five German

cohort studies. Breast Cancer Res Treat. 2014;148:143–151.

14. Leonard GD, Swain SM. Ductal carcinoma in situ, complexities and

challenges. J Natl Cancer Inst. 2004;96:906–920.

15. Li CI, Uribe DJ, Daling JR. Clinical characteristics of different

histologic types of breast cancer. Br J Cancer. 2005;93:1046–1052.

16. Bae SY, Choi M-Y, Cho DH, et al. Mucinous carcinoma of the

breast in comparison with invasive ductal carcinoma: clinicopatholo-

gic characteristics and prognosis. J Breast Cancer. 2011;14:

308–313.

17. Liao GS, Chou YC, Hsu HM, et al. The prognostic value of lymph

node status among breast cancer subtypes. Am J Surg.

2015;209:717–724.

18. Huober J, Gelber S, Goldhirsch A, et al. Prognosis of medullary

breast cancer: analysis of 13 International Breast Cancer Study

Group (IBCSG) trials. Ann Oncol. 2012;23:2843–2851.

19. Han K, Nofech-Mozes S, Narod S, et al. Expression of HER2neu in

ductal carcinoma in situ is associated with local recurrence. Clin

Oncol (R Coll Radiol). 2012;24:183–189.

20. Latta EK, Tjan S, Parkes RK, et al. The role of HER2/neu

overexpression/amplification in the progression of ductal carcinoma

in situ to invasive carcinoma of the breast. Mod Pathol.

2002;15:1318–1325.

21. Seo BK, Pisano ED, Kuzimak CM, et al. Correlation of HER-2/neu

overexpression with mammography and age distribution in primary

breast carcinomas. Acad Radiol. 2006;13:1211–1218.

22. Hoff ER, Tubbs RR, Myles JL, et al. HER2/neu amplification in

breast cancer: stratification by tumor type and grade. Am J Clin

Pathol. 2002;117:916–921.

23. Soerjomataram I, Louwman MWJ, Ribot JG, et al. An overview of

prognostic factors for long-term survivors of breast cancer. Breast

Cancer Res Treat. 2008;107:309–330.

24. Rakha EA, El-Sayed ME, Menon S, et al. Histologic grading is an

independent prognostic factor in invasive lobular carcinoma of the

breast. Breast Cancer Res Treat. 2008;111:121–127.

25. Zhang J, Wang Y, Yin Q, et al. An associated classification of triple

negative breast cancer: the risk of relapse and the response to

chemotherapy. Int J Clin Exp Pathol. 2013;6:1380–1391.

26. Wang B, Wang X, Wang J, et al. Expression of Ki67 and

clinicopathological features in breast cancer. Zhonghua Zhong Liu

Za Zhi. 2014;36:273–275.

27. Vasseur F, Baranzelli MC, Fournier C, et al. Ki67 in young patients

with breast cancer. Gynecol Obstet Fertil. 2013;41:16–19.

28. Kim HW, Lee HM, Hwang SH, et al. Patterns and biologic features

of p53 mutation types in Korean breast cancer patients. J Breast

Cancer. 2014;17:1–7.

29. Feeley LP, Mulligan AM, Pinnaduwage D, et al. Distinguishing

luminal breast cancer subtypes by Ki67, progesterone receptor or

TP53 status provides prognostic information. Mod Pathol.

2014;27:554–561.

30. Maisonneuve P, Disalvatore D, Rotmensz N, et al. Proposed new

clinicopathological surrogate definitions of luminal A and luminal B

(HER2-negative) intrinsic breast cancer subtypes. Breast Cancer

Res. 2014;16:R65.

Medicine � Volume 94, Number 32, August 2015
12. Akbar M, Akbar K, Naveed D. Frequency and correlation of
 31. Weigelt B1, Horlings HM, Kreike B, et al. Refinement of breast

cancer classification by molecular characterization of histological.

J Pathol. 2008;216:141–150.

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.


	Interrelationships Between Ki67, HER2/neu, p53, ER, and PR Status and Their Associations With Tumor Grade and Lymph Node Involvement in Breast Carcinoma™Subtypes
	INTRODUCTION
	METHODS
	Statistical Tests and Analyses

	RESULTS
	DISCUSSION
	CONCLUSION


