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Abstract
Background: There are believed to be several risk factors affecting the prognosis
of breast cancer through their effect on the growth rate of tumour. In the present
study, we investigated estrogen receptor (ER), progesterone receptor (PR), human
epidermal growth factor receptor 2 (HER2), Ki-67, and tumor protein P53 (TP53) as
well-known biomarkers, particularly in breast cancer prognosis, associated with age.
Method: In a case-control study, 406 breast cancer patients were considered retrospectively. In order to extract the clinical and pathologic data, we employed the
patients’ records. The extracted information was compared between two groups: for
patients under 40 (group I) and above 40 years of age (group II). Herein, the researchers
performed statistical analysis using SPSS Ver16.
Results: The most prevalent type of cancer in both groups was found to be invasive
ductal carcinoma. The major method of treatment was modified radical mastectomy.
According to our observations, grade 3 breast cancer was more common in group I.
Lymph node involvement significantly increased in group I, while oestrogen and
progesterone receptor expressions were less in this group. HER2, TP53, and Ki-67
oncogenes were overexpressed in group I compared with group II.
Conclusion: Expression of HER2, TP53, and Ki-67 biomarkers and a reduction
in the number of hormonal receptors in younger patients (<40YO) indicated that
breast cancer might be more invasive in younger women with breast cancer and
therefore, they might have poorer prognosis and less favourable outcomes.
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Introduction
Breast cancer is known as one of the most
fatal diseases worldwide, which is the cause of
the majority of female tumours all over the world.1
Global statistics demonstrate that the annual
incidence of breast cancer is growing further in
those countries where there have not been many
cases of breast cancer, Iran for instance.2 Based
on the reports from the Ministry of Health and
Medical Education (MOHME), cancer is a major
public health problem in Iran. Additionally, this
type is the most common cancer among Iranian
women with an age-standard incidence rate of
28.1 per 100000 population. 3 Despite the
moderately low incidence of breast cancer in Iran,
its cause-specific mortality is far higher compared
with developed countries.4 Results of certain
studies suggested that breast cancer affects Iranian
women at least one decade earlier compared to
women from other countries.1, 5
Many researchers have indicated that breast
cancer in younger age groups have more
aggressive behaviours with a higher rate of
mortality, lower specific surveillance, and worse
prognosis.6, 7 There are several risk factors that
influence the prognosis and outcome of breast
cancer in patients such as: hormonal receptors
level, oncogenes, and tumour suppressor genes
expression that could affect the growth rate of
tumour. One of the important markers related to
receptors in breast cancer is human epidermal
growth factor receptor 2 (HER2). HER2 is a
known cancer oncogene, particularly in breast
cancer, with its positivity being critical to
determine the appropriate treatment. The
overexpression of HER2 as a tumour marker
influences the biological behaviours of cancer
including: cell proliferation, prognosis, response
to treatment, and the risk of recurrence.8 Ki-67,
another marker, is an oncogene mostly utilized
as a diagnostic marker in various cancers; its
expression reveals the cellular proliferation rate
and is often associated with the clinical course
of cancer.9 The final marker is tumor protein P53
(TP53) that is recognized as a tumour suppressor
key gene in the cell cycle regulation, genomic
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stabilization, DNA repair, apoptosis facilitation,
cellular senescence, and telomere attrition.10, 11
Previous studies have indicated that the TP53
mutation has a pivotal role in primary stages of
breast cancer due to the loss of normal tumour
suppression role, which may contribute to more
aggression, poorer prognosis, and mortality.10, 12
The presence of estrogen receptor (ER) is another
main prognostic indicator for surveillance. ER
negative tumours are non-responsive to
antioestrogen therapy and account for a more
aggressive clinical course.13 Studies demonstrated
that the combination of these risk factors is more
critical than one factor.14
Thus, in this study, we examined all these risk
factors at the same time to investigate the
prognosis and progression aspect of tumour based
on genetic risk factors in under and above 40year-old patients in an Iranian population.

Material and Methods
Patients and samples
The study protocol was approved by the Ethics
Committee of Mashhad University of Medical
Sciences. In a case- control study, 406 breast
cancer patients referred to the oncology
department of teaching hospitals affiliated with
Mashhad University of Medical Sciences,
Mashhad, Iran, between 2001 and 2012. The
patients were screened retrospectively for
prognostic factors including HER2, TP53, Ki67, ER, progesterone receptor (PR) and classified
in two categories, including the groups of patients
under and above the age of 40 years.
We extracted the clinical parameters including
age and sex, and pathological information
comprised of type of the tumour, ER, PR, HER2
receptor, Ki-67, and TP53 status and the stage of
the disease from medical records for all the
subjects. We employed immunohistochemistry
method to characterize the tumor markers,
according to the standard protocols. The values
of zero and +1 were considered negative and +3
was considered positive for HER2 evaluation. In
addition, we analysed +2 samples again with
FISH method to define the status of the marker.
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Table 1. Comparison of tumour properties in two different age groups (<40 & ≥40 years)

Characteristics

Age ≥40
N=296
N
%
151
51
90
30.4
55
18.6

P-value

Stage

Early stage (I & II)
Late stage (III & IV)
Unstaged

Age <40
N=110
N
%
61
55.5
36
32.7
13
11.8

Tumor subtype

Ductal
Lobular
Medullary
Other
Missing

86
5
6
5
8

78.2
4.5
5.5
4.5
7.3

233
15
11
13
24

78.7
5.1
3.7
4.4
8.1

0.891

ER

Positive
Negative

48
62

43.6
56.4

177
119

59.8
40.2

0.004

PR

Positive
Negative

48
62

43.6
56.4

156
140

52.7
47.3

0.104

HER2

Positive
Negative

44
66

40
60

111
185

37.5
62.5

0.645

Triple negative
(ER-/PR-/HER2-)

Positive
Negative

35
75

31.8
68.2

58
238

19.6
80.4

0.009

TP53

Positive
Negative

52
58

47.3
52.7

145
151

49
51

0.759

Ki-67

Positive
Negative
Unknown/not done

42
8
60

38.2
7.3
54.5

114
47
135

38.5
15.9
45.6

0.063

0.968

ER: Estrogen receptor, PR: Progesterone receptor, HER2: Human epidermal growth factor receptor 2, TP53: Tumor protein p53

In addition, hormone receptors with expression
above 1% were reported as positive and otherwise
negative. Ki-67 was considered to be positive
provided that the percentage of stained tumour
cells was more than 20%.
Statistical analysis
We carried out the analysis of all the data using
SPSS software (version 13). Chi-square was
utilized to compare the prognostic factors and
age categories. A P value less than 0.05 were
considered to be statistically significant.
Additionally, we performed a statistical test (ChiSquare Test) in order to discover the relationship
between HER2 and Ki-67 expression and results.

Result
In the current work, the authors considered
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406 breast cancer patients for prognostic factors,
including HER2, TP53, Ki-67, ER, and PR in
this study (Table 1). The mean age at diagnosis
of patients was 47.7±11.6 (SD) years. All the
patients were classified based on their age; 110
patients were under 40 years old (group I) and
296 patients were over 40 (group II). The most
common type of tumour was found to be invasive
ductal carcinoma (78.6%) and the most common
surgery method was modified radical mastectomy
(84.0%). The most prevalent stage in both groups
was stage II with percentages of 49.1% and 43.9%
nodes in groups I and II, respectively. The mean
number of involved lymph nodes in groups I and
II was 3.57 and 3.42, respectively, with no
statistically significant difference (P=0.817).
ER expression was 43.6% in group I and 59.8%
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Table 2. Expression of different biomarkers in patients with different age groups: HER2 vs. TP53; TP53 vs. Ki-67 and HER2 vs. Ki-67

HER2

Group
status
Positive
N (%)
Negative
N (%)
Total
N (%)

TP53
Age <40 years old
Positive
Negative

Age ≥ 40 years old
Positive
Negative

18 (40.9%)

26 (59.1%)

57 (51.4%)

54 (48.6%)

34 (51.5%)

32 (48.5%)

88 (47.6%)

97 (52.4%)

58 (52.7%)

145 (49.0%)

52 (47.3%)

P value

TP53

0.05
Group
status
Positive
N (%)
Negative
N (%)
Total
N (%)

Ki-67
Age <40 years old
Positive
Negative

Age ≥ 40 years old
Positive
Negative

28 (87.5%)

4 (12.5%)

71 (78.9%)

19 (21.1%)

14 (77.8%)

4 (22.2%)

43 (60.6%)

28 (39.4%)

8 (16.0%)

114 (70.8%)

42 (84.0%)

P value

HER2

P value

>0.05
Group
status
Positive
N (%)
Negative
N (%)
Total
N (%)

151 (51.0%)
>0.05

47 (29.2%)
0.011

Ki-67
Age <40 years old
Positive
Negative

Age ≥ 40 years old
Positive
Negative

18 (85.7%)

3 (14.3%)

48 (80.0%)

12 (20.0%)

24 (82.8%)

5 (17.2%)

66 (65.3%)

35 (34.7%)

8 (16.0%)

114 (70.8%)
47 (29.2%)
0.048

42 (84.0%)
>0.05

HER2: Human epidermal growth factor receptor 2, TP53: Tumor protein p53.

in group II, which was significantly different
(P=0.004). PR positive patients were 43.6% and
52.7%, respectively in group I and II, and the
difference was not statistically significant
(P=0.104). HER2 expression in group I (40%)
was more than group II (37.5%), yet not
significantly different (P=0.645). We also assessed
the triple negative (TNBC) form of ER, PR and
HER2 combination, the results of which are
represented in table 1. The frequencies of triple
negative patients were different in group I (31.8%)
compared with group II (19.6%) (P=0.009).
The level of TP53 expression in patients under
40 years old was 47.3% and 49% in 40 or above
40-year-old patients (P=0.759). Unfortunately,
only 211 patients had Ki-67 test results, among
whom 38.2% were reported to be positive in
group I and 38.5% in group II, with no significant
272

difference between the groups (P=0.063).
Categorization using HER2 and Ki-67 revealed
a significant difference in patients who were 40
or over 40 (P=0.048) but not in group I (P>0.5).
This difference was also significant (P=0.049)
in all the patients, regardless of their age. We
came to a similar result concerning mutation of
TP53 and Ki-67 (P=0.368, for group I and
P=0.011, for group II). Regardless of age
classification, the difference of these two recent
factors was significant among all the patients
(P=0.005). The results are represented in table 2.

Discussion
According to our findings, the evaluation of
the major breast cancer biomarkers in this research
indicated that ER and PR expressions were less
and HER2, TP53, and Ki-67 oncogenes were
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more in breast cancer patients younger than 40
years of age.
The number of lymph nodes is an important
factor to determine the recurrence and outcome
of malignancy.15 Lymph node status and stage at
the time of diagnosis are major factors to
determine breast cancer survival. Our results
showed that the mean number of involved lymph
nodes is higher in group I compared with group
II. Furthermore, younger patients were more likely
to be of higher stages. However, there was no
significant difference between the two groups.
These findings could be reasons for a worse
prognosis in younger patients. It is also worth
mentioning that in Iran, there is no national
screening program for breast cancer. Therefore,
most of the patients are diagnosed at more
advanced stages of breast cancer.
The results of our work indicated that the
frequency of TNBC is about 23%. The incidence
of TNBC varies in racial or ethnic origin groups
at all ages. A study reported that the prevalence
of TNBC is 83.3% in Ghanaian women compared
with 41.9% in African- American and 15.4% in
white American women.16 In our study triple
negative cases were found to be more common
in the younger group (less than 40 years of age;
P=0.009). Previously, we mentioned that an
increased risk of TNBC is attributed to young
age at diagnosis [OR for 20-39 years: 1.77, 95%
CI (1.18-2.64)].17 This could reflect a poorer
prognosis, aggressive behaviour and lack of
targeted therapy effectiveness.
While HER2/neu overexpression commonly
occurs in 25-30% of breast carcinomas, our
outcome indicated that the rate of HER2 positive
cases is about 38%. Moreover, we found that
HER2 positive status is more likely to be observed
in a younger group, which was consistent with
previous studies.18, 19 Based on more aggressive
behaviour of tumour in younger patients,20 it is
deducted that HER2 could improve the biological
course of breast cancer. Recent studies also point
out that HER2 overexpression in young breast
cancer patients demonstrates direct correlation
with the grade of the tumour. This is also due to
ER absence and wider necrosis areas in
Middle East J Cancer 2021; 12(2): 269-275

histological samples.21 It is similarly demonstrated
that HER2 expression is an indicator for extension
of lymph nodes involvement and a higher risk of
recurrence, as well as the more aggressive
behaviour of tumour.22
TP53 mutation distribution is varied from 17
to 88% depending on molecular subtypes.23 There
are certain data implying that TP53 nuclear
accumulation augments the probability of higher
metastasis and bad prognosis. In our study, TP53
nuclear accumulation was 47.3% in young patients
compared to 49% in older patients with no
significant difference. Other researchers reported
different rates of TP53 mutation based on age
categories. Results of these studies expressed that
TP53 mutation is not varied in different age
categories.24 There are; however, few studies on
the incidence of TP53 positive that is slightly
higher in younger patients due to higher grads of
tumor.25
As indicated previously, there was a significant
association between HER2 overexpression and
the accumulation of nuclear TP53. 26 The
coexistence of TP53 and HER2 accumulation
seems to be a strong prognostic marker for breast
cancer. 27 This phenotype can trigger poor
prognosis. This phenotype was higher in the
patients younger than 40 (Table 2). On top of
that, the results showed that 18% of cases are
HER2 and TP53 positive, which is in accordance
with the similar reports in Egyptian breast cancer
patients.26
The frequency of high Ki-67 has been reported
55.6% in an Iranian population.28 In this work,
the frequency of Ki-67 positive was 74%, which
was similar in young and old patients. According
to the results, we could observe a high level of
Ki-67 in younger patients demonstrating more
aggressive behaviour of tumour in younger
patients. This finding is consistent with other
published reports of higher Ki-67 overexpression
in young breast cancer patients.29 There is a report
expressing that tumour proliferation is lower in
primary breast cancer patients over 65 years old;
however, no difference has yet been seen between
36-50 and 50-65 years age categories in the Ki67 index values.30
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In this study, we found that TP53/Ki-67 positive
samples were mostly in group II (>40 years old)
but there was no significant difference between
the two groups (Table 2). HER2/Ki-67 positive
status was also similar in the two groups of age
(Table 2). According to certain studies, the
existence of these tumour markers might be
attributed to a more critical condition. Reports
also show that these conditions are mostly
observed in young patients.29 Limited sample
size, methods of laboratory analysis, different
types of breast cancer, genetic background, and
other involved risk factors that affect a patient's
condition are amongst factors that may cause
controversial results.
We acknowledge that there were also certain
limitations in our study. All the patients were
those who referred to the hospital on a case series
basis. On the other hand, the retrospective design
of the study, missing data with no chance to get
them completed, and possible recall bias might
also be regarded as other possible limitations. In
addition, HER2/neo information was based on
IHC not FISH/CICH assays. However, there is a
prevalent notion that indicates overall survival
and progression free survival may help better
understand the value of different prognostic factors
in breast cancer patients. This study sought the
age related changes in tumour marker expressions
in our population.
In conclusion, due to lack of a national
screening program, it is more likely that breast
cancer patients present at an advanced stage.
Breast cancer in younger women may be more
invasive. Higher rate of TNBC, as well as higher
expression of HER2, TP53, and Ki-67 biomarkers
might be indicative of poorer prognosis and less
favourable outcomes.
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