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INTRODUCTION
Breast cancer is the most commonly diagnosed cancer among 
women world-wide. The incidence and mortality age-standardised 
rates are 31.3% and 14.9%, respectively in the lower Human 
Development Index (HDI) regions including India [1]. As per 
Globocan 2018, in India, the number of new breast cancer cases in 
2018 is 1,62,468 (27%) among 5,87,249 new cases of all cancers 
in females [1]. The number of projected cases for breast cancer in 
India for 2020 is 1,79,790 [2]. The diverse molecular characteristics 
of breast cancer cause differences in prognoses, patterns of 
recurrence and sensitivity to therapies [3-5]. In addition to the 
traditional gold standard, histopathological characterisation of the 
primary tumour and regional lymph nodes, the latest cancer staging 
manual [5] has endorsed the documentation of several biomarkers 
at the time of initial diagnosis of breast cancer including histologic 
grade, Hormone Receptor (HR) status and HER2, Ki-67/mitotic 
count. These biomarkers influence prognosis and probability of 
response to systemic therapies [3,6].

Ki67 index assessment by IHC is the current assay of choice for 
proliferation analysis [7-10]. Assessment of Ki67 status in breast 
cancer has a potential role in standard clinical practice as a 
prognostic and predictive marker [8,11-13]. It is identified that Ki67 
expression corresponds linearly with tumour progression [9,14]. The 
International Ki67 Working Group recommends the use of Ki67 status 

in the context of clinicopathological factors and IHC biomarkers (ER, 
PR, HER2) [13]. Studies support the view that Ki67 is continuous 
marker, considering the continuous disparity of the proliferation rate 
in different tumours depending on cohort characteristics, molecular 
subtype and clinical setting. High and low values of Ki67 are 
reproducible and clinically useful; however no “optimal” cut-point 
[12,15] or a standard operating procedure [5] is available and one 
should stop looking for it [12,15]. The International Ki67 Working 
Group, considered the Ki67 scoring in three categories <10%, 10-
20%, and >20% and showed a very strong inter-observer agreement 
on cases with scores <10% and >20% than the intermediate range 
of 10-20% [13]. Due to inter-observer variance and intra-tumoural 
heterogeneity, the standardisation of intermediate levels of Ki67 is 
difficult; St Gallen guidelines state that intermediate proliferation rate 
should not be used for clinical decisions [12,16].

Tumour Protein 53 (TP53) is a tumour suppression gene that 
encodes p53 [17], a transcription factor implicated in the cell cycle 
regulation, DNA integrity, cellular aging, apoptosis, autophagy, 
mitotic catastrophe, and angiogenesis [18]. In the spectrum of 
somatic TP53 mutations identified in breast cancer in a meta-
analysis [19] and also reported by TP53 mutations database [20], 
the most common are point mis-sense mutations [17,19,20]. The 
p53 IHC staining is based on the fact that the mutant protein is 
stabilised and thus accumulates in the nucleus of malignant cells, 
enabling its detection [19,21-23]. Lower IHC sensitivity (72%) 
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ABSTRACT
Introduction: The conventional Immunohistochemical (IHC) 
biomarkers used to assess breast cancer patients include 
Hormone Receptor (HR) status and HER2 status. IHC analysis 
of Ki67 is useful to stratify the HR-positive tumours into good 
and bad prognosis categories; p53-status can identify patients 
likely to respond to chemotherapy.

Aim: To evaluate the IHC status of Ki67 and p53 in invasive 
primary breast carcinoma and to assess their relationship with 
HR status, HER2 status and clinico-pathologic factors.

Materials and Methods: This observational study conducted 
between August 2014 to April 2016 included fifty patients 
with invasive primary breast carcinoma comprising 48 ductal 
carcinoma, No Special Type (NST) and two mucinous carcinoma 
cases. Patients treated with neoadjuvant therapy were excluded 
from the study. The IHC analyses for ER, PR, HER2, Ki67 and p53 
status were done on paraffin-embedded tissue sections. The Ki67 
and p53 statuses were correlated with the clinicopathological 
parameters and ER, PR, HER2 status. Based on their IHC 
profiles, the tumours were classified into clinically defined-
treatment oriented subtypes. The association between the 

clinicopathological parameters and positivity of IHC biomarkers 
were analysed using Chi-square test and Fisher’s-exact test. The 
p-value was calculated to ascertain a statistical significance.

Results: The 50 cases analysed comprised 54% post-
menopausal and 46% premeno-pausal patients. Luminal 
cancers constituted 46% followed by 30% HER2- like and 24% 
basal-like tumours. Molecular subtypes showed significant 
correlation with age, menopausal status, and histologic grade. 
Ki-67 showed significant correlation with grade, HER2 status 
and molecular subtypes. p53 showed significant correlation 
with menopausal status and nodal status. The combined Ki67-
p53 status showed a significant correlation with menopausal 
status, grade, nodal status and HER2 status of the HR-positive 
tumours.

Conclusion: The inclusion of Ki67 in the routine breast IHC 
panel, facilitates the subtyping of breast cancers into therapy 
oriented surrogate molecular subtypes. Further, when compared 
to Ki67 alone, the Ki67-p53 combination will provide even 
better cost-effective, predictive and prognostic information for 
the routine clinical management of breast cancers, especially 
for the HR-positive tumours.
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respectively. Lymphoid follicles of appendix tissue were used as 
positive control for Ki67. The negative control sections were made 
by excluding the respective primary antibody. The results were 
assessed and scored independently by two pathologists, and 
cases with disparate scores were re-evaluated and discussed until 
a consensus was reached.

IHC staining for ER, PR, HER2 and Ki67 was carried out using Ventana 
automated IHC slide staining device (Ventana Medical Systems) 
following the manufacturer’s guidelines. The reaction was visualised 
by ultraView Universal DAB detection kit comprising multimer 
HRP (Horse-radish Peroxidase) labelled secondary antibody and 
DAB chromogen. Ventana rabbit monoclonal Ready To Use (RTU) 
primary antibodies, clone SP1, IE2 and 4B5 were used for ER, PR 
and HER2, respectively. Ki67 antigen was identified using mouse 
monoclonal anti-Ki67 antibody, RTU, clone GM001, PathnSitu. The 
IHC assay for p53 antigens was performed with Dako Autostainer 
Link 48 using mouse monoclonal anti-p53 antibody, RTU, clone 
DO-7, Dako. The reaction was visualised by EnVision FLEX, High 
pH (Link) comprising polymer HRP labelled secondary antibody.

IHC Evaluation
The ER and PR slides were scored for both intensity (0-3) and 
%-positivity (0-5) of nuclear staining and with a total score classified 
as ER+ or ER- and PR+ or PR- as per the Allred system and ASCO/
CAP guideline recommendations [40]. ASCO/CAP guidelines 
[41] were followed to determine the HER2 status. The slides were 
scored on a scale of 0 to 3+ for membrane staining pattern; reflex 
testing with FISH (Fluorescent in-situ hybridization) was ordered 
for cases with 2+ (equivocal) score. For Ki67 evaluation, the entire 
invasive tumour area was analysed under high power (400x) and 
a range of 500-1000 tumour cells (depending on the cellularity) 
were counted manually [7,8]. Ki67 score was calculated as the 
percentage of total number of invasive tumour cell nuclei positively 
stained, divided by the total number of invasive tumour cell nuclei 
counted across all fields [8,13,27]. Staining for Ki67 antigen was 
considered positive when there was any brown stain in the tumour 
nuclei [7] above background and negative when the tumour nuclei 
showed only a blue counter-stained nucleus [13]. The Ki67 score 
was categorised as negative (<20%), and positive (≥20%) [42]. For 
interpretation of p53 IHC staining, a visual score of 10% or more 
nuclear stain positivity irrespective of intensity in invasive tumour cells 
was defined as positive [6,8,30,31,34]. Based on the expression of 
ER, PR, HER2 and Ki67, the cases were categorised into surrogate 
molecular subtypes as follows: Luminal Like (HR-positive and HER2-
negative: Luminal A-like, Luminal B-like), HER2-Like (HER2 positive 
and HR negative or HER2 positive and HR positive) and Basal-Like 
(Triple negative: ER, PR, HER2 negative) [5,15]. Luminal cases were 
stratified into A-like and B-like depending on the Ki67-low and high 
values respectively. The HR-positive cases were categorised into 
‘favourable’ (Ki67-low and p53-negative) and ‘unfavourable’ (Ki67-
low and p53-positive, Ki67-high and p53-negative, Ki67-high and 
p53-positive) phenotypes [8].

STATISTICAL ANALYSIS
Distribution of the markers ER, PR, HER2, Ki67 and p53 expression in all 
cases of breast carcinoma, along with clinico-pathological parameters 
were expressed as percentage/proportion using descriptive statistics. 
Association between IHC expression of Ki67 and p53 and the status 
of the IHC markers ER, PR, HER2 and various clinico-pathological 
parameters such as age, menopausal status, tumour size, histologic 
grade, nodal status, were correlated using Chi-square test or Fisher’s-
exact test. The p-value was calculated to ascertain a statistical 
significance. A p-value of <0.05 was considered statistically significant.

RESULTS
The distribution of clinico-pathological characteristics of the 50 patients 

and specificity (92%) to detect p53 mutations, as compared with 
sequencing of cDNA is attributed to the rare TP53 mutations (about 
20%) leading to protein truncation and thus not identifiable by IHC 
[24]. As per the College of American Pathologists Consensus 1999, 
optimal methodology does not exist for either molecular or IHC 
assays [25]. Due to the time and cost involved in the sequencing 
of TP53 gene, IHC is the most practical and prevailing modality to 
detect p53 mutations [6,18].

Although gene expression profiling is commercially available to 
define the molecular sub-types, inaccessibility and high cost 
precludes its use in routine diagnostics [5,15]. IHC evaluation of ER, 
PR, HER2 and Ki67 status in combination with Nottingham Grading 
System (NGS) forms the backbone to classify breast cancers into 
surrogates of the genetically defined subtypes [5,26]. Many studies 
[9-11,14,26-29] have analysed and reported the relationships of 
these biomarkers with one another; whereas p53 status is not a 
standard parameter assessed in breast carcinoma. Few studies 
[30-34] have analysed p53 status along with traditional parameters, 
however there is paucity of literature [8,35] with respect to the 
analysis of combined Ki67-p53 status in breast carcinoma. The 
present study was conducted to analyse Ki67 and p53 status in 
breast carcinoma; their relationship with traditional immuno-markers 
and clinico-pathological characteristics. An attempt to further stratify 
the HR positive breast carcinomas into favourable and unfavourable 
phenotypes based on the combined Ki67-p53 status was made.

MATERIALS AND METHODS
This was an observational study conducted at Vydehi Institute of 
Medical Sciences and Research Centre between August 2014 to 
April 2016. Ethical clearance for the study was obtained from the 
Institutional Ethics Committee (VIMS and RC/IEC/011/2014-15).

Inclusion criteria: All newly diagnosed female breast cancer 
patients of all age groups with histological diagnosis of invasive 
carcinoma were included for the study.

Continuous sampling method was adopted. The sample size was 
determined using the following formula:

n=z2p (1-p)/d2,

where n=sample size.

Using z=Z score for 95% confidence level, p=population proportion 
of p53, 15% as reported by Hill KA et al., [36] and d=margin of error, 
0.1 the sample size was calculated to be a minimum of 49. A total 
of 50 consecutive cases were enrolled for the study.

The clinical characteristics of these cases including age of patient, 
age at menarche and menopausal status were obtained from the 
case files.

Exclusion criteria: The cases undergoing or started with treatment 
and having pathological complete response or clinical partial 
response were not included in the study.

The surgical specimens were fixed in 10% buffered formalin, 
routinely processed, paraffin-embedded and the sections were 
stained with haematoxylin and eosin stain. The final diagnosis of 
the tumour histotype was made in accordance with World Health 
Organisation classification of breast tumours [37]. The tumours 
were graded according to NGS [38,39].

Immunohistochemistry
IHC evaluation of the markers ER, PR, HER2, Ki67 and p53 
were done on representative histologic sections. Quality control 
was ensured by evaluation of appropriate known positive control 
and negative control run for each batch of all the markers. For 
ER and PR, normal breast duct epithelia when present in the 
sections were used as internal positive controls and uterine cervix 
was used as external positive control. For HER2 and p53, the 
positive controls used were, known case of invasive carcinoma, 
NST tumour with HER2 amplification and p53 overexpression 
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included in this study are summarised in [Table/Fig-1]. Representative 
images of IHC staining for the markers analysed in this study are 
shown in [Table/Fig-2-4]. In 7 cases, the IHC HER2 testing result was 
2+ (equivocal); for these cases reflex testing with FISH was ordered 
on the same specimen and two turned out positive. Of the 50 cases, 
33 were HR positive (ER/PR positive) including 23 Luminal-like and 
10 HER2-like. Depending on Ki67 value, the 23 Luminal type were 

Characteristics
Pre-menopaus-
al n=23 (46%)

Post-menopaus-
al n=27 (54%)

Number 
of cases 
n=50 (%)

Median age, years (Range) 55 (30-70)

Histological type

Invasive carcinoma, NST 23 (46) 25 (50) 48 (96)

Mucinous carcinoma 0 (00) 2 (04) 2 (04)

Tumour grade

G1 3 (06) 3 (06) 6 (12)

G2 15 (30) 19 (38) 34 (68)

G3 5 (10) 5 (10) 10 (20)

pT stage (cm)

T1 (≤2) 3 (06) 2 (04) 5 (10)

T2 (>2 ≤5) 9 (18) 15 (30) 24 (48)

T3 (>5) 10 (20) 9 (18) 19 (38)

T4 (any size*) 1 (02) 1 (02) 2 (04)

Nodal status

Negative 9 (18) 10 (20) 19 (38)

Positive 14 (28) 17 (34) 31 (62)

Lympho-vascular invasion

Absent 7 (14) 5 (10) 12 (24)

Present 16 (32) 22 (44) 38 (76)

[Table/Fig-1]:	 Clinicopathological characteristics of the cases (n=50).
*Tumour any size with direct extension to the chest wall and/or to the skin

[Table/Fig-2]:	  a) H&E microphotograph of a case of invasive carcinoma, NST (x400) 
showing; b) positive ER staining (x400); c) positive PR staining (x400); d) positive Her2 
staining (x400); e) positive Ki 67 staining (x400) and f) positive p53 staining (x400).

[Table/Fig-3]:	 Microphotograph of Ki 67 showing a) <10% positive staining (x400); 
b) 10-20% positive staining (x400) and c) >20% positive staining (x400).

[Table/Fig-4]:	 Microphotograph of p53 showing a) negative (<10%) staining (x400) 
and b) positive (>10%) staining (x400).

Expression of markers
Pre-menopaus-
al n=23 (46%)

Post-menopaus-
al n=27 (54%)

Number 
of cases 

n=50 
(%)

ER

Negative 7 (14) 11 (22) 18 (36)

Positive 16 (32) 16 (32) 32 (64)

PR

Negative 13 (26) 13 (26) 26 (52)

Positive 10 (20) 14 (28) 24 (48)

HER 2

Negative 11 (22) 24 (48) 35 (70)

Positive 12 (24) 3 (06) 15 (30)

Ki67

Low (<20%) 11 (22) 14 (28) 25 (50)

High (≥20%) 12 (24) 13 (26) 25 (50)

p53

Negative 8 (16) 18 (36) 26 (52)

Positive 15 (30) 9 (18) 24 (48)

Molecular subtypes

Luminal A like (HR + HER2-, low Ki67) 6 (12) 11 (22) 17 (34)

Luminal B like (HR + HER2-, high Ki67) 2 (04) 4 (08) 6 (12)

HER2 like

HER2+, HR+ 8 (16) 2 (04) 10 (20)

HER2+, HR- 4 (08) 1 (02) 5 (10)

Basal like (ER-, PR-, HER2-) 3 (06) 9 (18) 12 (24)

[Table/Fig-5]:	 Expression of IHC markers and clinically defined-therapy oriented 
subtypes of breast cancer cases (n=50).
HR: Hormone receptor; +: Positive; -: Negative

further subtyped as 17 Luminal-A like (Ki<20%) and 6 Luminal-B like 
(Ki≥20%) [Table/Fig-5]. Statistically significant association among 
molecular subtypes of cases with age, menopausal status and 
histologic grade was noted [Table/Fig-6]. The correlation of Ki67 
status and p53 status with clinico-pathological characteristics and 
IHC based molecular subtypes are shown in [Table/Fig-7-9]. Among 
33  HR-positive tumours, there were 14  (42%) Ki67-high tumours 
and 15 (45.5%) p53-positive tumours.

The cases with “favourable” Ki67-low and p53-negative phenotype 
(n=12) were predominantly post-menopausal and these tumours 
showed lower frequencies of high nuclear grade and nodal 
involvement than did those with “unfavourable” phenotype. Majority 
of the HER2-positive tumours were unfavourable phenotype 
tumours [Table/Fig-10].

Among the two cases of mucinous carcinoma, one of them was 
pre-menopausal, HR-positive, HER2-negative, Ki67-high, p53-
negative tumour with intermediate grade histology, node-negativity 
and absent lympho-vascular invasion. The other case was post-
menopausal, HR-negative, HER2-negative, Ki67-low, p53-negative 
tumour with histologic low grade features, lympho-vascular invasion 
and lymph node involvement.

DISCUSSION
To optimise patient management in clinical practice, it is important 
to recognise patients as to who will or who will not benefit from 
particular therapies [15]. For this purpose, the established gene 
signatures being costly, the more widely available and cost-
effective IHC biomarkers namely ER, PR and HER2 are used 
as surrogate approach [15]. The biological distinction between 
luminal A and B is provided by proliferation signature, including 
the genes CCNB1, MKI67 and MYBL2 of which MKI67 (encoding 
Ki67) is the most significant [43,44]. Cheang MCU et al., 
highlighted the clinical utility of the combined use of Ki67 with ER, 
PR and HER2 to distinguish Luminal-A from Luminal-B [28]. This 
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Characteristics

Luminal A like (n=17) Luminal B like (n=6) HER2 like (n=15) Basal like (n=12)

p-value†HER2+ HR+ (n=10) HER2+ HR- (n=5)

Age (years)

<50 (n=20) 4 1 8 4 3
0.006

>50 (n=30) 13 5 2 1 9

Menopausal status

Premenopausal (n=23) 6 2 8 4 3
0.036

Postmenopausal (n=27) 11 4 2 1 9

Histological type

Invasive carcinoma, NST (n=48) 17 5 10 5 11
0.33

Mucinous carcinoma (n=2) 0 1 0 0 1

Tumour grade

G1 (n=6) 4 0 1 0 1

0.007G2 (n=34) 13 1 7 4 9

G3 (n=10) 0 5 2 1 2

pT stage (cm)

T1 (≤2) (n=5) 3 0 1 1 0

0.46
T2 (>2 ≤5) (n=24) 9 2 5 1 7

T3 (>5) (n=19) 5 3 4 2 5

T4 (any size*) (n=2) 0 1 0 1 0

Nodal status

Negative (n=19) 10 2 5 0 2
0.056

Positive (n=31) 7 4 5 5 10

Lympho-vascular invasion

Absent (n=12) 6 1 4 0 1
0.227

Present (n=38) 11 5 6 5 11

[Table/Fig-6]:	 Correlation of clinicopathological features with clinically defined-therapy oriented subtypes of breast cancer cases (n=50).
*Tumour any size with direct extension to the chest wall and/or to the skin
†Calculated using Fishers exact Test

Characteristics

Ki67

p-value

p53

p-valueLow (n=25) High (n=25) Negative (n=26) Positive (n=24)

Age (Years)

<50 (n=20) 9 11
0.77**

6 14
0.024**

>50 (n=30) 16 14 20 10

Menopausal status

Premenopausal (n=23) 11 12
0.776**

8 15
0.049**

Postmenopausal (n=27) 14 13 18 9

Histological type

Invasive carcinoma, NST (n=48) 24 24
1.0**

24 24
0.5**

Mucinous carcinoma (n=2) 1 1 2 0

Tumour grade

G1 (n=6) 6 0

0.00006†

5 1

0.36†G2 (n=34) 19 15 17 17

G3 (n=10) 0 10 4 6

pT stage (cm)

T1 (≤2) (n=5) 3 2

0.7†

2 3

0.47†
T2 (>2 ≤5) (n=24) 13 11 14 10

T3 (>5) (n=19) 9 10 10 9

T4 (any size*) (n=2) 0 2 0 2

Nodal status

Negative (n=19) 13 6
0.08**

15 4
0.007**

Positive (n=31) 12 19 11 20

Lympho-vascular invasion

Absent (n=12) 7 5
0.7**

6 6
0.8**

Present (n=38) 18 20 20 18

[Table/Fig-7]:	 Correlation of Ki67 and p53 expression with clinicopathological features of breast cancer cases (n=50).
*Tumour any size with direct extension to the chest wall and/or to the skin
†Calculated using Fishers exact Test; **Calculated using Chi square test with Yates’ correlation
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separation is important to identify the high-risk for recurrence 
luminal-B patients who require additional chemotherapy from 
Luminal-A, for whom adjuvant endocrine therapy alone suffices 
[28]. Kobayashi T et al., and Lee SK et al., have shown that the 
combination of Ki67 and p53 in the IHC panel is more precise 
than Ki67 alone in predicting the prognosis for luminal breast 
disease [8,35]. The evaluation of breast cancer cases in the 
present study included both Ki67 and p53 IHC status along with 
the conventional biomarkers.

Studies [8-10,27-35] report the use of different Ki67 value cut-offs 
[Table/Fig-11], however 20% cut-off is confirmed as the best to stratify 
high-risk patients in luminal breast cancers [13,27,29,32,34,42]. It is 

reported that Ki67 positivity in >20%-50% of tumour cells confers 
high risk for recurrent disease [14]. At a 20% cut-off, 50% of all the 
cases in the present study as compared to 47% cases in the study 
by Shapochka DO et al., showed Ki67-high value [32]. Despite 
the variability in the Ki67 value cut-off’s, high Ki67 values are seen 
increasing in higher histologic grade of breast carcinoma [Table/
Fig-12]. Studies have reported Ki67-high values in HER2-positive 
tumours [Table/Fig-13]. No significant correlation of Ki67-status with 
the tumour size was noted in the present study and study by Ding 
L et al., [33]. Though not statistically significant, a higher number 
(76%) of Ki67-high cases had positive nodes in the present study. 
Inic Z et al., observed lymph node positivity in 94% of Ki67-high 
cases [9].

Hanahan D and Weinberg RA have proposed eight distinctive 

Characteristics

Ki67

p-valueLow (n=25) High (n=25)

ER

Negative (n=18) 7 11
0.37*

Positive (n=32) 18 14

PR

Negative (n=26) 12 14
0.77*

Positive (n=24) 13 11

HER2

Negative (n=35) 22 13
0.013*

Positive (n=15) 3 12

Molecular subtypes

Luminal like (n=23) 17 6

0.009†

HER2 like

HER2+, HR + (n=10) 2 8

HER2+, HR- (n=5) 1 4

Basal like (n=12) 5 7

[Table/Fig-8]:	 Correlation of Ki67 expression with ER, PR, HER2 status and 
subtypes of breast cancer cases (n=50).
*Calculated using Chi square test with Yates’ correlation
†Calculated using Fishers exact Test
HR: Hormone receptor; +: Positive; -: Negative

Characteristics

p53

p-valueNegative (n=26) Positive (n=24)

ER

Negative (n=18) 8 10
0.6*

Positive (n=32) 18 14

PR

Negative (n=26) 10 16
0.08*

Positive (n=24) 16 8

HER2

Negative (n=35) 20 15
0.42*

Positive (n=15) 6 9

Molecular subtypes

Luminal A like (n=17) 10 7

0.67†

Luminal B like (n=6) 3 3

HER2 like

HER2+, HR +(n=10) 5 5

HER2+, HR- (n=5) 1 4

Basal like (n=12) 7 5

Ki67

Low (<20%) (n=25) 15 10
0.39*

High (≥20%) (n=25) 11 14

[Table/Fig-9]:	 Correlation of p53 expression with ER, PR, HER2, Ki67 status and 
subtypes of breast cancer cases (n=50).
*Calculated using Chi square test with Yates’ correlation
†Calculated using Fishers exact Test
HR: Hormone receptor; +: Positive; -: Negative

Characteristics

Combined Ki67-p53 status

p-
value†

Favourable 
phenotype Unfavourable phenotype

Ki67 
Low p53 
Negative 

(n=12)

Ki67 
Low 
p53 

Positive 
(n=7)

Ki67 
High p53 
Negative 

(n=6)

Ki67 
High 
p53 

Positive 
(n=8)

Menopausal status

Premenopausal (n=16) 4 4 1 7
0.037

Postmenopausal (n=17) 8 3 5 1

Tumour grade

G1 (n=5) 4 1 0 0

0.001G2 (n=20) 8 6 4 2

G3 (n=8) 0 0 2 6

pT stage (cm)

T1 (≤2) (n=4) 2 1 0 1

0.753
T2 (>2 ≤5) (n=16) 6 4 4 2

T3 (>5) (n=13) 4 2 2 5

T4 (any size*) (n=0) 0 0 0 0

Nodal status

Negative (n=17) 9 3 4 1
0.04

Positive (n=16) 3 4 2 7

Lympho-vascular invasion

Absent (n=11) 4 3 2 2
0.95

Present (n=22) 8 4 4 6

HER2 status

Negative (n=23) 10 7 3 3
0.021

Positive (n=10) 2 0 3 5

[Table/Fig-10]:	 Correlation of combined Ki67 –p53 status with clinicopathological 
features in HR-positive breast cancer cases (n=33).
*Tumour any size with direct extension to the chest wall and/or to the skin
†Calculated using Fishers exact Test

Study Ki67 cut-off value

Present study,

20%

Acs B et al., [27]

Bustreo S et al., [29]

Ohara M et al., [34]

Shapochka DO et al., [32]

Soliman NA and Yussi SM, [10]
15%

Plesan DMN et al., [30]

Inic Z et al., [9]

14%
Shokouh TZ et al., [31]

Lee SK et al., [35]

Ding L et al., [33]

Cheang MCU et al., [28] 13.25%

Kobayashi T et al., [8] 10%

[Table/Fig-11]:	 Comparison of cut-off for Ki67-high value [8-10,27-35].
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and complementary hallmarks of cancer that enable tumour 
growth and differentiation [45]. Understanding the mechanism of 
the particular hallmarks helps in designing appropriate targeted 
therapies to treat the cancer. Dai X et al., identified the dominant 
hallmarks driving breast cancer heterogeneity, currently not used in 
molecular subtyping of breast cancer [4]. These include ‘resisting 
cell death’, ‘genome instability and mutation’ and ‘deregulating 
cellular energetics’; the use of these hallmark associated biomarkers 
namely BCL2, TP53, and VDR (vitamin-D receptor) respectively, will 
help to refine tumour classification specifically in terms of predictive 
value [4]. Resistance to medical treatments such as chemotherapy, 
hormone therapy and radiotherapy in 20-40% patients underscores 
the need for better knowledge of predictive factors of response 
to treatment [46-48]. It is found that adjuvant systemic therapy, 
especially with tamoxifen, along with radiotherapy is of less value 
for patients with TP53 mutated tumours [49]. Therapeutic strategies 
have focused on reactivation of wild-type function in the mutant p53 
protein [50]. The anti-tumour function of small molecules that target 
p53 pathway are being examined in clinical trials [51,52].

Positive p53 status was more frequently observed in patients 
younger than 50 years and was significantly associated with pre-
menopausal status in the present study. Similar results for age 
distribution [30] and menopausal status [53] was noted in the 

literature. As observed in 15 populations comprising both low- and 
high-risk (with respect to origin of the patients) for breast cancer, the 
frequency of somatic TP53 mutations ranged between 15-71% [36]. 
In the present study, the overexpression of p53 was encountered 
in 48% of cases studied, the result correlated with the reported 
data of 42% [30] and 44.96% [33]. Studies [30,33,35,54,55] report 
the occurrence of TP53 mutations more frequently in tumours with 
ductal and medullary histology, higher grade, large size, positive 
nodes and low hormone receptor status. This association is 
reported regardless of whether the p53 mutations were identified 
by IHC or other direct methods. Similar finding was noted in the 
present study [Table/Fig-14]. However, Song HS et al., reported 
significantly lower p53 positive status in lymph node metastasis 
cases [56]; both Yang P et al., and Song HS et al., reported no 
correlation of p53 overexpression with other clinico-pathological 
characteristics [6,56]. Overgaard J et al., demonstrated that nodal 
status and TP53 mutation expressed independent poor prognostic 
significance for Overall-Survival (OS) and Disease-Free Survival 
(DFS) [55]; and menopausal status had independent significance 
for OS [55]. Pharoah PD et al., in a meta-analysis of 16 studies 
and Olivier M et al., in the investigation of 1,794 breast cancer 
patients confirmed that TP53 mutation is an independent negative 
prognostic factor conferring poorer OS and DFS in breast cancer 
[19,54]. Ding L et al., noted significantly higher p53 overexpression 
in HER2-positive patients than in HER2-negative patients; the 
reverse result was observed in the present study [33].

Literature review of IHC based molecular-subtyping (including Ki67 
in the panel) of breast carcinoma reveals that there is no uniformity 
in the sub-type to which the HER2-positive HR-positive cases are 
assigned; they are categorised as either HER2-like [5] or luminal-B/
luminal-B hybrid [28,31,32]. Statistically significant association of 
molecular subtypes with Ki67-positivity is reported in the present 
study and other studies [10]. Whole-genome analysis has identified 
the frequency of TP53 mutation to be higher in Luminal-B (29%) 
than in Luminal-A (12%) breast cancers [57]; also Luminal-A 
tumours are reported to be less proliferative and have lower rate 
of p53 overexpression [8,44] suggesting the use of p53-status 
to distinguish Luminal-A from Luminal-B breast cancers. In the 
present study, 41% of Luminal-A and 50% of Luminal-B patients 
showed p53 overexpression which was not statistically significant. 
However, the Luminal-A tumours were significantly less proliferative. 
The results of this study showed that Luminal-A patients tend to 
be older, postmenopausal and had node negative tumours; similar 
to that reported in other studies [26]. Unlike other study data [26] 
there was no significant association of lympho-vascular invasion 
with Luminal-B subtype in our study. It is reported that Luminal-A 
subtype presents a significantly lower risk of early tumour recurrence 
[14]. Luminal-A tumours are significantly associated with grade 1 
and 2 histology in the present study. Same finding is reported in the 
literature [10].

Literature data [27,32] reveals that HR-positive tumours are the 
most common, followed by Basal-like and HER2-positive HR-
negative type [Table/Fig-15]. Studies [8,34,35] have evaluated the 
status of both Ki67 and p53 in luminal and/or HR-positive breast 
cancers. Ohara M et al., assessed 308 luminal-type breast cancer 

Study

Total 
cases 

(n)

Ki67 high/positive and histologic grade

Ki67-
high 
n (%)

Histologic grade n (%)

p-valueG1 G2 G3

Present 
study

50 25 (50) 0 15 (60) 10 (40) 0.00006

Plesan 
DMN et al., 
[30]

100 45 (45) 5 (11.11) 40 (88.8) n/a*

Shoukouh 
TZ et al., 
[31]

566
225 

(39.75)
15 (6.7) 127 (56.4) 83 (36.9) 0.001

Shapochka 
DO et., al 
[32]

62 29 (47) r†=1 <0.001

Ding L et 
al., [33]

257 193 (75) 10 (5.18) 96 (49.74) 87 (45.08) 0.001

Soliman NA 
and Yussi 
SM, [10]

107 36 (33.8) 6 (17) 14 (39) 16 (44) 0.00

[Table/Fig-12]:	 Comparison: Relationship of Ki67 high value with histologic grade 
[10,30-33].
*n/a: Not available; †r: correlation co-efficient

Study

Total 
cases 

(n)

No. of HER2 
+ve cases 

n (%)

No. of Ki67 high 
cases among 

HER2 +ve cases 
n (%) p-value

Present study 50 15 (30) 12 (80) 0.013

Plesan DMN et al., [30] 100 12 (12) 11 (91.66) n/a*

Shoukouh TZ et al., [31] 566 111 (19.6) 93 (83.8) 0.001

Ding L et al., [33] 257 159 (61.8) 137 (86.16) <0.001

[Table/Fig-13]:	 Comparison: Relationship of Ki67-high value with HER2 status 
positivity [30-33].
*n/a: Not available

Total 
cases (n)

p53 mutation 
positive (%)

Histology [Ductal or 
medullary carcinoma] (%)

Histologic grade 
[Intermediate- High] (%)

Large size 
[>2 cm] (%)

Positive nodes 
(%)

HR status low 
(%)

Present study 50 48 100 96 87.5 83.3 67

Olivier M et al., [54] 1794 17 90.43 99 80.2 48.6 52

Plesan DMN et al., [30] 100 42 95.24 71 (G3) 66.64 n/a 61.9

Ding L et al., [33] 258 44.96 85.34 95.69 n/a* n/a* n/a*

Overgaard J et al., [55] 294 23 94.2 91.3 65.2 59.4 46.5

Lee SK et al., [35] 7739 28.77 n/a* s/a† s/a† n/a* s/a†

[Table/Fig-14]:	 Comparison: Percentage of p53 positive cases with ductal/medullary histology, high grade, large size, positive nodes and low hormone receptor (HR) status.
*n/a: Not available; †s/a: Statistically associated
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patients and confirmed the prognostic utility of Ki67 status, whereas 
no prognostic significance for p53 was revealed [34]. In their study 
of luminal-type breast cancers, Kobayashi T et al., observed that 
combined Ki67-p53 status was more accurate than Ki67 alone in 
predicting patient outcome [8]. Similar to this study, in the present 
study the HR-positive tumours with ‘favourable’ Ki67-low and p53-
negative phenotype showed lower frequencies of higher nuclear 
grades and HER2 positivity than the ‘unfavourable’ phenotype 
tumours. Kobayashi T et al., noted all HER2-positive tumours to be 
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	 Yang P, Du CW, Kwan M, Liang SX, Zhang GJ. The impact of p53 in predicting [6]
clinical outcome of breast cancer patients with visceral metastasis. Sci Rep. 
2013;3(2246):01-06.
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Study
No. of 
cases

HR-Positive 
n (%)

HER2+ve 
HR-ve n (%)

Basal-like 
n (%)

Present study 50 33 (66) 5 (10) 12 (24)

Acs B et al., [27] 120 80 (66.67) 14 (11.67) 26 (21.67)

Shapochka DO et al., [32] 62 43 (69) 7 (11) 12 (20)

[Table/Fig-15]:	 Comparison of the common subtypes of breast carcinoma [27,32].
HR: Hormone receptor

unfavourable phenotype tumours, whereas in the present study 80% 
of HER2-positive were of the unfavourable phenotype tumours [8]. 
In a somewhat similar manner to Kobayashi T et al., Lee SK et al., 
in their study of 7,739 cases of invasive breast carcinoma, classified 
only luminal (HR positive, HER2 negative) cases into ‘low-risk’ Ki67-
low, p53 negative subtype and ‘high-risk’ Ki67-low p53-positive, 
Ki67-high p53-negative and Ki67-high p53-positive subtypes 
[8,35]. They determined 10% IHC nuclear staining as the suitable 
p53 overexpression cut-off value to predict OS and DFS especially 
in Luminal ER and PR positive breast cancer. They concluded that 
the combined Ki67-p53 status was superior to that of either p53 or 
Ki67 alone in the prediction of DFS.

Limitation(s)
The limited number of cases evaluated and lack of follow-up period 
in the present study precludes the confirmation of observations 
and identification of any other associations that may have existed. 
Yet, available methodology and cut-off values for Ki67 and p53 IHC 
analyses lack standardisation.

CONCLUSION(S)
The present study identified a statistical significance for the association 
of Ki67 status with the histologic grade, HER2 status and clinically 
defined-therapy oriented molecular subtypes. In the HR-positive 
cases, the evaluation of combined Ki67-p53 status has provided 
significant correlation with menopausal status, histologic grade, lymph 
node status and HER2 status. Considering the results of this study and 
the literature data revealing significant number (66 to 70%) of breast 
cancers expressing a HR, the use of combined Ki67-p53 status will 
play a significant role in discriminating the HR-positive patients who 
could benefit from aggressive treatment, thus optimising the cost-
benefit ratio. Prospective studies with follow-up in a larger population 
will be useful to assess the impact of stratifying luminal cases into 
favourable and unfavourable types and thereby enlighten the role of p53 
in therapeutic decisions. Further, inconsistencies in the methodology 
and cut-off for reporting Ki67 and p53 status underscores the need 
for a uniform training for all the researchers so that substantial and 
meaningful data can be pooled to generate cost-effective treatment 
decisions especially in HR positive breast cancers.
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