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ABSTRACT 

Objective: To know the outcome of neo-adjuvant therapy on hormone receptors, HER2, and Ki-67 index in invasive breast 
carcinoma. 
Study Design: Prospective analytical study 
Place and Duration of Study: Histopathology department, Armed Forces Institute of Pathology, Rawalpindi, Pakistan, from 
Dec 21 to Oct 22.  
Methodology: We included 110 patients with histologically proven invasive breast carcinoma in our study. Rate of expression 
of ER, PR, HER2, and Ki-67 index was assessed in pre-neoadjuvant needle-core specimens, followed by administration of neo-
adjuvant chemotherapy, and then the receptor statuses were evaluated on surgically excised specimens of the same patients. A 
paired t-test was applied to analyse the changes in receptor expression. 
Results: Among 110 patients, the average age was 48.47±10.12 years. The most common histological type was invasive ductal 
carcinoma, no special type noted in 97 (88.2%), and the most common histological grade was II, noted in 66 (60%). Discordance 
of ER is noted in 34 (30.91%) cases, and for PR in 29 (26.37%) cases. Overall, HER2 receptor negativity increased from 41 
(37.30%) to 51 (46.40%) cases. The average Ki-67 index decreased from 27.34% to 24.03% after administration of chemotherapy. 
Conclusion: Neo-adjuvant chemotherapy administration may cause changes in receptor expression, mainly in ER and Ki-67 
index. These findings are helpful in the choice of sequential adjuvant therapy and improve treatment and prognosis in 
invasive breast carcinoma. 
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INTRODUCTION 

Breast cancer is the most commonly occurring 
cancer among women and the second most common 
cancer worldwide. According to a study based on 
demographic data, one in every nine women in 
Pakistan is at a lifetime risk of being diagnosed with 
breast cancer. Pakistan possesses the highest age-
standardised incidence rate of breast cancer among all 
Asian countries. Most cases of breast cancer are 
reported among women in the postmenopausal 
period. With 60-64 years being the peak years.1 
Demographic data available on breast cancer cases 
points towards an alarming public health concern for 
Pakistan in the near future.  

WHO, in its awareness campaigns, encourages 
prolonged breastfeeding, moderate physical activity, 
weight control, avoidance of alcohol, avoidance of 
radiation exposure, and the use of prolonged 

hormonal therapies to decrease the risk of breast 
cancer. Increased levels of androgens and 
progesterone are known to be associated with breast 
cancer.2 Use of hair dye containing 
paraphenylenediamine, lack of awareness, and 
checking of personal items have also been associated 
with breast cancer in the past. Mutations in the gene, 
abnormal amplification of the oncogene, and vitamin 
D deficiency have also been suggested as possible 
causes of breast cancer. Studies have reported an 
association between high levels of androgens and 
estrogen and breast cancer. 

Neo-adjuvant chemotherapy (NAC) is based on 
systemic treatment before surgery. Previously, the 
concept of neo-adjuvant chemotherapy was based on 
its use in patients who had advanced or inoperable 
breast cancer.3 The main purpose in such patients was 
to downstage the cancer by reducing the size of the 
tumour. Patients who are not willing to undergo 
extensive surgery and want to omit dissection of 
axillary lymph nodes are good candidates for breast-
conservation surgery after NAC. With advances in the 
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field, the use of neo-adjuvant chemotherapy has been 
widened to improve aesthetic and cosmetic outcomes. 
With the use of NAC, postoperative complications 
such as lymphedema can also be avoided. In another 
study conducted by “The Early Breast Cancer Trialists 
Group,” data were collected from 4756 women who 
were randomly assigned to receive either neo-
adjuvant chemotherapy or adjuvant chemotherapy 
with a follow-up of 9 years. Neoadjuvant 
chemotherapy was found to have the highest rate of 
breast-conserving therapy as compared to adjuvant 
chemotherapy.4 

Human epidermal growth factor receptor 2 
(HER2) is one of the epidermal growth receptors. 
HER2 encodes the receptor tyrosine kinase and is 
overexpressed and amplified in breast cancer, and it is 
associated with more aggressive behaviour.5 The 
upregulation of HER2 causes the progression of the 
tumour. Several levels and aspects of tumour growth 
are known to be reflected and mediated through 
signalling via HER2. With the use of HER-2 directed 
therapies among breast cancer patients, the outcome in 
HER2 positive breast cancer cases has been found 
promising.6  

The involvement of ovarian hormones, oestrogen, 
progesterone, and their receptors (ER/PR) has been 
found in breast cancer development and proliferation.7 
With alteration of ER/PR receptor tumours, there are 
likely chances of chemo-resistance development. 
Expression of these receptors is a significant and 
powerful predictor in the treatment planning of breast 
cancer patients.8 

Several studies have considered ER, PR, and 
HER2 status as important prognostic factors in breast 
cancer. This status plays a crucial role in the decision 
of adjuvant therapy after the patient has undergone 
surgery. Different studies have reported variable 
outcomes after administration of neo-adjuvant 
chemotherapy. ER, PR, and HER2 were among the 
first biomarkers of choice for routine clinical use. To 
date, they are known to hold position of a strong 
predictor of outcome after endocrine therapy. There is 
an indication of endocrine treatment in all patients 
with a positive hormone receptor status.9 Neoadjuvant 
therapy has an impact on Estrogen receptor, 
progesterone receptor, HER2 receptor, and Ki-67 index 
in breast cancer patients, and the receptor status can 
be utilised as a prognostic factor to decide future 
course of treatment. 

 

METHODOLOGY 

This prospective analytical study was conducted 
at Histopathology Department, Armed Forces Institute 
of Pathology, Rawalpindi, Pakistan, from Dec 2021 to 
Oct 2022. This study recruited 110 cases, who were 
histologically diagnosed cases of invasive breast 
carcinoma on core-needle biopsy specimens. Sample 
size was calculated by using the WHO sample size 
calculator, keeping a confidence interval of 95%, a 
margin of error of 6%, and an anticipated frequency of 
breast cancer to be 11.7% in a previous study.10,11  

After obtaining ERC from the Institutional 
Review Board under. A sample size of 111 was 
calculated, but we included 110 patients in our study. 
A non-probability convenience sampling technique 
was used. Inflammatory breast carcinoma, metastatic 
breast carcinoma, and in situ lesions were excluded 
from the study. Immunohistochemistry for ER, PR, 
HER2, and Ki-67 index expression was applied to 5 
µm-thick sections on the block bearing the maximum 
tumour area. Staining was performed using an 
automated Leica Bond–III stainer. Positive and 
negative controls were included, and DAB (3,3’ 
diaminobenzidine) was used as a chromogenic agent. 
Sections were assessed simultaneously by 2 
histopathologists. ER, PR, and Ki-67 index expressions 
were noted as negative and positive based on nuclear 
staining in tumour cells according to the Allred 
Scoring System. Hormone receptors are regarded as 
positive when there is staining of >1% tumour cells, 
whereas HER2 is graded as: negative (0+) when there 
is no membranous staining of tumour cells, negative 
(1+) when there is incomplete faint membranous 
staining within >10% of tumour cells, intermediate 
(2+) when there is weak/faint circumferential 
membranous staining in >10% of tumour cells or 
complete membranous staining in <10% of tumour 
cells and positive (3+) when there is complete, strong, 
crisp membranous staining in >10% of tumour cells 
following guidelines of College of American 
Pathologists (CAP) and American Society of Clinical 
Oncology (ASCO). Ki-67 nuclear labelling index is 
labelled as low when there is ≤14% nuclear expression 
in tumour cells, and high when there is >14% nuclear 
expression in tumour cells. 

The rate of change of expression of hormone 
receptors, HER2, and Ki-67 index in paired samples 
from needle-core incisional biopsy and surgical 
excision specimens after neo-adjuvant chemotherapy 
of the same patients using Statistical Package for Social 
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Sciences version 23.0 was evaluated. The chi-square 
test was applied to assess the association between the 
variables. The p-value of ≤ 0.05 was considered 
statistically significant. 

RESULTS 

110 patients were recruited in the study. During 
the study, all patients have undergone neo-adjuvant 
chemotherapy followed by breast surgery. Mean age 
was 48.47±10.12 years. Regarding laterality, 65(59.1%) 
patients presented with right-sided breast carcinoma, 
whereas 45(40.9%) patients presented with left-sided 
breast carcinoma. The most common histological type 
was invasive ductal carcinoma, no special type, 97 
(88.2%), followed by invasive lobular carcinoma, 
comprising 11(10%) cases, and 2(1.8%) cases of 
micropapillary carcinoma were reported. Grading of 
the tumour was done by using the Nottingham 
histological grading score. The most common 
histological grade was grade II, 66(60%), followed by 
grade III, 36(32.7%), and grade I was the least common 
grade, 8(7.3%), as shown in Table-I.  

 

Table-I: Characteristics of patients (n=110) 

Variables Values 

Age (years) 48.47±10.17 

Affected side, n (%) 
Left 

Right 

 
45 (40.9%) 
65 (59.1%) 

Histological type, n (%) 
Invasive ductal carcinoma, NST 

Invasive lobular carcinoma 
Micropapillary carcinoma 

 
97 (88.2%) 
11 (10.0%) 
2 (1.8%) 

Nottingham histological grade, n 
(%) 

Grade-I 
Grade-II 
Grade-III 

 
8 (7.3%) 

66 (60.0%) 
36 (32.7%) 

 

Our results depict discordance of estrogen 
receptor in 34(30.91%) of the recruited cases, as shown 
in Table II.  
 

Table-II: Changes of estrogen receptor (ER) before and after 
neo-adjuvant chemotherapy administration (n=110) 

Estrogen 
Receptor (ER) 

Post chemotherapy Changes 
Turnover 
number 

(%) 

p-Value 

Prechemotherapy 
Positive 
(n=63) 

Negative 
(n=47) 

 
 

Positive (n=83) 56(50.91%) 27(24.55%) 
30.91 <0.001 

Negative (n=27) 7(6.36%) 20(18.18%) 

 

However, in the case of progesterone receptors, a 
scarcity of discordance was noted, and the majority of 

cases maintained the same receptor status as before 
administration of chemotherapy, as shown in Table III. 
Discordance was noted among HER2 receptors. Before 
chemotherapy, 45(40.9%) receptors were noted as 
positive for HER2 (3+), which changed to 31(28.18%) 
following the administration of chemotherapy, as 
shown in Table IV. The average index of Ki-67 
decreased from 27.34% to 24.03%. 
 

Table-III: Changes of progesterone receptor (PR) before and 
after neo-adjuvant chemotherapy administration (n=110) 

Progesterone 
Receptor (PR) 

Post chemotherapy Changes 
Turnover 
number 

(%) 

p-
value 

Prechemothera

py 

Positive 

(n=100) 

Negative 

(n=10) 
 

 

Positive (n=75) 73(66.36%) 2(1.82%) 
26.37 0.057 

Negative (n=35) 27(24.55%) 8(7.27%) 
 

Table-IV: Changes of HER2 before and after neo-adjuvant 
chemotherapy administration (n=110) 

Grade Post-chemotherapy p-value 

Pre-
chemotherapy 

Positive 
(n=31) 

Intermediate 
(n=28) 

Negative 
(n=10) 

 

Positive (n=45) 31 (28.18%) 4 (3.64%) 10 (9.09%) 

<0.001 
Intermediate 

(n=24) 
0 (0.00%) 24 (21.80%) 0 (0%) 

Negative 
(n=41) 

0 (0.00%) 0 (0.00%) 41 (37.30%) 

 

DISCUSSION 

Breast carcinoma is the most common 
malignancy among females worldwide. The most 
significant finding of our study is a change in 
hormone receptor status following chemotherapy. Our 
results show discordance of the estrogen receptor in a 
significant percentage of patients. Using a paired 
sample t-test, a significant difference between the 
means of both groups was noted, i.e., p-value < 0.05. 
The progesterone receptor retained the same status as 
before chemotherapy, as the comparison between both 
means was deemed statistically insignificant, i.e., p-
value > 0.05. Discordance was also observed in HER2 
receptors. The decrease in HER2 positivity was 
statistically significant, i.e., p-value < 0.05. The 
difference between the means of the pre- and post-
chemotherapy groups for the Ki-67 index was 
statistically significant, i.e., p-value < 0.05.  

In Pakistan, due to a lack of awareness and 
screening programs, cases are mostly diagnosed at an 
advanced stage, leading to a poor prognosis. Patients 
usually prefer non-invasive and cosmetically 
acceptable treatment options like neoadjuvant 
chemotherapy and radiotherapy.12 Neo-adjuvant 
chemotherapy reduces the tumour burden and treats 
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micrometastatic lesions. Administration of neo-
adjuvant chemotherapy alters the hormone receptors 
and HER2 receptor, thus hormone receptors, HER2, 
and Ki-67 index should be re-checked to confirm their 
receptor status and thus help in the choice of 
treatment modalities.13 

Literature has reported variable results related to 
alteration in receptor status following neoadjuvant 
chemotherapy. A study conducted by Abu El-Ela et al., 
reported in a tertiary care setting showed 17% 
discordance in ER, 13% discordance in PR, and 11% 
discordance with HER2.14 Zhu et al., reported a 
decrease in the positivity of receptors after 
neoadjuvant chemotherapy.15 Roskoski et al., showed 
29% discordance in receptor status.16 Hu et al., 
showed a 42 percent change from negative to 
positive.17 This study involved 26 patients, who 
showed an increase in positivity of HER2 by 23%. A 
retrospective trial of 87 cases depicts a 15% change in 
HER2 expression. A prospective trial of 73 cases 
conducted by Kawsar et al., revealed a 15% change in 
HER2 expression, but no switch was noted on 
fluorescence in situ hybridization.18 A decrease in the 
positivity of the Ki-67 index from 75.9% to 41.1% was 
analyzed, highlighting a significant decrease. Peng et 
al., noted a downhill trend in the expression of the Ki-
67 index. Thus, supporting results of the present 
study.19 

However, literature review enlightens us about 
several studies giving results contradictory to ours. 
The retrospective study conducted by Badr et al., 
highlighted the role of the effect on ER and PR 
expression, revealing no change in ER and PR status 
following chemotherapy.20 Another trial conducted by 
Schettini et al.,  revealed no change in hormone 
expression.21 No significant change in expression of 
ER, PR, and HER2. Literature reveals some contrast in 
results on the immunohistochemistry and FISH 
techniques. de Mooij et al., reported a 35% change in 
the status of HER2 on immunomarker studies, 
whereas a 13% transition was observed on the 
fluorescence in situ hybridization technique. 
Additionally, the study also showed a 2.3% change in 
receptor status on immunohistochemistry but no 
change on FISH technique. Similar percentage of 4.8% 
on both immunohistochemical markers as well as 
FISH study. A 20% change in receptor status on 
immunohistochemical markers and no alteration in 
expression of HER2.22 

LIMITATION OF STUDY 

FISH for HER2 could also be considered a limitation of 
the present study and a recommendation for future studies 
to confirm HER2 receptor status. Moreover, considering the 
prevalence of invasive breast carcinoma, the sample size of 
the present study was limited. 

CONCLUSION 

Changes in receptor status of ER, PR, and HER2 
following administration of neo-adjuvant chemotherapy 
have been reported. Studies have suggested several possible 
factors involved in change in receptor expression following 
neo-adjuvant chemotherapy, such as chemo-resistant clones, 
tumour heterogeneity, ovarian suppression, change in gene 
expression, fixation, and staining techniques. In the future, 
thorough studies are required to enlighten us about the exact 
pathophysiology behind the alteration in receptor status to 
confirm the prognostic effect associated with this alteration. 

Conflict of Interest: None. 

Funding Source: None. 

Authors’ Contribution 

Following authors have made substantial contributions to 
the manuscript as under: 

WAK & MA: Data acquisition, data analysis, critical review, 
approval of the final version to be published. 

HUD & NZ: Study design, data interpretation, drafting the 
manuscript, critical review, approval of the final version to 
be published. 

FR & HT & UA: Conception, data acquisition, drafting the 
manuscript, approval of the final version to be published. 

Authors agree to be accountable for all aspects of the work 
in ensuring that questions related to the accuracy or integrity 
of any part of the work are appropriately investigated and 
resolved. 

REFERENCES 
1. Zaheer S, Shah N, Maqbool SA, Soomro NM. Estimates of past and future time trends 

in age-specific breast cancer incidence among women in Karachi, Pakistan: 2004–2025. 
BMC Public Health 2019; 19(1): 1-9.  
https://doi.org/10.1186/s12889-019-7330-z  

2. Asaoka M, Gandhi S, Ishikawa T, Takabe K. Neoadjuvant chemotherapy for breast 
cancer: past, present, and future. Breast cancer 2020;14:1178223420980377.  
https://doi.org/10.1177/1178223420980377 

3. Asselain B, Barlow W, Bartlett J, Bergh J, Bergsten-Nordström E, Bliss J, et al. Long-
term outcomes for neoadjuvant versus adjuvant chemotherapy in early breast cancer: 
meta-analysis of individual patient data from ten randomised trials. Lancet Oncol 
2018; 19(1): 27-39. https://doi.org/10.1016/S1470-2045(17)30777-5 

4. Iqbal N, Iqbal N. Human epidermal growth factor receptor 2 (HER2) in cancers: 
overexpression and therapeutic implications. Mol Biol Int 2014;2014: 2014: 852748. 
https://doi.org/10.1155/2014/852748 

5. Giuliano M, Hu H, Wang Y-C, Fu X, Nardone A, Herrera S, et al. Upregulation of ER 
signaling as an adaptive mechanism of cell survival in HER2-positive breast tumors 
treated with anti-HER2 therapy. Clin Cancer Res 2015; 21(17): 3995-4003.  
https://doi.org/10.1158/1078-0432.ccr-14-2728 

6. Badowska-Kozakiewicz AM, Patera J, Sobol M, Przybylski J. The role of oestrogen and 
progesterone receptors in breast cancer–immunohistochemical evaluation of 
oestrogen and progesterone receptor expression in invasive breast cancer in women. 
Contemp Oncol 2015; 19(3): 220-225. https://doi.org/10.5114/wo.2015.51826 

7. Li Z, Wei H, Li S, Wu P, Mao X. The Role of Progesterone Receptors in Breast Cancer. 
Drug Des Devel Ther 2022; 16: 305-314. https://doi.org/10.2147/dddt.s336643 

8. Sung H, Ferlay J, Siegel RL, Laversanne M, Soerjomataram I, Jemal A, et al. Global 
cancer statistics 2020: GLOBOCAN estimates of incidence and mortality worldwide 
for 36 cancers in 185 countries. CA Cancer J Clin 2021; 71(3): 209-249.  
https://doi.org/10.3322/caac.21660 

9. Mansoor H, Waqar E, Tariq R. Prevalence of vitamin D deficiency in Pakistani females 
and its link to breast cancer. JPMA 2022; 72(01): 202.  
https://doi.org/10.47391/JPMA.11-4169 



Chemotherapy On Estrogen Receptor 

Pak Armed Forces Med J 2026; 76(SUPPL-8):S1211 

10. Ramteke P, Seenu V, Prashad R, Gupta S, Iyer V, Deo S, et al. Alteration in steroid 
hormone and Her-2/neu receptor status following neoadjuvant chemotherapy in 
locally advanced breast cancer: Experience at a tertiary care centre in India. Indian J 
Cancer 2016; 53(3): 366-371.  
https://doi.org/10.4103/0019-509x.200669 

11. Peng J-H, Zhang X, Song J-L, Ran L, Luo R, Li H-Y, et al. Neoadjuvant chemotherapy 
reduces the expression rates of ER, PR, HER2, Ki67, and P53 in invasive ductal 
carcinoma. Medicine 2019; 98(2): e13554.  
https://doi.org/10.1097/md.0000000000013554 

12. Verma A, Kar AG, Meena RN, et al. Evaluation of estrogen receptor, progesterone 
receptor, and human epidermal growth factor receptor 2 status before and after 
neoadjuvant chemotherapy in breast cancer patients. Indian J Surg 2021; 83(Suppl 2): 
399‑403. https://doi:10.1007/s12262‑020‑02380‑y. 

13. Berna J, Michel S, Bouazzi L, et al. Predictive factors for breast‑conserving surgery 
after neoadjuvant chemotherapy in breast cancer. World J Surg Oncol 2025; 23: 425. 
https://doi:10.1186/s12957‑025‑03820‑3. 

14. Abu El‑Ela RY, Hassan M, Kholosy RM . A multicenter retrospective study of 
neoadjuvant chemotherapy and breast conservation rate in locally advanced breast 
cancer. Discov Onc 2026; 17: 549.https://doi.org/10.1007/s12672-026-04738-2 

15.  Zhu XJ, Zhang H, Zhang S, Li D, Li X, Xu L, Li T. Clinicopathological features and 
prognosis of breast cancer with human epidermal growth factor receptor 2 low 
expression. Beijing Da Xue Xue Bao Yi Xue Ban 2023; 55(2): 243-253. 
https://doi:10.19723/j.issn.1671-167X.2023.02.007.  

16. Roskoski R Jr. Targeted and cytotoxic inhibitors used in the treatment of breast cancer. 
Pharmacol Res 2024; 210: 107534. https://doi:10.1016/j.phrs.2024.107534. 

17.  Hu X, Chen W, Li F, Ren P, Wu H, Zhang C, Gu K. Expression changes of ER, PR, 
HER2, and Ki-67 in primary and metastatic breast cancer and its clinical significance. 
Front Oncol 2023; 13: 1053125. https://doi:10.3389/fonc.2023.1053125.  

18. Kawsar H, Sinha A, Ali M, Phukan J, Pathak S. Histopathological evaluation of 
estrogen receptors, progesterone receptors, and human epidermal growth factor 
receptor‑2/Neu expressions in breast carcinoma and their correlations with other 
prognostic factors: a hospital‑based study. J Med Sci 2022; 42: 221‑227. 
https://doi:10.4103/jmedsci.jmedsci_245_21. 

19.  Peng L, Zhang Z, Zhao D, Zhao J, Mao F, Sun Q. Discordance in ER, PR, HER2, and 
Ki-67 Expression Between Primary and Recurrent/Metastatic Lesions in Patients with 
Primary Early-Stage Breast Cancer and the Clinical Significance: Retrospective 
Analysis of 75 Cases. Pathol Oncol Res ; 27: 599894. 
https://doi:10.3389/pore.2021.599894. 

20. Badr NM, Zaakouk M, Zhang Q, Kearns D, Kong A, Shaaban AM. Concordance 
between ER, PR, Ki67, and HER2-low expression in breast cancer by MammaTyper 
RT-qPCR and immunohistochemistry: implications for the practising pathologist. 
Histopathol 2024; 85(3): 437-450. https://doi:10.1111/his.15193. 

21. Schettini F, Saracchini S, Bassini A, Marus W, Corsetti S, Specogna I, et al. Prediction 
of response to neoadjuvant chemotherapy by MammaTyper® across breast cancer 
subtypes: A retrospective cross-sectional study. Breast 2024; 76: 103753. 
https://doi:10.1016/j.breast.2024.103753. 

22. de Mooij CM, Ploumen RAW, Nelemans PJ, Mottaghy FM, Smidt ML, van Nijnatten 
TJA. The influence of receptor expression and clinical subtypes on baseline [18F]FDG 
uptake in https://doi:10.1186/s13550-023-00953-y. 

 
 

https://doi:10.3389/pore.2021.599894
https://doi:10.1111/his.15193
https://doi:10.1016/j.breast.2024.103753
https://doi:10.1186/s13550-023-00953-y

