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Background: Following neoadjuvant chemotherapy (NACT) for breast cancer, changes in 

estrogen receptor (ER), progesterone receptor (PR), HER2 status, and Ki-67 index (IHC4 status) 

and its correlation with pathological complete response (pCR) or relapse-free survival (RFS) 

rates could lead to better understanding of tumor management.

Patients and methods: Pre- and post-NACT IHC4 status and its changes were analyzed in 

156 patients with breast cancer. Associations between pCR, RFS rates to IHC4 status pre- and 

post-NACT were investigated.

Results: pCR was found in 25.3% patients. Both ER and PR positive tumors had the lowest 

(14.3%) pCR compared to ER and PR negative (29%) or either ER-/PR-positive (38.6%) tumors. 

PR positivity was significantly associated with less likelihood of pCR (15% versus 34%). The 

pCR rate was low for luminal A subtype (13.68%) compared to 24.36%, 26.31%, and 33.33% 

for luminal B, HER2-enriched, and triple-negative subtypes, respectively. There was significant 

reduction in ER expression and Ki-67 index post-NACT. RFS of patients in whom the hormonal 

status changed from positive to negative was better compared to those of patients in whom the 

hormonal status changed from negative to positive.

Conclusion: Although changes in IHC4 occurred post-NACT, pre-NACT hazard ratio status 

prognosticated RFS better. pCR and RFS rates were lower in PR-positive tumors.
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Background
Improved understanding of breast cancer biology has been possible after identification 

of targets such as estrogen receptor (ER), progesterone receptor (PR), HER2 (c-erb-2) 

receptor, and quantifying Ki-67 index (Ki-67). These are commonly identified using 

simple immunohistochemical tests in accredited laboratories and are together termed 

as IHC4.1 Consensus from the 2011 St Gallen’s meeting recommended the use of 

differential expression of IHC4 in various breast cancers as surrogates to molecular 

classification of such cancers.2 In summary, tumors are considered to be 1) luminal A 

(LA) when ER and/or PR is positive, HER2 negative, and Ki-67 is ,14%); 2) luminal B 

(LB) when ER and/or PR is positive and either HER2 is positive or Ki-67 $14%); 

3) HER2 enriched (HE) if ER and PR is negative and HER2 is positive; and 4) triple 

negative (TN) if ER, PR, and HER2 are all negative.

Neoadjuvant chemotherapy (NACT) is often used to downstage locally advanced 

breast cancers to allow breast conservation surgery (BCS) or mastectomy.3 While 

it is likely that tumor volume regression could be associated with changes in IHC4 
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 expression, the correlation of such changes to tumor patho-

logical response rates and clinical disease relapse rates could 

lead to better understanding of tumor behavior and facilitate 

future research.

Patients and methods
Tata Medical Centre Institutional Review Board approval 

was obtained for the project. Patient consent was not required 

for the study as this study is a retrospective pathological 

assessment and hypothesis. Unselected consecutive breast 

cancer patients who had received NACT during January 

2012 to December 2013 were identified from a single tertiary 

cancer center database. IHC4 status was analyzed on the 

tumor biopsy prechemotherapy and on the residual tumor 

postchemotherapy.

Pathological tests were performed in a single accredited 

institutional laboratory and were reviewed by two experienced 

pathologists. The paraffin blocks of pretreatment biopsy 

and postsurgical resection specimen were retrieved from 

the archives of the Department of Pathology of Tata Medical 

Center. Tissue sections of 4 µm thickness were stained for ER, 

PR, HER2, and Ki-67 using validated immunohistochemical 

(IHC) techniques. CONFIRM anti-ER (SP1) ready-to-use 

(RTU) rabbit monoclonal antibody, CONFIRM anti-PR 

(1E2) rabbit monoclonal antibody (RTU), and PATHWAY 

anti-HER2 neu (4B5) rabbit monoclonal primary antibody 

(PATHWAY HER2 [4B5]) (RTU) were used for ER, PR, and 

HER2 immunohistochemistry, respectively, using Ventana 

BenchMark XT (Ventana Medical Systems, Inc., Tucson, AZ, 

USA) automated staining system. The interpretation of ER, 

PR, and HER2 results was carried out according to the cur-

rent American Society of Clinical Oncology (ASCO)/College 

of American Pathologists (CAP) guidelines for ER, PR, and 

HER2 testing.4,5 All cases with equivocal HER2 staining were 

subjected to a fluorescence in situ hybridization test using US 

Food and Drug Administration-approved Vysis Pathvysion 

HER2 neu LSI probe with alpha satellite probe CEP17 used 

as control (Abbott Molecular–Vysis Inc., Des Plaines, IL, 

USA). The results were reported as per the ASCO/CAP 2013 

guidelines6 as follows: not amplified if HER2 gene copy 

,4.0 or ratio ,1.8, equivocal HER2 gene copy 4.0–6.0 or 

ratio 1.8–2.2, amplified HER2 gene copy .6.0 or ratio .2.2. 

MIB-1 stain for Ki-67 was done using RTU mouse antihuman 

Ki-67 monoclonal antibody, MIB-1 clone 1:300, Dako using 

Leica Bond automated staining system (Leica Biosystems 

Nussloch GmbH, Nußloch, Germany). For the determination 

of Ki-67 proliferation index, 500 invasive cancer cells were 

counted in three randomly selected high-power (×40 objec-

tive) fields. The Ki-67 proliferation index was calculated as 

the percentage of 500 cells that showed nuclear staining by 

MIB-1, irrespective of the intensity of staining. Response 

to chemotherapy was reported as per CAP recommenda-

tions 2009 to categorize tumors with pathological complete 

response (pCR), partial response, and no response.7

The clinical data were retrieved from the patient’s elec-

tronic medical record system. Patient-related clinical infor-

mation, including patient demographics, chemotherapy type 

and intensity as well as follow-up data for disease relapse 

were analyzed. For the purposes of this study, any disease that 

had recurred either locoregionally or as distant metastases 

was taken as disease relapse.

Associations between changes in protein expression and 

clinical parameters were performed to identify factors that 

may predict resistance to chemotherapy response.

Statistical analysis was performed using MedCalc 

 version 12. Associations between IHC markers before and 

after NACT were evaluated using the McNemar’s test for 

ER, PR, HER2, and a paired Student’s t-test for the Ki-67. 

Associations between the pCR rates to other categorical 

variables were assessed using the chi-square tests (including 

chi-square test for trends in groups) or Fisher’s exact tests. 

Associations between pCR and the Ki-67 index were per-

formed using the independent Student’s t-test. Kaplan–Meier 

plots were analyzed to obtain relapse-free survival (RFS) 

and overall survival at 2 years follow-up. Cox’s proportional 

hazards model was used to identify any significant associa-

tion between changes in IHC4 and RFS. Log-rank test was 

done to compare the RFS among the groups. Hazard ratios 

(HR) and confidence intervals (CI) were calculated using 

SAS version 9.4.

Results
A total of 156 patients with locally advanced breast cancers 

were identified, six (3.9%) of whom had bilateral breast 

cancers with a total of 162 evaluable breast cancer cases. 

Their median age was 48 years (range: 23–71 years). 

Prechemotherapy, 75.5% were ER or PR positive (referred 

to as hormone receptor positive), 40.5% HER2 positive, and 

15.7% had TN tumor. There was no significant association 

of any subtype of breast cancer with respect to age. Post-

NACT, all patients underwent surgical excision with 30.9% 

having BCS. In the 53 patients where NACT was given with 

the intention to downstage for breast conservation, BCS 

was possible in 94.3%. Overall, 41 (25.3%) patients had 

pCR reported post-NACT. Data on treatment type and dose 

intensity were not available in nine patients who received 
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chemotherapy at their local center, where documentation 

was irretrievable. Of 162 patients, 143 (88.27%) received 

anthracycline–taxane combination chemotherapy among 

whom 25.17% achieved pCR. Of 162 patients, 19 (11.73%) 

patients received no taxanes but only anthracycline contain-

ing chemotherapy, 26.32% of whom achieved pCR. There 

was no statistically significant difference in pCR achieved 

between the two groups. Of all patients receiving NACT, 

73 (49.7%) cases received a .15% dose reduction due to 

toxicities and 14 (9.5%) had a delay of more than 1 week 

during chemotherapy. The patients who had ,15% dose 

reduction during chemotherapy had the pCR rate of 28.8% 

compared to 20.6% pCR rate in those who had .15% dose 

reduction during chemotherapy. The patients with less than 

1 week delay in scheduled chemotherapy cycles had the 

pCR rate of 25.6% compared to 13.3% pCR rate in those 

who had more than 1 week delay in chemotherapy. The 

commonest toxicity reported was hematological (neutro-

penia) with 13 (8.8%) needing hospital admission and 47 

(32%) received growth factor supplements during treat-

ment. Use of taxanes, growth factors, or chemotherapy dose 

intensity did not have a significant effect on pCR rates on 

univariate analysis.

The association between clinicopathological variables 

and pCR rates has been detailed in Table 1. Grade 3 tumors 

had a higher pCR rate (27.4%) with a significant association 

(P=0.04) in trend for pCR between the three possible grades 

of disease. The difference in pCR rates was 30.77% versus 

24% in younger versus older women (with a comparison 

around median age) and 28.8% T1/T2 tumors had pCR 

versus 13.4% for T3/T4. These differences were not found 

to be statistically significant. Tumors that were positive for 

both ER and PR had the lowest (14.3%) pCR rates compared 

to tumors with both ER and PR negative (29%) or those 

with either ER or PR positive (38.6%). The trend for differ-

ence in pCR among the group was found to be statistically 

Table 1 Pathological complete response (pCr) rates and its association to clinicopathological variables

Variable Total 
number

Subgroup CR RD P-value Chi-square value

Number % Number %

age group 162 ,48 years (48.15%) 24 30.77 54 69.23 0.174 1.848

$48 years (51.85%) 17 20.24 67 79.76
Tumor stage 158 T1 and T2 (41.77%) 19 28.78 47 71.22 0.5064 0.442

T3 and T4 (58.23%) 21 13.41 71 86.59
nodal involvement 155 Yes (73.55%) 25 21.93 89 78.07 0.4643 0.535

no (26.45%) 12 29.27 29 70.73
grade 144 3 (50.69%) 20 27.4 53 72.6 0.044 (chi-square  

test for trend)
4.062 (chi-square 
value for trend)2 (40.97%) 12 20.34 47 79.66

1 (8.33%) 0 0 12 100
hormone receptor 159 Positive (75.47%) 28 23.33 92 76.67 0.6891 0.16

negative (24.53%) 11 28.2 28 71.8
er 159 Positive (74.84%) 27 22.69 92 77.31 0.47 0.515

negative (25.16%) 12 30 28 70
Pr 159 Positive (49.69%) 12 15.19 67 84.81 0.01 6.428

negative (50.31%) 27 33.75 53 66.25
er/Pr 159 er and Pr positive (48.43%)

er/Pr positive (27.67%)
er and Pr negative (23.9%)

11
17
11

14.28
38.64
28.95

66
27
27

85.72
61.36
71.05

0.0087 (chi-square  
test for trend P=0.03)

9.495 (chi-square 
value for trend 4.69)

allred score er 159 er 0–2 12 30 28 70 0.003 11.89
er 3–5 10 52.63 9 47.37
er 6–8 15 16.48 76 83.51

allred score Pr 159 Pr 0–2 28 35.44 51 64.56 0.005 10.46
Pr 3–5 2 11.11 16 88.89
Pr 6–8 7 13.2 46 86.8

her2 neu 153 Positive (40.52%) 16 25.8 46 74.2 0.85 0.04
negative (59.48%) 21 23.07 70 76.93

Ki-67 120 low (29.17%) 6 17.14 29 82.86 0.36 0.84
high (70.83%) 23 27.06 62 76.94

Molecular subtype 140 luminal a (15.7%) 3 13.64 19 86.36 0.51 (chi-square test  
for trend P=0.15)

2.34 (chi-square 
value for trend 2.03)luminal B (55.7%) 19 24.36 59 75.64

her2 enriched (13.6%) 5 26.31 14 73.69
Triple negative (15.7%) 7 33.33 14 66.67

Abbreviations: Cr, complete response; er, estrogen receptor; Pr, progesterone receptor; rD, residual disease.
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Table 2 Changes in pre- and post-naCT ihC4

IHC markers ER positive ER negative PR positive PR negative HER2 neu 
positive

HER2 neu 
negative

Low Ki-67 High Ki-67

Pre-naCT 77.23% 22.77% 55.44% 44.56% 37.62% 62.38% 28.92% 71.08%
Post-naCT 66.34% 33.66% 57.42% 42.58% 31.68% 68.32% 50.6% 49.4%
P-value 0.0347 0.8238 0.2632 0.009
Chi-square value* 4.35 0.05 9.0312 1.25

Notes: n=101 for er/Pr/her2 neu, n=83 for Ki-67. *For changes in ihC4 post-naCT, Mcnemar’s test was performed using MedCalc version 12.
Abbreviations: er, estrogen receptor; ihC, immunohistochemical; naCT, neoadjuvant chemotherapy; Pr, progesterone receptor.
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significant (P=0.008 chi-square; P=0.03 chi-square value 

for trend). pCR rates were significantly lower with increas-

ing Allred scores for ER and PR (Table 1). PR positivity 

was significantly associated with less likelihood of pCR 

post-NACT (15% versus 34%; P=0.01), with patients with 

even a PR Allred score of 3–5 showing just a 11.11% pCR 

compared to 52.63% pCR in those with a ER score of 3–5. 

Interestingly, associations between ER or HER2 expression 

alone and pCR rates alone were not statistically signifi-

cant. It is worth noting that of 62 patients who were HER2 

positive, only 14 (22.58%) had received trastuzumab, due 

to resource availability. HER2 neu-positive patients receiv-

ing trastuzumab had a higher pCR rate (35.7%) compared 

to those who did not get the medicine. Only seven of these 

14 patients could continue trastuzumab after surgery for the 

recommended total of 17 cycles every 21 days.

Ki-67 indices were possible in 140 of the 156 patients 

(162 samples) due to inadequate tissue retrieval in the 

remaining 22 cases. A high Ki-67 index (.14%) was found 

in 70.8% patients. Patients with low Ki-67 had 17.14% pCR 

rate post-NACT compared 23.07% in those with high Ki-67. 

The difference in mean Ki-67 rates prior to NACT, among 

patients achieving pCR versus those not achieving pCR, were 

not statistically significant (P=0.11).

When we classified the 140 cases into the four molecular 

subtypes based on the IHC4 data, 78 patients (55.7%) had LB 

molecular subtype at diagnosis, followed by 22 (15.7%) with 

LA, 21 (15%) TN, and 17 (13.6%) HE subtypes. The pCR rate 

was low for LA type tumors (13.68%) compared to 24.36%, 

26.31%, and 33.33% for LB, HE, and TN subtypes, respec-

tively (Table 1). The difference between the response rates 

was statistically insignificant between the four groups.

When pre-NACT IHC4 markers were compared to post-

NACT IHC4 (Table 2), there were significant reduction in 

the expression of ER (P=0.0347) and change in Ki-67 index 

(P=0.0027), but there were no significant change in PR or 

HER2 expression. Pre-NACT mean Ki-67 was found to be 

30.4% compared to 22.8% post-NACT. Postchemotherapy, 

69.14% patients had a decrease in Ki-67 indices, recording a 

mean decrease of 20.06%. There was no significant  difference 

in changes to Ki-67% postchemotherapy with respect to ER/

PR or HER2 status. It is worth noting that adequate tissue for 

post-NACT ER/PR/HER2 testing was available in 101 out of 

remaining 121 samples, accounting for pCR in 41 tumors. 

Post-NACT residual disease sample was adequate for Ki-67 

tests in 83 patients.

At a median follow-up of 16 months, two patients 

(1.28%) developed locoregional recurrence (one in the 

chest wall and the other in the supraclavicular fossa recur-

rence), one patient (0.64%) developed contralateral axil-

lary recurrence, and ten patients (6.41%) developed other 

distant metastases. Seventeen patients (10.89%) were lost 

to follow-up. Of the 13 patients who recurred or metasta-

sized, seven (53.85%) had LB, four (30.77%) had TN, and 

two (15.38%) had HE subtype. This accounted for 8.9% of 

all LB, 19.04% of all TN, and 10.5% of all HE subtypes. 

No patients with LA subtype had a relapse till the date of 

the last follow-up. Figure 1 shows the projected difference 

in relapse-free survival based on ER (Figure 1A) and PR 

(Figure 1B) expression; P=0.02 and P=0.013, respectively. 

With respect to the Allred scoring system, the patients were 

clustered into three different groups (A=0–2, B=3–5, and 

C=6–8). The HR for the groups based on ER status was 

calculated with group C as comparator. HR for group A 

was 8.145 with a 95% CI of 1.59–40.85. HR for group B 

was 10.243 (95% CI 1.97–57.97). For PR status, log-rank 

test showed a significant difference between the three Allred 

groups. The HR between PR Allred 0–2 versus 3–5 was 2.63 

(95% CI 0.33–20.34). There was no relapse in PR group 

Allred 6–8; hence comparison between this group and the 

others, although appreciable, resulted in a very large HR 

ratio with CI extending to infinity.

Figure 2 shows the predicted RFS in months at 2 years 

for the different molecular subtypes. Although the curves 

show differential RFS for the various molecular subtypes, the 

log-rank analysis was statistically not significant (P=0.16). 

Figure 3 shows the predicted RFS for the tumors that had 

either reduction in Ki-67 or increase/stable Ki-67 or pCR 

(P=0.86). Figure 4 shows the RFS of patients in whom the 

hormonal status changed from positive to negative versus 
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Figure 1 Kaplan–Meier estimates of relapse-free survival.
Note: (A) shows the predicted relapse-free survival (rFs) (in months, x-axis) for the three groups with differential estrogen receptor (er) allred scores (a=0–2, B=3–5, 
C=6–8); hazard ratio: Pre_chemo_ER_Allred_A 8.145, confidence interval 1.59–40.85, P,0.01; Pre_chemo_ER_Allred_B 10.243, confidence interval 1.97–57.97, P,0.01. 
C is the reference. (B) shows the rFs (in months, x-axis) for the three groups of progesterone (Pr) allred scores (a=0–2, B=3–5, C=6–8). There was statistically significant 
difference in rFs predicted for both the er and Pr groups (P=0.002 and P=0.013, respectively).
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those who changed from negative to positive. The curves 

for RFS although divergent showed a trend toward statistical 

significance (P=0.06, HR =0.2489, 95% CI 0.18–1.09).

Finally, it is worth noting that although TN cancers had 

higher pCR rates, paradoxically, relapse in LA tumors was 

the lowest. This effect, although paradoxical, is a complex 

area of research. One plausible explanation for the same could 

be attributed to the fact that endocrine-responsive tumors, 

such as LA cancers, were intrinsically sensitive to endocrine 

modulation leading to longer RFS. The use of tamoxifen in 

low-risk premenopausal patients or aromatase inhibitors in 

patients, who are postmenopausal or have ovarian ablation, 

could have accounted for the improvement in relapse rates 

in these groups.

Discussion
Accurate classification of subtypes of breast cancer can help 

prognosticate and also predict response to therapy. The use 

of IHC4 has allowed improved decision-making on the use 

of adjuvant chemotherapy in patients at intermediate risk 
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Figure 3 Kaplan–Meier estimates of relapse-free survival.
Note: relapse-free survival (in months, x-axis) in groups with pathological complete response (pCr), lower Ki-67 and stable/high Ki-67 postchemotherapy.
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of recurrence based on their tumor grade, size, and nodal 

metastases.1

One of the important issues to consider prior to explor-

ing the differences in the pre- and post-NACT IHC4 status 

is on how concordant a core biopsy is to the nature of the 

surgical tumor, without the influence of NACT. Burge et al 

reported a significant concordance of 95%, 89%, and 96% 

between 87 core biopsy and surgical specimens for ER, PR, 

and HER2 status, respectively, in spite of tumor heterogene-

ity.8 In another study with 175 patients by Lorgis et al, it was 

concluded that although HER2 status remained the same in 

almost all cases, core biopsy up-scored ER status in up to 

16% and PR status in 22% cases, recommending postsurgery 

assessments to be more valid.9 Our study was done on 162 
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Figure 4 Kaplan–Meier estimates of relapse-free survival.
Notes: relapse-free survival (in months, x-axis) of tumors that changed hormone receptor from positive to negative versus from negative to positive. log-rank P=0.06 
(hazard ratio [hr] =0.2489, 95% confidence interval 0.18–1.09).
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samples using set and validated protocols by experienced 

pathologists. Hence, the statistically significant changes in 

the ER (.20% cases) and Ki-67% (.40% cases) in our 

study could not be attributed to just tumor heterogeneity or 

reporting artifact. There have also been reports of difference 

in the expression of the ER/PR or HER2 status in the primary 

versus metastatic sites, but its exact role in the clinical context 

is yet to be fully understood.10,11

Moreover, when chemotherapy is used to downstage 

tumors prior to surgery, certain subclones of tumor cells may 

be preferentially killed, thereby causing a change in IHC4 

expression.12 This theory can be validated if there was a bet-

ter predicted RFS in patients whose more chemosensitive 

ER-positive clones could have been preferentially eradicated 

with residual disease exhibiting ER-negative clones only. Our 

study shows that the predicted RFS is better when hormone 

receptors changes from ER-positive prechemotherapy to 

ER-negative postchemotherapy (Figure 4), thereby validat-

ing the aforementioned theory. Changes in IHC4 post-NACT 

have been reported, but these have not shown any consistent 

trend in the concordance or discordance of the expression 

of the markers. In the study by Kinsella et al, only 38 patho-

logical specimens were examined pre- and post-NACT.13 The 

investigators concluded that the PR status is likely to change 

post-therapy and recommended that the issue warranted 

further bigger studies. In a recent review of such studies of 

van de Ven et al, only six out of the 13 studies had more than 

100 patients’ specimens analyzed.14 The authors confirmed 

that bigger studies had shown a 2.5%–17% discordance in 

the ER status post-NACT, while PR discordance was reported 

to be between 5.9% and 51.7% cases. In another study by 

Yang et al, the discordance in ER/PR and HER2 expression 

post-NACT ranged from 12.4% to 15%.15 Our study analyzed 

162 specimens and showed a good concordance in PR and 

HER2 status post-NACT but confirmed the discordance in 

ER status in more than 20% cases.

This matter therefore needed an evaluation to ascertain if 

such pathological changes post-NACT could have any associ-

ation to tumor response rates or RFS. Although a statistically 

significant reduction in Ki-67 index postchemotherapy has 

been reported by Lee et al, as in our study, our results showed 

a significant change in the ER status post-NACT in contrast 

to the change in the PR status reported by those authors.16 

The pCR rates as reported by us overall and for the various 

subtypes are in consistence with that reported in the literature 

confirming that the results of our study can be generalized, 

and our chemotherapy dose response has been standard.17 

The PR expression per se was associated with low pCR rates, 

and even a moderate PR Allred score of 3–5 was associated 

with approximately 40% less pCR rates. As expected, Grade 
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3 tumors showed higher pCR rates. The RFS rates depicted in 

Figure 1 is in keeping with that expected in the literature with 

the highest RFS for LA type tumors and lowest for TN types. 

Nonavailability of trastuzumab for all HER2-positive patients 

and moderately low-patient numbers in each individual group 

remain as weaker points of our study and could account for 

the lack of statistical significance in the difference in RFS 

between the subtypes.

Importantly, changes in Ki-67 post-NACT did not trans-

late to differential RFS in our study, but PR positivity alone 

with moderate PR expression or even in the presence of 

ER positivity was associated with a significantly less pCR 

rate. Also, it was quite interesting to note that patients with 

a change in hormone receptors from positive to negative 

seemed to have better RFS compared to those in whom hor-

mone receptors changed from negative to positive, confirming 

that prechemotherapy rather than postchemotherapy positiv-

ity in the ER/PR status had a better prognostic value.

Conclusion
Changes in IHC4 occur post-NACT. pCR rates were lower 

with increasing Allred scores for ER and PR. Overall, pCR 

rates seemed to be lower in PR-positive tumors and pre-NACT, 

not post-NACT, and HR status seemed to prognosticate RFS 

better. pCR rates were low for LA type tumors and high with 

TN subtypes. In contrast, RFS for LA tumors was found to be 

better possibly due to the endocrine sensitivity of such tumors 

and available affordable targeted endocrine therapy.
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