
Purpose: To evaluate the changes in biological markers ER, 
PR, HER2 and Ki67 in residual tumor after surgery for local-
ly advanced breast cancer (LABC), and also to evaluate the 
outcome of breast cancer patients treated with neoadjuvant 
chemotherapy (NAC).

Methods: 144 breast cancer patients treated with NAC at 
the Oncology Institute of Vojvodina, Serbia from 2011 to 
2015 were included in this study. Changes in biologic mark-
ers ER,PR, HER2/neu and Ki-67 were evaluated at diagnostic 
core biopsy and at the final surgery tissue specimens. 

Results: Of 144 patients pathological complete response 
was achieved in 17 (12%) and these were excluded from 
the study. Evaluated were 127 patients with residual tu-
mor after the final surgery. A change in hormone receptor 
status (ER,PR) occurred in 9.4% of the patients (ER in 5%, 
PR in 14.5%) and HER2 status in 4.7% of the patients. 
ER and PR status change from negative to positive was 
associated with better overall survival (OS), but without 

statistical significance (p=0.16). Patients with conversion 
of HER2 status from negative to positive lived longer (65 
vs 42 months). Furthermore, it was determined that HER2 
change from negative to positive was associated with better 
OS (p=0.03). Ki-67 changed in 17 (11.8%) patients. The de-
crease of Ki-67 expression after NAC was associated with 
better outcome. Median follow up was 37.5 months (range 
16.2-76.8).

Conclusion: Changes in hormone receptor status, HER2 sta-
tus and Ki-67 occurred after NAC in patients with LABC. 
A change from negative to positive hormone receptor status 
and HER2 status offers new treatment options, like endo-
crine therapy, and/or trastuzumab therapy for breast cancer 
patients. The decrease of Ki-67 expression after NAC was as-
sociated with better outcome.
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Neoadjuvant systemic therapy is the gold 
standard in the treatment of inoperable LABC. 
Neoadjuvant therapy is usually associated with 
persistent outcome benefit, such as disease-free 
survival  (DFS) and OS [1].

NAC was associated not only with persistent 
outcome benefit, but also with breast conser-
vation. Results from large clinical trials [2] and 
many retrospective reviews [3,4] have indicated 

that breast conservation rates are improved with 
the use of preoperative systemic therapy. Intro-
duction of NAC in breast cancer has increased the 
percentage of complete pathological remission 
(pCR) of the patients [5,6] and the pCR influences 
DFS [7].

NAC has induced changes in expression of 
ER, PR, HER2 and Ki-67 in patients with invasive 
breast cancer [8-12]. Discordance of the hormone 
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receptor status was reported in four studies in 
8-33% of the patients [13]. About half of the stud-
ies reported discordances of ER (2.5-17%) and PR  
(5.9-51.7%) [13]. Many relevant studies have in-
vestigated the ER/PR and HER2 status after NAC 
with or without trastuzumab. When NAC was 
combined with trastuzumab, a switch to a nega-
tive HER2 expression was reported in up to 43% 
of the patients [13]. So far, only limited data are 
available about the prognostic value of changes 
in the biological markers of residual tumors af-
ter NAC in breast cancer patients [14,15]. It has 
been suggested that long-term outcomes and 
pathologic response are correlated stronger with 
triple-negative breast cancer, less for HER2-pos-
itive disease, and the least for hormone-positive 
receptor disease [16].

The aim of this study was to evaluate the 
changes in biological markers ER, PR, HER2, and 
Ki-67 in residual tumor after breast surgery and 
to define the outcome of breast cancer patients 
treated with NAC.

Methods

Information was collected from the database of pa-
tients with biopsy-proven invasive ductal breast cancer 
treated with NAC at the Oncology Institute of Vojvodi-
na from 2011 to 2015. 

A group of 144 patients with LABC treated with 
NAC was evaluated. All patients had pathological eval-
uation, including ER,PR,HER2 and Ki-67,which were 
determined by tumor core biopsy in the pretreatment 
and surgical resection specimens after NAC. We select-
ed 127 patients who did not achieve pCR whose resid-
ual tumors were evaluated for hormone receptor and 

HER2 status and Ki-67 expression. Changes of the bi-
ologic markers between diagnostic core biopsy and at 
the final surgical specimens were compared.

Pathology assessment

HER2/neu status was determined by immunohis-
tochemistry (IHC). For determination of HER2 status, 
a tumor with a 3+ score was considered as positive. 
All patients with HER2 2+ results were retested with 
fluorescence in situ hybridization (FISH) and found as 
either positive or negative. Tumors with >10% stained 
cells were considered to have positive ER or PR hor-
mone receptor status. Tumors with Ki-67 >14% were 
considered to have high proliferation index.

Statistics

Statistical analyses were performed using SPSS 20 
software package. The primary endpoints were OS and 
DFS. DFS was calculated from the date of surgery to the 
first documented local or distant disease relapse. OS 
was calculated from the date of surgery to the date of 
death from any cause or the date of the last follow-up.

Kaplan-Meier method was performed to estimate 
OS and DFS in patient groups and log-rank test was 
used for comparison of the curves between the groups. 
Multivariate analysis using Cox proportional hazards 
model was performed in order to characterize the im-
pact of histopathological prognostic factors of the tu-
mor on DFS and OS. Factors included in multicariate 
analysis were biological markers ER, PR, HER2 and 
Ki67 index. Significance was set at p<0.05.

Results 
From the group of 144 patients who received 

NAC, 17 patients (12%) achieved pCR and were 

Figure 1. Frequency of changes of ER, PR, HER2 and Ki-67 expression and pathological complete response (pCR).
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excluded from the study. The median follow up 
was 37.5 months (range 16.2-76.8).

Change in ER and PR status occurred in 12 
(9.4%) out of 127 evaluated patients. Change in 
HER2 status was found in 6 (4.7%) patients and 17 
(11.8%) patients had a change in Ki-67 status from 
pretreatment to residual disease (Figure 1). The 
comparison of changes in ER, PR, HER2 and Ki-67 
showed that a group of patients with changes in 
ER and Ki-67 status had a better OS but not DFS 
than other groups of patients (Figure 2). 

When we compared the group of patients 
with changes in ER and PR status with the group 
of patients without such changes, a statistically 

significant difference in OS was found (p=0.001) 
(Figure 3). No significant difference (p=0.167) was 
found when we compared OS of hormone recep-
tor status change from negative to positive and 
positive to negative (Figure 4). The change of hor-
mone receptor status from negative to positive 
was associated with longer OS (47 vs 38 months; 
Figure 4; p=0.056).

Statistically significant difference (p=0.001) 
in OS was found between HER2 without change 
vs with change (85 vs 70 months; Figure 5).

OS was statistically significant higher 
(p=0.035) for HER2 status change from positive 
to negative when compared with the change from 
negative to positive (Figure 6).

Change of HER2 status from positive to neg-
ative correlated with better outcome of patients 
who survived at the time of follow up (65 vs 40% 
patients). However, the patients with conversion 
of HER2 status from negative to positive lived 
longer (65 vs 42 months) (p=0.038; Figure 6). Cox 

Figure 2. Kaplan-Meier overall survival curves accord-
ing to ER, PR, HER2 and Ki-67 changes.

Figure 4. Kaplan-Meier disease-free survival curves of 
ER and PR change from negative to positive and vice versa.

Figure 5. Kaplan-Meier overall survival curves differ-
ence in patients with HER 2 status change and no change.

Figure 3. Kaplan-Meier overall survival curves accord-
ing to ER, PR change and those with no change.
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hazard regression analysis showed that HER2 and 
hormone receptor status were independently as-
sociated with OS (p=0.01).

Change in Ki-67 expression was found in 17 
(11.8%) of the evaluated patients. The decrease of 
Ki-67 expression after NAC was associated with 
better outcome (Figure 7).

Results for DFS were best in the group with 
biological markers changes in ER status and Ki-67 
expression (p=0.056) (Figure 8).

Discussion

In the past, many studies have shown con-
flicting results concerning to the impact of NAC 
on the status of ER, PR and HER2 in breast cancer 
[11].

In general, earlier studies have reported 
non-significant changes in hormone receptor 
and HER2 status under the influence of NAC, but 
recent studies report significant changes in hor-
mone receptor status. However, there is a paucity 
of data in the literature on the duration of OS and 
DFS after the modulatory effect of NAC [14,16].

In this study we evaluated patients with LABC 
treated with NAC. Changes in biologic markers 
ER,PR, HER2 and Ki-67 were assessed at diagnos-
tic core biopsy and at the final surgical specimens. 
Patients who achieved pCR were excluded from 
the analysis. Evaluated were the impact of hor-
mone receptor status conversion on OS and DFS 
as well as on achieving pCR.

Our results were similar to the results of re-
cently published studies for the hormone receptor 
switch:  PR status (14.5 vs 13%) and HER2 status 

(7.1 vs 4.72%) but not in ER status (12 vs 5 %) [14]. 
Our results in ER status switch were concordant 
with another study that reported statistically sig-
nificant changes (p<0.001) [10].

There might be a possibility for a modulatory 
effect of NAC on hormone receptor status. As one 
possible explanation of this phenomenon is that 
chemosensitive cancer cells are destroyed by che-
motherapy and the resistant ones survive, hence 
the hormone receptor status switch. Furthermore, 
ER, PR, and HER2 are highly interdependent and 
modulating one receptor can change the others 
[7].

Several authors have reported that switch 
from negative to positive ER,PR, and HER2 status 
correlated with better patient OS [17-19]. The bet-
ter outcome in patients with ER switch from neg-

Figure 6. Kaplan-Meier overall survival curves of HER2 
status change from positive to negative and vice versa.

Figure 7. Kaplan-Meier overall survival curves of Ki-67 
expression change from higher to lower and vice versa.

Figure 8. Kaplan-Meier disease-free survival curves ac-
cording to ER, PR, HER2 and Ki-67 change.
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ative to positive has to do with the possibility of 
administering endocrine therapy whereas in hor-
mone receptor negative status this is not possible 
as shown in the study by Hirata et al. [15].

In addition, it has been shown in the past that 
patients with stable profile of hormone receptor 
status have better outcome as compared to pa-
tients with hormone receptor switch [20].

Several studies have shown that patients with 
tumors that switched from HER2 positive to nega-
tive status after NAC had significantly shorter re-
currence-free survival and a higher risk of relapse 
than patients with tumors of stable profile, which 
is concordant with the results of our study [21-23].

Our results showed that patients with no 
change of HER2 status had better outcome (OS). 
The change of HER2 status from positive to neg-
ative correlated with better outcome (OS=65%, 
p=0.035), but patients with HER2 status conver-
sion from negative to positive lived longer  (65 vs 
42 months).

In the present study 11.8% of the patients had 
Ki-67 expression change. The decrease of Ki-67 ex-

pression after NAC was associated with better out-
come, which is concordant with another study [8].

Because the administration of NAC might 
cause changes in biological markers in patients 
with breast cancer, retesting of hormone recep-
tors and HER2 and Ki-67 after NAC should be 
done. This is particularly important for ER/PR 
and/or HER2-negative pre-treatment tumors as 
these may switch to a positive status, which im-
plies application of endocrine therapy and/or tras-
tuzumab. The results of these changes might in-
fluence the therapy decision in further treatment 
and might be useful to identify patients with bet-
ter outcome after NAC. The results of this study 
show a change in the trend of accepting negative 
predictors of OS, thus showing a sinister nature 
of cancer - its new mutation. Therefore, future 
clinical trials would help to better understand the 
effect of therapy to tumor biology. 
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