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Summary

Purpose: Estrogen receptor (ER) and progesterone receptor 
(PgR) levels as well as Ki-67 expression levels are independent 
predictive markers in patients with hormone receptor-posi-
tive breast cancer. In this study, we investigated the predic-
tive significance of the formula of log (ER)*log (PgR)/Ki-67, 
which was created using 3 independent predictive markers, 
for the pathological complete response of the Hormone Re-
ceptor (HR)-positive/HER2-negative breast cancer patients 
receiving neoadjuvant chemotherapy (NACT). 

Methods: This retrospective study included 126 patients 
with HR-positive/HER2-negative breast cancer and axillary 
lymph node metastasis who received NACT. The log (ER)*log 
(PgR)/Ki-67 value was calculated from the pre-NACT patho-
logical evaluation results in all patients. We determined the 
ideal predictive cut-off value, which separates patients into 
2 groups according to pathological complete response (pCR) 
and pathological non-complete response (non-pCR), using 
Receiver Operating Characteristic (ROC) curve analysis. 
According to this cut-off point, patients were divided into 
2 groups as cut-off ratio high and cut-off ratio low and were 

compared using logistic regression analysis along with clin-
icopathological features.

Results: According to the predictive model, we estimated the 
ideal cut-off value that distinguishes patients as pCR and 
non-pCR to be 0.12 (p=0.015). According to this cut off value, 
%54.8 of the patients were categorized as cut-off value high 
and %46.2 were cut-off value low. The non-pCR rates of the 
groups were 91.3% and %71.9, respectively(p=0.004). A cut-
off value of 0.12 provided the feature of being a predictive 
marker in the univariate analysis for distinguishing between 
pCR and non-pCR (OR=4.09 95% CI 1.48-11.33, p=0.007), 
and it preserved this feature in the multivariate analysis. 
(OR=3.27, 95% CI 1.12-9.56, p=0.030).

Conclusion: The formula of log (ER)*log (PgR)/Ki-67 can 
be used as a simple and easy-to-use predictive marker for re-
sponse to neoadjuvant therapy in patients with HR-positive/ 
HER2-negative breast cancer receiving NACT. 

Key words: breast cancer, neoadjuvant chemotherapy, new pre-
dictive marker, hormone positive, pathologic complete response

Introduction

Breast tumors are biologically diverse accord-
ing to their molecular features such as estrogen 
receptor (ER), progesterone receptor and human 

epidermal growth factor receptor (HER2), and ex-
hibit different clinical behaviours due to this di-
versity [1]. Hormone receptor (HR)-negative (ER 
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and PgR negative) subgroup is associated with a 
high response rate to neoadjuvant chemotherapy 
(NACT), while the response of HR-positive (ER or 
PgR positive) subtype to neoadjuvant chemother-
apy (NACT) is variable [2,3]. Still, NACT can be a 
preferred treatment strategy for the HR-positive 
patients due to its potential advantages such as 
axillary downstaging, higher rates of breast-con-
serving surgery, and assessment of early in vivo 
response to systemic treatment [4].

With predictive significance in ER, PgR and Ki-
67-based classifications, the European Society for 
Medical Oncology (ESMO) recommends a cut-off 
value of 20% with insufficient evidence for PgR in 
the distinction between Luminal A and Luminal B, 
and also there is great uncertainty for Ki-67 cut off 
values in terms of categorization. In the breast can-
cer pathological classification of ESMO, all patients 
having ER level 1% or more are considered hor-
mone positive and ER expression is not considered 
to have an pivotal role for distinguishing between 
luminal A and luminal B [5]. However, studies have 
shown the predictive importance of the degree of 
hormone receptor expression in terms of response 
to NACT[6-8]. As a result, classical luminal classi-
fication remains insufficient for guidance of NACT 
decision making process. A more precise predictive 
model is required which evaluates ER, PgR and ki-
67 expression in combination, and delineates the 
importance of hormone receptor expression levels 
and also resolves the existing cut-off problems. 

The log-transformation method is recommend-
ed for skewed data in predictive markers for breast 
cancer [9]. This method is commonly applied dur-
ing statistical analysis in many of the contempo-
rary studies [10-12]. This method, which can also be 
applied for quantitative determination of estrogen 
receptor levels, enables standardization of meas-
urements [13]. 

In this study, we aimed to investigate the pre-
dictive significance of the value of log (ER)*log 
(PgR)/Ki-67 estimated before chemotherapy for 
response to NACT in patients receiving NACT and 
to determine an ideal cut-off value for this new 
formula. 

Methods 

Patients

We retrospectively analyzed the data of hormone 
receptor-positive (ER or PgR-positive), HER2-negative 
and positive clinical or pathological lymph nodes of 126 
patients who received NACT followed by surgery be-
tween February 2014 and December 2019 at Tekirdag 
Namik Kemal University Hospital. Tissue and lymph 
node biopsies of all patients were evaluated immuno-

histochemically by the same pathologist. In patients 
without lymph node biopsy, lymph node positivity 
was determined according to the involvement on PET-
CT or magnetic resonance imaging performed before 
NACT. The study included patients who received either 
4 cycles of docetaxel every 3 weeks (75mg/m2) or 12 
cycles of paclitaxel weekly (80mg/m2) after 4 cycles of 
cyclophosphamide+epirubicin. The exclusion criteria 
were considered as follows: HER2 positivity, hormone 
receptor (HR) negativity, receiving different neoadjuvant 
therapy, lymph node negativity or metastasis during the 
NACT period. Clinical and pathological tumor staging 
was based on the Union Internationale Contre le Cancer 
(UICC), TNM classification of malignant tumours, 8th 
edition. 

The local institutional review board approved the 
project and this study conformed to the provisions of 
the 1995 Declaration of Helsinki. All patients provided 
informed consent, and the Local Ethics Committee of 
Tekirdag Namik Kemal University gave formal approval 
to this retrospective study (approval no: 2020.238.10.06 
on 27th October, 2020). This study adheres to the RE-
MARK guidelines [14].

Pathological assessments

All breast cancer tru-cut biopsies and post-chem-
otherapy surgical specimens (if they contained tumor 
tissue) were processed for immunohistochemistry (IHC). 
Staining was performed by applying Estrogen (SP1. 
Ventana), Progesterone (1E2. Ventana), c-ErbB2 (anti-
HER-2 / neu; 4B5. Ventana), and Ki-67 (30-9. Ventana) 
antibodies using a BenchMark XT automated slide-
staining system. Estrogen, Progesterone, HER-2 and 
Ki-67 results were evaluated under an Olympus CX41 
microscope according to the CAP Breast Biomarker 
Template (Template for Reporting Results of Biomarker 
Testing of Specimens From Patients With Carcinoma 
of the Breast-2020). In cases of score 2+ HER2 by im-
munohistochemistry, dual in-situ hybridization test was 
performed on the same material.

Our pathology laboratory reported the Ki-67 cut-off 
value as 18 for luminal separations for our center, and 
this cut-off value was used for categorization of tumors 
according to the luminal subtypes and Luminal B and 
Luminal B distinction. Surrogate molecular subtypes 
were defined as Luminal A, Luminal B/HER2-negative, 
Luminal B/HER2-positive, HER2-enriched, and Triple-
negative, as already described [15]. 

Predictive model and data collection

In the formula of log (ER)*log (PgR)/Ki-67, log (ER) 
defines the base-10 logarithm of the estrogen receptor 
level, log (PgR) defines the base-10 logarithm of the pro-
gesterone receptor level, and Ki-67 defines the prolifera-
tion index without “%”. Values with ER zero (0) or PgR 
zero (0) are considered 0 as they do not cut the logarithm 
curve (Appendix 1; Figure S1). 

The clinical data, treatments administered, and their 
results along with the pathological data of all patients 
were retrospectively gathered and entered in an an-
onymized dedicated database.
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Study endpoint

The primary objective of the study was to verify the 
possible predictive value of log (ER)*log (PgR)/Ki-67 for 
non-pCR in HR-positive and HER2-negative patients and 
to determine the ideal cut-off for this. 

We defined pathological complete response (pCR) 
from the postoperative surgical specimen as no residual 
invasive tumor and absence of any invasive tumor in 
lymph nodes (ypT0/ypTis, ypN0). All patients with path-
ological T stages and N stages, the presence of isolated 
tumor cells and micrometastases in the lymph node and 
breast tissue was defined as non-PCR.

Statistics

Since this formula has not yet been defined in the lit-
erature, a specific cut-off has not been validated. There-
fore, the best cut-off points were calculated considering 
the maximum (sensitivity and 1-specificity) point of the 
Receiver Operating Characteristic (ROC) curve for the 
prediction of non-pCR. 

The correlations between log (ER)*log (PgR)/Ki-67, 
non-pCR, and other key clinical-pathological features 
were evaluated by Pearson’s correlation analysis. Univar-
iate and multivariate analyses were performed using a 

logistic regression model. Odds Ratio (OR) was reported 
with the corresponding 95% confidence intervals (95% 
CI), and a p-value of <0.05 was considered statistically 
significant. Statistical analyses were performed using 
the SPSS Statistical software version 24 (SPSS Inc., Chi-
cago, III). 

Results

Patient and tumor baseline characteristics

In this study, the data of 126 patients with hor-
mone receptor (HR) positivity, HER2 negativity, 
and lymph node metastasis who received NACT 
and who were subsequently then operated were 
analyzed. 

The median age of the patients was 50 (range 
28-79) years. When patients were divided into mo-
lecular subtypes, 31 patients (24.6%) were luminal 
A and 95 (75.4%) were luminal B/HER2-negative. 
Prevalent histology was invasive ductal carcinoma 
(83.3%), and the majority of cases was grade 2 at 
the time of diagnosis (60.3%) (Table 1).

Clinical and pathological features Total
(n=126)
n (%)

New Formula <0,12 (%)
(n=57)
n (%)

New Formula ≥0,12 (%)
(n=69)
n (%)

p

Age

<40 (young adult) 29 (23.0) 23 (79.3) 6 (20.7) 0.001

≥40 97 (77.0) 34 35.1) 63 (64.9)

Molecular subtype

Luminal A* 31 (24.6) 0 (0.0) 31 (100.0) <0.001

Luminal B/HER2-negative 95 (75.4) 57 (60.0) 38 (40.0)

Ki-67

<18 43 (34.1) 7 (16.3) 36 (83.7) <0.001

≥18 83 (65.9) 50 (60.2) 33 (39.8)

Histologic type

Invasive ductal 105 (83.3) 49 (46.7) 56 (53.3) 0.471

Others 21 (16.7) 8 (38.1) 13 (61.9)

Grade

Grade 1 12 (9.5) 5 (41.7) 7 (58.3) 0.399

Grade 2 76 (60.3) 38 (50.0) 38 (50.0)

Grade 3 38 (30.2) 14 (36.8) 24 (63.2)

Clinical T stage

T1 25 (19.8) 11 (44.0) 14 (56.0) 0.890

T2-T3 101 (80.2) 46 (45.5) 55 (54.5)

Complete response (pCR) (T0N0)

No 104 (82.5) 41 (39.4) 63 (27.3) 0.004

Yes 22 (17.5) 16 (72.7) 6 (60.6)
*Luminal-A; ER (+), HER2 (-) and either PgR ≥20% or Ki-67<18

Table 1. Distribution of clinical and pathological features of all patients according to the predictive formula derived 
cut-off value
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Relationship between baseline characteristics and log 
(ER)*log (Pgr)/Ki-67

The best good predictive value to distinguish 
non-pCR from pCR in patients receiving NACT is 
determined as 0.12 using ROC curve (Figure 1). 

This value allowed identifying two separate popu-
lations: cut-off ratio low ( <0.12), 57 patients (45.2%), 
and cut-off ratio high (≥0.12) 69 patients (54.8%) 
(n=126, AUC=0.665, p=0.015). The sensitivity and 
specificity of this value to identify non-PCR pa-
tients were 60.5% and 72.7%, respectively.

According to this cut-off value, the pathologi-
cal and clinical characteristics of the patients were 
determined. There was no significant difference in 
their clinical T (p=0.890), histologic type (p=0.471) 
and grade (p=0.399) in the intergroup comparison 
carried out according to the cut-off value (Table 1) .

Relationship between baseline characteristics and non-
pCR or pCR

Of the patients who underwent surgery fol-
lowing NACT, 104 (82.5%) achieved non-pCR and 

Variables Category Univariate analysis Multivariate analysis

OR (95% CI) p OR (95% CI) p

Age Continuous 1.04 (1.00-1.09) 0.034 1.02 (0.98-1.07) 0.199

ER Continuous 1.01 (0.99-1.02) 0.208

PgR Continuous 1.00 (0.99-1.01) 0.449

Ki67 <18/≥18 0.51 (0.17-1.49) 0.220

Luminal type A/B (her2 -) 0.42 (0.11-1.56) 0.199

Histologic type ductal/others 1.32 (0.35-4.95) 0.675

Nuclear grade 1/2/3 1.08 (0.50-2.35) 0.832

Clinical T Stage t1/t2-t3 0.87 (0.26-2.87) 0.830

Log(ER).log(PgR)/ki67 low/high 4.09 (1.48-11.33) 0.007 3.27 (1.12-9.56) 0.030

Table 3. Univariate and multivariate analyses of factors for pathological non-complete response (non-pCR) in HR-
positive and HER2-negative patients with neoadjuvant chemotherapy (n=126) 

Clinicopathologic characteristics pCR (%)
n=22
n (%)

non-pCR
n=104
n (%)

Age
<40 (young adult) 9 (31) 20 (69.0)
≥40 13 (13.4) 84 (86.6)

Molecular subtype
Luminal A 3 (9.7) 28 (90.3)
Luminal B/HER2-negative 19 (20.0) 76 (80.0)

Histologic type
Ductal 19 (18.1) 86 (81.9)
Others 3 (14.3) 18 (85.7)

PgR
Negative 5 (27.8) 13 (72.2)
Positive 17 (15.7) 91 (84.3)

Ki-67
<18 5 (11.6) 38 (88.4)
≥18 17 (20.5) 66 (79.5)

Grade
Grade 1 3 (25.0) 9 (75.0)
Grade 2 12 (15.8) 64 (84.2)
Grade3 7 (18.4) 31 (81.6)

Clinical T stage 
T1 4 (16.0) 21 (84.0)
T2-T3 18 (17.8) 83 (82.2)

Log (ER)*log( PgR)/Ki-67
Cut-off low (<0,12) 16 (28.1) 41 (71.9)
Cut-off high (≥0,12)) 6 (8.7) 63 (91.3)

Table 2. Baseline patient characteristics (n=126) and cor-
responding pCR and non-pCR rates

Figure 1. Receiver operating characteristic to determine 
the ideal cut-off. Circle represents the cut-off point of 0.12 
and diagonal segments are produced by ties. 
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22 (17.5%) achieved pCR. When the treatment 
response was evaluated according to the clinical 
and pathological characteristics of the patients, 
the rate of non-PCR was the highest in patients 
with Luminal A subtype (90.3%), while this rate 
was the lowest in young adult patients (69.0%) 
(Table 2).

When the treatment responses were ana-
lyzed by univariate logistic regression analysis, 
the number of patients with non-pCR increased 
as the age increased, with a positive correlation 
between them (OR 1.046, 95% CI 1.004-1.091, 
p=0.034). No statistical significance of histologi-
cal type (p=0.199), nuclear grade (p=0.832), pre-
operative clinical T stage (p=0.830), and luminal 
type (p=0.199) was determined in non-pCR and 
pCR distinction (Table 3). 

The new formula of log (ER)*log (PgR)/Ki-67 
had a predictive value in treatment response, and 
those with a cut-off ratio high had approximately 
4-fold more non-pCR than those with a cut-off ra-
tio low . (OR=4.09, 95% CI 1.48-11.33, p=0.007). Our 
new formula preserved its predictive significance 
when evaluated by multivariate analysis with age. 
(OR=3.27, 95% CI 1.12-9.56, p=0.030). 

Discussion

In this study, 126 patients with hormone 
receptor-positive, HER2-negative breast cancer 
and axillary lymph node metastasis were retro-
spectively evaluated. We estimated the predictive 
numerical value according to the log (ER)*log 
(PgR)/Ki-67 formula from the pathology samples 
of these patients and we found the ideal cut-off 

ratio value for non-pCR using ROC curve analy-
sis (AUC 0.665, p=0.015). We demonstrated that 
according to the formula based on ER, PgR and 
Ki-67, pre-NACT pathology specimens with a 
cut-off ratio high were good predictive markers for 
response to treatment in both univariate and mul-
tivariate analysis compared to those with a cut-off 
ratio low (Table 3).

 HR-positive breast cancer is the most common 
subtype of breast cancer, accounting for approxi-
mately 78% of all cases [16]. Molecular subtype 
is significantly associated with response to NACT 
and HR-positive group has a very poor rate of pCR 
[17]. In the study by Dave et al, the pCR rate was 
6% in luminal A patients and 21% in luminal B/
HER2-negative group. In the study by Minckwitz 
et al, on the other hand, it was 8.9 for luminal A, 
while it was 15.4% for luminal B/HER2 negative 
[18]. In our study, the pCR rates were lower in the 
luminal A group (9.7%), while they were higher in 
the luminal B (HR + HER2 -) group (20.0%); how-
ever, this difference was statistically insignificant 
(p=0.199). 

An ideal predictive marker that will predict 
the treatment response in HR-positive/HER2-neg-
ative patients receiving NACT has not yet been 
revealed, and research has focused on addressing 
this [19-27]. Only recently the use of next genera-
tion sequencing methods such as Oncotype DX and 
Mammaprint have been introduced as predictive 
markers for selection of patients for NACT. There 
are no standardized cut off values for either method 
in the context of pCR prediction, however literature 
supports increasing use of these methods in the 
coming years [28]. Additionally, both NGS methods 

Figure 2. Classical luminal classification for ER≥1 patients. 
Figure 3. Classification of patients according to the predic-
tive model utilizing ER, PgR and Ki-67 values.
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are inaccessible for the majority of breast cancer 
patients due to high costs and lack of reimburse-
ment. Therefore, there is still a need for develop-
ment of low cost , standardized and easy to perform 
tests with a high predictive value for pCR in breast 
cancer patients [29].

Extensive studies have been conducted on the 
cellular proliferation marker Ki-67 considered as a 
predictive marker [30,31]. Although low Ki-67 lev-
els produce a poor response to NACT, retrospective 
studies have demonstrated that high or very high 
Ki-67 levels are controversially associated with 
increased pCR [32,33].In conjunction with Ki-67 
ER and PgR expression levels also have predic-
tive roles. Increased expression levels of both ER 
and PgR are associated with higher non-PCR rates 
[34,35].

Classical luminal classification, which is based 
on ER, PgR and Ki-67 expression levels is insuf-
ficient in terms of predicting response to NACT. 
The fact that classification does not discriminate 
between levels of ER expression may be one of the 
reasons for the inadequacy of the luminal classifi-
cation (Figure 2). The predictive model that we de-
veloped based on literature data; removes the cut-
off uncertainty of Ki-67, as well as integrates ER 
levels expression as a continuous parameter into 
the formula (Table S1). The predictive model can 
sensitively distinguish chemosensitive patients in 
the luminal B group from the unresponsive ones.
(Figure 3) In our analysis, we categorized 54.7% of 
the HR positive / HER-2 negative patients as cut-off 
high group with a 91.3% positive predictive value 
for being non-PCR [36]. 

In our study, we investigated the treatment re-
sponses with the formula of (log (ER)*log (PgR) / 
Ki67) that we developed using a logarithm in HR-
positive/HER2-negative patients receiving NACT. 
Since this model, which is simple and easy-to-use, 
was defined by us for the first time, it is the first 
study in this field. 

With the univariate analysis, we concluded 
that those with a cut-off ratio high had significantly 
poorer treatment response and more non-PCR than 
those with a cut-off ratio low ( OR 4.09, 95% CI 1.48-
11.33, p=0.007). The new formula also provided the 
feature of being an independent predictive factor 
for pathologic complete response in the multivari-
ate analysis (OR 3.27, 95% CI 1.12-9.56, p=0.030). 

Our study has several limitations. First of all, it 
was a single center, retrospectively designed study. 
It was not always possible to determine whether 
a patient would be a candidate for BCS or total 
mastectomy before and after NACT. Although the 

treatment choice for all the patients has been dis-
cussed in the multidisciplinary tumor board, our 
study couldn’t rule out the possibility of selection 
bias. HER2+ and triple negative patients were not 
included in this study, and this predictive model is 
not applicable for this patient group. 

The same neoadjuvant treatment regimen was 
administered at a single institution, all of the pa-
tients pathological examinations were performed 
by the same pathologist team which is specialized 
in evaluation of breast cancer tumors therefore the 
clinicopathologic parameters of the patient popula-
tion was homogeneous which is the main strength 
of our analysis. 

In conclusion, we demonstrated that the for-
mula of log (ER)*log (PgR)/Ki-67 could be a pre-
dictive marker of treatment response in patients 
with luminal type breast cancer who would receive 
NACT. Recruitment of larger patient populations 
would enable construction of a more sensitive and 
specific predictive model by inclusion of other in-
dependent parameters associated with treatment 
response to neoadjuvant therapy in the hormone 
positive patient population.
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