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Abstract: Introduction: Triple negative breast cancer (TNBC) has been classically considered a high-risk subtype. Early 

TNBC is usually managed with neoadjuvant chemotherapy (NAC). Residual disease after NAC is generally considered a 

surrogate marker for event free survival in these patients. The aim of this study was to explore the relationship between high 

Ki-67 expression in residual disease after NAC and disease relapse. Material and methods: This is a retrospective study of 121 

patients diagnosed with TNBC, treated with neoadjuvant chemotherapy in our institution between 2008 and 2018. Clinical 

features, systemic and surgical therapy and pathological response were analyzed. Ki-67 expression was performed in the post-

NAC surgical specimens when a pathological complete response (pCR) was not achieved. Results were correlated with number 

and type of relapse, and survival. Results: Eighty-one patients (67%) achieved a pCR with a median Ki-67 expression in the 

residual tumor of 22.5%. Thirteen patients (10.7%) relapsed and all of them belonged to the non-pCR group. In the non-relapse 

group, the median Ki-67 in the residual tumor was 10% compared to 40% found in the relapse group. (P=0.025). Median Ki-

67 post NAC was 70% in those patients who developed a central nervous disease (CNS) relapse, 40% if was a nodal or bone 

recurrence and 28% if it was a visceral relapse. CNS recurrence was significantly associated with higher Ki-67 levels post 

NAC (P=0.010). Conclusions: Our results suggest that high expression levels of Ki-67 post-NAC could define different 

patterns of relapse in TNBC patients treated with NAC. 
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1. Introduction 

TNBC are characterized by lack expression of estrogen 

receptor (ER) and progesterone receptor (PR) [1]. In addition, 

they lack HER2-neu gene amplification [2] and account for 

approximately 15-20% of all breast cancers [3]. Clinically 

they tend to affect women at younger age and are inclined to 

behave aggressively [4]. Histologically they are high-grade 

tumors with a high proliferation rate and have a trend to 

metastasize early in the liver, lung or CNS [5]. 

This entity is now recognized as a heterogeneous disease 

with a diverse molecular profile. Finding new biomarkers 

will eventually lead to the development of targeted therapies 

that may change the prognosis of this deadly neoplasm [5]. 

Despite being considered a chemosensitive disease, 

disseminated TNBC carries a dismal prognosis with a median 

overall survival of 18 months, which is much lower than 

hormone receptor positive or HER2-neu overexpressed 

cancers [6]. 

Neoadjuvant chemotherapy, initially indicated in locally 

advanced or inoperable cases, is now considered the standard 
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of care approach for stage II and III TNBC. 

Sequential anthracycline-taxane regimens lead up to 60% 

pCR rates [7, 8]. 

Several randomized trials have shown that the addition of 

CBDCA can increase the pCR rate [9-11]. 

Attaining a pCR, defined as the absence of invasive 

disease in the breast and axilla at the time of surgery, is 

considered a strong predictor of improved survival and some 

authors consider it could be a surrogate endpoint for event 

free survival [12-14]. 

Ki-67 is a nuclear protein expressed in all phases of the 

cell cycle other than the G0. Ki-67 expression is used 

routinely as a proliferation marker in cancer. The monoclonal 

antibody MIB-1 is the most commonly used antibody for 

assessing Ki-67 in formalin-fixed paraffin-embedded tissue 

sections. The percentage of Ki-67 positive tumor cells 

determined by IHC is often used to stratify patients into good 

and poor prognostic groups [15]. 

In this retrospective study we analyzed a cohort of patients 

diagnosed with early TNBC over a 10-year period and treated 

with NAC, who did not achieve a pCR; and looked at the 

patterns of relapse according to amount of Ki-67 expression 

found in the residual diseas. 

2. Materials and Methods 

2.1. Study Population 

We retrospectively analyzed the charts of 121 TNBC 

patients diagnosed in our institution between 2008 and 2018 

and treated with NAC and surgery. 

2.2. Inclusion of Data 

A pseudonymized database was designed for the collection 

of clinical-pathological information and approval was 

obtained from the Hospital's Reference Ethics Committee. 

Tumors were staged according to the 8th edition of the 

AJCC TNM classification. Tumors diagnosed before the 

publication of this new edition were reclassified. 

Every patient was initially studied with a mammogram and 

a breast ultrasound (US), followed by a breast difussion-

weighted magnetic resonance (DW-MRI). Tumors were 

diagnosed by image-guided thick needle biopsy (TNB) or 

vacuum aspiration biopsy (VAB) with US control or guided 

by DW-MRI when needed. The pathology report included 

histological grade using Nottingham Grading System [16], 

hormone receptor status using Allred Score [17], Ki-67 and 

HER2-neu expression by IHC. Uncertain IHC results were 

clarified employing Fluorescence In Situ Hybridization 

(FISH) testing. 

All patients had an initial work-out which included an 

axillary US to detect suspicious axillary nodes, and, if so, a 

fine needle aspiration (FNA) was performed. A PET scan or a 

body CT and bone scan completed the diagnostic procedures 

to rule out distant metastasis. 

Patients received chemotherapy based on taxanes and 

anthracyclines. Tumor response to chemotherapy was 

monitored with serial DW-MRI studies performed before, 

during and after NAC. 

Patients with incomplete clinical information and/or 

follow-up period less than 6 months were excluded from the 

study. 

2.3. Surgery 

Patients underwent conservative or radical surgery, carried 

out by expert breast cancer surgeons. Immediate breast 

reconstruction was offered to patients who received radical 

surgery. Prophylactic contralateral mastectomy was offered 

to BRCA mutation carriers. Patients with a strong family 

history of breast cancer or with extreme anxiety concerning 

breast cancer diagnosis underwent prophylactic surgery. All 

patients were discussed at our Breast Cancer Tumor Board 

weekly meeting. 

2.4. Bed Tumor Localization 

For patients with no axillary involvement at initial 

diagnosis, localization of the residual tumor bed together 

with the identification of the sentinel lymph node was 

performed 24 hours before the planned surgery by an 

intratumoral injection of 148 MBq (MegaBecquerel) of 

albumin 99mTc-nanocoloid. 

This procedure was carried out both for conservative or 

radical surgery. 

Between 2008 and 2013, when a conservative surgery was 

performed, localization of the residual tumor bed was 

accomplished with a titanium harpoon, and the surgical 

specimen was sent for intraoperative mamographic study for 

margin assessment and complete harpoon extraction 

verification. 

Between 2013 and 2018, localization was accomplished 

using by MRI guided ROLL/SNOLL technique (radioguided 

occult lesion localization) [18], checking the absence of 

significant activity in the surgical margins and proceeding to 

an intraoperative re-excision when activity was detected. 

In case of no, or very low, radiotracer axillary activity, just 

prior to surgical incision, a periareolar subcutaneous injection 

of methylene blue was performed to enable visual 

identification of the sentinel lymph nodes. 

pCR was defined as the presence of no residual invasive 

disease in the surgical specimen counting both (breast and 

axilla). We also considered a pCR case where ductal 

carcinoma in situ was present. Response was assessed by 

Miller-Payne grading system [19]. Ki-67 was assessed using 

MIB-1 monoclonal in formalin-fixed paraffin-embedded 

tissue sections. When the staining was homogenous, 

pathologyst counted at least three randomly selected high-

power (×40 objective) fields. When heterogeneity of Ki-67 

staining was found and there was a gradient of increasing 

staining toward the tumor edge, those three fields were 

scored at the periphery of the tumor. In those cases, the 

invasive edge was widely considered to be the most 

biologically active part of the tumor and, therefore, also 

considered the most likely area to drive the clinical outcome 



 Journal of Gynecology and Obstetrics 2021; 9(5): 139-144 141 

 

of the disease. When different patterns of expression were 

found, pathologyst recorded the overall average score, 

counting an average of 500 and 2000 tumor cells. [15] 

(Figure 1). 

 

Figure 1. Ki-67 expression by immunochemistry. 

Relapses were classified according to where they occurred. 

A loco-regional relapse was considered when the recurrence 

took place exclusively in the breast and/or the ipsilateral 

axilla. A node/bone relapse when the tumor was found in the 

nodes and/or bone. A visceral relapse when a metastasis was 

found in the liver and/or lung; and a CNS relapse when a 

brain and/or meningeal disease was diagnosed. 

2.5. Statistical Analysis 

A descriptive statistical analysis was performed to study 

patient characteristics. Frequencies were expressed as 

absolute numbers and percentage were used for qualitative 

variables. Data for quantitative variables were summarized as 

mean-standard deviation if they followed a normal 

distribution and as a median-interquartile range if not. The 

Kolmogorov-Smirnov test was used to check whether the 

data fit a normal distribution. 

Pearson’s chi-square test was used to compare qualitative 

variables, and we considered P values lower than 0.05 as 

statistically significant. SPSS software version 21 for 

Windows was used for data analysis (IBM Corporation, 

Chicago, IL, USA). 

3. Results 

Median age at diagnosis was 53 years (32-89). Fifty-two 

(43%) patients were younger than 50 at diagnosis. There 

were only 10 patients (8.2%) with a confirmed BRCA 1/2 

gene mutation. 

Clinical stage at diagnosis and treatment data from all 

patients are depicted in Tables 1 and 2 respectively. 

Table 1. Clinical stage at diagnosis of the 121 TNBC patients included in the 

study. 

CLINICAL STAGE N (% OF TOTAL) 

I 38 (31.4%) 

IIA 51 (42.1%) 

IIB 17 (14%) 

IIIA 9 (7.5%) 

IIIB 1 (0.8%) 

IIIC 3 (2.5%) 

cT2 Nx M0 2 (1.7%) 

 

Table 2. Treatment for the 121 TNBC patients included in the study. 

TREATMENT N (% OF TOTAL) 

Weekly paclitaxel (80 mg/m2) and carboplatin (AUC 1.5) → AC (60 mg/m2 - 600 mg/m2) q3w 59 (48.8%) 

Weekly paclitaxel (80 mg/m2) → AC (60 mg/m2 – 600 mg/m2) q3w 28 (23.1%) 

Weekly nab-paclitaxel (100-125 mg/m2) and carboplatin (AUC 1.5) → AC (60 mg/m2 – 600 mg/m2) q3w 14 (11.6%) 

Keynote-522 study (NCT03036488) 10 (8.3%) 

Paclitaxel and carboplatin (175 mg/m2 – AUC 5) q3w 5 (4.2%) 

Weekly paclitaxel (80 mg/m2) and carboplatin (AUC 1.5) → AC q3w (60 mg/m2 - 600 mg/m2) with bevacizumab (15 mg/kg) q3w 1 (0.8%) 

Weekly paclitaxel (80 mg/m2) with bevacizumab (15 mg/kg) q3w 1 (0.8%) 

Weekly nab-paclitaxel (100-125 mg/m2) → AC (60 mg/m2 - 600 mg/m2) q3w 1 (0.8%) 

Docetaxel 100 mg/m2 → AC (60 mg/m2 - 600 mg/m2) q3w 1 (0.8%) 

Weekly paclitaxel (80 mg/m2) times 12 followed by 4 cycles of Liposomal Adriamycin (50 mg/m2) q3w 1 (0.8%) 

AC: Adriamycin-Ciclophosphamide. 

Seventy-four patients (61.2%) underwent conservative 

surgery and 47 (38.8%) a radical procedure. Immediate 

reconstruction was carried out in 39 mastectomies (83%), of 

which 37 (95%) had an expander placed intraoperatively. The 

remaining 2 patients underwent an immediate reconstruction 

with autologous tissue. Contralateral prophylactic surgery 

was performed in 26 (55.3%) patients who were eligible for 

radical surgery based on the recommendations of the Breast 

Cancer Tumor Board. 

When looking at patients who underwent conservative 

surgery, we used ROLL/SNOLL technique in 53 (71,6%) and 

harpoon-guided in 21 (28.4%). Free margins were obtained 

in all cases. 

Among patients eligible for sentinel node biopsy (SNB) 

(82 out of 121, 67.8%), we obtained a 97.6% identification 

rate using 99Tc as the single tracer in 74.4% of cases. The 

median sentinel nodes identified per patient were 2 [1- 4]. 

Our surgical complications rate was 12.3%, the majority 

axillary seromas (7%). None required a re-intervention. 

Eighty-one patients (67%) achieved a pCR (ypT0, ypTis) 

(Table 3). Nine out of the 10 patients with confirmed 

mutation in BRCA 1/2 genes (90%) had a pCR. 

The median disease free survival (DFS) was 7.53 (1-63.4) 

months and median overall survival (OS) was 37.4 (1-117) 
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months. 

Table 3. Pathologic response after NAC in the 121 patients included in the 

study. 

Response N (%) Relapses (%) 

pCR 81 (67%) 0 

non-pCR 40 (33%) 13 (32.5%) 

Data from relapsed patients are depicted in Table 4. Briefly, 

thirteen patients (10.7%) of the whole series relapsed. All of 

them belonged to the non-pCR group (32.5%) and twelve 

(92.3%) had systemic disease. A patient who had initially a 

loco-regional recurrence, ultimately died from systemic 

disease 17 months later. There were no relapses in the pCR 

group. Seven (58.3%) of the 12 patients with systemic 

disease had cerebral/meningeal metastasis (CNS relapse); 3 

(25%) with nodal and/or bone disease and 2 (16.7%) with 

visceral metastasis. Six of the 7 patients (85.7%) who 

presented with a CNS metastasis died of their disease. The 

median time from relapse to death was 1.9 months. 

We specifically performed a Ki-67 analysis to all surgical 

specimens that did not achieve a pCR. The median Ki-67 in 

the residual tumor was 22.5%. In those patients with no 

relapse, the median Ki-67 in the residual tumor was 10%; 

this median value increased to 40% in the patients that did 

relapse. This difference was statistically significant (P=0.025) 

(Table 4). 

In patients with a CNS relapse, the median Ki-67 post 

NAC was 70%, compared to 40% in the nodal/bone relapse 

and 28% in the visceral relapse. CNS recurrence was 

significantly associated significantly with a higher Ki-67 post 

NAC compared to non-relapsed patients (P=0.01) (Table 4). 

Table 4. Relapses in non-pCR patients and KI-67 expression. 

Relapsed N (%) 
Median Ki-67-positive 

cells percentage 

Systemic 

Relapse 

N (% of 

relapsed) 
Location 

N (% of systemic 

relapse) 

Median Ki-67-positive 

cells percentage 

NO 27 (67.5%) 10%      

YES 13 (32.5%) 40% * 

NO 1 (7.7%)    

YES 12 (92.3%) 

CNS 7 (58.3%) 70% ** 

Visceral 3 (25%) 28% 

Node/Bone 2 (16.7%) 40% 

* P=0.025 compared to non-relapsed patients 

** P=0.01 compared to non-relapsed patients. 

4. Discussion 

TNBC accounts for approximately 15% of breast cancers. 

Its aggressive clinical course and lack of expression of 

estrogen and progesterone receptors and HER2-neu mutation, 

makes chemotherapy the mainstay treatment in these tumors. 

Although invariably lethal when diagnosed as a metastatic 

disease, early-stage tumors account for better prognosis and 

good survival rates [4]. 

NAC offers several advantages for the treatment of early 

TNBC and it is now considered the standard approach for 

stages II and III. Some studies have established the good 

prognostic value of a pathological response in these patients 

[12-14]. Evidence is not as clear in stage I disease, where no 

difference in terms of survival is found between adjuvant and 

this neoadjuvant approach [20, 21]. However, there is some 

evidence regarding early systemic therapy in TNBC and 

HER2-neu positive tumors [22]. 

In addition, NAC gives time to screen for germline 

mutations that may condition the extent of surgery in these 

patients. This approach may also provide valuable 

information regarding tumor chemo-resistance in the residual 

disease that may help [23] design empirical trials with 

specific targeted therapies. 

Ten patients had confirmed deleterious mutations in the 

BRCA1/2 genes. Nine of them (90%) achieved a pCR. These 

high rates of response, despite the low numbers, are 

consistent with the better overall response in this subset of 

patients described by other groups [10]. 

In this single institution study involving 121 patients with 

TNBC treated with NAC a pCR rate of 67% was obtained, 

which is slightly higher than the rates reported by other 

groups [7, 8]. This could be explained by the high percentage 

of stage I and II tumors (88% of the population) and the fact 

that almost 50% were treated with platinum-based 

chemotherapy. 

With a median follow up of 37.4 months, none of the 81 

patients that achieved a pCR have recurred. This finding 

supports previously published data regarding pCR and 

prognosis in this setting [12-14]. 

Among the 40 patients who did not achieve a pCR, 13 

have recurred (32.5%) and 12 (92.3%) were systemic 

relapses. When we studied Ki-67 in the surgical specimen of 

the patients that relapsed it was significantly higher (40%) 

than Ki-67 in the residual disease of the patients who did not 

relapse (10%, P=0.025). CNS relapse was especially high in 

our series (7 out of 12 systemic relapses, 58.3%) and 6 of 

these patients died dramatically early, with a median time 

from relapse to death of 1.9 months. Interestingly, while the 

median Ki-67 post NAC in the whole group of patients that 

relapse was 40%, CNS relapse was significantly associated 

with a higher Ki-67 (median 70%, P=0.01). 

There are several reports in the literature describing the 

association between high Ki-67 expression at diagnosis and 

prognosis in TNBC [24] and survival outcomes according to 

reduction rate of Ki-67 between pre- and post-NAC [25-27], 

In our study we did not find this specific correlation. 

However, regarding the prognostic value of Ki-67 
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expression and the risk of a certain subtype of relapse, we 

found that median Ki-67 in the residual tumor of patients 

that relapsed was 40%, in accordance with data regarding 

a cutoff at Ki-67 > 30% as prognostic and predictive value 

in early stage TNBC [28]. This is especially remarkable in 

our patients with a SNC relapse, considering that median 

Ki-67 in this group was 70%. CNS progression is an 

aggressive and invariably lethal scenario in breast cancer 

and these findings, if confirmed in further studies, they 

could be of extraordinary importance for the design of 

different strategic and prophylactic approaches regarding 

these patients. 

There are several limitations in our study, based on its 

retrospective character, limited number of relapses and the 

fact that it has been performed in a single institution.  

5. Conclusion 

The study confirms the excellent prognosis of patients with 

TNBC treated with neoadjuvant chemotherapy, who achieve 

pCR, as previously documented. Therefore, the benefit of 

neoadjuvant therapy as a marker of chemosensitivity is 

evident, so we believe that these patients should be treated in 

this way, even in earlier stages. Probably, the group of 

patients benefiting from advances in new target therapies is 

the one that reaches partial response. In these tumors, it 

seems useful to systematically determine the expression of 

Ki-67 in residual disease, since its level of expression 

appears to be an useful marker to differentiate different 

patterns of relapse, and even approximate predict its 

appearance during the follow-up time. This value could be 

useful for selecting patients who require more intensive 

follow-up or maintenance therapy, suggesting when 

observing higher expression levels, to monitor possible 

spread to the CNS. 

We think that new studies are necessary that consider the 

determination of the expression of Ki-67 before and after 

neoadjuvant chemotherapy, with the aim to explore its 

definitive clinical utility in the prediction of worse prognosis 

of some patients with partial response. This group should be 

priority for clinical trials that evaluate new therapeutic 

strategies. 
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