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Introduction: Breast cancer is a heterogeneous disease. Our study focuses on 
a monoinstitutional series of patients affected by Hormone Responsive carcinomas (luminal 
A and luminal B) and aims to define an optimal Ki-67 cut-off, to correctly stratify these 
patients into risk classes, using the ImmunoHistoChemical (IHC) surrogates of the Molecular 
Subtypes, according to the St. Gallen guidelines.
Methods: We analyzed 1685 patients. These patients underwent both radical and conserva
tive surgeries with Sentinel Lymph Node Biopsy eventually followed by Axillary Dissection 
(AD). Furthermore, all the patients underwent adjuvant therapies according to the guidelines. 
A retrospective univariate analysis was performed and survival curves (Disease-Related 
Survival, DRS, and Disease-Free Survival, DFS) were carried out according to the following 
ki-67 risk classes: Low Risk (Ki-67 ≤ 14%); Intermediate Risk (Ki-67 15% ÷ 20%); High 
Risk (Ki-67 > 20%).
Results: 14 yy DRS was 98% in LA and 85% in LB with a ki-67 cut-off of 14% (p=0.037) 
vs 95% (LA) and 83% (LB) with a ki-67 cut-off of 20% (p=0.003). 14yy DFS was 85% in 
LA and 72% in LB with a ki-67 cut-off of 14% (p=0.017) vs 83% (LA) and 66% (LB) with 
a ki-67 cut-off of 20% (p<0.000).
Discussion: Our results confirmed that the 20% Ki-67 cut-off is more reliable in differ
entiating patients at low or high risk of recurrence and death, and stratifying patients eligible 
for adjuvant chemotherapy. Thus, despite its poor reproducibility, the identification of the 
most accurate ki-67 index assumes a pivotal relevance in guiding a tailored strategy among 
patients with this specific profile of breast cancer, as well as the molecular surrogates, in 
order to avoid harmful overtreatments.
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Introduction
Breast cancer is a heterogeneous disease. An important step forward in the field of 
breast cancer classification is related to the characterization of molecular subtypes.

About 20 years ago, Perou1 highlighted how each tumor has an extremely 
precise genetic signature, that influences the neoplastic behavior in terms of growth, 
aggression, tendency to metastasize, and consequently the prognosis.

Waiting for multigene panels entering in routine clinical practice, the immuno
histochemical (IHC) surrogates of the molecular subtypes of breast cancer proposed 
by the Saint Gallen Consensus Meetings have been widely used to classify and 
stratify patients into various risk categories.2
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The main difficulty concerns with the differentiation of the 
luminal forms, A and B. In fact, both tumors are estrogen receptor 
positive (OR +) and HER2 negative. With this aim, the guidelines 
proposed by the Saint Gallen Consensus Meetings recommend the 
evaluation of the Ki-67 proliferation index, a nuclear protein, 
detectable with IHC, that is a marker indicative of cell expansion, 
which is expressed in all phases of the cell cycle, except G0.3 The 
Luminal B subtype should exhibit a higher Ki-67 proliferation 
index than the Luminal A type; however, the Ki-67 cut-off for the 
differentiation of these two categories has changed over time. In 
fact, in 2011 the Saint Gallen Consensus Meeting defined as “low 
proliferation” breast tumors those with an index of Ki-67 <14%,4 

a cut-off based on the median value of its distribution. However, 
during the 2013 Saint Gallen Consensus Meeting, most experts 
stated that a threshold of ≥20% was indicative of a higher risk 
class. At the same time, several studies have shown a low 

reproducibility of the Ki-67 marker, mainly in a subgroup of breast 
tumors with intermediate proliferation activity, such as between 15 
and 30%.5,6

Thus, the aim of this paper is to establish which is the 
optimal Ki-67 cut-off (14 vs 20%) to stratify and define the 
proper IHC surrogate of breast cancer molecular subtypes with 
the ultimate purpose of customizing the therapy for patients as 
much as possible, in order to avoid harmful overtreatments.7–11

Materials and Methods
This retrospective work is based on a prospective database 
of 2250 patients affected by primary breast cancer col
lected from October 2004 to September 2020. They all 
underwent surgical procedures at the Breast Surgery Unit 
of the Sant’Andrea Hospital, of Rome. Exclusion criteria 
include: diagnosis of Carcinoma in situ, neoadjuvant 

Table 1 Clinical-Pathological Characteristics of the Study Population

Total Ki67<14% Ki67≥14% p Ki67<20% Ki67≥20% P*

Age
<51 537 (32%) 250 (30%) 287 (34%) 0.13 373 (31%) 164 (33%) 0.10

>50 1148 (68%) 594 (70%) 554 (66%) 813 (69%) 338 (67%)

Axillary state
N0 1248 (74%) 680 (81%) 568 (67%) <0.0001 918 (77%) 330 (66%) <0.0001
N+ 436 (26%) 162 (19%) 274 (33%) 266 (23%) 170 (34%)

Nx 1 (=1%) 1 (0.1%)

T size (average, mm) (missing 2) 15.2 (±9.6) 13.3 (±9.0) 17.0 (±9.9) <0.0001 13.9 (±9.0) 18.2 (±10.4) <0.0001

Grading
G1 593 (35%) 477 (80%) 116 (20%) <0.0001 577 (97%) 16 (3%) <0.0001

G2 739 (44%) 347 (47%) 392 (53%) 554 (75%) 185 (25%)

G3 346 (20%) 18 (5%) 328 (95%) 48 (14%) 298 (86%)
Not evaluated 7 (0.4%) 0 7 (100%) 5 (71%) 2 (29%)

Lymphovascular invasion
L0 1505 (89%) 784 (93%) 721 (85%) <0.0001 1084 (92%) 421 (84%) <0.0001

L1 180 (11%) 58 (7%) 122 (15%) 100 (8%) 80 (16%)

Histology
Ductal 1383 (82%) 660 (78%) 723 (86%) <0.0001 959 (81%) 424 (85%) 0.012

Lobular 231 (14%) 153 (18%) 78 (9%) 181 (15%) 50 (10%)
Mixed 49 (3%) 20 (2%) 29 (3%) 32 (3%) 17 (3%)

Other 22 (1%) 9 (1%) 13 (1%) 12 (1%) 10 (2%)

Multifocality
False 1425 (85%) 713 (85%) 712 (84%) 0.9 1004 (85%) 421 (84%) 0.7

True 260 (15%) 129 (15%) 131 (16%) 180 (15%) 80 (16%)

Surgery (missing 1)
Mastectomy 244 (14%) 120 (14%) 124 (15%) 0.6 170 (14%) 74 (15%) 0.3
Quadrantectomy 1440 (86%) 722 (86%) 718 (85%) 1014 (86%) 426 (85%)

Note: *χ2 test or t Student in case of average values.
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chemotherapy and tumors that do not express estrogen 
receptors or HER2-enriched.

Therefore, the analysis was conducted among 1685 
patients, who underwent both radical and conservative 
surgery with Sentinel Lymph Node Biopsy and subsequent 
completion lymph node axillary dissection (AD), when 
positive. This approach was maintained regardless of the 
size of the metastasis until 2012 when AD was carried out 
only in the case of macrometastasis (>2 mm). On the other 
side, no AD was performed in the case of isolated tumor 
cells (ITC) on Sentinel Lymph Node.

All the patients underwent adjuvant therapies (Radiation 
Therapy, Hormone therapy and/or Chemotherapy) according 
to the guidelines. The instrumental and clinical follow-up 
was conducted in collaboration with the Radiation Therapy 
and Oncologic Units of our hospital.

The mean age of the sample was 59 years (± 12.7, 
range 26–89). The main clinical-pathological characteris
tics of the sample are reported in the following table 
(Table 1).

Statistic Analysis and Software
The prospective database was built by Microsoft® Access. 
The statistical analysis was carried out by IBM-SPSS®. In 
order to compare categorical and continuous variables, 
Chi-square test and Student’s t test were used. Disease- 
Related Survival (DRS) and Disease-Free Survival (DFS) 
were calculated from the surgical procedure, plotting the 
curves by the Kaplan–Meier method and the Log-rank test 
was used for statistical comparisons.

Results
Tumor size, Grading, Lympho-Vascular Invasion and 
Histological type are highly correlated to the Ki-67 pro
liferative index, while other variables do not show statis
tically significant correlation (Table 1).

DRS and DFS on the whole sample were, respectively, 
98% and 94% at 5 years, 97% and 79% at 10 years, 88% 
and 77% at 14 years.

Out of 1114 patients who responded to follow-up, 47 
deaths were recorded over a period of 14 years (20 directly 
due to breast cancer, and 27 related to other causes). The 
adverse events recorded are shown in the following table 
(Table 2).

We stratified our population according to the Ki-67 
value, establishing three categories: Low Risk (Ki-67 ≤ 
14%); Intermediate Risk (Ki-67 15% ÷ 20%); High Risk 
(Ki-67 > 20%). The DRS and DFS curves vary according 
to the risk class (Figure 1), and the risk of death or relapse 
seems related to the value of Ki-67 (p=0.01 and p=0.002, 
respectively).

Then, we evaluated the prognostic correlation of the 
IHC surrogate molecular subtype (Luminal A vs Luminal 
B), depending on the cut-off set (Ki-67 14% vs Ki-67 
20%) (Table 3, Figure 2).

Furthermore, a more accurate stratification by risk 
class, using a 20% cut-off, could be obtained from the 
analysis on the subpopulation of patients with at least one 
positive lymph node. In this set, the difference between the 
DRS and DFS curves with a ki-67 cut-off of 14% showed 
a not significant p value compared with those stratified by 
a Ki-67 cut-off of 20% that showed p = 0.006; and p = 
0.003, respectively. Such a specific analysis of a subset is 
essentially focused to verify the prognostic impact of the 
biomarker in patients with an associated risk factor. This 

Table 2 Adverse Events Recorded During the Follow-Up

Event #

Local relapses 37
Axillary relapses 7

Distant metastasis 37

Contralateral metachronous tumors 16

Figure 1 (A) Disease-related survival and (B) disease-free survival by class of risk.
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results agree with the last revision of the AJCC Staging 
System,12 where an information of a purely staging type 
(in this case the N status) is combined with a biological 

information (the IHC surrogate of the molecular subtype) 
to assess a proper therapy and predict a correct prognosis.

Discussion and Conclusions
We can confirm that luminal breast cancer is a pathology 
with a good prognosis. Further analysis is needed espe
cially focusing on long-term mortality, most of all in 
luminal B patients.

Despite the usefulness of Ki-67 on the management of 
breast cancer has been strongly discussed, due to its poor 
reproducibility, the Saint Gallen Consensus Meeting had sug
gested, since 2009, to use it for stratifying luminal tumors. Our 
experimental results confirm that within luminal breast tumors’ 
setting the 20% Ki-67 cut-off is more reliable in differentiating 
patients at low or high risk of recurrence and death, identifying 
patients at higher risk, eligible for adjuvant chemotherapy. This 
cut-off allows a more correct management of the disease, 
avoiding an unwarranted overtreatment.

Undoubtedly, we could say that it is time to ascend the 
phenotypic slope reaching the genotypic top.

The recent results of clinical trials, such as the 
TAILORx,13 show the actual usefulness of the multigenic 

Table 3 Disease-Related Survival (DRS) and Disease-Free 
Survival (DFS) at 5, 10 and 14 Years by Molecular Subtype 
(IHC Surrogate) According to Ki67 Cut-Off (14% vs 20%)

Ki 67 Cut-Off 14% 5yy 10yy 14yy P value*

DRS

Luminal A 99% 98% 98%
Luminal B 98% 97% 85% p=0.037

DFS
Luminal A 96% 85% 85%

Luminal B 94% 77% 72% p=0.017

Ki67 cut-off 20%

DRS

Luminal A 99% 95% 95%

Luminal B 97% 95% 83% p=0.003

DFS

Luminal A 96% 85% 85%
Luminal B 94% 77% 72% P<0.000

Note: * χ2 test.

Figure 2 (A1) Disease-related survival with Ki-67 cut-off = 14%; (A2) disease-related survival with Ki-67 cut-off = 20%; (B1) disease-free survival with Ki-67 cut-off = 14%; 
(B2) disease-free survival with Ki-67 cut-off = 20%. 
Abbreviations: LA, luminal A; LB, luminal B.
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panels to assign the most appropriate and effective treatment 
for these luminal breast cancer patients.

These findings provide significant support to identify 
a subset of low-risk women who can avoid postsurgical 
chemotherapy. Just while we are writing, about this issue, 
the Italian Ministro della Salute (the Public Health Authority) 
has set up a 20.000.000 € yearly fund to implement into the 
National Health System the clinical use of the multigene 
panels in hormone responsive breast cancer patients.
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