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Abstract. Identifying patients with hormone receptor‑positive 
(HR+) early invasive breast cancer (EIBC) who benefit 
from adjuvant chemotherapy has improved with molecular 
signature tests. However, due to high cost and limited avail‑
ability, alternative tests are used. The present study sought to 
evaluate the performance of the proliferation marker Ki‑67 
to identify these patients and explore its association with 
molecular signatures and risk stratification markers. From the 
San José TecSalud Hospital in Monterrey México, patients 
with HR+ EIBC as tested with EndoPredict or MammaPrint 
and Ki‑67 index were identified. They were categorized into 
two groups: Group 1 (June 2016‑August 2018) was evaluated 
using EndoPredict and Group 2 (June 2016‑August 2018) 
with MammaPrint. A ≥20% Ki67 index cutoff was utilized 
to identify highly proliferative EIBC and an area under the 

receiver‑operating characteristic curve and κ concordance 
were utilized to evaluate the performance of Ki‑67 index 
compared to molecular signature tests. In the EndoPredict 
group, 54/96 patients were considered high‑risk based on 
their EPclin score, while 57/96  patients had Ki‑67 index 
≥20%. However, there was no significant overall concordance 
between them (59.37%, κ=0.168, P=0.09), while the given 
risk of distant recurrence given in percentage by EPclin had 
a positive association with the Ki67 index (P=0.04). In the 
MammaPrint group, 21/70 patients were considered high‑risk 
and 36/70 patients presented with a Ki‑67 index ≥20% with a 
significant overall concordance (67.14%, κ=0.35, P<0.001). In 
addition, high Ki‑67 index was associated with the Nottingham 
histological grade in both groups. In conclusion, there was a 
concordance between Ki‑67 and MammaPrint risk stratifica‑
tion of HR+ EIBC and no concordance with the EndoPredict 
molecular signature, but a positive association with the given 
percentage of recurrence and the median Ki‑67 index as the 
cutoff at our center. Cost‑effectiveness analyses of these tests 
in developing countries are required; until then, the use of 
Ki‑67 appears reasonable to aid clinical decisions, together 
with the other established clinicopathological variables.

Introduction

Invasive breast carcinoma (IBC) is the second most common 
malignancy worldwide, accounting for 11.6% of cancer cases, 
and has a mortality rate of 6.6% (1). IBC comprises a hetero‑
geneous group of breast malignancies with different clinical, 
biological and prognostic characteristics (2).

IBC may be divided into three molecular cancer subtypes: 
Luminal, HER2‑enriched and basal‑like. Sørlie  et  al  (3) 
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further divided the luminal subtype into luminal A and B. 
This is particularly relevant in early IBC (EIBC), as hormonal 
therapy is usually sufficient for luminal A tumors. By contrast, 
luminal B tumors benefit from more aggressive therapeutics, 
including chemotherapy regimens (4‑6).

MammaPrint (Agendia, Inc.) evaluates the expression of 70 
genes, which mostly have known biological functions impli‑
cated in tumor progression and metastasis (7,8). EndoPredict 
(Myriad Genetics, Inc.) is a 12‑gene signature test (8 
cancer‑related genes, 3 normalization genes and 1 control 
gene) that was designed to add clinicopathological factors 
such as tumor size and nodal status to obtain the so‑called 
EPclin score, and an estimated risk for distant recurrence 
at 10 years (9,10). The prognostic performances of these two 
gene molecular signature panels have level I evidence in 
pre‑ and postmenopausal females (11). Of note, they are inde‑
pendent of other well‑known prognostic tumor parameters, 
including tumor size, histological grade and nodal status. The 
principal implication of both molecular signature tests in clin‑
ical management is the selection of patients that are unlikely 
to benefit from conventional chemotherapy regimens (10,12).

Despite the importance of molecular signature tests in 
patient management, their cost limits their routine utiliza‑
tion. As a result, conventional immunohistochemistry (IHC) 
has been explored as an alternative to these tests (13‑15). It 
has been proposed that the Ki‑67 proliferative index may be 
utilized in addition to the estrogen receptor (ER), progesterone 
receptor (PR) and HER2 receptor to discriminate between 
luminal A and B subtypes (16,17).

High values of the proliferative cell marker Ki‑67 have 
been associated with a benefit from chemotherapy regimens 
in IBC (6,18). However, establishing Ki‑67 index cut‑offs for 
stratifying patient prognosis has proven to be a difficult task 
due to the lack of assessment standardization (19); this has 
been acknowledged by the St. Gallen consensus with changes 
in recommendations through time (4,20), the latest of which 
from 2015 suggests the median Ki‑67 index internal labora‑
tory value as the cut‑off for highly proliferative tumors (6).

In the present study, the Ki‑67 index was evaluated as an 
alternative to molecular signature tests to identify high risk 
of recurrence in patients with hormone receptor (HR)+ EIBC.

Materials and methods

Patients. Using the breast cancer registry of San José TecSalud 
Hospital (Monterrey, México), a retrospective review was 
performed to identify patients with HR+ EIBC who were 
tested with molecular signature tests and the Ki‑67 index. 
The cohort was divided according to the molecular signature 
test utilized. In the EndoPredict cohort, patients were tested 
between June 2016 and August 2018. This group comprised 
premenopausal females with HR+ EIBC, HER2 negative, 
T1‑T2, N0‑N1 and M0  (21). In the MammaPrint cohort, 
patients were evaluated from June 2016 to August 2018. 
This group included patients with HR+ EIBC, HER2 nega‑
tive, T1‑T2 and operable T3, and N0‑N1 tumors according 
to previously utilized criteria  (22). For both cohorts, age, 
tumor size, TNM stage, histological subtype, Nottingham 
combined histological grade (NHG) and lymphovascular 
invasion (LVI) data were recorded.

IHC. In biopsies of the tumor samples, ER, PR, HER‑2 
and Ki‑67 were analyzed with a Ventana BenchMarck GX 
autostainer (Hoffmann‑La Roche, Ltd.) using the internal 
validated protocol. Paraffin slides were deparaffinized using 
two changes of xylene for 10 min each and hydrated through 
an alcohol gradient and distilled water (2 changes of 100% 
ethanol, 2 changes of 95% ethanol, 2 changes of distilled 
water). Heat‑induced epitope retrieval with citrate buffer was 
performed. Slides were then cooled and rinsed with distilled 
water and rinsed in tris‑buffered saline with Tween‑20 for 5 min. 
Slides were then rinsed with 3% hydrogen peroxide, followed 
by a rinse with a wash buffer and covered with 300 µl of protein 
block (Protein block X0909; Dako; Agilent Technologies, Inc.) 
for 5 min. Slides were treated with the following antibodies 
for 16 min at 36˚C: Anti‑estrogen receptor (clone SP1) rabbit 
monoclonal primary antibody (cat. no. 790‑4324; prediluted 
concentration, 1 µg/ml), anti‑progesterone receptor rabbit 
monoclonal primary antibody (clone 1E2; cat. no. 790‑2223; 
prediluted concentration, 1 µg/ml), anti‑HER‑2/neu (clone 
4B5; cat. no. 790‑100; prediluted concentration, 6 µg/ml) and 
anti‑Ki‑67 rabbit monoclonal primary antibody (clone 30‑9; 
cat. no. 790‑4286; prediluted concentration, 2 µg/ml; all from 
Hoffmann‑La Roche, Ltd). Slides were then rinsed with wash 
buffer and incubated with the secondary reagent, Dako Envision 
HRP‑labeled polymer anti‑rabbit (cat. no. M3648; dilution, 
1:50; Agilent Technologies, Inc.) min at room temperature 
for 60 min. Subsequently, diaminobenzidine was applied for 
10 min at 36˚C and the slides were rinsed with distilled water. 
Counterstaining was performed with hematoxylin for 3 min 
and slides were washed in tap water. Slides were then blued in 
ammonia water, rinsed in tap water, dehydrated in an alcohol 
gradient (95% ethanol, 100% ethanol), cleared in xylene (two 
changes) and mounted with coverslips for examination with 
a microscope. All slides included an external positive tissue 
control.

ER and PR were considered positive if >1% of the 
neoplastic cells exhibited a nuclear stain according to the 
American Society of Clinical Oncology/College of American 
Pathologists (ASCO/CAP) guidelines (23). Low PR was defined 
as <20% of nuclear‑positive tumor cells (24). HER2 was also 
evaluated according to the ASCO/CAP guidelines (25). Ki‑67 
index was evaluated using a hot spots method, performed in the 
area with the highest number of positive nuclei. A total of three 
high‑power fields using a magnification of x400 including a 
hot spot were examined, as proposed by the International 
Ki‑67 in Breast Cancer Working group (26,27). A cut‑off of 
20% was used as suggested by the St. Gallen consensus (6).

Molecular signature tests. The EndoPredict (Myriad Genetics, 
Inc.) and MammaPrint (Agendia, Inc.) molecular signature 
tests were performed in a validated laboratory. An EpClin 
index of ≥3.3 was considered to indicate high risk of recur‑
rence. For the MammaPrint® (Agendia, Inc.) assay a risk 
category of recurrence was assigned to each case (LR or HR), 
along with the molecular subgroup (using BluePrint assay).

Statistical analysis. An unpaired t‑test, Fisher's exact and 
Mann‑Whitney U  test were used for comparison between 
patients with high and low Ki‑67 index. Spearman rank‑order 
correlation analysis for ordinal and continuous variables. Odds 
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ratios were determined to evaluate the association between 
Ki‑57 and molecular signature tests. Receiver‑operating char‑
acteristic curve (ROC) analysis was performed for analysis of 
the risk of recurrence given by MammaPrint or EndoPredict 
and the Ki‑67 index. Validation/association analysis was 
performed to test sensitivity and specificity. The Kappa coef‑
ficient was determined to evaluate the concordance between 
the Ki‑67 index and the molecular signature tests. P<0.05 
was considered to indicate statistical significance. GraphPad 
Prism 9.0.1 (GraphPad Software, Inc.) was used for statistical 
analysis and graphics.

Results

Patient characteristics. The clinicopathological characteris‑
tics of the two cohorts are listed in Table I. In the MammaPrint 
cohort, the patients were older, had smaller tumors and a lower 
stage compared with those in the EndoPredict cohort. The 
proportion of patients with a high recurrence risk was higher 
in the EndoPredict cohort (56.25 vs. 30.00%, P<0.001). The 
median (interquartile range) Ki‑67 index for the two cohorts in 
patients with high and low recurrence risk was 30 (10‑35) and 
15 (10‑25), respectively (P<0.001). In the ROC curve analysis 
for the performance of Ki‑67 index in the identification of 

all patients at high risk of recurrence, the accuracy was 65% 
(P=0.001; Fig. 1). In the ROC curve analysis for the perfor‑
mance of Ki‑67 index in the identification of patients from the 
EndoPredict and MammaPrint cohort at high risk of recur‑
rence, the accuracy was 60% (P=0.110) and 70% (P=0.002) 
(Figs. 2 and 3, respectively).

Ki‑67 index as a surrogate marker for EndoPredict for 
recurrence risk. A total of 96 patients were included in the 
EndoPredict cohort and their clinicopathological characteris‑
tics are listed in Table II. The median age was 43 years (range, 
25‑55  years). The median tumor size was 22  mm (range, 
5‑50 mm). Nodal status was negative (pN0) in 69 patients 
(71.9%). IBC of no special type (IBC/NST) was diagnosed 
in 89 patients (92.7%), while 72 (76.59%) had grade 2 NHG. 
LVI was present in 51 tumors (72.85%). All 96 patients (100%) 
were ER+ and 91 (94.8%) were PR+.

From the EndoPredict cohort, 42 patients (43.8%) were 
classified as low‑risk according to EPclin and 54 as high‑risk. 
The median Ki‑67 index in the low‑risk group was 19%, while 
it was 25% in the high‑risk group (P=0.10, Fig. 4). No signifi‑
cant association was indicated between Ki‑67 index with a 
cutoff at 20% and EPclin risk category (high vs. low) (χ2=2.07, 
P=0.14; Fig. 5). However, when analyzed by the estimated risk 

Table I. Patient characteristics by test type (n=166).

Parameter	 Total	 EndoPredict (n=96)	 MammaPrint (n=70)	 P‑value

Age, years	 45 (40‑51)	 43 (39‑46.5)	 51 (43‑67)	 <0.0001
Tumor size, mm	 20 (13‑26.5)	 22 (15‑30)	 15.5 (12‑25)	 0.0127
TNM pathological stage %				    0.009
  IA	 77 (46)	 38	 39	
  IB	 3 (2)	   2	   1	
  IIA	 60 (36)	 34	 26	
  IIB	 26 (16)	 22	   4	
Histological subtype, %				    0.19
  IBC/NST	 149 (90)	 89	 60	
  Lobular	 10 (6.02)	   2	   8	
  Mucinous	 3 (1.8)	   3	  0	
  Mixed	 4 (1.2)	   2	   2	
Histological grade (Nottingham), %				    0.673
  G1	 19 (11)	 11	   8	
  G2	 123 (74)	 72	 51	
  G3	 22 (13)	 11	 11	
Lymphovascular invasion, %				    0.009
  Yes	 101 (61)	 50	 51	
  No	 65 (39)	 46	 19	
Estrogen receptor‑positive tumors	 166	 96	 70	 >0.999
Estrogen receptor expression, %	 90 (80‑100)	 98.5 (90‑100)	 90 (80‑100)	 <0.0001
Positive progesterone receptor tumors	 158	 91	 67	 >0.999
Progesterone receptor expression, %	 80 (60‑95)	   90 (70‑100)	 80 (50‑90)	 0.0064
Ki‑67 expression, %	 20 (10‑30)	 20 (10‑30)	 20 (10‑30)	 0.2512
High recurrence risk, %	 75 (45)	 54 (56.25)	 21 (30)	 0.001

Values are expressed as the median (interquartile range) or n.
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for distant recurrence a statistically significant correlation 
was observed (r2=0.2255, P=0.04; Fig. 6). Of the 42 low‑risk 
patients, 50% had low‑risk Ki‑67 index levels, while from the 
52 high‑risk patients, 18 had low‑risk Ki‑67 index expression, 
resulting in an overall concordance of 59.37% (κ=0.168; 95% 
CI, 0.030‑0.360; P=0.09). The association analysis [sensitivity, 
specificity, positive predictive value (PPV) and negative 
predictive value (NPV)] of Ki‑67 index (≥20%) to predict the 
risk group demonstrated a low performance (Table III). The 
presence of LVI was associated with a Ki‑67 index ≥20%.

Ki‑67 index as a surrogate marker for MammaPrint for 
recurrence risk. The clinicopathological characteristics of the 
MammaPrint cohort are presented in Table IV. The median 
age was 51 years (range, 33‑77 years). The median tumor size 
was 15.7 mm (range, 4‑52 mm). The nodal status was pN0 in 
60 patients (85.71%). Furthermore, 60 patients (85.71%) had an 
IBC/NST histologic type, 51 (72.85%) had grade 2 NHG and 
50 cases (72.85%) presented with LVI. All cases were ER+ 
and 67 (95.71%) were PR+, all were Luminal by BluePrint, and 
21 were high‑risk and 49 low‑risk according to MammaPrint.

The overall median Ki‑67 index was 20%. Furthermore, 
the median Ki‑67 index in the low‑risk group was 15% and that 
in the high‑risk group was 30% (P=0.002; Fig. 2). The analysis 
indicated a significant association between Ki‑67 index and 
MammaPrint with a χ2=8.85 (P=0.002l; Fig. 5). Of the 49 
low‑risk patients, 30 had a Ki‑67 index <20%. Furthermore, 
only 4 of the 21 high‑risk patients had a Ki‑67 index <20% 
(Fig. 3). The kappa coefficient demonstrated a fair concor‑
dance between Ki‑67 index and MammaPrint, with an overall 
concordance of 67.14% (κ=0.35; 95% CI, 0.15‑0.55; P=0.001). 
The predictive accuracy analysis revealed good sensitivity and 
NPV to predict the risk group. However, the specificity and 
PPV were low (Table III). In addition, the Ki‑67 index was 
significantly associated with the NHG and the histological 
type.

Discussion

Efforts have been made to match the molecular signature 
tests with clinicopathological characteristics. The ASCO/CAP 
associations have published guidelines for the interpretation 
of HR and HER2 expression by IHC with the intent to reduce 
the interobserver variability and to achieve a better correlation 
with the molecular classification. However, the capacity to 
discriminate between the luminal A and B subtypes by IHC 

Figure 1. Receiver‑operating characteristic curve for the performance of 
Ki‑67 expression in identifying all patients at high risk of recurrence with an 
area under the curve of 0.6476 (95% CI, 0.5624‑0.7328) (P=0.0011). Cutoff 
value for Ki‑67 index, 20%.

Figure 3. Receiver‑operating characteristic curve for the performance of 
Ki‑67 expression in identifying patients at high risk of recurrence according 
to MammaPrint with an area under the curve 0.7259 (95% CI, 0.5872‑0.8647) 
(P=0.0029). Cutoff value for Ki‑67 index, 20%.

Figure 2. Receiver‑operating characteristic curve for the performance of 
Ki‑67 expression in identifying patients at high risk of recurrence according to 
EndoPredict with an area under the curve of 0.5952 (95% CI, 0.4808‑0.7096) 
(P=0.1106). Cutoff value for Ki‑67 index, 20%.
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is not ideal. Even with the standardization of the technique, 
there is a 30‑40% discrepancy between IHC and multigene 
expression assays, with a substantial impact on treatment 
decisions (28).

While evaluating molecular signatures, it is important to 
note the relationship between Ki‑67 index and the multitude 
of genes tested. The Oncotype Dx gene test is a well‑known 
reverse transcription PCR assay of 21 genes usually imple‑
mented to calculate the recurrence score of ER‑positive breast 
cancers (29,30); one of the genes assessed is the marker of 
proliferation Ki‑67 (MKI67), which is probably why the 
Oncotype Dx assay is one of the molecular signatures with a 
robust correlation with Ki‑67 index (31). On the other hand, it 

should be taken into consideration that neither EndoPredict nor 
MammaPrint include the MKI67 gene as part of their analysis; 
however, they maintain a relationship with Ki‑67 significance 
as a proliferation marker through other proliferation‑asso‑
ciated genes. Bertucci et al (32) provided a comprehensive 
evaluation of the expression of genes that may be encountered 
in patients stratified as high‑risk by EndoPredict. The group 
of genes that exhibited upregulation were involved in cell 
processes such as mitotic cell cycle, proliferation and DNA 
replication and division. Conversely, the ones that displayed 
downregulation included genes associated with anti‑apoptosis, 
cell‑matrix adhesion and cell cycle arrest, among others (32). 
The study concluded that the upregulated genes demonstrated 

Table II. Clinicopathological characteristics of the EndoPredict cohort according to Ki‑67 expression (n=96).

Parameter	 Total 	 Ki‑67 <20% (n=39)	 Ki‑67 ≥20% (n=57)	 P‑value

Age, years	 43 (39‑46.5)	 44 (39‑47)	 43 (38‑46)	 0.43a

Tumor size, mm	 22 (15‑30)	 21 (13‑25)	 24 (15‑30)	 0.11a

Nodal stage				    0.82b

  N0	 69 (71.87)	 29 (30.20)	 40 (41.66)	
  N1	 25 (26.04)	 10 (10.41)	 15 (15.62)	
  N1mi	 2 (2.08)	 0 (0)	 2 (2.08)	
Pathological stage TNM (AJCC)				    >0.99b

  IA	 38 (39.58)	 15 (15.62)	 23 (23.95)	
  IB	 2 (2.12)	 1 (1.04)	 1 (1.04)	
  IIA	 34 (35.41)	 16 (16.66)	 18 (18.75)	
  IIB	 22 (22.91)	 7 (17.7)	 15 (15.62)	
Histological subtype				    0.44b

  IBC/NST	 89 (92.70)	 35 (36.45)	 54 (56.25)	
  Lobular 	 2 (2.04)	 1 (1.04)	 1 (1.04)	
  Mucinous	 3 (3.12)	 2 (2.04)	 1 (1.04)	
  Mixed	 2 (2.04)	 1 (1.04)	 1 (1.04)	
Nottingham histological grade	 94 (100)			   0.43b

  G1	 11 (11.70)	 6 (6.38)	 5 (3.21)	
  G2	 72 (76.59)	 32 (34.04)	 40 (42.44)	
  G3	 11 (11.70)	 1 (1.06)	 10 (10.63)	
Lymphovascular invasion				    0.01b

  Yes	 50 (52.98)	 14 (14.58)	 36 (37.5)	
  No	 46 (47.91)	 25 (26.04)	 21 (21.87)	
Positive estrogen receptor	 96 (100)			 
% expression (media)	 83.24±17.81	 80.38±21.1	 84.56±15.13	 0.26a

Positive progesterone receptor	 91 (94.79)			 
Progesterone receptor ≤20%	 11 (11.45)			 
% expression (media)	 69.16±28.77	 66.41±29.73	 70.44±28.24	 0.50a

EPclin score				    0.14b

  Low risk	 42 (43.75)	 21 (21.87)	 21 (21.87)	
  High risk	 54 (56.25)	 18 (18.75)	 36 (37.5)	
  Recurrencec, %	 15.13±15.86	 11.56±10.03	 18.25±18.44	 0.04a

aMann‑Withney U test and bFisher's exact test. cEstimated of risk for distant recurrence at 10 years. Nonparametric variables are expressed as 
n (%) or the median (interquartile range), parametric variables are expressed as mean ± standard deviation. 6 patients had missing size in mm and 
2 had missing histological grade. Mixed carcinomas were as follows: IBC/NST‑lobular and IBC/NST‑micropapillary (n=1). IBC/NST, invasive 
ductal carcinomas/no special type; EPclin score, EndoPredict score; AJCC, American Joint Committee on Cancer.
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a correlation with proliferation markers, such as Ki‑67 (32). 
When analyzing MammaPrint, Tian et al (7) and others (8) 
were able to elucidate the genes involved in the tumorigenesis 
of cancerous cells. Their results provided different groups 
of genes that took part in several phases of the cell cycle, 
emphasizing the upregulation of genes driving proliferation 
by evading apoptosis (e.g., BCL2 binding component 3 and egl 
nine homolog 1, providing self‑sufficiency in growth signals 
[e.g., transforming growth factor beta 3 (TGFB3), insulin‑like 
growth factor binding protein 5 and fibroblast growth factor 
18] and insensitivity to anti‑growth signals (e.g., TGFB3) (7). 

With these findings they were able to establish a connection 
between MammaPrint and the molecular mechanisms of 
tumor growth and spread  (7). Thus, a possible correlation 
between a proliferation marker such as Ki‑67 in IHC with 
genes tested in the EndoPredict and MammaPrint molecular 
signatures was demonstrated.

In the present study, the observed range of Ki‑67 index 
was wide, with 2‑70 vs. 1‑85% in the EndoPredict cohort 
and 2‑50 vs. 3‑70% in the MammaPrint cohort, low‑risk and 
high‑risk, respectively. However, the medians were slightly 
different for the two risk groups. Maranta et al (33) explored 
the distribution of the Ki‑67 index in patients with breast 
cancer at their institution and its association with other 
risk factors for breast cancer; their median Ki‑67 index 
at 22‑26% was similar to that of the cohort of the present 
study, acknowledging the importance for decision‑making of 
adjuvant therapies; however, they did not involve the use of 
molecular signatures.

It is known that the Ki‑67 assay has a moderate interob‑
server variability  (34). The hot‑spot vs. the whole‑slide 
analysis of Ki‑67 index has been an area of controversy, with 
the first being more practical by taking into account the more 
aggressive biology spot, acknowledging tumor heterogeneity. 
Thakur  et  al  (35) evaluated the hot‑spot vs. whole‑slide 
Ki‑67 index, identifying a strong correlation between the two 
methods (r=0.938). To reduce the interobserver variability, the 
International Ki‑67 in Breast Cancer Working Group recom‑
mends, if the staining is homogenous, to count at least three 
randomly selected high‑power fields (objective magnification, 
x40) and if it is heterogenous, three fields at the tumor edge 
or hot spots, with certain exceptions and scoring of preferably 
1,000 cells with 500 at a minimum (27).

In the MammaPrint cohort, a low Ki‑67 index (<20%) 
demonstrated high sensitivity (88%) and was able to modestly 
predict patients with a low risk of recurrence (PPV, 0.61%; 95% 
CI, 0.46‑0.75). Furthermore, regarding the agreement of the 
Ki‑67 index and the molecular test, the MammaPrint had an 
overall concordance of 67.14% and concordance index κ=0.35 
(P=0.001), indicating a fair agreement. Similar to the present 
results and utilizing the same Ki‑67 index cutoff, Viale et al (28) 
reported a concordance of 71% (95% CI, 69‑72%) between 

Figure 4. Forest plot for the Ki‑67 expression index in the two groups and all 
patients. The median (interquartile range) (%) were as follows: EndoPredict: 
19.5 (10‑30) vs. 25 (10‑30), Low vs. High, P=0.1062; MammaPrint: 15 (8‑20) 
vs. 30 (20‑35), Low vs. High, P=0.002, all patients: 15 (10‑25) vs. 30 (10‑35), 
Low vs. High, P=0.009.

Figure 6. Positive correlation between Ki‑67 index and the estimated risk for 
distant recurrence at 10 years assessed by EPclin in patients with early breast 
cancer (r2=0.2255, P=0.04).

Figure 5. Proportional differences of patients with high and low risk according 
to MammaPrint and EndoPredict results. The black bars indicate the propor‑
tion of the patients with Ki‑67 <20% and the gray labels the proportion in 
patients with Ki‑67 ≥20%.
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the molecular classification of Luminal IBC and Ki‑67 index 
in the EORTC 10041/BIG 3‑04 MINDACT trial (κ=0.35; 
95% CI, 0.32‑0.37). In addition, another study demonstrated 
comparable results (κ=0.35) between MammaPrint and 
Ki‑67 index in 65 patients with IBC; however, they utilized 
a different cutoff for Ki‑67 (14%) (36). Similar to the present 
study, Bösl et al (37) compared MammaPrint and EndoPredict 
with Ki‑67 index, achieving a significant correlation with 
MammaPrint (P=0.004) but not with the EPclin score 
(P=0.09). Despite this fair concordance between Ki‑67 index 
and MammaPrint, in the EndoPredict cohort, the Ki‑67 index 
overall concordance was low and did not significantly corre‑
late with the EPclin risk category (59.37%; κ=0.168; P=0.09). 
This means that when patients were stratified by Ki‑67 index, 
30‑40% in each cohort were assigned to other risk categories 
compared to molecular testing. The EndoPredict test gave an 
approximate percentage of recurrence and this continuous 
variable had a positive correlation with the Ki‑67 index 
(P=0.04).

In clinical practice, the indication of adjuvant chemo‑
therapy is based on the consideration of multiple variables, 
such as patient age, tumor size, histological type and grade, 
PR status, LVI, and, at certain institutions, Ki‑67 index. In 
the present analysis, no correlation was observed between PR 
and Ki‑67 index, EndoPredict or MammaPrint. It is worth 
noting that only a small number of patients (11 and 6 patients 
in each cohort) had a PR expression of <20%, highlighting 
the limited value of PR in the luminal classification of EIBC 
compared to Ki‑67 index. In addition, a significant correlation 
between Ki‑67 index and NHG was observed in both cohorts 
(EndoPredict χ2=4.68, P=0.03; and MammaPrint χ2=6.32, 
P=0.01), as has been previously reported (38‑40). The prolif‑
erative index Ki67 is now also in use for selecting patients who 
fail to achieve two weeks of Ki‑67 index reduction at <10% in 
the neoadjuvant endocrine therapy setting for the addition of 
other therapies (34,35).

The differences in the association between Ki‑67 index 
to MammaPrint and Ki‑67 index to EndoPredict may be due 
to the different patient selection criteria, clinicopathological 
differences between cohorts and the acquisition of data from 
multiple centers, potentially introducing interobserver vari‑
ability for Ki‑67 index.

Despite the fact that molecular signature tests are an 
important tool to identify patients with low risk of recurrence, 

the agreement between different tests is far from perfect. 
Pelaez‑Garcia  et  al  (41) compared MammaPrint and 
EndoPredict and determined an overall concordance of 72.5%, 
with a slight improvement using the EPclin score to an overall 
concordance of 75%. Similarly, Bösl et al  (37) reported a 
concordance of 66% with more patients being placed in the 
low‑risk category with MammaPrint.

Finally, the different molecular signature tests have been 
evaluated with mixed results depending on the geographic 
location. A Canadian study indicated that EndoPredict is 
cost‑effective with a ratio of $36,274 per quality‑adjusted 
life‑year (QALY), with a total gain of 379 QALYs/year (42). 
Furthermore, in the UK, EndoPredict was not identi‑
fied as cost‑effective with a threshold of £20,000/QALY. 
However, it was if the incremental cost‑effectiveness ratio 
was £26,836/QALY  (43). In addition, a recent analysis in 
the UK indicated that EndoPredict was cost‑effective only 
if lymph node disease was present (1‑3 positive nodes) 
with £30,000/QALY (44). On the other hand, in the USA, 
MammaPrint was determined to be cost‑effective at a ratio 
of $10,000/QALY (45). However, another study from the UK 
indicated that MammaPrint was not cost‑effective compared 
to current clinical practice (44). Overall, in certain countries 
such as Canada and the USA, molecular signature tests are 
cost‑effective. The willingness of the healthcare systems of 
developing countries to pay for QALYs has yet to be evaluated. 
However, the cost of these tests may be onerous to healthcare 
systems in precarious situations.

To the best of our knowledge, the present study was the first 
to evaluate the performance of the proliferative marker Ki‑67 
index for identification of high‑risk patients with HR+ early 
breast cancer and at the same time explore the association of 
Ki‑67 index with two molecular signatures, MammaPrint and 
EndoPredict, and risk stratification markers.

Limitations of the present study include its retrospective 
nature and the potential for selection bias based on the oncolo‑
gist's selection of high clinical risk patients. Furthermore, the 
groups assessed with the different molecular signature tests 
were heterogeneous. However, the present study represents a 
multicentric cohort of a large number of EIBC with molecular 
testing that allowed the evaluation of the Ki‑67 index compared 
to molecular signatures tests.

In conclusion, the present study determined a concordance 
between Ki‑67 index and MammaPrint risk stratification 

Table III. Validation and concordance analysis of Ki‑67 with EPclin and MammaPrint.

Item	 Ki‑67 and EPclin	 Ki‑67 and MammaPrint

Sensitivity, %	 54 (37‑70)	 88 (73‑97)
Specificity, %	 63 (49‑76) 	 47 (30‑65)
PPV, %	 50 (34‑66)	 61 (46‑75)
NPV, %	 67 (53‑79)	 81 (58‑95)
OR	 2 (0.87‑4.58), P=0.140	 6.71 (1.96‑23), P=0.001
Kappa	 0.168 (‑0.03‑0.36)	 0.35 (0.15‑0.55)

Values are provided with 95% CI in brackets. EPclin and MammaPrint were used as the gold standard. EPclin, EndoPredict; PPV, positive 
predictive value; NPV, negative predictive value; OR, odds ratio.
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of HR+ EIBC and no concordance with the EndoPredict 
molecular signature, but a positive association with the 
given percentage of recurrence. Although there is no perfect 
molecular signature test, these are high‑value tools for therapy 
selection in patients with HR+ EIBC. Cost‑effectiveness 
analysis of these tests in developing countries is required, and 
until then, the use of Ki‑67 index appears reasonable to aid in 
clinical decision‑making together with the other well‑known 
clinicopathological variables.
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Table IV. Clinicopathological characteristics of the MammaPrint cohort (n=70).

Parameter	 Total	 Ki‑67 <20 (n=34)	 Ki‑67 ≥20% (n=36)	 P‑value

Age, years	 51 (43‑67)	 57 (48‑61).	 47 (41.5‑61.5)	 0.056a

Tumor size, mm	 15.5 (12‑25)	 15 (10‑25)	 17 (12.5‑25)	 0.60a

Nodal stage				    0.04b

  N0	 60 (85.71)	 26 (37.14)	 34 (48.57)	
  N1	 10 (14.28)	 8 (11.42)	 2 (2.85)	
Pathological stage TNM (AJCC)				    >0.99b

  IA	 39 (55.71)	 18 (25.71)	 21 (30)	
  IB	 1 (1.42)	 1 (1.42)	 0 (0)	
  IIA	 26 (37.14)	 11 (15.71)	 15 (21.42)	
  IIB	 4 (5.71)	 4 (5.71)	 0 (0)	
Histological subtype				    0.04b

  IBC/NST	 60 (85.71)	 26 (37.14)	 34 (48.57)	
  Lobular 	 8 (11.42)	 6 (8.57)	 2 (2.85)	
  Mixed	 2 (2.85)	 2 (2.85)	 0 (0)	
Histological grade (Nottingham)				    0.15b

  G1	 8 (11.42)	 6 (8.57)	 2 (2.85)	
  G2	 51 (72.85)	 26 (37.14)	 25 (35.71)	
  G3	 11(15.71)	 2 (2.85)	 9 (12.85)	
Lymphovascular invasion				    0.79b

  Yes	 51 (72.85)	 24 (34.28)	 27 (38.57)	
  No	 19 (27.14)	 10 (14.28)	 9 (12.85)	
Positive estrogen receptor	 70 (100)			 
% expression (media)	 92±12.73	 93.97±7.96	 90.33±15.92	 0.24c

Positive progesterone receptor	 67 (95.71)			 
Progesterone receptor ≤20%	 6 (8.57)			 
% expression (media)	 78.22±28.08	 84.53±26.17	 72.28±28.88	 0.07c

MammaPrint				    0.002b

  Low risk	 49 (70)	 30 (42.85)	 19 (27.14)	
  High risk	 21 (30)	 4 (5.71)	 17 (24.28)	

aMann Whitney U test; bFisher's exact test; ct‑test. No parametric variables are expressed as n (%) or the median (interquartile range), para‑
metric variables are expressed as the mean ± standard deviation. IBC/NST, invasive ductal carcinomas/no special type; AJCC, American Joint 
Committee on Cancer.
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