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Background: Inconsistencies between mitotic index (MI) and Ki67 measures have been identified in many breast tumour samples. The
aim of this study was to describe the prognosis of hormone receptor-positive (HRþ ) HER2� tumours having discrepant MI and Ki67.

Methods: We included a cohort of breast cancer patients initially treated by surgery between 2001 and 2005 in the Institut Curie.
Breast cancer-specific survival (BCSS) and disease-free survival (DFS) were analysed according to three proliferation groups: high
MI/high Ki67 (MI¼ 3, Ki67420%), low MI/low Ki67 (MIo3, Ki67p20%) and discrepant (high MI/low Ki67 or low MI/high Ki67).

Results: Among the 1430 patients, 19.6% had discrepant Ki67 and MI, 11.6% had high markers and 68.8% had low markers.
The 5-year BCSS was 95.8%, 95% CI (0.93–0.98) in the discrepant group, 99.3%, 95% CI (0.993–0.999) in the low-proliferation group
and 91.8%, 95% CI (0.88–0.96) in the high-proliferation group. In multivariate analysis, the survival of the discrepant group was
lower than that of the low-proliferation group: BCSS hazard ratio (HR)¼ 3.01 (1.32–6.84; P¼ 0.008) and DFS HR¼ 2.07, 95% CI
(1.31–3.26; P¼ 0.002). Among grade 2 tumours in multivariate analysis, DFS of the discrepant group was lower than that of the low
MI/low Ki67 group: HR¼ 1.98, 95% CI (1.14–3.46), P¼ 0.02. Regarding BCSS, the obtained results were similar.

Conclusion: The prognosis of patients with discrepant MI and Ki67 appears intermediate between that of low MI/low Ki67 and
high MI/high Ki67 groups. These markers should be jointly analysed to clarify prognosis.

The assessment of tumour proliferation is a central determinant of
adjuvant treatment decision in breast carcinoma. Ki67 and mitotic
index (MI) are indicators of the tumour proliferation rate;
however, inconsistencies between them have been identified in
many tumour samples. This may interfere with adjuvant
therapeutic decisions especially in patients with hormone receptor-
positive (HRþ ), HER2-negative (HER2� ) tumours.

The mitotic count is usually performed on 10 consecutive fields
in the most cellular region at the periphery of the tumour in order

to obtain a standardised MI (Standardized Mitotic Index, number
of mitotic figures per mm2; Jalava et al, 2006). Although MI
is regarded as a good indicator of cell proliferation, there are
limitations to its accuracy as mitosis rates vary particularly in
aneuploid tumours (Sennerstam and Auer, 1990). Furthermore, the
cell cycle itself fluctuates in duration and stops may occur in
mitotic metaphase. All these factors may alter the proportion
of visible mitosis within the same tumour at different times.
A rapid tumour-doubling time may be related to short cell cycles
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or to a significant fraction of growing cells. Thus, the correlation
between the number of mitosis and the proliferation rate is not
strictly linear (Beresford et al, 2006).

The MI is a major prognostic factor in that patients with high
MI have an increased risk of death (Stuart-Harris et al, 2008) and
recurrence regardless of tumour size (Baak et al, 2008) and lymph
node status (Baak et al, 2005). There is also evidence to suggest that
MI predicts response to adjuvant (Andre et al, 2005; Janssen et al, 2006)
and neoadjuvant (Vincent-Salomon et al, 2004; Penault-Llorca
et al, 2008) chemotherapy.

The nuclear Ki67 antigen is expressed in the cell cycle phases
G1, S, G2 and M, but not in G0. The level of expression of the Ki67
protein varies during the cell cycle. Rates are low in G1 and early S
phase and increase to a maximum at the time of mitosis. A rapid
decrease in Ki67 expression occurs in anaphase and telophase
(Lopez et al, 1991). To identify cells expressing the Ki67 protein,
immunohistochemistry is performed using a mouse monoclonal
antibody. MIB-1 antibody has been validated more frequently
(Harris et al, 2007). Immunohistochemistry can be used on tissue
sections embedded in paraffin. The half-life of Ki67 is estimated to
be B60–90min, and the duration of a cell cycle is B24 h. Normal
breast tissue and oestrogen receptor positive (ERþ ) tumour cells
express Ki67 at low levels (o3%), whereas ER� tumours exhibit
higher expression (Clarke et al, 1997). The percentage of tumour
cells expressing Ki67 reflects the percentage of cells in the mitotic
cycle within the tumour. Several studies support the prognostic
value of Ki67 (Reyal et al, 2013). In the meta-analysis by De
Azambuja et al (2007), patients with high Ki67 had worse disease-
free survival (DFS; hazard ratio (HR)¼ 1.93 (1.74–2.14), Po0.001)
and overall survival (OS; HR¼ 1.95 (1.70–2.24), Po0.001). Ki67
was also an independent prognosis factor in node-negative and
node-positive patients. Stuart-Harris et al (2008) found similar
results in their meta-analysis. The ability of Ki67 to predict the
response to chemotherapy is controversial (Dowsett et al, 2011).
Viale et al in 2008, in their analysis of 1521 patients without lymph
node involvement, did not show any predictive value of Ki67 in
response to adjuvant chemotherapy.

Mitotic index and Ki67 both evaluate the proliferative potential of
tumours; however, we have observed in some patients’ discordance
between the two markers. The aim of this study was to determine
the characteristics and the prognosis of HRþ HER2� breast
cancers having high Ki67/low MI or low Ki67/high MI.

MATERIALS AND METHODS

Patients. This study included a cohort of patients with a first
invasive breast cancer treated in the Institut Curie between January
2001 and December 2005. The inclusion criteria were HRþ (ERþ
and/or progesterone receptor-positive (PRþ )) HER2� tumours
with a pathological size ranging from T1 to T3 (TNM classification)
with or without lymph node involvement, no distant metastasis at
diagnosis and surgery as first treatment. Patients with missing values
for Ki67 or MI were excluded because they were not classifiable in a
‘proliferation group’ required for the analysis.

Data measurement. All data were collected prospectively.

Pathological characteristics. The resected specimens were fixed in
AFA (alcohol–formalin–acetic acid solution), and then embedded in
paraffin and cut into sections of 3–5-mm thickness. The slides were
stained with haematoxylin, eosin and saffron. Tumour size was
macroscopically determined on the fresh resected specimen.
Pathological grade was assessed according to Elston & Ellis.

Mitotic index. The MI was assessed in the peripheral most cellular
region of the tumour slides. The criteria of Van Diest et al (1992)
were used to define mitotic figures. The MI was the sum of the

number of mitosis counted on 10 consecutive high-power fields
(each area of 0.307mm2) using an optical microscope (objective
� 40). According to Elston & Ellis’ grade (Elston and Ellis, 1991),
the thresholds used were as follows: 1 point when o9 mitosis were
counted, 2 points when 10–19 mitosis were counted and 3 points if
mitosis were X20 per 10 fields. We considered that MI was low if
the score was equal to 1 or 2, and high if the score was equal to 3.
According to our microscope, this sets a cutoff to 19 mitosismm� 2.

Immunohistochemical characteristics

Ki67 rate. Tissue sections were incubated with the anti-Ki67
monoclonal antibody (Clone MIB-1 M7240, Dako, Glostrup,
Denmark). The revelation of the staining was performed using a
peroxidase mouse IgG kit and diaminobenzidine as chromogen. The
validity of each procedure was verified with the staining of internal
controls (lymphocytes, mitosis). The semiquantitative gross assess-
ment was performed by determining at � 200 magnification the
percentage of positive neoplastic nuclei within the area of highest
positivity. All nuclei with homogeneous staining even with a light
staining or only a nucleolar staining were interpreted as positive. A
cutoff of 420% was used to define tumours with a high KI67 rate.

ER and PR status. After rehydration and antigenic retrieval in
citrate buffer (10mM, pH 6.1), the tissue sections were stained for
ER (clone 6F11, Novocastra, 1 out of 200) and PR (clone 1A6,
Novocastra, 1 out of 200). Revelation of staining was performed
using the Vectastain Elite ABC peroxidase mouse IgG kit (Vector,
Burlingame, CA, USA) and diaminobenzidine (Dako A/S) as
chromogen. Positive and negative controls were included in each
slide run. Cases were considered positive for ER and PR according
to the standardized guidelines using a cutoff of X10% stained
tumour nuclei (Balaton et al, 1996).

HER2 status. After rehydration and antigenic retrieval in citrate
buffer (10mM, pH 6.1), the tissue sections were stained for HER2
(clone CB11, Novocastra, 1 out of 1000). Revelation of staining was
performed using the Vectastain Elite ABC peroxidase mouse IgG
kit (Vector) and diaminobenzidine (Dako A/S) as chromogen.
Positive and negative controls were included in each slide run. The
overexpression of HER2 was determined according to the
GEFPICS guidelines with FISH performed in all cases of HER2
2þ result (Penault-Llorca et al, 2010).

Statistical analysis. Patients were classified into three ‘prolifera-
tion groups’: high MI/high Ki67 (MI¼ 3 and Ki67420%), low MI/
low Ki67 (MI¼ 1 or 2 and Ki67p20%) and discrepant (high MI/
low Ki67 or low MI/high Ki67). Data were analysed using w2-test or
Fisher exact test for qualitative variables and by Student’s t-test for
quantitative variables. Breast cancer-specific survival was described
using the time from diagnosis to the time to death of breast cancer.
Disease-free survival was described using the time from diagnosis
to the time of a recurrence (local recurrence or lymph node
recurrence or distant metastasis). Survival analyses were performed
using the Kaplan–Meier estimate of the survival function.
Comparison between survival curves was performed using the
log-rank test. Hazard ratios were estimated using the Cox
proportional hazard model. Only variables with a P-valueo0.1
in univariate analyses were included in a multivariate ascending
stepwise procedure using the Cox model. There was o5% missing
data for all the variables. All statistical tests were reported with
two-tailed P-values and 95% CIs at an alpha level of 0.05 or lower.
All statistical analyses were performed using the R software (http://
cran.r-project.org, The R Foundation for Statistical Computing,
Vienna, Austria, version 0.98.978, 2009–2013 RStudio Inc.) with
the rms and survival packages.
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Ethical consideration. The registration of patients of the Institut
Curie in this cohort received a favourable agreement from the
French National Committee on Computers and Liberties (CNIL,
Commission nationale de l’informatique et des libertes). Patients
gave informed written consent before being registered in the
cohort. The study was approved by the breast cancer study group
and the comity of clinical research study of the Institut Curie.

RESULTS

Patients. Among the 1487 patients with a HRþ HER2� invasive
breast cancer treated by surgery first, 52 patients were excluded
because they had a missing value for Ki67 or MI and five because
they had missing data on the cause of death. Consequently, 1430
women treated in the Institut Curie between 2001 and 2005 were
analysed (Table 1).

Proliferation groups. Proliferation groups were distributed as
follows: 984 patients (68.8%) had low MI/low Ki67, 166 (11.6%)
high MI/high Ki67 and 280 (19.6%) discrepant markers (227
(15.9%) low MI/high Ki67 and 53 (3.7%) high MI/low Ki67;
Table 1). There was no statistical difference between the high MI/
low Ki67 and the low MI/high Ki67 groups, regarding patient
characteristics, tumour characteristics or administered treatments.

The median Ki67 in the high MI/low Ki67 group was 15%. This
median of 15% was significantly higher than that of the low MI/low
Ki67 group (median¼ 8%). In the low MI/high Ki67 subgroup, the
median Ki67 was 30%. This median of 30% was significantly lower
than that of the high MI/high Ki67 group (median¼ 45.8%).
Mitotic index of this subgroup low MI/high Ki67 was measured
equal to 1 in 46% of cases (104 patients) and to 2 in 54.2% of cases
(123 patients).

In the high MI group (MI¼ 3), the first quartile value of Ki67
was 21.5%. The low Ki67 values of this group were not only values
nearer to the threshold of 20% (Figure 1). When MI was low (equal
to 1 or 2), around one quarter of the Ki67 values were X20% and
were not only near the threshold of 20% but also could reach really
high values.

Tumour sizes greater than 20mm in the discrepant group were
more frequent (31.5%) than in the low MI/low Ki67 group (19.5%)
and less frequent than in the high MI/high Ki67 one (43.4%),
Po0.001 (Table 1). Moreover, axillary lymph nodes in the
discrepant group were more often metastatic (43.1%) than in the
low MI/low Ki67 (28.9%) group and less often than in the high MI/
high Ki67 one (47%), Po0.001. The discrepant group had grade 3
tumours in higher proportion (20.0%) than the low MI/low Ki67
group (1%) and in lower proportion than the high MI/high Ki67
group (68.1%), Po0.001 (Table 1).

BCSS and DFS. The median follow-up was 73 months. The BCSS
rate at 5 years was 99.3%, 95% CI (0.993–0.999) in the low MI/low
Ki67 group, 95.8%, 95% CI (0.93–0.98) in the discrepant group and
91.8%, 95% CI (0.88–0.96) in the high MI/high Ki67 group. In the
univariate analysis, the discrepant group had an intermediate BCSS
(Figure 2A) and DFS (Figure 2B) compared with the two other
groups. The relative risks of death due to breast cancer of the
discrepant and the high MI/high Ki67 groups were higher than
those of the low MI/low Ki67 group, HR¼ 4.35, 95% CI (2.06–
9.21; P¼ 0.0001) and HR¼ 9.77, 95% CI (4.80–19.89; Po0.0001),
respectively (Figure 2A). Similarly, the relative risks of recurrence
were higher in the discrepant and in the high MI/high Ki67 groups
compared with the low MI/low Ki67 group, HR¼ 2.49, 95% CI
(1.64–3.76; Po0.0001) and HR¼ 4.97, 95% CI (3.32–7.43;
Po0.0001), respectively (Figure 2B).

Table 1. Characteristics of the HRþ HER2� population according to proliferation groups

Low MI/low Ki67 Discrepant High MI/high Ki67

Variable/category N % N % N % P-value All; N (%)
All 984 68.8 280 19.6 166 11.6 1430 (100)

Age (years)
o40 38 3.9 25 8.9 18 10.8 o0.001 81 (5.7)
X40 946 96.1 255 91.1 148 89.2 1349 (94.3)

Tumour size (mm)
p20 792 80.5 192 68.6 94 56.6 o0.001 1078 (75.4)
420 192 19.5 88 31.5 72 43.4 352 (24.6)

Axillary lymph nodes
Negative 700 71.1 159 56.8 88 53.0 o0.001 947 (66.2)
Positive 284 28.9 121 43.1 78 47.0 483 (33.8)

Pathological type
Ductal 754 76.6 238 85.0 151 91.0 o0.001 1143 (79.9)
Lobular 146 14.8 28 10.0 11 6.6 185 (13.0)
Other 84 8.6 14 5.0 4 2.4 102 (7.1)

Grade
1 524 53.3 52 18.6 0 0 o0.001 576 (40.3)

2 450 45.7 172 61.4 53 31.9 675 (47.2)

3 10 1.0 56 20.0 113 68.0 179 (12.5)

Treatment
None 267 27.1 30 10.7 8 4.8 o0.001 305 (21.3)

Chemotherapy alone 9 0.9 4 1.5 7 4.2 20 (1.4)

Hormone therapy alone 457 46.4 114 40.7 40 24.1 611 (42.7)

Both 251 25.6 132 47.1 111 66.9 494 (34.6)

Abbreviations: HR¼ hazard ratio; MI¼mitotic index; N¼ number of patients; Other¼ apocrine, comedocarcinoma, mucinous carcinoma, medullary carcinoma, Paget’s disease, papillary
carcinoma, tubular, undifferentiated or unknown.
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In the multivariate analysis, DFS of the discrepant group still
was lower than that of the low MI/low Ki67 group: HR¼ 2.07, 95%
CI 1.31–3.26; P¼ 0.002 (Table 2). Regarding BCSS in the
multivariate analysis, the same type of results were obtained with
a HR¼ 3.01, 95% CI (1.32–6.84; P¼ 0.008) for the discrepant
group compared with the low-proliferative group. The high
MI/high Ki67 group also had a greater risk of dying from breast
cancer when compared with the low MI/low Ki67 group:
HR¼ 4.30, 95% CI (1.63–11.30; P¼ 0.003; data not shown).

As the discrepant group had intermediate BCSS and DFS, we
tried to find a discriminatory factor and analysed survival
according to the PR status (Prat et al, 2013). In the high
MI/high Ki67 and the low MI/low Ki67 groups, the PR level was
not relevant regarding BCSS (Supplementary Figure) or DFS. In
the discrepant group, patients with PRX20% tended to have better
BCSS (HR¼ 0.50, 95% CI (0.15–1.06), P¼ 0.06; Supplementary
Figure) and better DFS (HR¼ 0.61, 95% CI (0.31–1.18), P¼ 0.14).

As for grade 2 tumours the decision whether or not to
administer chemotherapy is still more difficult, we also analysed
whether the proliferation groups had an impact on the survival in

this subgroup. In grade 2 HRþ HER2� tumour subgroup
(N¼ 675), patients with discrepant MI and Ki67 had worse DFS
than the low-proliferative group: HR¼ 2.18 (1.28–3.72; P¼ 0.004;
Figure 3). Patients with high MI/high Ki67 had even worse DFS
than the low-proliferative group: HR¼ 3.15 (1.57–6.32; P¼ 0.001;
Figure 3). In the multivariate analysis, DFS of the discrepant and
the high MI/high Ki67 group was still significantly lower than that
of the low MI/low Ki67 group: HR¼ 1.98, 95% CI (1.14–3.46),
P¼ 0.02 and HR¼ 2.97, 95% CI (1.42–6.20), P¼ 0.004, respec-
tively (Supplementary Table). In terms of BCSS, the obtained
results were similar. In the multivariate analysis, the discrepant
group had a lower BCSS than the low MI/low Ki67 group:
HR¼ 3.08, 95% CI (1.16–8.19), P¼ 0.02.

DISCUSSION

Various studies have shown that the cell proliferation markers MI
and Ki67 were positively correlated (Spyratos et al, 2002; Offersen
et al, 2003; Trihia et al, 2003) and were associated with breast
cancer prognosis (De Azambuja et al, 2007; Stuart-Harris et al, 2008;
Yerushalmi et al, 2010). However, they differ in some cases. Our
study showed that HRþ HER2� tumours with disproportionate
MI and Ki67 had higher tumour size, higher grade and more
frequent metastatic axillary node involvement than the low Ki67/
low MI group. The discrepant group showed lower tumour size,
lower grade and less frequent metastatic axillary lymph nodes than
the high Ki67/high MI group. BCSS and DFS of the discrepant
group (HR¼ 3.01, 95% CI (1.32–6.84), P¼ 0.008 and HR¼ 2.07,
95% CI (1.31–3.26), P¼ 0.002, respectively) were situated between
those of the low-proliferative and high-proliferative groups. There
was no significant difference regarding the tumour’s characteristics
within the discrepant group between the high MI/low Ki67 and the
low MI/high Ki67 tumours, except for grade.

There is no consensual cutoff value to distinguish low and high
Ki67 expression reflecting low or high tumour’s proliferative
potential. According to the St Gallen guidelines 2013 (Goldhirsch
et al, 2013), the threshold to separate luminal A and luminal B
cancers is 14%, from one study of gene-expression profiling
(Cheang et al, 2009). In terms of prognosis, the threshold of 20%
was suggested in these guidelines, but should be adjusted on local
laboratory specificities because of the high degree of variation of
Ki67 measurement. We chose the cutoff point of 20% as it was the
threshold set in clinical routine in our institution to discriminate
between high- and low-proliferation tumours.

One previous study focused on the prognosis of breast cancer
with discrepant MI and Ki67 (Jalava et al, 2006). It included 265
invasive breast cancer cases and split them into four groups on the
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basis of Ki67 (cutoff 15%) and MI (cutoff 17 mitosesmm� 2).
Patients with high MI/low Ki67 had an OS approaching that of the
high MI/high Ki67 group, whereas patients with low MI/high Ki67
had a better prognosis close to that of the low MI/low Ki67 group.
Some care is needed while interpreting these data because of the
limited number of patients. Hence, we initially analysed our data
split into four groups and saw that the two discrepant groups (high
MI/low Ki67 and low MI/high Ki67) were not significantly
different from each other in terms of tumour characteristics and

survival. There was no difference when comparing the BCSS of
the low MI/high Ki67 group to the BCSS of the high MI/low
Ki67 group: HR¼ 0.89 (0.25–3.14), P¼ 0.86 (log-rank test).
There was no difference either when regarding DFS of the low
MI/high Ki67 compared with that of the high MI/low Ki67 group:
HR¼ 0.77, 95% CI (0.35–1.68), P¼ 0.51. As these two groups
looked similar, we decided to analyse them together and to form
a larger group of patients.

The median Ki67 in the high MI/low Ki67 group was 15%. It
means that only 50% of the values of this subgroup were between
15 and 20%, close to the threshold and that a significant part of the
values of Ki67 was really low. This median of 15% was significantly
higher than that of the low MI/low Ki67 group (median¼ 8%). In
the low MI/high Ki67 subgroup, the median Ki67 was 30%. This
subgroup contained high values of Ki67, distant from the threshold
of 20%. This median of 30% was significantly lower than that of the
high MI/high Ki67 group (median¼ 45.8%). Moreover, MI of this
subgroup low MI/high Ki67 was measured equal to 1 in 46% of
cases (104 patients) and to 2 in 54.2% of cases (123 patients).

Low MI/high Ki67 could be explained by the fact that Ki67
protein reflects the proportion of cells in cycle, indicating the cells
with propensity to divide. These cells may also stop their cycles or
get into apoptosis and not reach mitosis phase. High MI/low Ki67
is harder to explain. MI could be overstated because of mitotic
blocks for DNA repair, leading to a larger number of mitotic
figures being counted. However, it includes a small number of cells
and this hypothesis is insufficient to explain the 3.7% of high MI/
low Ki67 tumours. Measurement errors of Ki67 cannot be excluded
but the semiquantitative method used showed its equivalence to
the quantitative one and its intraobserver and extraobserver
reproducibility (Caly et al, 2004).

If these explanations were enough, patients with high MI/low
Ki67 should have a similar prognosis to those with high MI/high
Ki67 because of the underestimation of Ki67, as found by Jalava

Table 2. Prognosis factors on DFS: univariate and multivariate analyses

Variable /category Univariate HR (95% CI) P-value Multivariate HR (95% CI) P-value

Age (years)
o40 1 NS
X40 0.83 (0.42–1.63) 0.59

Tumour size (mm)
p20 1 1
420 3.24 (2.31–4.55) o0.001 2.60 (1.82–3.70) o0.001

Axillary lymph nodes
Negative 1 1
Positive 1.93 (1.38–2.71) o0.001 1.88 (1.23–2.89) 0.004

Pathological type
Ductal 1
Lobular 0.87 (0.51–1.46) 0.59 NS
Other 0.75 (0.35–1.60) 0.45

Grade
1 1
2 1.93 (1.24–3.01) 0.004 NS
3 4.92 (3.04–7.95) o0.001

Proliferation group
Low MI/low Ki67 1
Discrepant 2.49 (1.65–3.77) o0.001 2.07 (1.31–3.26) 0.002
High MI/high Ki67 4.98 (3.33–7.46) o0.001 3.52 (2.00–6.18) o0.001

Treatment
None 1 1
Chemotherapy alone 5.12 (1.90–13.79) 0.001 1.98 (0.69–5.70) 0.20
Hormone therapy alone 1.08 (0.63–1.88) 0.77 0.71 (0.40–1.25) 0.23
Both 1.81 (1.08–3.06) 0.02 0.47 (0.24–0.90) 0.024

Abbreviations: CI¼ confidence interval; DFS¼disease-free survival; HR¼ hazard ratio; MI¼mitotic index; NS = not significant; Other¼ apocrine, comedocarcinoma, mucinous carcinoma,
medullary carcinoma, Paget’s disease, papillary carcinoma, tubular, undifferentiated or unknown.
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et al (2006). Yet, BCSS and DFS of patients with high MI/low Ki67
tumours were significantly better than those with high MI/high
Ki67 and were comparable to those of low MI/high Ki67 tumours,
forming the discrepant group.

Studies are more clear on the prognostic value of MI than on
that of Ki67 (Offersen et al, 2003), and the interpretation of the
latter is still not standardised. Some studies have shown the
prognostic value of Ki67 (De Azambuja et al, 2007; Stuart-Harris
et al, 2008) and it has the advantage of identifying the proliferative
cells outside a mitotic stage (Vincent-Salomon et al, 2004).
However, as suggested by other studies (Spyratos et al, 2002;
Gudlaugsson et al, 2013), we demonstrated here that in terms of
survival, it is interesting to consider the two markers together and
not only independently. This particularly applies to the situations
where MI is equal to 2 or when Ki67 is between 10 and 25%, in
which the choice to indicate chemotherapy is not unquestionable.
These results need to be confirmed in further studies with a longer
follow-up, as in HRþ HER2� populations breast cancer
recurrences might occur later.

It is very interesting to notice that within the HRþ HER2�
grade 2 tumour subgroup the analysis of MI and Ki67 together
could help to precise different prognosis. In terms of DFS
(Figure 3, Supplementary Table) and BCSS (data not shown), the
discrepant group had lower survival than the low MI/low Ki67
group (DFS HR¼ 1.98, 95% CI (1.14–3.46), P¼ 0.02 and BCSS
HR¼ 3.08, 95% CI (1.16–8.19), P¼ 0.02). It has been shown that
Ki67 could help to classify grade 2 tumours into two distinct
subgroups (Aleskandarany et al, 2011); however, here we highlight
that it should be considered jointly with MI to avoid misclassifica-
tion towards prognosis.

Progesterone receptor is part of the ER signalling network and
has been shown to be a major prognosis stratifier within the
luminal breast cancers (Braun et al, 2013; Nishimukai et al, 2014).
In our study, the analysis of BCSS (Supplementary Figure) or DFS
of HRþ HER� patients did not seem to be affected by the PR
status (cutoff 20% (Prat et al, 2013)); however, in the discrepant
group patients with PRX20% had almost significantly better BCSS
(HR¼ 0.50, 95% CI (0.15–1.06), log-rank P¼ 0.06). Further
research will specify the place given to tumour characterisation
techniques by multigene microarray (Albain et al, 2010) as well as
other complementary prognostic markers such as the expression of
Bcl-2 (B-cell lymphoma 2) anti-apoptotic protein (Hwang et al,
2012) and androgen receptor (Vera-Badillo et al, 2014).

Prognosis of HRþ HER2� tumours with inconsistent MI and
Ki67 is intermediate between those of high MI/high Ki67 and low
MI/low Ki67 tumours, including grade 2 tumours. This study
suggests that the combined analysis of KI67 and MI is important in
accurately determining the aggressiveness of HRþ HER2� breast
cancers.
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