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(Abstract

~

A single institution data set of 1040 breast cancer patients have been used to compare tumor diameter with the corresponding
Ki-67 value.

Results; All ER positive patients, similar to their three HER2 subgroups show significant positive correlation between the tu-
mor diameter and the corresponding Ki-67 values, suggesting that larger cancers show higher Ki67 values. ER negative breast
cancers showed no correlation between their size and their Ki-67 value, regardless of the HER2 expression.

Conclusions: All isolated phenotypic clusters contained two EM subgroups per slope of mitotic activity the high and the low
clusters, separated somewhere near the 18%/cm of tumor diameter threshold of Ki-67/cm. Tumors with higher levels of Ki-67
per unit diameter of tumors did not show high dependence on ER and HER2 expression. In pure ER positive and HER2-absent
tumors, the most of them were with small and pred citable mitotic slope, due to dependence on ER-ligands coming by neo
vasculature. It was the majority of ER and PgR negative tumors with a negative impact of HER2 expression, leading to more
tumors of predictable lower Ki-67 values. In ER-positive and ER-negative tumors with higher ratios of Ki-67 values per unit
diameter, the local growth stimulation was possibly mainly dependent on still undefined Para mediator which is in negative

interaction with HER2 and with ER expressions.
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Introduction

Background:

When making clinical decisions regarding breast cancer (BC)
patients, estrogen receptor (ER), progesterone receptor (PgR),
human epidermal growth factor receptor 2 (HER2) and Ki-67
are important phenotype features [1, 2] that allow classification
of breast tumors into five immunohistochemical phenotypes.
Luminal A, Luminal B1 and Luminal B2 are breast cancer
types with positive ER or PgR on tumor cells. Tumors lacking
both ER and PgR are recognized as the triple-negative (HER2
expression ranges from absent (0+) to 2+) and the “pure HER2"
overexpressing breast tumors (only HER2 3+).

At the St. Gallen 2013, it was concluded that: ". The majority
of the Panel accepted that a useful surrogate definition of Lu-
minal A-like as distinct from Luminal B-like disease could be
made using a combination of ER, PgR and Ki-67, without re-

quiring molecular diagnostics" [3]. After that, a question of the
threshold above which a cancer should be considered more ag-
gressive was opened for discussion. Although the 14% thresh-
old in separating Luminal A and Luminal B1 breast cancers
has already been used, at the same conference it was concluded
that: ". The Panel noted that standardized cut-offs for Ki-67
have not been established and laboratory specific values should
be used, but the majority of the Panel voted that a threshold of
>20% was clearly indicative of ‘high' Ki-67 status" [3]. This
means that a voting majority of the expert panel has defined
a single Ki-67 threshold for all breast cancer patients, regard-
less of tumor type, tumor size or age. This threshold has not
been tested in a randomized trial of a sufficient size prior to this
decision. Possibly this was a proper procedure for choosing a
cut-off value for an independent feature, but there are several
references suggesting that the Ki-67 values in breast cancers
are related to the size of breast tumor.
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The question:

The usual division into 5 types of BC does not fully meet our
clinical requirements, prognostic possibilities of the tumor
classification within Luminal A, B1 or B2 breast tumors, HER2
overexpressed or the “triple negative” group remains of limited
value when applied to an individual patient. The question is
whether the intensity of mitotic activity in which the tumors
were found by the surgery meets the input criteria? Therefore,
the Ki-67 values were here converted into linear velocities as
numbers expressed as changes in percentage of the Ki-67 value
(A%) / cm of the tumor diameter (d). Two EM clusters were
detected among 1040 patients operated from invasive breast
cancers of known diameter and the Ki-67 value (Table 1).

Patients and Methods

We have used a single institution data set of breast cancer pa-
tients that has already been assembled as a part of a completed
research project financed by the Croatian Ministry of Science
(219-2192382-2426). Before the grant submission to the Croa-
tian Ministry of Science and Education, collecting of breast
cancer data was approved by the Ethical Committee of Osijek
Medical Faculty, as compliant with the Helsinki Declaration.
In this study, out of 1180 consecutive invasive ductal breast
cancer patients diagnosed and treated in Osijek Clinical Hospi-
tal in Croatia, 1040 patients with measurable tumors up to the
diameter of 5 cm were included. This consecutive series of pa-
tients has already been described in details in several published
papers [4-6] and the data set has been published as supplemen-
tary data to one of these papers [6].

Statistical analysis

Collected data were organized in a spreadsheet by StatSoft,
Inc. (2011) STATISTICA (data analysis softwaresystem), ver-
sion 10. www.statsoft.com. Scatterplots and the EM clustering
with nonparametric tests were used.

Results

Integration of the Ki-67 values and tumor diameter in a
single continuous value

Each tumor is the result of cancer growth in individual patients
and is determined at the time of surgery. If certain types of
breast cancer have significantly predictable mitotic activity rel-
ative to tumor size, then these tumors in their growth depended
on a shared, common mitotic mechanism that accelerated cell
division under conditions determined by tumor size.

In order to better define the moment of surgery as the cessation
of ever-growing tumor growth, we tried to calculate a value
called "mitotic slope" and is equivalent to the rate of mitotic
activity per centimeter of diameter and are calculated as the
quotient Ki-67% and the tumor diameter.

Table 1 shows HER2 status (HER2 absent (0), HER2 pres-
ent (HER2 1+ or 2+) and HER2 overexpressed (3+). These
subgroups were chosen as compatible to the five breast cancer
types, but also more distinctive in evaluating the HER2 pres-
ence in tumors that are not HER2 3+. As already reported for
the same data set [6], the HER2 absent breast cancers might
held some distinctions from other tumors.

Table 1: Six possible IHC cancer phenotypes found among 1040 invasive BC patients.

Estrogen and Progesterone receptors
ER or PgR positive tu- | HER2 expression 0 1+or2+ | 3+ Total of
mors IBC types Luminal A or Bl Luminal | pts.
B2
Number of pts in the high & the low | 44 & 276 | 52 & | 44 & 128 140 &
EM cluster 261 665
Number of pts. 320 313 172 805
Mitotic slope min 0.45 0.33 0.80
(Ki-67/size) max 75 50 83.33
mean 8.97 9.97 13.97
SD 71.83 73.00 148.29
ER and PgR negative | HER2 expression 0 1+or 2+ | 3+ Total of
tumors IBC types Triple negative p ur e|pts
HER2
Number of pts in the high & the low | 56 & 33 29&17 | 42&58 127 &
EM cluster 108
Number of pts. 89 46 100 235
Mitotic slope min 1.50 1.75 1.50
(Ki-67/size) max 90 80 91.67
mean 26.23 26.89 18.74
SD 404.86 397.41 201.80
Total of invasive breast cancer pts. 409 359 272 1040
100 & | 81 & | 86 & 188 267 &
309 278 773
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As shown 1n Figure 1: a scatterplot of 1040 Ki-67 values
against the cancer diameter clearly shows that there is a sig-
nificant linear correlation between these variables (Figure 1).

In search of the Ki-67 & breast cancer size relations
Several details should be noted in Table 1. All patients and also
all ER positive patients, similar to their three HER2 subgroups
show significant positive correlation between the tumor diam-
eter and the corresponding Ki-67 values, suggesting that larger
cancers show higher Ki67 values. ER negative breast cancers
showed no correlation between their size and their Ki-67 value,
regardless of the HER2 expression.

Figure 2. shows relations between Ki-67 values and breast
cancer diameters for according to their immunohistochemical
(IHC) phenotypes. Figure 3. shows relations between Ki-67
values and six breast cancer possible variants of their IHC phe-
notypes. Dispersion of scatter plots for the ER negative tumors
allowed no significant correlations (Figure 2 and 3).

These observations suggest that ER positive tumors share bio-
logical features that make their growth speed and mitotic activ-
ity so uniform that we might use relations in invasive breast
tumors in Table 1 to calculate the expected Ki-67 value for
an ER positive breast cancer of a certain size. In ER negative
tumors, mitotic activities seem unrelated to their size.
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Figure 1: Relations between Ki-67 values and the tumor
diameter (in centimeters) of 1040 cases of invasive breast
cancers.
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Figure 2: Relations between Ki-67 values and breast cancer
diameters for according to their immunohistochemical (IHC)

phenotypes.
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Figure 3: Relations between Ki-67 values and six breast can-
cer possible variants of their IHC phenotypes.

Discussion

An intriguing relation between the tumor size and Ki-67 values
was found only in our patients with ER positive cancers. Both
pure HER2 overexpressed and triple negative cancers have
showed large dispersions of Ki67 values, thus the Ki67 values
seem unrelated to their tumor size.

These observations require validation in unrelated data sets,
but, if proved, they might suggest that there are separate roads
to the occurrence and growth of breast cancers od different
types, and the one driven by estrogens is the most predictable
in cancers that are ER+/HER2 0.

This is in concordance with our previous and unrelated statisti-
cal approach to the same data set [6], that also suggested that
HER?2 absent cancers might be distinguishable both among Lu-
minal A&B1 tumors and among triple negative breast cancers.
In here presented analysis, ER negative and also HER2 0 can-
cers showed only a weak, unsignificant relation with the tumor
size, although more evident than the remaining ER negative
cancers.

An intriguing question is whether ER positive tumors are larger
due to high mitotic activities or are mitotic activities increased
due to larger tumors?

The former suggests that the mitotic activity in ER positive
breast cancers is defined at the time of occurrence and remains
almost unaltered during growth. Tumors with higher mitotic
activities grow faster and we get a significant correlation be-
tween Ki-67 values and tumor size in consecutive cases.

The latter interpretation suggests that all ER positive tumors
start slowly with low Ki-67 values and increase their Ki-67
values when become larger. Since these tumors are estrogen
dependent and their relation between Ki-67 and tumor size was
present similarly in premenopausal and postmenopausal pa-
tients, increased mitotic activities in larger tumors might result
from paracrine mediators in the HER2 route etc.

Another mechanism that might be more present in larger tu-
mors is the self-seeding of metastatic cells that return to the
primary site and start new centers of mitotic activities [7]. In
planning tests of our treatment strategies, the latter interpreta-
tion might offer more possibilities than the former interpreta-
tion, based on idea that the mitotic rate was determined at the
very early phase of cancer development.
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Ki-67 as a common cell proliferation marker 1s frequently de-
termined in routine clinical work and Ki-67 expression is as-
sociated with common histopathological parameters, but is an
additional independent prognostic parameter for DFS and OS
in breast cancer patients enlisted in the Bavarian Cancer Reg-
istry in Germany [8].

I have also been reported important in other settings [9,10],
including the prostate cancer [11].

Breast cancer is the most common cancer in females [10],
and appropriate biomarkers play significant role in predicting
the prognosis and decide the specific therapy to each patient.
Among 92 patients, Ki-67 expression in estrogen and proges-
terone receptor positive tumors showed lower values than es-
trogen and progesterone negative tumors, while higher Ki-67
expression was more frequently associated with HER2-posi-
tive.

Conclusions

All isolated phenotypic clusters contained two EM subgroups
per slope of mitotic activity the high and the low clusters, sepa-
rated somewhere near the 18%/cm of tumor diameter treshold
of %ki-67/cm.

Tumors with higher levels of Ki-67 per unit diameter of tumors
did not show high dependence on ER and HER2 expression.

In pure ER positive and HER2-absent tumors, the most of them
were with small and predictable mitotic slope, due to depen-
dence on ER-ligands coming by neovasculature.

It was the maiority of ER and PgR negative tumors wirth a
negative impact of HER2 expression, leading to more tumors
of predictable lower Ki-67 values.

In ER-positive and ER-negative tumors with higher ratios of
Ki-67 values per unit diameter, the local growth stimulation
was possibly mainly dependent on still undefined paramedia-
tor which is in negative interaction with HER2 and with ER
expressions.
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