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Abstract
Background and objectives

We aim to analyse the relationship of the grades of Inva-
sive Ductal Carcinoma with the KI-67 index in breast cancer
patients and, stratifying patient prognosis and to create a
comprehensive prognostic index for clinical applications. A
mono-institutional cohort for cancer breast patients having
complete clinical, radiological, histological, and follow-up
data. The <20% and >20 % Ki67 cut-offs were correlated to
IDC grades, lymph-node positivity and tumor size. Patients
with tumors with Ki-67 > 20% showed the poorest progno-
sis. In addition, the tumor size, number of metastatic lymph
nodes and the Ki-67 > 20% was given a score value, depend-
ing on definite cut-offs and used to create a prognostic in-
dex, which was applied to the population. We confirm that
the 20% Ki67 cut-off is significant to differentiate high-risk
patients in breast cancers, and it is suggested to integrate it
with other prognostic factors, to better stratify patients at
risk of adverse outcome.

Methods
Study design and population

We investigated 200 females with primary breast can-
cers who underwent breast surgery from JANUARY 2013 to
MARCH 2018 at the Breast Unit of the Seth Nanadlal hospi-
tal, Aurangabad, Maharashtra.

Ethical approval for this study was obtained from the Eth-
ical Committee of our Institution. The clinico-pathological
data’s were obtained from clinical charts: age at diagnosis,
type of surgery (conservative surgery vs modified radical
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mastectomy), therapy given, type of breast cancer, and
site of recurrence. In addition, tumor size of (<3 vs. 23 cms),
histological grade and type of tumor, numbers of nodes in-
volvement, Progesterone Receptor (PR), ER, HER2, and Ki-67
was obtained from pathological reports.

Statistical analyses: Pearson’s Chi-square test was pre-
liminary performed. A model was created for evaluating the
prognostic role of different variables. p values <0.05 were
considered significant. Statistical analyses were performed
using SSPS 20th version.

Sample size being 233 by formula 4*p*q/E? But due to
the exclusion of 50 patients and time constraints we could
only evaluate 200 patients in our study.

Results

. Higher values > 20% of ki67 we can almost predict
95% that the grade of the the tumor is IDC grade Il
and poorer is the prognosis and proliferation of the
tumor is more.

. But, on the contrary we also observed that in IDC
grades I/1l usually, have KI-67 <20 %.

° With almost 80 % accuracy, that higher is the prolif-
erating index with the poor disease free interval and
overall survival rates.

o The <20% and >20 % Ki67 cut-offs were correlated
to IDC grades (P<0.0001), lymph node positivity
(P<0.0001) and tumor size (P=0.007), ER + (P<0.0001).
Patients with tumors with Ki67 > 20% showed the
poorest prognosis. Moreover, to tumor size, the num-
ber of metastatic lymph nodes and Ki67 > 20% was
given a score value, varying depending on definite cut-
offs and used to create a Prognostic index, which was
applied to the population.

Conclusion: In conclusion, we confirm the reliability of
Ki67 as a prognostic marker in breast cancers, using a cut-
off value of 20 %, and we stress the important role of Ki67
in the clinical management of patients. It is easily correlated
with grades of IDC explaining greater the value of ki-67 high-
er is the Bloom Richardson’s score with poorer prognosis.

We can practically advocate that the use of prognostic in-
dex for breast cancer could “proxy” the multigene or other
prognostic test results in third world countries.

Introduction

Ki-67 is one of the most debatable and discussed prolifera-
tion tissue marker in breast cancer for the diagnostic studies
and for the treatment decisions in breast cancer patients. Breast
cancer is a diverse disease with various histological subtypes.
Different types exist which can be defined by either genetic ar-
ray or IHC analyses [1]. In the multigene tests, proliferation has
a great impact on predicting the recurrence [2,3]. Similarly, in
addition to the HPE, the evaluation of Ki67 is one of the signifi-
cant prognostic factor in breast cancer patients [4]. A variety of
techniques are available to assess proliferation of the tumor cell
such as calculating mitotic figures in the tissue sample , flow
cytometry to check for the percentage of cells being in the S
phase , thymidine-labeling index, Proliferating Cell Nuclear An-
tigen (PCNA), or cyclins E and D [5,6,7].

One of the significant method is analysis of Ki-67 antigen. It
is a prognosticating factor for breast cancer that has been inves-
tigated in many retrospective and prospective studies. It is well
known fact that the Ki-67 nuclear antigen is expressed only in
few phases of the cell cycle S, G1, G2, and M phases, but it is
never expressed in GO [8,9]. However, till today there is no ac-
ceptable definite cut-off definition for Ki-67 [10,11].

The purpose of this study is to evaluate the value of Ki-67 as
a prognostic marker and to analyse the associations between
Ki-67 and Invasive ductal carcinoma in the routine clinical set-
ting in a third world country setting ,where most of the patient
cannot afford the cost and government funding’s are usually in-
sufficient to cover sizeable population.

Grades of IDC

Scarff-Bloom-Richardson grading system. Scoring system in-
dicates that, three factors are

Taken into account by a pathologist:
o The amount of gland formation (“differentiation”).
o The nuclear features (“pleomorphism”).
o The mitotic activity (division rate of tumor cell).
Grade 1 tumors have a score of 3-5.
Grade 2 tumors have a score of 6-7.
Grade 3 tumors have a score of 8-9.
Material and methods
Patients

This analysis to be carried out from the history charts of pa-
tients diagnosed with cancer breast and who attended the sur-
gical out-patient department of a tertiary care hospital like Seth
Nandlal Dhoot Hospital, Aurangabad. A detailed past history
with respect to age of menarche ,age at the time of first birth,
breast feeding, permanent or temporary contraception, family
history of malignancy.

A detailed preoperative evaluation of suspected cancer
breast patients was confirmed by triple assessment including
detailed history and examination, radiological imaging and tis-
sue diagnosis. This analysis was used to ascertain the prevalence
and distribution of different grades of IDC of breast cancer and
its aggressiveness. Aggressiveness of the cancer was assessed
by the Grade of tumour and the Lymph node status on Histo-
pathological examination. Bias with respect to false information
given by patients is anticipated and was accepted.

Study site and study population

Medical records of Seth Nandlal Dhoot Hospital, Aurang-
abad, Maharashtra, India

. All the cases of breast cancer were obtained from the
medical records of the hospital.

o After obtaining the diagnosed cases of breast, cancer
medical records were reviewed.

o Presenting symptoms and signs with associated risk fac-
tors were obtained retrospectively from patient history.

o Radiological findings with the histopathological reports
were obtained from the medical records of the patient
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who were subjected to surgery (Modified radical mastec-
tomy) or other breast conserving surgeries.

° Results of ki-67, ER/PR, HER-2/NEU.
Study design
Sample size and sample technique

Considering the prevalence of breast cancer to be 30% in a
tertiary care

Hospital in Aurangabad [12], the sample size will be 233 by
formula 4*p*q/E?

Where, Formula: 4*0.3*0.7/0.062
p - Prevalence (0.3).
g - 1-prevalence (0.7).

E- Allowable error (10 or 20% of prevalence) here, 20% of
0.3 is 0.06.

Sample size and time frame
233 by formula 4*p*q/E?

Cancer breast patients treated under our surgery depart-
ment between January 2013 To March 2018.

Selection Criteria

Inclusion criteria: All the primary cases of Invasive Ductal
carcinoma.

Exclusion criteria: Any cancer breast other than IDC.
o Inflammatory breast cancer
o Paget disease of the nipple
° Phyllodes tumor
° Angiosarcoma
o Ductal carcinoma in situ
o Recurrent breast cancer patients
o Patients with missing data
o Invasive lobular carcinoma
Methodology

In the duration of the study (January 2013 To March 2018)
all the cases diagnosed and treated for cancer breast were in-
cluded.

Total number of patients for breast cancer were 250. Patients
were selected on the basis on HPE reports of IDC strictly. Thus,
our study sample size came out 200 after exclusions.

Ethical approval for this study was obtained from the Ethical
Committee of our Institution.

Statistical methods

All the data collected was compiled and formulated in Micro-
soft excel sheet and data was analyzed using SPSS version 20th
software (Statistical package for social sciences).Descriptive sta-
tistics was done for all the variables. Data will be represented

in the form of visual presentation i.e. pie diagram, bar diagram,
etc. For qualitative data, Chi square test will be applied and
guantitative data will be represented in the form of Mean and
Standard deviation. Probability value (p 0.05) will be considered
to be statistically significant.

Analysis of Ki-67

Regarding the analysis of Ki-67, The Ki-67 percentage scor-
ing is defined as the percentage positivity of tumor cells stained
among the total malignant cells assessed [13]. The histopatho-
logical specimen is checked for staining of the tumor cells. Scor-
ing is performed upon the whole tumor section and not only
limited to the hot spots of the cancer specimen.

° IHC performed on the malignant cells staining positive for
the Ki-67 is assessed in a quantitative way and by using a
light microscope.

o A Ki-67 cut-off point of 15 % was defined according to
the experience of different pathologists as well as na-
tional and international recommendations at present
[1,7,10,14,15].

o Ki-67 values are obtained as the positive percentage in the
malignant cells using MIB1 (anti-human Ki-67 monoclonal
antibody) which is considered as the “gold standard” 16 .

Results
Study population

In our study duration, we had 250 cases of primary breast
patients PTotal 50 patients were excluded from the primary
data, as they did not meet the inclusion criteria. Thus, our
sample size turned out to be 200 as due to time constraints. In
our long study period, only one case of male carcinoma breast
was reported. Minimum age of presentation being 25 years and
maximum at 80 years with maximum number of females in the
group of 41-60 years indicating highest risk of cancer breast in
this age group. Further management depending upon histopa-
thology report with ki-67and hormonal status.

Table 1: Association between Size of tumor and ki67 Classifica-
tion.

ki67 Classification
Size of tumor Chi-square P-value
<20% >20% Total
<3 25 4 29
>3 103 68 171 7.27 P=0.007S
Total 128 72 200

Association between Size of tumor and kié7 Classification

H<3 H:23

<20%

<20%

Ki67 Classification
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Table 2: Association between lymph node status and ki67 Clas-
sification.

Lymph node ki67 Classification
. Chi-square P-value
positivity <20% >20% Total

0 62 16 78

1-3 41 12 53

4-9 15 25 40 35.4 P<0.0001S
>9 10 19 29

Total 128 72 200

Association between lymph node size and ki67 Classification
H<20% MW>20%

62

41

25

16 15 12

0 U= 4—5 >9

Iymph node positivity

Table 3: Association between ER outcome and ki67 Classifica-
tion.

ki67 Classification
ER Chi-square P-value
<20% >20% Total
Positive 88 30 118
Negative 40 42 82 14.2 P<0.0001S
Total 128 72 200

Association between ER outcome and ki67 Classification

W<10% MW>20%

Positive Negative

»  Additionally, data including size (<3 vs. 23 cms), histo-
logical type and IDC Grade, nodal status, Progesterone
Receptor (PR), ER, HER2, and Ki-67 were taken from the
pathological reports. In particular, for what concerns
Ki67, we set cut-points at, <20% (low) and >20% (high) as
recommended by St. Gallen experts [1,17].

Table 4: Association between ki67 & IDC Classification.

IDC Classification
ki67 Chi-square P-value
IDC-1 IDC-11 | IDC-IlI Total

SCORE 0 0 2 5 7
10-19% 8 82 31 121 62.7 P<0.0001S
20-39% 0 4 52 56
40-45% 0 0 16 16

Total 8 88 104 200

»

Association between ki67 & IDC Classification

Wipci WDCH WiDc
82
52
31
15
2 = hd
|
SCORE 0 10-15% 20-30% 40-45%

To create a comprehensive index associated to “good”
and “poor” prognosis and based on our results, a com-
prehensive index or prognostic index was created similar
to Cambridge Post Mastectomy Radiotherapy (C-PMRT)
index. But, keeping our goal for chemotherapy rather
than radiotherapy after the results.

Table 5: The prognostic index was designed using the follow-
ing parameter score values: (tumor size) + (number of metastatic
lymph nodes) + (Ki67 score value), ranging from 0-5.

Score 3 2 1
LN status >9 4-9 1-3
Ki-67 - >20% <20%
Tumor size - >3 cms <3 cms

Table 6: We found that in 200 we had a final index of 0; 15 of 1;
45 of 2;55 of 3;43 of 4;33and 9 of 5.

Score value Number of Patients
0 15
1 45
2 55
3 43
4 33
5 9

Following the performance curves, we set the index cut-

off at 3, indicating <3 a good prognosis and >3 a poor progno-
sis. Patients with an index 23 had a significant increased risk
of relapse. Our total number with 85 out of 200 were at more
risk thus, were subject to evaluation for additional hormone
and chemotherapy therapy taking in account other param-
eters like ER/PR/HER-2.

»

The <20% and >20 % Ki67 cut-offs were correlated to IDC
grades (P<0.0001), lymph node positivity (P<0.0001) and
tumor size (P=0.007), ER + (P<0.0001). Patients with tu-
mor with Ki67 > 20% showed the poorest prognosis.

It is also predictive of DSS and DFI, confirming that tumor
burden and proliferative index which remains the most
important parameter in breast cancer prognosis, as sug-
gested by several other studies [18-22].

We also observed, Ki67 may be an important factor for
the poor prognosis of TNBC. This indicated that the in-
creased expression of Ki67 may predict the increased pro-
liferation of breast cancer cells, enhanced Invasiveness,
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and faster growth of the tumor and the high incidence
of lymph node metastasis. Therefore, expression of Ki67
might indicate poor prognosis in TNBC.

> Thus, we concluded for low risk is <20% and high risk is
>20%.

»  And keeping grade | and Il in low risk and grade Il of IDC
in high risk we created a 2*2 box for specificity of ki -67.

» Onour collected data of 200 patients evaluated.

Table 7: Association between ki67 & IDC Classification.

IDC Classification
ki67
IDC-11I IDC-1+lI Total
>20% 68 4 72
<20% 36 92 128
Total 104 96 200
Statistic Formula Value 95% ClI
Sensitivity a 65.38% 55.42% to 74.45%
a+b
d
Specificity 95.83% 89.67% to 98.85%
c+d
Positive Predictive a
| 94.44% (*) 1 86.57% to 97.82%
Value a+c
Negative Predictive
& L 71.88 % (*) | 66.17% to 76.95%
Value
b+d
a+d
Accuracy —  80.00% (*) | 73.78% to 85.31%
a+b+c+d
Concluding

o Higher values > 20% of ki67 we can almost predict 95%
that the grade of the tumor is IDC grade Il P<0.0001.

o With almost 80 % accuracy that higher is the proliferating
index with the higer value of ki-67.

o Positive predictive value approximately 95%.

o Specificity equals to 95.83% indicating that the test is not
mandatory in lower grades (IDC I/1l)

Discussion

In this study, we investigated the expression of Ki-67 and its
relationship with other clinico-pathological parameters espe-
cially with the IDC grades and the expression of other molecu-
lar markers in 200 females of primary Breast Cancer patients
(range: 25 to 80 years). Patients were from a single tertiary
care centre and the clinical importance of Ki-67 as a prognostic
marker of Breast Cancer was assessed. Of these ,72 were Ki-67
>20% using IHC, which correlated with poor prognostic features
such as poor IDC grade , lymph nodal involvement, stage of the
tumor and TNM stage had convincing value in identification of
high risk women with Invasive ductal Breast Cancer.

It is a wise step and helps in
» Discriminating patients at low or high risk of recurrence.
» To correlate IDC grades with percentage positivity of ki-67.

The usefulness of the Ki67 proliferative index in breast can-
cer management is a matter of debate. A number of oncolo-
gists/oncosurgeons/breast surgeons do not rely on Ki67 in the
clinical practice, due to its low reproducibility [17,23-30]. In
addition, the National Comprehensive Cancer Network (NCCN)
doesn’t impart any guidelines or information regarding the Ki67
assessment status and its importance in breast cancer progno-
sis [31]. However, the Saint Gallen Consensus Meeting suggests
the usefulness of the Ki67 for stratifying Luminal cancers since
2009. Still, ambiguity regarding the definition of highly prolifer-
ating tumors remains. In 2011, a cut-off of 14 % 1was proposed,
on the basis of the study by Cheang et al. [24], but 2 years later,
it was upgraded to 20 %17. In the same year, Denkert et al. [32]
proposed to considered Ki67 a continuum variable [33].

To solve these confusion, we evaluated Ki67 in a subset of
patients with grades of IDC breast cancer, with the aim to cor-
roborate its significance. Firstly, we determined the median
value of Ki67 in our series, as suggested by the last Saint Gal-
len Consensus Meeting [34] and showed akin values of 14 %
identified by Cheang [24] as able to differentiate Luminal A and
B subtypes. As a sequel, when the motive is to distinguish high-
risk patients,

the 20% cut-off is dependable than the 14% cut-off. Al-
though, we confirm that Ki67 is a reliable marker for scrutinizing
patients at risk for local and systemic recurrenceses and death,
we believe that Ki67 percentage has to be evaluated following
the International Guidelines [35]. The laboratory standardisa-
tion should be strictly subjected to verification of quality con-
trol and assessment [36]. Furthermore, similar to various other
studies recommending that only one marker is not advocated
for stratifying prognosis of breast cancer patients, we planned a
comprehensive study index including Ki67 with tumor size and
number of lymph nodes. As, both the tumor size and the num-
ber of axillary lymph nodes are conventionally taken as a prog-
nostic marker in breast cancer patients [37,38].

Many Studies have also verified the value of Ki-67 expression
to anticipant response to NACT. Chang et al. [39] and Archer
et al. [40] reported a correlation between pretreatment Ki-67
labeling index and better response to chemotherapy in neoad-
juvant settings. A 2005 review article [41] of five studies (with
variable number of the patients ranging from 106 to 399) [42-
46], that scrutinized the predictive value of the Ki-67 labeling
index in the neoadjuvant setting; two of these studies [42,43]
concluded that a high Ki-67 labeling index is associated with
good response to Chemotherapy; however , the other studies
[44-46] implied no similar association.

Cancer patients having complete clinical, radiological, histo-
logical, and follow-up data was Collected and compared. The
Ki67 (<20% or >20%) cut-offs were correlated to IDC grades
(P<0.0001), lymph node positivity (P<0.0001) and tumor size
(P=0.007), ER + (P<0.0001). Patients with tumor with Ki67 >20%
showed the poorest prognosis.

As per the new AJCC 8th staging system, which includes mo-
lecular biomarkers for staging of patients, it defines the progno-
sis of carcinoma of breast patients in better terms. AJCC 8th in-
cludes grading of tumors and here this study shows statistically
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significant correlation between Ki-67 with other parameters of
AJCC 8th staging system as T, N, ER, PR, IDC grades. Additionally,
it correlates well with the ki 67 and is a good tool for clinical
decision making in limited resources.

Limitations

Of this study is that it included only patients of marathwada
region; However, results may vary in other regions/countries.
Additionally, other limitations like recurrence status of the pa-
tients could not be evaluated in every patient due to time con-
straints; thus, we further advise larger-scale multi centric stud-
ies for prognosticating significance of the ki67 in terms of tumor
recurrence and disease-free survival.

Our data indicates that Ki-67 individually does not predict
which patients would be benefitted more by addition of hor-
mone therapy and chemotherapy in the adjuvant setting. It is
just one of the significant contributing factors amongst other
prognostic markers. Isolated ki-67 value does not have any rec-
ommendations for adding of hormone to regular chemotherapy
regime. While, our data suggests that a high Ki-67 labeling index
is significantly associated with other risk factors and can be di-
vided on the bases of prognostic index.

Thus, in this study the Ki-67 index was used as a prognostic
factor, not a predictive factor.

Conclusion

To conclude, we confirm the reliability of the Ki 67 as a prog-
nostic marker in breast cancer patients, using a cut-off value of
20 %, and we stress the important role of Ki 67 in the clinical
management and treatment planning of patients. It is easily
correlated with grads of IDC explaining greater the value of ki-
67 higher is the Modified Bloom Richardson’s score with greater
tumor size and multiple lymph nodes involvement. However,
waiting for molecular test accessibility, Ki 67 together with
tumor size and lymph nodal status might be useful to identify
breast cancer patients with poor prognostic outcome that may
need combined chemotherapy and hormonal therapy. Addition-
ally, it is implied by our results that in a non-affording patient
with poor resources and financial constraints, who hails from
a third world country we may omit prescribing ki-67 in grades |
AND Il IDC. Controversially, if the patient is affording even in the
third world countries we should motivate the patients to get
Ki-67 done for prognostication and correlation with the other
markers of breast cancer. We can practically advocate that the
use of prognostic index for breast cancer could “proxy” the mul-
tigene or other prognostic test results in third world countries.
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