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ABSTRACT

Introduction: Ki-67 proliferation index is used as a prognostic-predictive marker in breast
carcinoma and determined using visual hotspots or global counts methods. We studied
analytical objectivity and reproducibility using the two methods.

Material and Method: 56 cases of carcinoma breast with Ki-67 (MIB-1antibody) staining on
same sections were evaluated by two equally experienced pathologists, blinded to each other
using both methods. The values obtained were classified into low, intermediate and high
categories and statistical analysis was done using SPSS ver21.0 software.

Result: The mean value of hotspot method was higher whereas global method showed better
interobserver reliability.

Conclusion: We recommend global method of Ki-67 evaluation as it has better
reproducibility and inter-observer agreement as compared to visual hot spot method. The
latter which has a higher mean value may result in change in categorization of Ki-67 index
especially at higher end of cut-off in intermediate category, thereby affecting treatment
protocols.
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Introduction

Ki-67 a molecular marker of cellular proliferation was originally described using mouse
monoclonal antibody against a nuclear protein from Hodgkin’s lymphoma-descended cell line
and is not only used as a prognostic-predictive marker but also as a marker for response to
treatment ' ?!. Ki-67 proliferation index below 15% is associated with decreased incidence of
metastasis, recurrence and better survival rates 13-4 The molecular classification of breast
cancer types Luminal A cancers as those having Ki-67 index of less than 14% and those into
Luminal B (Her 2 negative) having Ki 67 index of greater than 20% 51 As of now Ki67
proliferation index is used for prognosis in breast cancer and for anatomically favorable
Estrogen Receptor positive, Progesterone receptor positive / negative and Her 2 negative
tumors to decide whether patients shall need adjuvant chemotherapy with majority agreeing
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that in such tumors after taking node status into consideration a Ki67 score of 5 percent or
less does not warrant chemotherapy whereas chemotherapy is recommended when a Ki67
score is 30% or more "1, So accurate and reproducible determination of Ki-67 proliferation
index assumes importance in cases of carcinoma breast with respect to decision of treatment
and also for response to treatment. Apart from pre-analytical variables involving
immunohistochemical staining of Ki-67 on formalin fixed paraffin embedded tissue including
choice of antibody, duration of fixation and chemical reagents used, the analytical
determination of Ki-67 has many gray areas including areas where to count, visual hotspots,
taking average counts, the number of cells to count and visual eyeballing technique versus
using manual cell counter for accurate counting in pre-determined fields/areas 81 The
International Ki-67 in Breast Cancer Working Group (IKWG) consensus met in October 2019
and after due assessment gave the recommendation of adopting established standardized
visual scoring system known as Global Method ', where four fields of at least 100 tumor
cells representing heterogeneity of total cancer area were selected based upon high, medium
and low/negligible Ki-67 staining after comparing the same with hot spot method where the
observer counted 500 tumor cells in single field in area with maximal Ki67 staining rate """,
These are only recommendations for evaluating Ki-67 index, not universally accepted
/adopted and can have inter and intra observer variability.

Taking above factors into consideration affecting objective assessment of Ki-67 proliferation
index, the current study is proposed to determine analytical/ assessment objectivity with
respect to interobserver variation and reproducibility by global method and comparing it to
visual hot spot method when other pre -analytical variables are same.

Material and Methods

The present study was carried retrospectively for a period of 18 months from 1 January 2021
to 30 June 2022 after obtaining permission from Institutional Ethics Committee. The study
includes 56 cases of breast carcinoma diagnosed on Hematoxylin & Eosin sections and
immunohistochemically (IHC) evaluated for Ki-67 positivity wusing standard
immunohistochemistry staining protocol on formalin fixed paraffin embedded sections with
Ki-67 (MIB-1 antibody-Mouse monoclonal; Pathnsitu). Section from tonsil had been used as
positive control.

We used MIB-1 monoclonal antibody for Ki67 detection which has high sensitivity,
specificity, reproducibility and gives comparatively better results across wide range of
dilutions and has been considered as gold standard 18]

Inclusion criteria
All diagnosed cases of carcinoma breast where IHC staining using Ki-67 was performed.
Exclusion criteria

All other cases of breast lesions and breast carcinomas where IHC using Ki-67 as marker was
not performed or unavailable.

Two histopathologists blinded to each other and with more than five years of experience were
assigned to evaluate the Ki-67 positivity using Global method (average of overall positivity
of Ki-67 in given section) and standard visual hot spot method 5. 10]

The positively stained tumor cells were identified in a x100 magnification field (as any
degree of brown nuclear stain above the background and excluding cytoplasmic brown
stained cells and or lymphocytes) and counting done at x400 magnification 51 In visual
hotspot method visual counting in field showing maximal Ki-67 positivity in tumor cells and
dividing the total number of positive staining cells with total number of tumor cells in that
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field with effort being made to include a minimal total count of tumor cells of 500. In cases
where a minimum count of 500 cells was not possible, fields with maximum number of tumor
cells were included. So, the formula for Ki-67 index by visual Hot spot method was

Total number of positive tumor cells X 100
Total number of tumor cells

Ki-67 proliferation index as % =
In case of Global method, similar procedure was followed but four fields of 100 tumor cells
each were selected to reflect observed heterogeneity in nuclear staining in given section and
average of these was calculated to arrive at final Ki-67 Proliferation index “'”’ where N is Ki-
67 proliferation index in a given field calculated by

Total number of positive tumor cells
N (% = X 100
(% age) Total number of tumor cells

Average Ki-67 proliferation index (%) (As determined by Global method) =
(NT1+N2+N3+N4)/4

In this study we chose to classify Ki-67 index into low, intermediate and high categories with
up to less than/ equal to 5%, 6-29% and greater than / equal to 30% being three categories for
inter observer variation which have a prognostic significance. Subsequently statistical
analysis for mean for both methods and each observer along with coefficient of variation
(Kappa) for each method was calculated using SPSS Ver.21.0 software.

Observations

A total of 56 cases were included in the study out of which 38 cases were tissue sections from
mastectomy specimens and 18 cases were core biopsies. The same tissue sections were used
by both observers for evaluation so pre-analytical variables did not affect the observations.

In visual hotspot method, in eight cases a minimum count of 500 cells was not possible fields
so fields with maximum number of tumor cells were included and this number of cells varied
from 100-400. However, in global method, both the observers were able to find the
representative fields in all the cases.

The mean value by visual hotspot method by both observers was 36.68 and 33.57 as
compared to global method which was 33.80 and 29.79 respectively.

In visual hot spot method, the difference in low, intermediate and high categories was 1.8, 7.2
and 9.1 percent, respectively but was statistically not significant (p value 0.466). (Table 1,
Figure 1)

Similarly in Global method the difference in low, intermediate and high categories was 1.8,
1.8 and nil percent, respectively but was statistically not significant (p value 0.950). (Table 2,
Figure 2).

The interobserver reliability coefficient (Kappa- k) for visual hotspot method was 0.791 as
compared to that of global method which was 0.902.

Table 1: Categorization into low, intermediate and high categories using Visual hot spot method by
both observers

Ki-67 proliferation index Visual hotspot method
Category Number | Observer 1 | Number | Observer 2 | x2 - value | P-Value
Low <5% 13 23.2 12 21.4
Intermediate (6%-29%) 9 16.1 5 8.9 1.525 0.466
High >30% 34 60.7 39 69.6
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Table 2: Categorization into low, intermediate and high categories using Global method by both

observers
Ki-67 proliferation index Global Method
Category Number | Observer 1 | Number | Observer 2 | x2 - value | P-Value
Low < 5% 14 25.0 15 26.8
Intermediate (6%-29%) 8 14.3 7 12.5 0.101 0.950
HIGH > 30% 34 60.7 34 60.7
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Fig 2: Categorization and comparison using Global method by both observers
Discussion

Ki-67 is a proliferation marker widely used in assessment of malignant neoplasms expressed
in all but GO phase of cell cycle which can be identified by immunohistochemistry with
current utility being in separating Luminal A from Luminal B (Her 2 negative) tumors in
breast cancer, prognostic evaluation and in deciding use of chemotherapy and subsequent
follow up in patients with high Ki-67 index '® '\, However, previously in 2011 St Gallen
conference the cut off for Luminal A tumors was 14% which was subsequently revised to
20% in 2013 St. Gallens, but with a condition that each laboratory set its own cut off value
taking local laboratory value in consideration, due to inter-laboratory variation 3, 12, 13]
Recently the cut off values to classify Ki-67 proliferation index as high or low in breast
carcinoma with respect to interobserver variability has been recommended to in very low
scores (median-less than/equal to 5%) and in very high scores (median-greater than/equal to
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30%) '°. So, taking these recommendations into considerations we chose to categorize our
observations into three categories as mentioned above and there exists a large gray area in the
assessment (6%-29%) which has limited clinical significance.

In our study we found that mean value obtained by visual hot spot method was higher by
both observers as compared to global method (36.68 and 33.57 Vs 33.80 and 29.79) which is
logically explained as hot spot method counted the field with maximum staining of tumor
cells whereas global method took into consideration all the heterogenous areas of tumor
section. Honma et al. on the basis of prognostic significance in carcinoma breast advocated
that Ki-67 evaluation by hotspot method is independently associated with poor outcomes and
hence was superior to global method "%, as the values were higher in hotspot method a
finding similar to our study.

Subsequently we also assessed the interobserver variability in between two methods across
three categories and found similar difference 1.8% for low category which subsequently
increased to 7.2 and 9.1% for intermediate and high category in visual hotspot method in
comparison with 1.8% and nil for global method although these were statistically not
significant (p value greater than 0.05) which may be attributed to low sample size, implying
that these differences did not affect categorization ; van den Berg et al. when classifying Ki-
67 index into high and low for classification into luminal A and Luminal B concluded that at
the higher and lower Ki-67 levels, the correlation between the methods of assessment was
acceptable, however, close to cut off levels different methods may categorize patient’s into
different categories which may affect treatment 1 I our categorization we found that
change in categorization was most evident in intermediate category using visual hot spot
method between observer 1 and 2 whereas in global method it was found in only one case. So
our finding correlates with that of van den Berg ef al. with respect to intermediate category
although they had a very low range of classification (14-20%) when compared with our study
(6-29%). These observations point to the fact that in heterogeneous tumors with many
hotspots, there may be discordance among observers in selection of hot spots which may
cause bias in categorization.

The interobserver reliability coefficient was perfect for Global method (0.902) and substantial
for visual hotspot method (0.791) so reproducibility was better with former, a finding shared
with that Varga et al. who concluded that global method has the best interobserver reliability
coefficient when done at low-power magnification evaluating the whole section and draw an
average of the stained cells from the tumor periphery respectively from the invasion front el
Shui et al. found interobserver reliability coefficient as 0.894 and 0.904 for visual hotspot and
global method respectively concluding that there is good concordance between both methods.
We also found good concordance for both methods with respect to inter-observer reliability
but global method achieved the perfect score for reproducibility as observed by Leung et al.
who found confidence interval of 0.87 for global method as compared to 0.83 for hotspot
method.

Conclusions

1. Global and Visual hot spot methods both may be used for categorization of Ki-67
proliferation into high, intermediate and low categories but comparatively variations are
more in visual hotspot method especially near high end of assigned cut-off values which
may lead to change in categories between two observers.

2. The mean value is higher when visual hotspot method is used because it evaluates only
maximally stained tumor areas

3. Reproducibility was better with global method achieving a perfect kappa value of 0.902.

In view of above findings, we recommend use of Global method for estimation of Ki-67
proliferation index as visual hotspot method has potential diagnostic pitfall of higher
evaluation of Ki-67 proliferation index because it evaluates only maximally stained tumor
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fields and has less reproducibility as this selection of hotspots may be different for separate
observers especially in heterogeneous tumors with multiple hotspots. Subsequently this
diagnostic pitfall may cause bias in estimation of Ki-67 proliferation index and subsequent
categorization which is one of the factors for instituting chemotherapy and their subsequent
follow up for response to therapy, in carcinoma breast.

Limitations

1. In our study sample size was limited so studies with larger sample size are required for
further validation.

2. We included all the cases for estimation of Ki-67 index by both methods as per our
protocol, irrespective of their treatment status but the average values may be lower when
same is estimated in patients undergoing hormonal and or chemotherapy.

References

1. Gerdes J, Schwab U, Lemke H, Stein H. Production of a mouse monoclonal antibody
reactive with a human nuclear antigen associated with cell proliferation. Int. J
Cancer. 1983;31(1):13-20.

2. Zhang A, Wang X, Fan C, Mao X. The Role of Ki67 in Evaluating Neoadjuvant
Endocrine  Therapy of Hormone Receptor-Positive  Breast  Cancer. Front.
Endocrinol. 2021;12:687244.

3. Mannell A. The role of Ki-67 in breast cancer. S Afr J Surg. 2016;54:10-3.

4. Soliman NA, Yussif SM. Ki-67 as a prognostic marker according to breast cancer
molecular subtype. Cancer Biol Med. 2016 Dec;13(4):496-504.

5. Renan Gomes do Nascimento, Kaléu Mormino Oton. Histological and molecular
classification of breast cancer: what do we know? Mastology. 2020;30:€20200024.
D0i:10.29289/25945394202020200024).

6. Nielsen TO, Leung SCY, Rimm DL, et al. Assessment of Ki67 in Breast Cancer: Updated
Recommendations From the International Ki67 in Breast Cancer Working Group. Journal
of the National Cancer Institute. 2021 Jul;113(7):808-819. DOI: 10.1093/jnci/djaa201.
PMID: 33369635; PMCID: PMC8487652.

7. Thomssen C, Balic M, Harbeck N, Gnant M: St. Gallen/Vienna 2021: A Brief Summary
of the Consensus Discussion on Customizing Therapies for Women with Early Breast
Cancer. Breast Care. 2021;16:135-143. doi: 10.1159/000516114

8. Dowsett M, Nielsen TO, A’Hern R, Bartlett J, Coombes RC, Cuzick J, et al. Assessment
of Ki67 in breast cancer: recommendations from the International Ki67 in Breast Cancer
Working Group. J Natl Cancer Inst. 2011;103:1656-1664.

9. Nielsen TO, Leung SCY, Rimm DL, et al. Assessment of Ki67 in Breast Cancer: Updated
Recommendations From the International Ki67 in Breast Cancer Working Group. Journal
of the National Cancer Institute. 2021 Jul;113(7):808-819. DOI: 10.1093/jnci/djaa201.
PMID: 33369635; PMCID: PMC8487652

10. Leung SCY, Nielsen TO, Zabaglo LA, et al. Analytical validation of a standardised
scoring protocol for Ki67 immunohistochemistry on breast cancer excision whole
sections: An international multi-centre collaboration.  Histopathology. 2019
Aug;75(2):225-235. DOI: 10.1111/his.13880. PMID: 31017314.

11. Lopez F, Belloc F, Lacombe F, Dumain P, Reiffers J, Bernard P, et al. Modalities of
synthesis of Ki67 antigen during the stimulation of Ilymphocytes. Cytometry.
1991;12(1):42-9. Epub 1991/01/01. 10.1002/cyt0.990120107

12. Goldhirsch A, Winer EP, Coates AS, Gelber RD, Piccart-Gebhart M, Thurlimann B, et al.
personalizing the treatment of women with early breast cancer: highlights of the St Gallen
International Expert Consensus on the Primary Therapy of Early Breast Cancer 2013.
Ann Oncol. 2013;24(9):2206-23.

2920



13.

14.

15.

16.

European Journal of Molecular & Clinical M edicine

ISSN 2515-8260 Volume 09, Issue 08, 2022

Coates AS, Winer EP, Goldhirsch A, Gelber RD, Gnant M, Piccart-Gebhart M, et al.
Tailoring therapies-improving the management of early breast cancer: St Gallen
International Expert Consensus on the Primary Therapy of Early Breast Cancer. Annals of
oncology: Official journal of the European Society for Medical Oncology.
2015;26(8):1533-46.

Honma N, Horii R, Iwase T, Saji S, Younes M, Ito Y, et al. Ki-67 evaluation at the hottest
spot predicts clinical outcome of patients with hormone receptor-positive/HER2-negative
breast cancer treated with adjuvant tamoxifen monotherapy. Breast Cancer. 2015
Jan;22(1):71-8. doi: 10.1007/s12282-013-0455-5. Epub 2013 Mar 12. PMID: 23479208.
Van den Berg EJ, Duarte R, Dickens C, Joffe M, Mohanlal R. Ki67
Immunohistochemistry Quantification in Breast Carcinoma: A Comparison of Visual
Estimation, Counting, and Immuno Ratio. Appl Immuno histochem Mol Morphol. 2021
Feb 1;29(2):105-111. doi: 10.1097/PAI1.0000000000000864. PMID: 32590453; PMCID:
PMC7755692.

Varga Z, Cassoly E, Li Q, Oehlschlegel C, Tapia C, Lehr HA, et al. Standardization for
Ki-67 assessment in moderately differentiated breast cancer. A retrospective analysis of
the SAKK 28/12 study. PLoS One. 2015;10(4):e0123435 Epub 2015/04/18.
10.1371/journal.pone.0123435

2921



	1Cheena Garg, 2Amit Kumar, 3Arjun Agarwal, 4Nitesh Mohan

