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Abstract:

Background: The Ki67 index is an important prognostic marker in breast cancer.  The current Ki67 index estimation 

by unaided optical microscope is widely criticized on the grounds of high inter-observer and intra-observer 

variability.  For more accurate assessment, we create the Ki67 visual scale by using figures from digital image 

analysis.  The aim of this study was to validate the effect of Ki67 visual scale to improve the accuracy of Ki67 

index estimation in breast cancer.  Methods: This is an experimental study including 30 cases diagnosed with 

invasive breast carcinoma.  The Ki67 index was determined using digital image analysis.  Manual Ki67 scoring 

by visual estimate was performed with and without the aid of Ki67 visual scale sheet. Inter-observer agreements 

between Ki67 index by visual estimate (with and without Ki67 visual scale) and by digital image analysis were 

assessed using Kendall’s correlation coefficients and scatterplots.  Results: Correlation for inter-observer agreement 

between visual estimate without scale sheet and digital image analysis revealed an almost perfect agreement 

with a Kendall’s correlation coefficient of 0.826 (p < 0.01), whereas the correlation between visual estimate with 

scale sheet and digital image analysis also revealed an almost perfect agreement but with a Kendall’s correlation 

coefficient of 0.950 (p < 0.01).  Although the correlation coefficients of both comparisons similarly revealed an 

almost perfect agreement, the correlation for inter-observer agreement between visual estimate with scale sheet 

and digital image analysis was even higher.  Conclusions: Ki67 visual scale would appear to improve the accuracy 

and reproducibility of Ki67 index estimation using optical microscope in breast cancer patients.  Such study 

would help define a practical tool for more standardized Ki67 index estimation by optical microscope.
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นิพนธต์น้ฉบบั

ผลของการใชเ้กณฑบ์อกขนาด Ki67 เพือ่เพิม่ความแม่นย�ำในการประเมินค่า
ดชันี Ki67 ในผูป่้วยมะเรง็เตา้นม
ภาดล  ช�ำนินาวากลุ   พงษฎา  ประสงคอ์ปุถมัป์ และ ทรงคุณ  วญิญูวรรธน ์

สถาบนัพยาธวิทิยา กรมการแพทย ์กระทรวงสาธารณสุข

บทคดัย่อ

วตัถุประสงค ์การตรวจค่าดชันีการเพิม่จ�ำนวนของเซลล ์“Ki67” มคีวามส�ำคญัในการช่วยพยากรณโ์รคในผูป่้วยมะเร็งเตา้นมเฉพาะราย 

ในปจัจุบนัการประมาณค่าดชันี Ki67 ยงัค่อนขา้งขึ้นอยู่กบัอตัวสิยัของพยาธิแพทยแ์ต่ละบคุคล ผูว้จิยัจงึไดส้รา้ง “เกณฑบ์อกขนาด 

Ki67” ขึ้นโดยใชม้าตราส่วนจากการประมวลผลภาพดิจทิลั โครงการวจิยัน้ีจงึท�ำขึ้นเพือ่ศึกษาผลของการใชเ้กณฑบ์อกขนาด Ki67 ใน

การเพิม่ความแมน่ย�ำของการประเมนิค่าดชันี Ki67 ในผูป่้วยมะเร็งเตา้นม  วธิกีารศึกษา งานวจิยัน้ีเป็นการวจิยัเชงิทดลองในผูป่้วย

จ�ำนวน 30 ราย ท�ำการประเมนิค่าดชันี Ki67 ดว้ยการประมวลผลภาพดิจทิลั จากนัน้พยาธิแพทยผู์ร่้วมวจิยัประเมนิค่าดชันี Ki67 ดว้ย

กลอ้งจุลทรรศน ์ โดยใชแ้ละไมใ่ชเ้กณฑบ์อกขนาด Ki67 ประกอบการประเมนิ วเิคราะหค์วามสอดคลอ้งระหวา่งค่าดชันี Ki67 จาก

การประเมนิดว้ยกลอ้งจุลทรรศนโ์ดยใชแ้ละไมใ่ชเ้กณฑบ์อกขนาด Ki67 ประกอบการประเมนิ เทยีบกบัการประเมนิดว้ยการประมวล

ผลภาพดิจทิลั โดยใชค่้าสมัประสทิธิส์หสมัพนัธข์อง Kendall  ผลการศึกษา ค่าสมัประสทิธิส์หสมัพนัธร์ะหวา่งค่าดชันี Ki67 จากการ

ประเมนิดว้ยกลอ้งจุลทรรศนโ์ดยใชเ้กณฑบ์อกขนาด Ki67 ประกอบการประเมนิ เทยีบกบัการประเมนิดว้ยการประมวลผลภาพดิจทิลั

นัน้ มค่ีามากกวา่ ค่าสมัประสทิธิส์หสมัพนัธร์ะหวา่งค่าดชันี Ki67 จากการประเมนิดว้ยกลอ้งจุลทรรศนโ์ดยไมใ่ชเ้กณฑบ์อกขนาด Ki67 

ประกอบการประเมนิ เทยีบกบัการประเมนิดว้ยการประมวลผลภาพดิจทิลั อย่างมนียัส�ำคญัทางสถติ ิ  สรุป เกณฑบ์อกขนาด Ki67 

สามารถเพิม่ความแมน่ย�ำของประเมนิค่าดชันี Ki67 ดว้ยกลอ้งจุลทรรศน ์และสามารถน�ำมาใชใ้นเวชปฏบิตัอินัจะน�ำไปสู่แนวทางการ

ประเมนิค่าดชันี Ki67 ดว้ยกลอ้งจุลทรรศนท์ีไ่ดม้าตรฐานมากขึ้น

ค�ำส �ำคญั:	 l มะเร็งเตา้นม  l ดชันี Ki67  l เกณฑบ์อกขนาด Ki67  l การประมวลผลภาพดิจทิลั  l อมิมโูนฮสีโตเคมี
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Introduction

Breast cancer is the most frequent cancer in women 

worldwide, and one of the leading causes of cancer-

associated morbidities and mortalities1.  Anatomical 

pathology plays one of the most critical roles for patient 

management and diagnosis of breast cancer. 

Ki67 is a nuclear antigen which is present in all 

except the G0 phase of the cell cycle and therefore 

expressed in proliferating cells.  Immunohistochemistry 

for Ki67 can be used to determine tumor proliferation 

index2.  Ki67 is an important prognostic and predictive 

marker in breast cancer patients used in international 

therapy guidelines3-4.  Therefore, accurate estimation of 

the Ki67 index is very important for proper management 

of patients with breast cancer. 

In routine practice, Ki67 scoring is often performed 

on the whole tissue sections, and is also recommended 

by the International Ki67 in Breast Cancer Working 

Group4.  Nevertheless, the current Ki67 index estimation 

by unaided optical microscope is widely criticized on 

the grounds of high inter-observer and intra-observer 

variability5-8.  Besides, manual counting is time-consuming 

since at least 500-1,000 cells must be counted to achieve 

acceptable error rates3-4.

Digital pathology is now an emerging approach used 

in many tasks since microscopic images contain a huge 

amount of data that can be gained by multitudinous 

methods to visualize tissue and its components by 

processing the scanned images9-10.  Digital image analysis 

can open new perspectives for pathology to serve the 

needs of personalized medicine, by providing more 

accurate and reproducible measurements for tissue-

based diagnosis, prognosis, and prediction8. 

Many studies are now proposing digital image analysis 

as an efficient method of Ki67 index estimation, with 

benefits of increased precision and accuracy in comparison 

with visual estimate11.  Recent studies showed that 

automated assessment of Ki67 index correlates better 

with clinical and pathological characteristics of breast 

cancer as well as the prognostic factors12. 

However, the cost of digital image analysis would seem 

to be expensive, as it requires a scanner for digitalization 

of the images, digital image analysis software, and a 

technician to carry out the analysis13.  Furthermore, the 

calibration is also the key to success of digital image 

analysis as it needs machine learning8.  Such optimal 

calibration would require close collaboration between the 

pathologist who has clinical expertise and the platform 

engineer who has technical expertise13. 

To define more practical and simplified tools for 

routine uses in centers with more limited resources, 

we create the Ki67 visual scale by using figures from 

digital image analysis software to assist the Ki67 index 

estimation by optical microscope.  Our Ki67 visual scale 

was also confirmed by manual counting.  The aim of 

this study was to validate the effect of Ki67 visual scale 

to improve the accuracy of Ki67 index estimation in 

breast cancer.

Materials and methods

Ethics and patients

The study was approved by the Research Ethics 

Committee, Institute of Pathology, Department of Medical 

Services.  We analyzed 30 cases of invasive breast 

carcinoma collected from the Institute of Pathology, 

Department of Medical Services in 2020.  Histologic 

sections and Ki67-immunostained slides were obtained 

from paraffin blocks of 30 specimens.  All of the Ki67-

immunostained slides were scanned using the slide 

scanner (3D-Histech, P-1000) present in the Institute of 

Pathology, Department of Medical Services.  All samples 

were processed in a pathology laboratory consistent 

with the standardized institutional protocols.  All data 

were anonymized once we collected them.  Patient’s 
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age ranges between 33 and 79 years old.  Patients 

whose Ki67-immunostained slides were not performed 

and those diagnosed with only carcinoma in situ were 

excluded from the study.

Digital image analysis

The whole scanned sections were examined then the 

resident pathologist selected particular areas.  Areas which 

were rich in tumor cells were preferably chosen.  Areas 

showing necrosis or significant lymphocytic infiltration 

were avoided to reduce false positive results.  Eventually, 

a digital image analysis of Ki67 index was performed 

corresponding to the digital quantitative assessment of 

the percentage of the positive tumor cells for Ki67 using 

3D-Histech software called QuantCenter.  The software 

made the color image marking stained and unstained 

nuclei according to the parameters calibrated for the 

analysis and provided a percentage of positive nuclei. 

Then the final value of Ki67 index was calculated by 

taking the arithmetic mean of all particular areas for 

each case individually by means of the whole slide 

scoring protocol.

Visual estimate

Ki67 index estimation by optical microscope (Olympus, 

BX-51) were performed as followed.  Firstly, all Ki67-

immunostained slides were assessed by a pathologist 

during routine reading.  Secondly, at least three months 

later, the pathologist was asked to re-estimate the Ki67 

index for each of the 30 cases with the aid of Ki67 visual 

scale sheet (Figure 3).  The Ki67 index was estimated 

using the whole slide scoring protocol in all cases.  The 

pathologist performed Ki67 index estimation independently 

and was blinded to the previous estimated values as 

well as the patient outcome.

Statistical analysis

Kendall’s correlation coefficients were calculated for 

the inter-observer agreement between Ki67 index by 

visual estimate without the aid of Ki67 visual scale sheet 

and Ki67 index by digital image analysis, then the study 

of agreement between Ki67 index results provided by 

using visual estimate with the aid of Ki67 visual scale 

sheet in comparison to digital image analysis was done. 

Scatterplots were created to assess the inter-observer 

correlation in relation to data ranges.  Statistical analysis 

and scatterplots formation were performed using IBM 

SPSS Statistics for Windows version 20.  All testing was 

two sided.  p-values < 0.01 were considered significant. 

There is no standard criteria for correlation coefficients. 

The following criteria, similar to the kappa coefficient, were 

used here to aid interpretation: 0.00-0.20 was interpreted 

as “slight correlation”; 0.21-0.40 as “fair correlation”; 0.41-

0.60 as “moderate correlation”; 0.61-0.80 as “substantial 

correlation”; and > 0.80 as “almost perfect correlation”14.

Results and discussion

Scatterplot of visual estimate without scale sheet 

compared to digital image analysis is displayed in Figure 1. 

Correlation for inter-observer agreement between visual 

estimate without scale sheet and digital image analysis 

revealed an almost perfect agreement with a Kendall’s 

correlation coefficient of 0.826 (p < 0.01).

Scatterplot of visual estimate with scale sheet compared 

to digital image analysis is displayed in Figure 2.  Correlation 

for inter-observer agreement between visual estimate 

with scale sheet and digital image analysis revealed an 

almost perfect agreement with a Kendall’s correlation 

coefficient of 0.950 (p < 0.01).

Although the correlation of both comparisons similarly 

revealed an almost perfect agreement, the correlation 

for inter-observer agreement between visual estimate 

with scale sheet and digital image analysis was even 

higher, as shown in Table 1.

By summarizing all of these data, it seems that Ki67 

visual scale can improve the inter-observer variability 

and consistency in Ki67 index assessment by visual 

estimate.
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Figure 1  Correlation between visual estimate of Ki67 index on optical microscope without the aid of Ki67 visual 

scale sheet and digital image analysis results

Figure 2  Correlation between visual estimate of Ki67 index on optical microscope with the aid of Ki67 visual 

scale sheet and digital image analysis results
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Figure 3  Ki67 visual scale sheet
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40% 50% 60%

70% 80% 90%

Table 1  Correlation between visual estimates of Ki67 index on optical microscope (with and without Ki67 visual 

scale sheet) and digital image analysis results

Digital image analysis

Correlation Coefficient Significance

Visual estimates
Without scale sheet 0.826 0.0001**

With scale sheet 0.950 0.0001**
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Through our study, we noticed possible problems in 

visual estimate without the aid of the Ki67 visual scale 

sheet as followed.  Heterogeneity was the most common 

difficulty.  The peripheral tumor areas are more likely to 

have higher Ki67 index.  Biopsied specimens are always 

problematic seeing that they often have relatively few 

tumor cells that are interrupted by stroma.  Area selection 

remains the most crucial aspect of Ki67 index estimation 

yet area selection is always accompanied by selection bias 

unless the entire slide is assessed.  For the most part, 

the accuracy of the Ki67 index estimation relies on the 

number of cells estimated, which is a critical parameter 

in Ki67 quantification by digital image analysis.  Thus, 

assessing the whole slide section is a way to solve the 

heterogeneity problems.  Accordingly, in practice, we 

recommended that the Ki67 visual scale sheet would 

help pathologists assess more areas multiple times that 

at least 1,000 tumor cells are counted.  Pathologists are 

advised to cautiously consider area selection and may try 

to estimate more areas multiple times with Ki67 visual 

scale to improve the accuracy of Ki67 index estimation 

by optical microscope.

The other problem was interpretation error in visual 

estimate.  Mostly, pathologists have their own individual 

threshold in Ki67 index visual estimate during their routine 

reading.  We think that the use of Ki67 visual scale 

sheet can ameliorate the interpretation error seeing that 

the Ki67 visual scale can adjust individual pathologist’s 

threshold to be more precise.

On the contrary, digital image analysis was also 

problematic.  The most frequent problem was misidenti-

fication of tumor cells.  Ki67-negative tumor cells were 

not identified in a few cases.  This might have been 

due to weak hematoxylin staining and limitation of the 

digital image analysis software algorithm15.  In addition, 

tumor cells whose nuclei are markedly pleomorphic or 

possess a dumbbell-shaped morphology were typically 

detected as two cells.

Another problem in an automated method was 

misidentification of non-tumor cells as Ki67-negative 

tumor cells.  Digital image analysis can misidentify 

stromal cells and lymphocytes as tumor cells; ergo, 

they were misinterpreted as Ki67-negative tumor cells.  

Thereupon, it was beneficial that lymphocytes and stromal 

cells were excluded from the estimated area as far as 

was reasonably practicable.  Nevertheless, lymphocytes 

and stromal cells were unavoidably included in a certain 

number of cases.

Poor Ki67 immunostaining quality also caused difficulty. 

Possible causes of this particular issue are poor tissue 

fixation, poor tissue processing, thick slices due to 

abundant adipose tissue, et cetera.  Poor fixation can 

also cause an alteration of tumor cells to display spindling 

morphology which could be difficult to distinguish them 

from stromal cells on digital image analysis.

When we recognized these errors during the process, 

we re-calibrated the digital image analysis software’s 

preanalytical parameters; then, re-analyzed and contem-

plated whether the digital image analysis result was 

appropriate.  To overcome these abovementioned issues, 

we think that the semi-automated evaluation of Ki67 

index would allow determination of the exact proliferation 

index value by marking optimal regions of interest as 

well as the stained and unstained nuclei manually then 

the cells are automatically counted and the percentage 

between the positive and negative cells gives the most 

precise Ki67 index value.  In this way, the digital image 

analysis is quite time-consuming as well.

In our study, we manually selected the case that 

was not problematic to create the Ki67 visual scale 

by automated analysis with a confirmation by manual 

counting, hence the visual estimate of Ki67 index with 

the aid of the Ki67 visual scale sheet is indeed a great 

combination of superiority from not only automated but 

also manual scoring.
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Conclusion

To summarize, Ki67 visual scale would appear to 

improve the accuracy and reproducibility of Ki67 index 

estimation using optical microscope in breast cancer 

patients.  Such study would help define a practical tool 

for more standardized Ki67 index estimation by optical 

microscope.
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