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Slide #11, Total MC=237 
Average MC = 1.21/10HPF 
Random MC = 1.08/10HPF 

(average)
10 HPFs Calculated by DFS 

(Proposed) 
MC = 19

Linear 10 HPFs  
(10x1, Vertical) 

MC = 11

Linear 10 HPFs 
(1x10, Horizontal) 

MC = 9

Rectangular 10 HPFs  
(5x2, Vertical) 

MC = 14

Rectangular 10 HPFs  
(2x5, Horizontal) 

MC = 14

Figure 1 Example of annotated mitoses in the meningioma WSIs at different phases, including 
prophase, metaphase, anaphase-telophase, and atypical mitoses, bar=10µm.

Figure 2 Hotspot mitosis count per 10 high-power fields (HPFs) in each annotated Whole Slide 
Image (WSI) using five methods of calculation, namely the proposed DFS algorithm, linear 10 
HPFs (i.e., 10x1 and 1x10 arrangements), rectangular 10 HPFs (i.e., 5x2 and 2x5 arrangements), 
average MC per 10 HPFs HPFs. The box-whisker plot shows the mitosis count summary (maxi-
mum, minimum, 95% confidence interval, and average) in randomly-sampled 10 HPFs.

Figure 3 Mitosis location distribution in slide #11, and the locations 10 high-power fields (HPFs) 
with the found by the Depth-First Search (DFS) algorithm (mitosis count: 19), linear 10 HPFs (mi-
tosis count: 9 or 11), and rectangular 10 HPFs (mitosis count: 14), bar=1mm.
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Figure 5 (A) The precision-recall scatter plot for each participant’s performance in detecting mitoses on the 48 HPF images 
from the user study. The blue line indicates the precision-recall curve from AI and the magenta marker (x) indicates AI’s oper-
ating point with the threshold cut-off. The diagonal dashed line is the reference where the precision is equal to sensitivity. (B) 
The box-whisker plot showing the precision (PPV) values of the participant groups with different experience levels: neuropa-
thologists (AP/NP), general pathologists (AP), and pathology residents. AP/NP participants achieved significantly higher pre-
cision than pathology residents (p=0.002, post-hoc Dunn’s test, 0.829 vs.0.619, 33.93% increase). (C) The box-whisker plot 
showing the sensitivity (recall) values of participants with different experience levels. No statistical significance was observed.

Figure 6 Bar plots showing the agreement rates of participants in identifying ground-truth mitoses (left) and false-positive mi-
toses (right), with selected examples (bar=10µm). The AI detections (both true-positive and false-positive) are shown as the 
diamond markers.
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Figure 4 Representative high-power field image ((A) H&E, (B) Phospho-histone H3) used in the study, with six ground truth 
mitoses pointed by arrows. (C) Interface screenshot of the user study website, where the HPF images were shown to partici-
pants for mitosis annotation.

•	Mitotic count is crucial for grading in many brain tumors such as menin-
giomas.

•	Calculated in highest 10 consecutive high-power fields (HPFs).
•	Pathologists often face high inter-observer variation in mitosis assess-
ment in H&E slides, becasue of:

1.	 Challenges in locating mitotic hotspots.
2.	 Difficulties in accurately identifying mitotic figures.

•	New Technology: Artificial Intelligence (AI) for identifying and quantifying 
mitotic figures.
Research Question
1.	 Can we use computer algorithms accurately calculate mitotic 
count/10HPFs?
2.	 How do pathologists’ mitosis detection skills compare to AI?

•	Scanned 19 meningioma slides, annotated for mitosis comprehensively.
•	Used Phospho-histone H3 (PHH3) immunohistochemistry staining as a 
reference.

•	Calculated highest mitosis counts in 10 consecutive HPFs in slides using:
1.	Linear arrangements (10x1 and 1x10 HPFs).
2.	Rectangular arrangements (2x5 and 5x2 HPFs).
3.	Computer algorithm “Depth-First Search.”

•	Conducted a user study between AI and human pathologists on mitosis 
detection:
1.	Recruited 29 pathologists and 12 pathologist residents.
2.	Detected mitoses in 48 selected HPF images.
3.	Compared the precision and sensitivity.

•	Annotated 4,133 mitoses in total.
•	DFS algorithm yielded 4.3 more and 3.3 more mitoses compared to lin-
ear and rectangular HPF arrangements, respectively

•	Increased mitosis count by DFS may upgrade two borderline cases ver-
ified at consensus conferences (Figure 2, slide #5 and slide #19).

•	For mitosis detection (user study):
1.	AI outperfomed pathologists in sensitivity.
2.	Although a few participants achieved higher precision, AI maintained 
high precision and sensitivity simultaneously, which contributed to a  
higher overall performance.

Explore Further, Engage Actively, Try Yourself!
•	Visit our study website with desktop/laptop:
•	https://mg-labeler.vercel.app 
•	IRB#21-000139, Average time-to-finish: 24min32s
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