
Enhancing Mitosis Quantification and Detection in 
Meningiomas with Computational Digital Pathology
Hongyan Gu1, Chunxu Yang1, Issa Al-kharouf2, Shino Magaki3, Nelli Lakis2, Christopher K. 
Williams3, Sallam M. Alrosan2, Ellie K. Onstott2, Wenzhong Yan1, Negar Khanlou3, Inma Cobos4, 
Xinhai R. Zhang5, Neda Zarin-Khameh6, Harry V. Vinters3, Xiang A. Chen1, Mohammad Haeri2.

1  University of California, Los Angeles, Electrical and Computer Engineering, Los Angeles, CA; 2  University of Kansas Medical Center, Pathology and Laboratory Medicine, 
Kansas City, KS; 3 UCLA David Geffen School of Medicine, Pathology and Laboratory Medicine, Los Angeles, CA; 4  Stanford University School of Medicine, Pathology and 
Laboratory Medicine, Stanford, CA; 5  UT Health at Houston, McGovern Medical School, Houston, TX; 6  Baylor College of Medicine, Pathology and Immunology, Houston, TX

Acta Neuropathologica Communications. https://doi.org/10.1186/s40478-023-01707-6 

Copies of this slide deck obtained through 
QR (Quick Response) codes are for personal 
use only and may not be reproduced without 
written permission of the authors. 



WHO Grade 1 
• ≤ 3 mitoses per 10 HPFs 
• No brain invasion 

WHO Grade 2 
• 4 to 19 mitotic figures in 10 consecutive HPF of each 0.16 mm^2 (at least 2.5/mm^2) 
• Unequivocal brain invasion (not only perivascular spread or indentation of brain without pial breach) 
• At least three of the following: 

A. Increased cellularity 
B. Small cells with high N:C ratio 
C. Prominent nucleoli 
D. Sheeting (uninterrupted patternless or sheet-like growth) 
E. Foci of spontaneous (non-iatrogenic) necrosis 

• Specific morphological subtype (chordoid or clear cell) 

WHO Grade 3 
• 20 or more mitotic figures in 10 consecutive HPF of each 0.16 mm^2 (at least 12.5/mm^2) 
• Frank anaplasia (sarcoma-, carcinoma-, or melanoma-like appearance) 
• TERT promoter mutation 
• Homozygous deletion of CDKN2A and/or CDKN2B

Louis DN, Perry A, Wesseling P, Brat DJ, Cree IA, Figarella-Branger D, Hawkins C, Ng HK, Pfister SM, Reifenberger G, Soffietti R, von Deimling A, Ellison DW. The 2021 WHO Classification of Tumors of the Central Nervous 
System: a summary. Neuro Oncol. 2021 Aug 2;23(8):1231-1251. doi: 10.1093/neuonc/noab106. PMID: 34185076; PMCID: PMC8328013.
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Mitosis Assessment from Whole Slide Images

Gu H, Yang C, Haeri M, Wang J, Tang S, Yan W, He S, Williams CK, Magaki S, Chen XA. Augmenting Pathologists with NaviPath: Design and Evaluation of a Human-AI Collaborative Navigation System. InProceedings of the 
2023 CHI Conference on Human Factors in Computing Systems 2023 Apr 19 (pp. 1-19).

Trace visualization of three pathology residents (P5, P11, P12) examining mitoses in canine 
mammary carcinoma 

Difficulty #1: Mitosis Quantification 
• Low inter-pathologist consistencies in selecting mitotic hotspot 

areas 
• Previous study: 

• Invited 15 pathology residents to assess mitosis count in 10 
consecutive HPFs 

• Limit time usage / slide to 15 minutes 
• Whole slide images of canine mammary carcinoma (400X, 

0.25µm/pixel) were provided 
• Residents’ navigation paths were recorded and visualized

Mitosis Quantification: Need for standardized protocol to select 
and arrange these 10 consecutive HPFs.



Mitosis Assessment from Whole Slide Images

1. Collan YU, Kuopio T, Baak JP, Becker R, Bogomoletz WV, Deverell M, Van Diest P, Van Galen C, Gilchrist K, Javed A, Kosma VM. Standardized mitotic counts in breast cancer evaluation of the method. Pathology-Research 
and Practice. 1996 Jan 1;192(9):931-41. 

2. Meyer JS, Alvarez C, Milikowski C, Olson N, Russo I, Russo J, Glass A, Zehnbauer BA, Lister K, Parwaresch R. Breast carcinoma malignancy grading by Bloom–Richardson system vs proliferation index: reproducibility of 
grade and advantages of proliferation index. Modern pathology. 2005 Aug 1;18(8):1067-78.

Difficulty #2: Mitosis Detection 
• Low inter-pathologist consistencies 
• Low sensitivity

Mitosis Detection: Need for methods to enhance the mitosis detection.

An example H&E HPF (0.16mm^2) in meningiomas, containing six mitoses. 



Research Question (RQ’s)

• RQ1 (Mitosis quantification): Can we use computer algorithms accurately calculate mitotic 
count/10HPFs? 

• RQ2 (Mitosis detection): What are the neuropathologists’ skills in the mitosis detection? Can we 
improve the pathologists’ mitosis detection?



Specimen Selection
Case Selection 
• 12 patients from Pathology and Laboratory Medicine, University of 

California, Los Angeles 
• Six males, and six females 
• Ages between 39 and 79 
• WHO grades: 

• WHO Grade I: 2/12 
• WHO Grade II: 6/12 
• WHO Grade III: 4/12 

• Signed out1 between October 2019 and December 2021

1. The grade 2 and grade 3 tumors for each slide were based on mitotic counts, other criteria for upgrading to a grade 2 or 3 tumor were absent. None of these cases had available molecular testing such as CDKN2A/B 
and/or TERT promoter status.

An example slide (WHO Grade II) 

Slide Selection 
• 22 slides were selected based on the availability of Ki-67 IHC 

• 3/22 were majority out-of-focus/low quality and were discarded 
• FFPE, 6µm thickness 
• Digitalized with Leica Aperio CS2 scanner (20X objective, 400X 

resolution, 0.25µm/pixel)



Meningioma Mitosis Quantification
H&E Slide

De-stain

H&E Slide HPF

PHH3 Slide

PHH3 Slide HPF

Re-stain 
w/ PHH3* IHC

* 1:200, Cell Marque, 369A-16

Mitosis (H&E)

Mitosis (PHH3)

1. Ribalta T, McCutcheon IE, Aldape KD, Bruner JM, Fuller GN. The mitosis-specific antibody anti-phosphohistone-H3 (PHH3) facilitates rapid reliable grading of meningiomas according to WHO 2000 criteria. The American 
journal of surgical pathology. 2004 Nov 1;28(11):1532-6.

Step 1: H&E-Phospho-histone H3 (PHH31) IHC Staining



H&E WSI

1

Aligned PHH3 WSI

Meningioma Mitosis Quantification
Step 2: Mitosis Annotation with PHH3 IHC Assistance

H&E HPF

PHH3 HPF

2

Mitosis Annotation Interface

3

WSI-Level Mitosis 
Annotations

6

Resident #1 Resident #2

4
Annotate Independently

Neuropathologist

5

Final Judgment*

* Priorities were given to the visibility of mitoses on H&E. PHH3 IHC was only used as an assistance.



Meningioma Mitosis Quantification
Step 2: Mitosis Annotation with PHH3 IHC Assistance
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Meningioma Mitosis Quantification
Step 3: Quantifying Mitoses with Different Methods

Slide #11, Total MC=237

* Background, out-of-focus, non-tumor regions were excluded. Random 10 HPFs were sampled 1,000 times without replacement. 
** Each HPF = 0.4mm * 0.4 mm = 0.16mm^2

Method Highest Mitotic Count / 10 HPF**

Average* 1.21

Random*

Linear (1x10HPFs)

Linear (10x1 HPFs)

Rectangular (5x2 HPFs)

Rectangular (2x5 HPFs)

Depth-First Search



Meningioma Mitosis Quantification
Step 3: Quantifying Mitoses with Different Methods

Slide #11, Total MC=237
Method Highest Mitotic Count / 10 HPF**

Average* 1.21

Random* 1.08 (average)

Linear (1x10HPFs)

Linear (10x1 HPFs)

Rectangular (5x2 HPFs)

Rectangular (2x5 HPFs)

Depth-First Search

* Background, out-of-focus, non-tumor regions were excluded. Random 10 HPFs were sampled 1,000 times without replacement. 
** Each HPF = 0.4mm * 0.4 mm = 0.16mm^2



Meningioma Mitosis Quantification
Step 3: Quantifying Mitoses with Different Methods

Slide #11, Total MC=237

Method Highest Mitotic Count / 10 HPF**

Average* 1.21

Random* 1.08 (average)

Linear (1x10HPFs) 9

Linear (10x1 HPFs)

Rectangular (5x2 HPFs)

Rectangular (2x5 HPFs)

Depth-First Search

bar = 1mm

* Background, out-of-focus, non-tumor regions were excluded. Random 10 HPFs were sampled 1,000 times without replacement. 
** Each HPF = 0.4mm * 0.4 mm = 0.16mm^2



Meningioma Mitosis Quantification
Step 3: Quantifying Mitoses with Different Methods

Slide #11, Total MC=237

Method Highest Mitotic Count / 10 HPF**

Average* 1.21

Random* 1.08 (average)

Linear (1x10HPFs) 9

Linear (10x1 HPFs) 11

Rectangular (5x2 HPFs)

Rectangular (2x5 HPFs)

Depth-First Search

bar = 1mm

* Background, out-of-focus, non-tumor regions were excluded. Random 10 HPFs were sampled 1,000 times without replacement. 
** Each HPF = 0.4mm * 0.4 mm = 0.16mm^2



Meningioma Mitosis Quantification
Step 3: Quantifying Mitoses with Different Methods

Slide #11, Total MC=237

Method Highest Mitotic Count / 10 HPF**

Average* 1.21

Random* 1.08 (average)

Linear (1x10HPFs) 9

Linear (10x1 HPFs) 11

Rectangular (5x2 HPFs) 14

Rectangular (2x5 HPFs)

Depth-First Search

bar = 1mm

* Background, out-of-focus, non-tumor regions were excluded. Random 10 HPFs were sampled 1,000 times without replacement. 
** Each HPF = 0.4mm * 0.4 mm = 0.16mm^2



Meningioma Mitosis Quantification
Step 3: Quantifying Mitoses with Different Methods

Slide #11, Total MC=237

Method Highest Mitotic Count / 10 HPF**

Average* 1.21

Random* 1.08 (average)

Linear (1x10HPFs) 9

Linear (10x1 HPFs) 11

Rectangular (5x2 HPFs) 14

Rectangular (2x5 HPFs) 14

Depth-First Search

bar = 1mm

* Background, out-of-focus, non-tumor regions were excluded. Random 10 HPFs were sampled 1,000 times without replacement. 
** Each HPF = 0.4mm * 0.4 mm = 0.16mm^2



Meningioma Mitosis Quantification
Step 3: Quantifying Mitoses with Different Methods

Slide #11, Total MC=237

Method Highest Mitotic Count / 10 HPF**

Average* 1.21

Random* 1.08 (average)

Linear (1x10HPFs) 9

Linear (10x1 HPFs) 11

Rectangular (5x2 HPFs) 14

Rectangular (2x5 HPFs) 14

Depth-First Search

bar = 1mm

Question: Can I “borrow” one HPF 
and move it to the bottom?

* Background, out-of-focus, non-tumor regions were excluded. Random 10 HPFs were sampled 1,000 times without replacement. 
** Each HPF = 0.4mm * 0.4 mm = 0.16mm^2



Meningioma Mitosis Quantification
Step 3: Quantifying Mitoses with Different Methods

1 2

4

3

These two HPFs are not connected.

These two HPFs are connected.

Depth-First Search (DFS) Algorithm 
• Exhaustively search all HPF arrangements that satisfy the 

following constraints: 
1. It has 10 HPFs 
2. Each HPF should share at least one “edge” with 

another, so that they are connected. 
3. All 10 HPFs should formulate a path, and the path 

should be traversed from the first HPF to the tenth, 
with the requirement that each HPF is visited exact 
once. 

• The calculated result from the DFS algorithm is 
mathematically highest.



Meningioma Mitosis Quantification
Step 3: Quantifying Mitoses with Different Methods

1

These 10 HPFs formulate a “path”.

2 3 4 5

6

789

10

Depth-First Search (DFS) Algorithm 
• Exhaustively search all HPF arrangements that satisfy the 

following constraints: 
1. It has 10 HPFs 
2. Each HPF should share one “edge” with another, so 

that they are connected. 
3. All 10 HPFs should formulate a path, and the path 

should be traversed from the first HPF to the tenth, 
with the requirement that each HPF is visited exact 
once. 

• The calculated result from the DFS algorithm is 
mathematically highest.



Meningioma Mitosis Quantification
Step 3: Quantifying Mitoses with Different Methods

1

These 10 HPFs do not formulate a “path”. 
Because #8 will be visited twice.

2 3 4 5

6

789

10

Depth-First Search (DFS) Algorithm 
• Exhaustively search all HPF arrangements that satisfy the 

following constraints: 
1. It has 10 HPFs 
2. Each HPF should share one “edge” with another, so 

that they are connected. 
3. All 10 HPFs should formulate a path, and the path 

should be traversed from the first HPF to the tenth, 
with the requirement that each HPF is visited exact 
once. 

• The calculated result from the DFS algorithm is 
mathematically highest.



Meningioma Mitosis Quantification
Step 3: Quantifying Mitoses with Different Methods
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Appendix A Depth-First Search Algorithm to

Calculate Sum of Mitosis Count in

Highest 10 Consecutive HPFs

Locations of all mitosis annotations (whether they were annotated by pathologists or

detected by AI) of a WSI are needed in order to run the DFS algorithm. Firstly, the

WSI was split into non-overlapping HPF tiles. Then, a matrix of MC for each HPF

in the WSI, denoted as WSI, was built. The coordinate of each element in WSI

matrix represents the location of a HPF, and the value represents the MC in this HPF.

The algorithm FindMaxMC is the main function, and algorithm Search is the helper

function. To caulcate with DFS, the WSI matrix should be passed to FindMaxMC

function, and it will return two values: (1) maxSum: the highest MC in 10 consecutive

HPFs, and (2) maxPath: the locations of these 10 HPFs.

Algorithm 1: Find the max MC in 10 consecutive HPFs of a WSI

1 Function FindMaxMC(WSI ):
2 maxSumWSI →↑ 0 // stores the max MC of the max path in a WSI

3 maxPathWSI →↑ Nul // stores locations of HPFs in the max

path

4 for i from 0 to RowCount(WSI) - 1 do
5 for j from 0 to ColumnCount(WSI) - 1 do

/* for each HPF in a WSI (in each column and each row),

find a path of 10 HPFs that starts from this exact

HPF and has the highest MC) */

6 sum, path →↑ Search(WSI, WSI[i][j], [(i, j)])
7 if sum > maxSum then

/* update the highest MC and max path if a path with

a higher MC was found) */

8 maxSumWSI →↑ sum
9 maxPathWSI →↑ path

10 return maxSum, maxPath
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Algorithm 2: Depth-First Search Helper Function

1 Function Search(WSI, sum, path):
2 if length(path) = 10 then

/* return if the length of the path is equal to 10 (10

HPFs) */

3 return sum, path

4 maxSum →↑ 0 // stores the max MC of the max path

5 maxPath →↑ Nil // stores locations of HPFs in the max path

6 for dx, dy in [(0,1), (0,-1), (1,0), (-1,0)] do
7 x →↑ path[-1][0] + dx
8 y →↑ path[-1][1] + dy

/* find the location of the last HPF in the current path,

and search its connected neighbors (top, bottom, left,

right) */

9 if WSI[x][y] is valid and (x, y) /↓ path then
/* if the neighbor is within the limit of WSI, and the

neighbor is not in the current path */

10 nextSum, nextPath →↑ Search(WSI, sum + WSI[x][y], path ↔ (x,
y)) // acquire the MC and locations of the new path

(with the added neighbor)

11 if nextSum > maxSum then
/* update the max MC and HPF locations of the max

path if the new path (with the added neighbor) has

a higher MC */

12 maxSum →↑ nextSum
13 maxPath →↑ nextPath

Appendix B Summary of Participants’ A!liations
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Pseudo Code for the Depth-First Search Algorithm



Meningioma Mitosis Quantification
Step 3: Quantifying Mitoses with Different Methods

Slide #11, Total MC=237

Method Highest Mitotic Count / 10 HPF

Average* 1.21

Random* 1.08 (average)

Linear (1x10HPFs) 9

Linear (10x1 HPFs) 11

Rectangular (5x2 HPFs) 14

Rectangular (2x5 HPFs) 14

Depth-First Search (DFS) ??

bar = 1mm

* Background, out-of-focus, non-tumor regions were excluded. Random 10 HPFs were sampled 1,000 times without replacement. 
** Each HPF = 0.4mm * 0.4 mm = 0.16mm^2



Meningioma Mitosis Quantification
Step 3: Quantifying Mitoses with Different Methods

Slide #11, Total MC=237

Method Highest Mitotic Count / 10 HPF

Average* 1.21

Random* 1.08 (average)

Linear (1x10HPFs) 9

Linear (10x1 HPFs) 11

Rectangular (5x2 HPFs) 14

Rectangular (2x5 HPFs) 14

Depth-First Search (DFS) 19

bar = 1mm

* Background, out-of-focus, non-tumor regions were excluded. Random 10 HPFs were sampled 1,000 times without replacement. 
** Each HPF = 0.4mm * 0.4 mm = 0.16mm^2



Meningioma Mitosis Quantification
Step 3: Quantifying Mitoses with Different Methods

Slide #11
Highest Mitotic 

Count / 10 HPF**

Average* 1.21

Random* 1.08 (average)

Linear (1x10HPFs) 9

Linear (10x1 HPFs) 11

Rectangular (5x2 HPFs) 14

Rectangular (2x5 HPFs) 14

Depth-First Search (DFS) 19

Slide 
Index 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19
WHO 

Grade*** I I II II I II II II II II III III III III II III III II II

* Background, out-of-focus, non-tumor regions were excluded. Random 10 HPFs were sampled 1,000 times without replacement. 
** Each HPF = 0.4mm * 0.4 mm = 0.16mm^2 
*** WHO Grade: signed-out by the consensus conferences.



Meningioma Mitosis Quantification
Step 3: Quantifying Mitoses with Different Methods

Slide 
Index 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19
WHO 

Grade*** I I II II I II II II II II III III III III II III III II II

* Background, out-of-focus, non-tumor regions were excluded. Random 10 HPFs were sampled 1,000 times without replacement. 
** Each HPF = 0.4mm * 0.4 mm = 0.16mm^2 
*** WHO Grade: signed-out by the consensus conferences.

Slide #5 can be upgraded to WHO grade 2. Slide #19 can be upgraded to WHO grade 3.



Take-Aways 

RQ1 (Mitosis quantification): Can we use computer algorithms accurately calculate mitotic count/
10HPFs? 

• The computer algorithm, Depth-First Search can calculate ~4.3 more and ~3.3 more mitoses 
compared to the linear and rectangular settings, respectively. 

• From our cohort of 12 patients, the Depth-First Search can upgrade two board line cases, 
compared to the WHO grades signed out by the consensus conferences. 

• The mitotic counts in random 10 HPFs are in general smaller than those in average 10 HPFs.

Meningioma Mitosis Quantification



Research Question (RQ’s)

• RQ1 (Mitosis quantification): Can we use computer algorithms accurately calculate mitotic 
count/10HPFs? 

• RQ2 (Mitosis detection): What are the neuropathologists’ skills in the mitosis detection? Can we 
improve the pathologists’ mitosis detection?



Meningioma Mitosis Detection
Step 1: HPF Selection

An example H&E HPF (0.16mm^2) in meningiomas, containing six mitoses. 

48* HPFs were selected** to test pathologists’ mitosis detection 
1. From two meningothelial-transitional meningioma cases (2 slides) 
2. According to five rules: 

• no or minimal out-of-focus 
• at least 50% tumor content 
• mitotic figures at different stages should be present 
• very few atypical mitotic figures in the collection were allowed 
• significant staining issues and tissue folding/wrinkling artifacts were 

removed 
3. Zero to six mitoses inside each HPF 
4. 88 mitoses in total

* Annotating 48 HPFs will take about 30 minutes of participants’ time. 

** Random sampling was not used because approximately 89.1% HPFs in these two WSIs 
did not include mitosis.



Meningioma Mitosis Detection
Step 2: User Study

Recruit pathologists to participate 
1. 41 pathologists* and pathology residents were invited. 

• Neuropathologist (AP/NP): 19 
• Pathologist (AP): 12 
• Pathology residents: 10 

2. From 10 institutions in the USA. 
3. Each participant visited the user study website, and annotate 

mitoses (left) for each HPF. 
4. 48 HPFs were presented to the participants in the random order.

* As of Apr 30, 2023.

Screenshot of the user study website

So far, this is the largest scale user study for mitosis detection 
regarding the number of participants.



Meningioma Mitosis Detection
Step 2: User Study

Evaluation Metrics

Precision(PPV) =
TP1

TP + FP2

Sensitivity(Recall) =
TP

TP + FN3

1. TP: true-positive, the participant correctly annotated a mitosis. 
2. FP: false-positive, the participant falsely annotated a non-mitosis. 
3. FN: false-negative, the participant missed a mitosis. 



Meningioma Mitosis Detection
Step 2: User Study

Evaluation Metrics

Precision(PPV) =
TP1

TP + FP2

Sensitivity(Recall) =
TP

TP + FN3

1. TP: true-positive, the participant correctly annotated a mitosis. 
2. FP: false-positive, the participant falsely annotated a non-mitosis. 
3. FN: false-negative, the participant missed a mitosis. 

Two participants (AP/NP) had a tied best score.

* AI: Efficient-Netb3, trained from other slides in the annotated meningioma mitoses dataset.

*



Meningioma Mitosis Detection
Step 2: User Study

Evaluation Metrics

Precision(PPV) =
TP1

TP + FP2

Sensitivity(Recall) =
TP

TP + FN3

1. TP: true-positive, the participant correctly annotated a mitosis. 
2. FP: false-positive, the participant falsely annotated a non-mitosis. 
3. FN: false-negative, the participant missed a mitosis. 

* Kruskal–Wallis test and post-hoc Dunn’s test with bonferroni correction.

AP/NP participants had significant higher* precision (PPV) than 
the pathology residents (33.93% increase).



Meningioma Mitosis Detection
Step 2: User Study

Evaluation Metrics

Agreement rate: percentage of participants that annotated a nucleus.

Only two had > 50% agreement rates



Meningioma Mitosis Detection
Step 3: Majority Voting of Participants’ Decisions

Pathologist #1 Pathologist #2 Pathologist #k

…

Majority Voting: 
Candidates annotated 
by more than k/2 
pathologists are kept

a b

Majority Voting 
• Explored group sizes (k, odd number) from 3 to 37*. 

a. For each group size (k), randomly sample (k) group member without replacement from 41 participants. 
b. Candidates annotated by more than k/2 group members were kept as the majority voting decision.

* The random-sampling — majority voting process was run for 100 times for each k.



Meningioma Mitosis Detection
Step 3: Majority Voting of Participants’ Decisions

Majority Voting Results

1. TP: true-positive, the participant correctly annotated a mitosis. 
2. FP: false-positive, the participant falsely annotated a non-mitosis. 
3. FN: false-negative, the participant missed a mitosis. 

Improvements in the precision.

Precision(PPV) =
TP1

TP + FP2

Decisions from larger group sizes 
can have a higher precision.



Meningioma Mitosis Detection
Step 3: Majority Voting of Participants’ Decisions

Majority Voting Results

Sensitivity(Recall) =
TP

TP + FN3

1. TP: true-positive, the participant correctly annotated a mitosis. 
2. FP: false-positive, the participant falsely annotated a non-mitosis. 
3. FN: false-negative, the participant missed a mitosis. 

Less improvements in the sensitivity.

Decisions from larger group sizes 
can have a slightly higher sensitivity.



Take-Aways 

RQ2 (Mitosis detection): What are the neuropathologists’ skills in the mitosis detection? Can we 
improve the pathologists’ mitosis detection? 

• Participants tended to have a higher precision than the sensitivity. 

• Some participants had a higher precision than AI, and some had a higher sensitivity. 

• AI achieved a higher precision and sensitivity at the same time, so its performance was better. 

• Majority voting could improve precision, but not sensitivity. 

Meningioma Mitosis Quantification



1. The Depth-First Search algorithm can calculate higher mitosis count. 

2. However, all mitoses of a slide are needed to be annotated first in order to run the algorithm. 

3. AI can detect mitoses in each HPF from a slide very quickly (~5 minutes per slide). 

4. AI has a high sensitivity and human pathologists have a high precision.

Recap

Is it possible to design a computer system to improve the quantification and detection at the same time? 
• It can use the AI to detect mitoses in each HPF.  
• It can use the Depth-First Search algorithm to give pathologists the highest 10 consecutive HPF recommendations. 
• AI can detect mitoses with the highest sensitivity, and human can oversee AI detections with the highest precision.



MitFlex

Key Features: 
• Use AI to detect mitoses in each HPF 

• Use DFS to recommend up to five sets of 

“10 consecutive HPFs” 

• Adjust the sensitivity of AI detections.



Key Features: 
• In each of the DFS-calculated 10 HPFs: 

• can highlight each mitosis with a box. 

• can give explainable AI explanations for 

each box.

MitFlex



Key Features: 
• Mitosis heatmap to highlight 

locations of all detected mitoses. 

• Can work on iPad (10.5 inch).

MitFlex
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