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h Idea of hole analysis: classification of objects based on Betti

numbers
Betti numbers after
continuous deformation
Cancer patterns could be classified based on Betti numbers with

intrinsic patterns and prognostic information without considering
original concrete shapes

Cancer
pattern A

QO b0=1 worse
U b1=1 prognosis

Cancer
pattern B

QO b0=1 Better
Q b1=0 Prognosis




Hole Analysis

Medical targets Biological components in Topological components in
histological images CT images

v Cancer v Cells v Islands o
v Necrosis v Holes (tubes) O
v Vessel v Cavities

Hole analysis: Computation of Betti number maps

Counting connected
components in eight
neighbors

[}
[ a
5
g —
2 3
@ =
~
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Binary image 2 =
(threshold: 70) g 0
[ b1/b0 map
3
O Convolutional computation 1 g O A total of 256 Betti number maps
procedure 8

KS: kernel size
SP: shifting pixel

oo

Local ROI with reversed
pixels except pixels on edges 0
b1 map

Counting holes in four neighbors
Ninomiya K, Arimura H, Phys Med 2020; 69:90-100 1
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CT image

Original BN processing

Original binary

b0 map

image (th = 236)

b1 map b1/b0 map

e |y

O BN map corresponding to the significant feature "Histogram_Energy_ib0 _th235" obtained from the
inverted b0 (ib0) map

O The ib0 map representing hole components showed higher frequency distribution than original b1 map

Inverted BN processing

Inverted binary
image (th = 235)
e

ib0 map

e Bl
|

ib1/ib0 map

- B

BR-EARESORERXYFHRIYTOLE

Original CT
mage

Inverted b0
0) map

ficant
feature

LRR

Patient A

Prognosis : LRR

Time to LRR : 21 months
Type : Solid

Effective diameter : 34 mm
Histopathology : AC

Patient B

Prognosis : Relapse free
Time to LRR : 47 months
Type : Solid

Effective diameter : 45 mm
Histopathology : AC

E B

Histogram_Energy_ib0_th235

Patient D

Prognosis : Relapse free
Time to DM : 79 months
Type : GGO

Effective diameter : 32 mm

Patient C

Prognosis : DM

Time to DM : 14 months
Type : Solid

Effective diameter : 35 mm
Histopathology : AC

Histopathology : AC

|
“u L DLL—[;= GGO: ground glass opacity
AC: adenocarcinoma

- B

Histogram_MeanAbsoluteDeviation
_ib0_th121
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EZ1=.Single cell RNA-sedlZ&> T HTLV-TH#AAAEIRABENDfusionU7z R A D&
EFORBELANIVICHEESZ TVWBIHNESHZERETHML TS,

11



% P HTLV-1 cell-free DNA

HTLV-1 PVL in PEMCs | | HTLV-1 ef DNA |
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# HTLV-1 cfDNA reflects disease progression in the infected individuals compared to PVL of PEMCs.

(Rarsuva H. er ol EfHaem 4:733-737, 2023)
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TRAINING PROGRAM FOR NEXT-GENERATION HEALTH PROFESSIONALS
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