
Table SI. Image analysis protocols for singly detectable nuclei.

 Protocol number and application
 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
 1 2 3 4 5 6 7
 General General Dark Pale Greenish Greenish Sample with
Category (small cells) (large cells) samples samples cells background debris

Range (levels)       
  Red (0‑255) 30‑167 30‑167 2‑162 20‑183 17‑167 11‑167 3‑167
  Green (0‑255) 0‑113 0‑113 0‑60 0‑219 0‑113 0‑90 0‑86
  Blue (0‑255) 52‑173 52‑173 26‑173 52‑219 52‑173 37‑173 18‑173
Noise reduction       
  Type Median Median Median Median Median Median Median
  Size (0‑32 µm2) 3 3 3 3 3 3 3
Separation steps (0‑10) 10 10 10 10 10 10 10
Fill holes Yes Yes Yes Yes Yes Yes Yes
Size filter (µm2) 10‑85 86‑150 10‑180 10‑180 10‑180 10‑180 10‑180
Shape filter (0‑1) 0‑1 0‑1 0‑1 0‑1 0‑1 0‑1 0‑1
Sample number 100a  6 15 1 2 2

aGeneral protocol (large size) was not used in three cases because there were no large cells in the specimens.



Table SII. Cases of cell cannibalism observed in the present 
study (n=13).

Organs Histological diagnosis Cases, n

Stomach (n=3) Adenocarcinoma 3
Uterine Corpus (n=2) Serous carcinoma 2
Ovary (n=6) Serous carcinoma 2
 Endometrioid carcinoma 1
 Carcinosarcoma 1
 Granulosa cell tumor 1
 Malignant (histology 1
 unknown) 
Bladder (n=1) Urothelial carcinoma 1
Others (malignant;  Carcinoma of unknown 1
n=1) origin



Table SIII. Non‑parametric multiple pair‑wise comparison of 
outer cells and inner cells.

A, Outer cells comparison 

Compared cell types P‑value

Cancer cells vs. macrophages <0.0001
Mesothelial cells vs. cancer cells   0.0257
Mesothelial cells vs. macrophages <0.0001

B, Inner cells comparison 

Compared cell types P‑value

Cancer cells vs. lymphocytes <0.0001
Mesothelial cells vs. neutrophils <0.0001
Cancer cells vs. macrophages <0.0001
Erythrocytes vs. eosinophils <0.0001
Erythrocytes vs. neutrophils   0.4877
Mesothelial cells vs. cancer cells   0.3087
Eosinophils vs. cancer cells <0.0001
Erythrocytes vs. macrophages <0.0001
Neutrophils vs. macrophages <0.0001
Neutrophils vs. cancer cells <0.0001
Eosinophils vs. lymphocytes <0.0001
Mesothelial cells vs. lymphocytes <0.0001
Mesothelial cells vs. erythrocytes <0.0001
Neutrophils vs. eosinophils <0.0001
Mesothelial cells vs. macrophages <0.0001
Mesothelial cells vs. eosinophils <0.0001
Erythrocytes vs. lymphocytes   0.9986
Eosinophils vs. macrophages <0.0001
Neutrophils vs. lymphocytes   0.0026
Erythrocytes vs. cancer cells <0.0001
Lymphocytes vs. macrophages <0.0001



Table SIV. Receiver operating characteristic table of the percentage of neutrophil incorporation in total CiCP to distinguish the 
cytologically positive group from the negative group.

Neutrophil
incorporation    Sensitivity‑ True True False False
in total CiCP, % Probability 1‑Specificity Sensitivity (1‑Specificity) positive negative positive negative

NA NA 0 0 0 0 76 0 29
1.000000 0.5144 0.0395 0.0345 ‑0.0050 1 73 3 28
0.794118 0.4538 0.0395 0.0690 0.0295 2 73 3 27
0.714286 0.4306 0.0526 0.0690 0.0163 2 72 4 27
0.642857 0.4101 0.0658 0.0690 0.0032 2 71 5 27
0.631579 0.4069 0.0658 0.1034 0.0377 3 71 5 26
0.500000 0.37 0.0658 0.1379 0.0721 4 71 5 25
0.400000 0.343 0.0658 0.1724 0.1066 5 71 5 24
0.380952 0.3379 0.0789 0.1724 0.0935 5 70 6 24
0.357143 0.3317 0.0921 0.1724 0.0803 5 69 7 24
0.333333 0.3255 0.1053 0.2069 0.1016 6 68 8 23
0.266667 0.3084 0.1184 0.2069 0.0885 6 67 9 23
0.257143 0.3061 0.1316 0.2069 0.0753 6 66 10 23
0.254902 0.3055 0.1316 0.2414 0.1098 7 66 10 22
0.250000 0.3043 0.1447 0.2414 0.0966 7 65 11 22
0.200000 0.2919 0.1447 0.3448 0.2001 10 65 11 19
0.166667 0.2839 0.1842 0.3448 0.1606 10 62 14 19
0.158730 0.282 0.1842 0.3793 0.1951 11 62 14 18
0.125000 0.274 0.1842 0.4138 0.2296 12 62 14 17
0.111111a 0.2707 0.1974 0.4483 0.2509 13 61 15 16
0.105263 0.2694 0.2105 0.4483 0.2377 13 60 16 16
0.100000 0.2682 0.2237 0.4483 0.2246 13 59 17 16
0.095238 0.2671 0.2500 0.4483 0.1983 13 57 19 16
0.090909 0.2661 0.2763 0.4483 0.1720 13 55 21 16
0.086957 0.2651 0.2895 0.4483 0.1588 13 54 22 16
0.083333 0.2643 0.3026 0.4828 0.1801 14 53 23 15
0.069767 0.2612 0.3158 0.4828 0.1670 14 52 24 15
0.058824 0.2587 0.3289 0.5172 0.1883 15 51 25 14
0.027972 0.2518 0.3289 0.5517 0.2228 16 51 25 13
0.018405 0.2497 0.3421 0.5517 0.2096 16 50 26 13
0.012048 0.2483 0.3421 0.5862 0.2441 17 50 26 12
0.009346 0.2477 0.3553 0.5862 0.2309 17 49 27 12
0 0.2456 1.0000 1.0000 0 29 0 76 0
0 0.2456 1.0000 1.0000 0 29 0 76 0

aPercentage of neutrophil incorporation in total CiCP that gives the largest value for Sensitivity‑(1‑Specificity). NA, not applicable; CiCP, 
cell‑in‑cell phenomenon. 


