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Background

Although it is an important biomarker in oncology (mostly in breast and prostate), Ki-67 immunohistochemistry (IHC) analysis has yet to
be standardized. Working groups have provided guidelines for Ki-67 scoring in different cancer types to limit pathologist's variability.!?
Digital analysis solutions to assist scoring with image analysis or Al have recently emerged in the evaluation of Ki-67 as rapid and robust
solutions. In this context, we compared the results of Ki-67 scoring performed with Aiforia Platform® (Al platform) and Halo® (image
analysis supervised software) against three independent pathologists (patho) on various solid tumors.
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Table 1: Sample size by solid tumor type from the multiple organ tumor tissue microarray (TMA)/

Workflow

o h 4

2. IKWG scoring
training session with 3
pathologists

4

3. Full scoring by
pathologists

n

Y

€
2. Halo® random forest
classifier segmentation
(tumor vs non-tumor
vs background)

« N

1. IHC Ki-67 (30-9)
processed on 192

cores from a multi-
organ TMA

< 4

3. Pathologist
validation

D

<
é h 4

2. Aiforia® Ki-67 Al
model

(RQls)

€ A

3. Total analysis
processed in 2 min for
regions of interest

4
<

4

Fig 1. Example of an IHC Ki-67 staining workflow from a lung cancer specimen (papillary adenocarcinoma).
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Results: Ki-67 quantification on solid tumors

Out of 192 cores, only 158 were analyzed due to absence of tissue and/or
pathologists unable to score. Ki-67+ cells were detected in 24.38 - 28.71% of the
tumor cells on average depending on the analysis approach applied (Table 2). Our
study shows a very high consistency of results obtained for Ki-67 scoring between
the two image analysis softwares, Aiforia® and Halo® (r?=0.95), on solid tumors
analyzed (n=158). The correlation obtained between the pathologists was however
weaker (mean r?=0.83), despite appropriate training and following of guidelines, but
remains within an acceptable range (Table 3).

n=158 Mean %kKi67+  Mean ;zt'hfjoﬂ with SD
Aiforia® 26.30 / /
Halo® 24.38 / /
Pathologist A 27.13
Pathologist B 23.63 26.49 1.97
Pathologist C 28.71

Table 2: Ki-67 quantification results on all solid tumors analyzed (n=158).
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Results: Matched pairs analysis of Ki-67 quantification on solid tumors
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Fig 2: Matched pairs analysis of Al vs Halo® (n=158).

Results: Ki-67 quantification by solid tumor type
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Table 4: Results of Ki-67 quantification by solid tumor type with associated matched pairs analysis. Cell color coding for r2: green >0.90; orange: 0.90 - 0.80; yellow: 0.80 - 0.75

Breast (n=16) Lung (n=8) Prostate (n=6) Cervix (n=8) Cerebrum (n=6) Colon (n=6) Esophagus (n=8) Kidney (n=3) Liver (n=5) Lymph node (n=8)
Mean % Mean % Mean % Mean % Mean % Mean % Mean % Mean % Mean % Mean %
K?6_7. Mean 3 3D K@Q?_ Mean 3 3D K?E??. Mean 3 3D K?6_7. Mean 3 3D K?6.7. Mean 3 3D K.i6.7l Mean 3 3D K@Q?_ Mean 3 3D K.i57l Mean 3 3D Ki67_ Mean 3 3D K?6.7. Mean 3 3D
positivity | patho positivity | patho positivity | patho positivity | patho positivity | patho positivity | patho positivity | patho positivity | patho positivity | patho positivity | patho
cells cells cells cells cells cells cells cells cells cells
Aiforia 16.53 18.25 3.44 29.36 16.33 38.36 29.96 2.43 11.00 28.95
Halo 12.84 19.38 5.71 33.86 23.75 31.34 22.77 6.03 14.47 32.87
Pathologist A 19.64 20.12 4.53 35.38 15.00 36.67 44.38 1.73 12.04 23.13
Pathologist B 11.63 16.71 | 3.39 | 15.83 18.88 2.03 6.33 5.08 0.84 27.75 33.28 3.69 13.33 16.27 2.81 32.00 33.61 2.04 26.88 36.16 6.19 2.33 2.19 0.30 9.40 13.03 3.08 65.00 41.59 15.61
Pathologist C 18.88 20.68 4.37 36.71 20.48 32.15 37.23 2.50 17.64 36.64
Matched pairs analysis| Matched pairs analysis | Matched pairs analysis | Matched pairs analysis | Matched pairs analysis | Matched pairs analysis | Matched pairs analysis | Matched pairs analysis | Matched pairs analysis | Matched pairs analysis
Mean 2 Mean 2 Mean 2 Mean 2 Mean 2 Mean 2 Mean 2 Mean 2 Mean 2 Mean 2
difference P " |difference P ] difference P ' difference P ] difference P ' difference P ] difference P ] difference P ' difference P ] difference P '
Halo-Aiforia 369 | 0.0258 BOBN 1.13 | 0.5461 227 | 03078 | 078 | -450 | 0.118s |INOMBMN 7.43 | 0.0075 -7.02 | 0.0215 719 | 0.0213 OGN 359 | 0.0744 | 0.84 3.46 | 0.0351 3.92 | 0.0461
A-Aiforia 3.11 0.2296 | 0.88 1.77 0.1887 1.10 0.6859 0.64 1.51 0.8879 0.32 -1.33 0.5225 -1.70 0.6702 14.42 | 0.0107 0.81 -0.70 0.148 1.04 0.6611 -5.82 0.1309
B-Aiforia -4.91 0.1006 | 0.69 | -2.42 0.6251 2.90 0.0344 -6.11 0.3799 0.63 -2.99 0.2513 -6.36 0.1325 -3.08 | 0.3407 -0.10 0.882 - -1.60 0.1169 36.05 | 0.0042
C-Aiforia 2.34 0.1228 - 2.43 0.3328 0.93 0.1555 2.85 0.6842 0.69 4.16 0.0303 -6.21 0.082 7.27 0.0743 0.07 0.8175 6.64 0.1612 7.69 0.0245
A-Halo 6.79 0.0367 | 0.88 0.63 0.746 -1.18 0.7735 0.17 6.01 0.5398 0.34 -8.75 0.07119 5.33 0.2035 21.60 0.0021 -4.29 0.0362 0.86 -2.43 0.2086 -9.75 0.0089
B-Halo -1.21 0.56887 | 0.67 | -0.36 | 0.4109 0.62 0.7622 0.73 -1.61 0.7772 0.61 -10.42 | 0.0048 0.66 0.8186 4.10 0.1383 -3.69 0.0426 0.86 -5.07 0.0217 32.13 | 0.0068
C-Halo 6.04 0.0039 | 0.88 1.30 0.4803 -1.35 0.4895 0.79 7.35 0.3043 0.66 -3.27 0.0243 0.81 0.6846 14.45 0.0122 -3.53 0.0736 0.89 3.17 0.4692 3.77 0.1234
B-A -8.01 0.0689 | 0.60 | -4.18 0.3435 1.80 0.4943 0.64 -7.63 0.1492 0.89 -1.67 0.5558 -4.67 0.1479 -17.50 | 0.0007 0.60 0.1835 -2.64 | 0.2853 41.88 | 0.0013
C-A -0.76 0.8084 | 0.80 0.67 0.6966 -0.17 0.9453 0.71 1.34 0.8501 0.72 5.48 0.047 -4.52 0.3551 -7.15 0.2657 0.74 0.77 0.2518 5.60 0.347 0.84 13.51 0.0005
C-B 7.25 0.0013 | 0.87 | 4.85 0.2261 -1.97 0.0578 8.96 0.0479 7.15 0.0452 0.15 0.9586 10.35 | 0.0553 0.89 0.17 0.8497 8.24 0.1453 -28.36 | 0.0101 0.44
meanr? | 0.8 meanr? | 0.96 meanr? | 0.74 meanr? | 0.68 meanr? | 097 meanr? | 0.97 meanr? | 0.87 meanr? | 0.94 meanr? | 0.95 meanr? | 0.72
SD 0.10 SD 0.03 SD 0.16 SD 0.17 SD 0.02 SD 0.07 SD 0.06 SD 0.06 SD 0.04 SD 0.29
Spleen (n=7) Stomach (n=8) Testtis (n=5) Ovary (n=12) Skin (n=25) Pancreas (n=7) Bladder (n=8) Thyroid (n=8) Uterus (n=8)
Mean % Mean % Mean % Mean % Mean % Mean % Mean % Mean % Mean %
K.iE??. Mean 3 3D K@6'7' Mean 3 sD K.i6.7. Mean 3 D K.iE??. Mean 3 D K@6'7. Mean 3 sD K.i6.7. Mean 3 D K.iE??. Mean 3 D K@6'7. Mean 3 sD K?E?? Mean 3 D
positivity | patho positivity | patho positivity | patho positivity | patho positivity | patho positivity | patho positivity | patho positivity | patho positivity | patho
cells cells cells cells cells cells cells cells cells
Aiforia ©65.92 46.68 29.41 27.90 32.31 21.54 13.51 1.79 32.13
Halo 68.25 36.43 21.29 24.67 29.26 23.01 12.83 2.89 28.96
Pathologist A 64.29 53.75 4420 3417 18.80 27.86 11.50 3.29 44,38
Pathologist B 57.71 64.62 4.83 44.38 49.11 3.16 25.80 36.33 7.02 25.00 30.23 3.48 20.40 23.85 5.66 19.29 21.70 4.10 8.33 11.53 2.16 2.13 2.82 0.46 29.00 35.75 5.75
Pathologist C 71.87 49.21 39.00 31.51 32.35 17.97 14.77 3.04 33.86
Matched pairs analysis | Matched pairs analysis | Matched pairs analysis | Matched pairs analysis | Matched pairs analysis | Matched pairs analysis | Matched pairs analysis | Matched pairs analysis | Matched pairs analysis
Mean 2 Mean 9 Mean Mean 2 Mean 9 Mean 5 Mean 5 Mean 9 Mean
difference P ' difference P ' difference difference P ' difference P ' difference P ' difference P ' difference P ' difference P '
Halo-Aiforia 2.34 0.1887 - -10.25 | 0.1144 0.74 -8.13 -3.29 0.2082 -3.05 | 0.0169 - 1.48 0.7833 0.83 -0.68 0.289 1.10 0.089 0.61 -3.17 0.0673
A-Aiforia 163 | 07317 | 056 | 7.07 | 03063 | 081 | 14.79 627 | 0.0642 1350 | 0.001 | 0.73 632 | 0.1342 -2.01 | 0.1194 1.50 | 0.1145 [0 12.24 | 0.0013
B-Aiforia -8.20 0.0265 0.83 -2.31 0.3718 -3.61 -2.90 0.1261 -11.91 | 0.0001 0.86 -2.25 0.4151 -5.17 0.1105 0.34 0.2881 0.80 -3.13 0.359
C-Aiforia 5.95 0.0885 0.85 2.53 0.405 9.59 3.61 0.0016 0.04 0.9859 0.89 -3.57 0.3919 1.26 0.3146 1.25 0.0038 0.89 1.73 0.5801
A-Halo -3.97 0.4734 0.49 17.32 0.078 0.63 2297 9.55 0.0751 -10.45 | 0.0113 0.66 4.84 0.5594 0.64 -1.33 0.3355 0.40 0.6442 0.79 15.42 | 0.0018
B-Halo -10.54 | 0.0065 7.94 0.1954 0.82 4.57 0.39 0.7469 -8.86 | 0.0024 0.79 -3.73 0.6009 0.68 -4.49 0.1183 -0.76 0.1817 0.69 0.04 0.9893
C-Halo 3.62 0.1776 12.78 | 0.1178 0.65 17.71 6.90 0.0197 3.09 0.2846 0.82 -5.04 | 0.1861 1.94 0.2819 0.15 0.8443 0.39 4.90 0.1484
B-A -6.57 0.1842 0.47 -9.38 0.1303 0.86 -18.40 -9.17 0.0528 1.60 0.56357 0.86 -8.57 | 0.0057 -3.17 0.1634 -1.16 0.2879 0.73 -15.38 | 0.0051
C-A 7.59 0.1634 0.58 -4.54 0.3829 0.89 -5.20 -2.66 0.4352 13.54 0.0002 0.79 -9.89 0.2072 0.72 3.27 0.0451 -0.25 0.773 0.82 -10.51 0.0444
C-B 1416 | 0.0016 4.84 0.1604 13.20 6.51 0.0054 11.95 | 0.0001 0.86 -1.31 0.8307 0.75 6.43 0.0903 0.97 0.0987 0.65 4.86 0.0367
meanr?| 0.75 meanr? | 0.83 meanr?| 0.90 meanr?| 095 meanr? | 0.82 meanr?| 0.83 meanr? | 0.96 meanr?| 0.73 meanr?| 0.95
SD 0.18 SD 0.10 SD 0.07 SD 0.03 SD 0.07 SD 0.11 SD 0.02 SD 0.12 SD 0.02

Overall, for lung, cerebrum, colon, bladder and uterus, correlations between Aiforia Platform-Halo and inter-pathologist comparisons were consistent and high (r?>0.90).
Depending on the organ, there were significant variations between pathologists, whereas the scores obtained with the image analysis softwares remain close. For instance,
with lymph nodes Ki-67 scoring, a 0.98 correlation was found between Aiforia Platform and Halo while the inter-pathologists’ correlation was only 0.44 (C-B). Of particular
mention, out of the 19 primary tumors analyzed, only stomach cancer showed correlations of less than 0.75 between the image analysis softwares (r2=0.74) with inter-
pathologists’ correlation still high (ranging from 0.86-0.95).

N

Conclusion

This work shows that recent Al-based image analysis tools such as Aiforia® and image analysis supervised software like Halo® provide valuable assistance in the field of
image analysis and allow to drastically reduce inter-pathologist variability in the Ki-67 scoring of solid tumors.
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