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About the FibroNest method

❑ Same Slide(s) as Pathologist

❑ High Resolution

❑ High content | Single Fiber | Single Cell Image Analysis

❑ AI > large quantitative & relevant data-lakes

❑ Robust vs Pre-Analytical condition

❑ Fully translational, not trained on existing paradigms

❑ 7.3k Clinical Images, 12k Images

❑ 3 Phase 3, 7 Phase 2 NASH, 3 Phase 2 in other conditions, 60+ preclinical
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FibroNest Analytical Method

Analytical Method Hypothesis and Biological Relevance
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Increasing SeverityFibrosis expresses different histological 
phenotypes.

This histological phenotype is different 
depending on etiology, severity, 
prognostic, organs and possibly patient 
sub-phenotypes

Differences of phenotypes are represented 
by changes in statistical distributions of its 
traits in a tissue.

…. Does not contradict Histological 
paradigms

… introduces truly quantitative 
capabilities 

NASH (NASH CRN / Kleiner-Brunt1) | Hepatitis C (METAVIR/ P. Bedossa 10, ISHAK / K. Ishak11 ) | PBC NAKANUMA / Y. Nakanuma12 ) | cirrhosis (LAENNEC and BEIJIN scores13,14) | 
Idiopathic Pulmonary fibrosis (ASHCROFT / T. Ashcroft15 ).
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FibroNest Predictive Engine Overview

Outcomes

(Continuous / Categorical)

Features 

Selection

Model

Development

Model

Validation

& 

Performance

Predictive

Model

Image

Composite Scores

Insights on key features

Augmented Pathology

~5,000 tiles X 3 image channels x 130 data Layers

~6000 fibers X 50 data layers

Single Fiber

Single Cell

Spatially Resolved
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PATIENT ID
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Adequate (unknown) -   ROI Info 8.50 9.50 9.00 9.00 9.00 8.50 9.50 9.50 6.00 9.50 9.00 8.50 9.50 9.50 9.00 7.50 9.50 7.00 8.00 6.00 9.00 9.50 9.50 9.00 8.00 8.00 9.50 9.50 9.00 7.00 8.50 6.50 7.50 7.00 8.50 8.50 9.50 9.00 9.50 8.00 8.00 8.00 9.50 8.00 8.50 9.50 9.50 7.50 9.00 8.50 8.50 8.00 8.50 7.00 9.50 9.50 9.00 8.00 7.50 7.00 9.50 8.00 9.50 7.50 7.50 9.50 9.50 9.00 9.00 6.00 8.50 8.50 8.00 9.00 8.00 9.00 8.50 8.00 9.00 8.50 8.00 9.50 9.00 9.00 9.00 7.00 7.50 9.00 8.50 9.00 8.00 9.00 9.50 8.50 8.00

Fiber Normalized Count   - All Tissue Collagen Content 61 93 101 92 98 109 107 104 106 69 106 73 103 121 132 95 87 79 78 75 129 123 171 198 223 147 100 100 139 105 121 96 96 113 140 163 122 99 153 78 136 114 153 234 139 150 176 147 136 153 199 150 172 266 151 228 207 197 239 158 251 133 181 186 133 163 284 170 214 88 246 106 241 269 268 269 249 231 245 261 306 284 312 279 265 357 327 325 344 199 404 312 374 621 484

Skeleton Nodes Normalized Count   - All Tissue Collagen Content 520 706 828 896 659 756 677 984 842 936 949 1088 859 843 853 959 1115 1607 1244 1561 1203 1626 1487 1507 1457 1690 1390 1660 1484 1875 2264 1865 2202 1686 1523 1628 2158 1579 1477 2122 1785 1425 1811 2027 2072 1828 2093 1806 1544 1967 1710 2137 2814 2437 2570 2212 1910 2444 2688 3584 2683 2881 3002 3771 3417 1896 3231 1938 3299 3908 2772 2811 3819 3649 3560 2783 3644 3345 3929 4863 3870 3988 4515 4909 5696 5470 4382 4752 4910 7945 6537 10271 7955 8117 6970

Skeleton Branch Normalized Count   - All Tissue Collagen Content 851 1216 1418 1493 1153 1338 1195 1628 1422 1503 1612 1705 1483 1473 1518 1581 1807 2402 1913 2374 1994 2607 2545 2482 2587 2750 2236 2557 2431 2875 3486 2851 3280 2690 2521 2724 3364 2515 2447 3168 2856 2324 2942 3435 3241 2932 3414 2915 2463 3153 2898 3367 4375 3997 4084 3679 3111 3901 4311 5402 4322 4336 4625 5768 5065 3068 5234 3067 5073 5432 4551 4151 5947 5760 5728 4612 5600 5247 6193 7367 6126 6369 7201 7708 8839 8622 6951 7704 7813 11686 10258 15029 11862 12821 11007

Collagen Structure Index   - All Tissue Collagen Content 38 29 35 40 26 27 25 39 35 49 33 53 30 27 24 40 44 59 48 63 35 43 34 37 28 37 47 61 38 56 53 58 67 48 40 37 63 50 33 84 47 41 37 34 54 43 38 42 43 42 32 50 51 43 51 39 43 44 44 71 47 75 59 64 80 42 47 44 59 119 43 92 54 57 44 35 57 54 57 68 46 44 53 56 65 56 51 46 50 110 57 107 80 53 55

Collagen Area Ratio   - All Tissue Collagen Content 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 2 2 2 2 3 2 1 1 2 2 1 2 2 3 2 3 2 2 2 2 2 2 2 2 2 2 2 2 2 3 2 2 2 2 2 3 2 3 2 2 3 3 3 3 3 3 4 3 2 3 3 3 6 3 3 4 2 4 4 3 3 4 4 4 5 4 5 6 4 4 6 4 11 5 10 7 7 6

Collagen Area Ratio (SQRT) - All Tissue Collagen Content 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 2 1 1 1 1 1 1 1 1 2 2 2 1 1 1 1 1 1 1 1 1 1 1 1 1 2 2 1 2 1 2 2 1 2 1 1 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 3 2 3 3 3 2

Collagen Area Ratio   - Fine Tissue Collagen Content 0 1 1 0 1 1 1 1 1 0 1 0 1 1 1 1 1 1 1 0 1 1 1 1 1 1 1 0 1 1 1 1 1 1 1 1 1 1 1 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 2 2 1 1 1 1 2 2 1 2 1 2 2 2 2 1 2 2 2 3 2

Collagen Area Ratio (SQRT) - Fine Tissue Collagen Content 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 2 2

Collagen Area Ratio   - Assembled Tissue Collagen Content 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 1 2 1 1 1 2 1 0 0 1 1 1 1 1 2 2 2 1 1 1 2 1 1 1 1 1 1 1 1 1 2 1 1 2 1 2 2 1 2 1 1 2 2 3 1 2 2 3 3 1 2 2 2 5 2 3 3 1 2 2 2 2 2 3 2 3 2 3 4 3 2 4 2 10 3 8 5 4 4

Collagen Area Ratio (SQRT) - Assembled Tissue Collagen Content 0 1 1 0 1 1 1 1 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 2 1 1 1 2 2 1 1 1 1 2 1 2 2 1 2 1 1 1 2 2 2 2 2 2 2 2 1 2 1 3 2 3 2 2 2

Assembled/Fine CAR Ratio   - Assembled Tissue Collagen Content 1 0 0 0 1 0 1 1 0 1 1 2 1 1 0 1 2 3 2 3 1 2 1 0 0 1 2 2 1 2 3 3 4 2 1 1 2 2 1 4 2 1 1 1 2 1 1 1 1 2 1 2 2 0 2 1 1 2 1 3 1 3 2 3 4 1 1 2 2 9 1 4 2 1 2 1 1 2 2 2 2 2 2 2 3 2 1 2 1 7 2 5 3 1 2

Total Collagen Density Area Ratio   - All Tissue Collagen Content 1 3 2 2 3 3 4 2 2 3 4 6 4 4 4 4 6 10 9 8 6 13 7 4 4 8 7 7 6 8 12 10 13 10 6 7 11 8 7 8 9 8 9 7 8 9 12 10 7 11 8 10 13 7 12 9 6 16 12 20 9 15 13 19 18 10 15 10 13 27 12 20 22 10 18 15 12 12 16 18 19 24 17 26 33 18 16 25 18 69 24 53 34 33 24

Branches (Normalized count of Fine) - All Collagen phenotypes 56 86 94 83 91 102 101 93 99 59 96 66 95 114 125 86 77 71 69 64 120 113 156 188 214 128 88 84 124 90 102 83 84 100 123 148 111 87 140 62 120 100 132 216 123 136 158 130 124 136 185 135 147 246 126 209 194 182 224 136 233 109 154 162 115 150 261 161 189 80 218 93 216 233 240 244 218 202 210 232 277 253 271 239 221 312 291 281 289 165 336 266 325 572 420

Branches (Normalized count of Assembled) - All Collagen phenotypes 5 7 7 9 7 7 6 11 6 11 10 7 8 7 7 8 10 9 9 11 9 9 15 10 9 18 12 16 15 15 20 13 12 13 17 16 12 12 13 16 16 14 21 18 17 14 18 18 11 17 15 16 24 20 24 19 13 15 15 22 18 24 27 24 18 14 23 8 25 8 28 13 24 36 28 25 31 29 34 29 29 31 41 40 44 45 36 44 55 33 68 47 49 49 64

Branches (mean) - All Collagen phenotypes 14 13 14 16 12 12 11 16 13 22 15 23 14 12 12 17 21 30 25 32 15 21 15 13 12 19 22 26 18 27 29 30 34 24 18 17 27 25 16 41 21 20 19 15 23 20 19 20 18 21 15 22 25 15 27 16 15 20 18 34 17 33 26 31 38 19 18 18 24 62 19 39 25 21 21 17 22 23 25 28 20 22 23 28 33 24 21 24 23 59 25 48 32 21 23

Branches (std) - All Collagen phenotypes 23 16 19 16 20 22 36 17 21 55 25 139 26 29 16 47 71 195 176 161 52 104 24 16 14 40 143 118 55 180 101 140 230 142 39 36 211 252 61 276 82 86 38 22 151 105 80 69 212 114 77 154 80 20 118 33 61 127 83 223 63 230 122 161 401 243 64 372 95 763 52 669 137 49 84 59 86 124 181 225 127 112 87 145 213 131 158 99 52 1055 93 557 376 169 214

Branches (skew) - All Collagen phenotypes 10 5 9 3 9 16 21 4 16 14 8 19 12 24 7 27 17 18 29 15 18 15 8 10 9 7 39 31 22 27 10 18 22 23 20 12 22 40 30 30 22 33 7 10 30 29 19 25 51 33 35 39 12 14 28 9 49 24 20 21 23 29 31 18 37 68 18 55 18 25 20 42 20 20 18 21 31 44 44 32 30 25 28 30 26 30 60 27 28 40 31 27 62 46 92

Branches (kurtosis) - All Collagen phenotypes 123 40 122 18 131 367 556 22 389 242 98 375 213 818 89 962 368 367 980 252 420 254 110 149 140 73 1684 1144 637 844 130 423 613 668 587 183 500 1706 1078 986 580 1338 83 154 972 1053 455 853 2642 1311 1330 1752 183 369 976 112 2629 690 539 501 733 1001 1175 405 1507 4658 376 3007 418 709 542 1857 459 628 444 644 1376 2328 2300 1119 1009 815 1146 1155 801 1090 3962 991 1300 1714 1252 791 4203 2565 9192

Length (Normalized count of Short) - All Collagen phenotypes 54 76 89 79 81 90 91 89 92 57 85 61 83 104 110 82 70 62 60 58 109 101 143 184 199 112 80 81 112 81 91 73 74 88 113 135 104 77 124 60 112 87 116 201 115 120 136 115 113 121 166 124 135 242 112 197 188 164 208 126 224 108 147 149 107 135 250 143 182 72 206 87 199 236 217 213 214 193 198 224 255 220 262 216 202 299 275 246 273 146 320 251 322 543 405

Length (Normalized count of Long) - All Collagen phenotypes 7 16 12 13 17 18 16 16 13 12 20 12 20 17 22 13 17 17 18 17 20 22 28 15 25 34 20 18 27 24 30 23 22 25 27 29 18 23 29 17 24 27 37 33 24 30 41 33 22 31 34 27 37 24 39 32 20 32 30 32 27 25 34 37 26 28 33 26 32 17 39 19 42 33 51 56 35 38 47 37 51 64 50 64 63 57 53 78 71 53 84 61 52 78 79

Length (std) - All Collagen phenotypes 14 18 15 15 20 19 26 15 17 27 23 46 22 24 20 30 37 57 48 50 29 52 20 15 15 31 37 35 30 44 48 46 59 42 25 25 47 53 30 55 34 35 31 19 35 35 39 33 34 45 25 37 41 15 38 22 21 41 33 54 26 50 36 48 56 32 31 38 32 96 29 59 45 22 36 32 29 30 34 43 34 41 31 42 50 30 29 38 28 89 30 61 51 32 31

Length (skew) - All Collagen phenotypes 5 3 4 3 4 5 10 3 5 6 5 13 4 9 4 14 9 10 10 9 7 9 4 6 6 4 14 15 11 10 7 7 9 10 9 6 16 20 8 18 9 11 4 5 14 11 8 9 28 15 9 10 6 6 5 5 20 14 11 11 12 19 11 9 14 18 9 38 9 14 11 24 11 8 7 7 10 14 11 14 12 9 10 10 10 12 14 7 7 22 9 14 33 22 21

Length (kurtosis) - All Collagen phenotypes 35 12 21 15 37 43 165 11 44 52 33 204 27 137 28 327 115 127 152 97 78 103 29 53 63 32 331 321 201 175 63 69 111 152 170 52 312 602 126 464 114 230 31 37 291 187 93 148 1114 337 157 161 57 71 44 43 732 280 183 156 254 520 202 128 313 635 122 1834 108 249 232 726 154 100 67 94 149 381 201 283 191 133 177 143 143 209 370 83 94 636 155 265 1599 705 936

Total Skeleton Length (Normalized count of Short) - All Collagen phenotypes 58 86 96 86 92 102 100 98 100 62 96 68 95 114 125 88 78 71 68 66 120 112 157 192 217 130 90 89 127 92 104 83 85 100 126 150 114 88 139 66 123 100 133 221 127 136 157 131 125 136 186 138 151 254 129 212 199 182 226 140 238 118 160 167 117 151 266 161 196 80 224 95 219 249 243 244 231 211 218 240 283 253 285 245 228 328 301 283 304 168 357 276 344 594 441

Total Skeleton Length (Normalized count of Long) - All Collagen phenotypes 3 7 5 6 6 6 7 6 5 8 9 5 8 7 7 6 9 9 10 9 9 10 14 6 7 17 10 11 12 13 17 13 12 12 14 13 8 11 14 11 13 14 21 13 12 13 20 16 10 16 14 13 21 11 22 16 9 14 13 18 13 15 21 19 16 13 18 8 18 9 22 11 22 20 25 26 19 20 26 21 23 30 27 34 37 29 26 42 40 31 47 37 30 27 43

Total Skeleton Length (mean) - All Collagen phenotypes 37 43 41 43 43 43 44 42 39 60 50 77 50 42 42 50 67 110 95 100 54 84 47 34 36 64 72 70 55 90 99 103 117 84 54 53 86 85 57 114 66 69 66 43 67 66 70 66 60 71 51 72 77 40 87 48 42 72 59 106 50 93 72 96 119 64 55 67 66 241 56 129 79 51 70 62 58 63 75 78 64 81 64 84 104 67 61 80 62 216 70 146 87 59 63

Total Skeleton Length (std) - All Collagen phenotypes 62 52 57 43 71 83 141 43 63 153 87 518 90 114 59 168 252 734 677 534 191 460 80 48 44 131 493 404 191 635 360 521 799 519 132 125 717 821 235 870 286 332 127 68 488 389 290 277 756 417 287 554 234 60 383 104 192 505 285 740 209 830 360 532 1268 868 222 1490 282 3078 173 2511 444 133 282 217 251 403 609 700 427 402 294 480 730 425 532 335 167 4038 278 1780 1368 618 707

Total Skeleton Length (skew) - All Collagen phenotypes 12 6 10 5 11 19 23 4 17 14 10 19 12 26 8 28 17 18 29 15 18 16 10 12 11 8 39 34 23 28 11 19 21 24 21 13 21 39 32 30 23 35 8 11 30 29 20 29 51 32 36 40 11 16 28 10 50 25 21 21 25 31 32 19 35 67 18 55 18 26 20 43 20 21 19 22 35 48 43 34 30 26 33 31 29 32 62 26 35 40 32 27 65 49 91

Total Skeleton Length (kurtosis) - All Collagen phenotypes 181 54 154 32 165 477 643 27 425 239 145 369 205 915 86 978 385 375 1006 246 396 307 153 189 167 83 1716 1304 624 869 144 461 544 707 626 232 481 1695 1230 1021 628 1459 96 181 1003 957 469 1071 2648 1236 1363 1790 159 392 996 131 2732 720 568 487 817 1094 1231 463 1383 4633 367 3012 405 727 561 1983 463 660 492 647 1679 2652 2185 1297 1029 873 1497 1216 1008 1255 4117 905 1897 1707 1342 768 4570 2768 9053

Width (Normalized count of Thin) - All Collagen phenotypes 52 72 82 73 77 79 77 85 82 47 77 55 77 98 111 69 62 51 43 53 95 83 130 166 202 97 68 69 103 72 73 62 60 81 101 117 95 64 120 50 92 70 97 194 108 104 126 94 104 110 151 112 116 216 97 180 167 154 196 112 187 92 108 141 90 118 216 138 153 58 175 67 175 220 197 188 199 178 179 201 249 185 246 195 172 286 253 201 251 99 272 204 291 548 356

Width (Normalized count of Thick) - All Collagen phenotypes 8 20 19 19 21 29 30 19 23 22 29 18 26 23 21 25 25 29 35 22 35 39 41 32 21 50 32 30 36 33 48 34 36 32 39 47 27 36 33 28 44 44 56 40 32 46 50 54 32 43 48 38 55 50 54 48 40 43 43 46 64 41 73 45 43 46 68 32 61 31 71 39 66 49 71 81 51 53 66 60 57 98 66 85 93 70 74 123 93 99 132 108 83 73 128

Width (std) - All Collagen phenotypes 2 2 2 2 5 2 3 2 3 3 3 4 3 3 2 3 4 6 6 5 4 5 3 3 2 3 4 4 3 5 5 6 6 5 3 3 5 4 3 6 4 4 3 2 4 4 3 4 4 4 4 5 4 3 4 3 3 5 4 5 5 5 4 5 6 5 4 5 4 11 3 9 4 3 4 4 3 4 5 4 4 5 4 4 5 5 4 4 3 10 4 8 5 4 4

Width (skew) - All Collagen phenotypes 3 2 3 3 14 4 3 2 5 3 3 8 5 5 3 4 5 7 8 6 6 6 3 7 5 3 8 7 5 9 5 8 7 8 4 5 10 7 6 7 7 5 2 3 11 10 5 8 14 6 11 15 4 5 9 4 6 12 7 9 7 10 5 8 11 21 5 35 6 13 5 31 6 6 5 5 8 10 19 11 10 6 7 10 10 15 20 6 5 19 5 21 13 20 16

Width (kurtosis) - All Collagen phenotypes 23 10 25 17 277 39 19 9 65 24 13 105 54 61 23 22 38 71 125 58 67 60 19 85 56 18 130 105 60 131 42 98 77 95 40 63 143 93 93 89 107 66 7 17 205 180 47 150 405 77 234 378 28 42 178 26 62 225 71 140 75 160 47 115 217 849 48 1623 57 218 40 1303 57 66 55 51 138 212 596 227 188 81 101 202 201 412 830 79 88 510 51 607 362 679 647

Perimeter (Normalized count of Short) - All Collagen phenotypes 57 82 93 82 89 97 98 94 97 58 92 64 91 111 121 85 75 68 64 62 117 108 152 189 212 123 85 85 120 86 97 80 81 96 120 144 109 83 134 63 118 94 125 214 123 130 150 124 121 130 180 132 143 249 121 207 194 176 220 133 232 112 153 160 113 145 259 156 190 77 215 91 212 242 234 231 223 203 208 234 274 240 275 232 216 317 289 265 289 157 336 262 335 578 423

Perimeter (Normalized count of Long) - All Collagen phenotypes 4 10 8 10 9 11 9 11 8 11 14 9 13 10 11 9 12 12 14 13 13 14 19 10 11 24 15 15 19 19 24 16 15 17 20 20 13 16 19 15 18 20 28 20 17 20 26 24 15 23 20 19 29 17 30 21 14 20 19 24 19 21 29 26 20 18 25 14 24 12 30 15 29 27 34 38 26 28 37 27 32 43 37 47 49 40 38 60 55 42 68 51 39 43 61

Perimeter (mean) - All Collagen phenotypes 74 88 81 85 88 89 92 83 79 116 100 148 101 87 86 99 130 206 183 187 108 163 95 69 73 128 140 134 109 171 188 193 218 162 108 105 161 166 113 208 128 136 131 86 128 128 139 130 117 140 102 139 147 78 167 95 82 138 112 199 97 172 138 179 219 126 107 129 125 424 110 238 150 97 136 125 111 120 145 146 123 161 121 161 198 126 117 160 120 396 136 270 161 112 121

Perimeter (std) - All Collagen phenotypes 116 98 104 80 131 151 260 79 120 278 160 943 168 211 110 301 453 1277 1194 942 343 824 149 90 84 245 875 739 340 1119 642 883 1393 933 243 229 1276 1507 426 1489 499 592 238 128 858 673 533 494 1316 750 517 975 413 112 685 189 346 880 484 1313 367 1462 636 928 2149 1580 409 2589 488 5117 319 4437 771 240 506 396 437 727 1088 1233 747 743 530 862 1318 746 924 622 300 7114 505 3155 2337 1041 1248

Perimeter (skew) - All Collagen phenotypes 12 6 10 5 10 18 22 4 17 14 10 19 11 26 7 27 17 18 29 15 18 16 10 11 11 8 39 34 22 27 11 18 21 24 21 13 21 39 32 30 22 34 8 11 30 28 20 29 51 32 36 39 11 16 28 10 50 25 20 20 24 31 32 19 35 67 18 55 18 25 20 42 20 21 19 21 33 47 43 34 30 26 32 30 28 32 61 25 33 40 32 27 65 48 91

Perimeter (kurtosis) - All Collagen phenotypes 189 49 141 33 151 442 628 27 432 239 150 371 194 880 69 946 362 377 970 243 389 298 146 185 161 83 1699 1296 607 843 141 428 547 717 617 233 480 1699 1207 997 592 1400 97 181 988 906 472 1035 2642 1233 1350 1732 151 387 959 129 2704 703 529 480 768 1088 1223 464 1346 4622 364 3011 397 709 546 1938 452 663 482 615 1563 2638 2138 1289 1021 868 1486 1177 977 1224 4058 910 1715 1704 1310 769 4494 2750 8972

Area (Normalized count of Small) - All Collagen phenotypes 55 76 88 77 82 88 90 89 91 54 83 60 83 105 113 80 68 58 56 57 108 98 139 184 206 109 77 79 111 79 86 71 71 87 111 132 102 73 125 57 108 83 112 203 115 117 137 109 113 120 166 122 132 239 109 196 187 164 208 123 222 104 138 149 103 133 245 145 178 68 200 82 196 233 213 208 214 193 193 222 263 214 262 210 196 304 272 237 269 130 310 239 320 560 397

Area (Normalized count of Large) - All Collagen phenotypes 5 17 13 15 16 21 17 15 14 15 23 13 21 16 19 15 19 21 22 18 21 24 32 15 17 38 23 21 28 26 35 25 25 25 29 32 21 26 28 21 28 31 41 31 24 33 39 38 23 33 33 28 40 27 42 32 20 33 30 35 29 29 43 37 30 31 39 25 36 20 46 24 45 36 55 61 35 38 51 40 43 70 50 69 69 53 56 88 75 69 94 73 54 61 87

Area (mean) - All Collagen phenotypes 68 89 76 78 91 94 104 73 75 120 104 165 102 88 83 106 145 265 246 223 124 215 96 62 63 137 159 137 113 192 230 240 283 184 109 109 181 187 121 237 147 158 140 81 136 148 150 154 127 163 109 155 167 70 179 95 76 170 126 221 100 205 153 206 262 144 111 150 135 632 116 307 173 88 148 137 106 121 151 150 128 183 124 174 218 125 118 170 116 568 133 306 177 117 124

Area (std) - All Collagen phenotypes 126 119 126 85 170 209 364 82 133 331 206 1227 196 283 141 422 624 1861 1849 1303 482 1320 190 104 95 287 1241 980 445 1465 905 1373 1954 1235 310 290 1679 1778 615 2049 743 887 278 155 1142 1030 647 778 1783 1068 719 1354 525 131 851 243 431 1425 715 1656 489 2299 802 1286 2925 2104 520 3847 642 8441 403 6506 1050 273 631 524 544 1006 1380 1526 985 932 727 1114 1757 982 1266 709 403 11208 569 3916 3404 1658 1686

Area (skew) - All Collagen phenotypes 12 6 11 5 11 20 23 5 16 15 12 19 11 26 9 27 18 18 30 15 17 17 11 11 11 8 40 36 23 28 11 20 19 24 23 14 21 39 34 31 24 37 8 12 31 29 19 31 51 31 36 40 10 16 29 11 51 25 22 21 27 33 32 20 34 67 17 55 18 26 19 44 20 22 19 22 38 51 41 36 30 25 36 33 34 34 64 24 47 40 33 27 67 52 89

Area (kurtosis) - All Collagen phenotypes 186 48 185 41 165 554 666 29 395 258 212 359 174 854 114 886 391 369 1068 249 366 336 197 175 173 92 1766 1458 632 891 151 515 457 723 680 257 451 1648 1335 1047 712 1608 114 220 1043 951 459 1206 2647 1164 1383 1815 133 371 992 147 2784 731 605 479 915 1241 1242 535 1326 4584 333 3014 409 748 505 2096 480 670 493 675 2010 2955 1983 1449 1030 829 1849 1340 1370 1397 4365 791 3060 1702 1403 762 4704 3055 8737

Filled to Area Ratio (Normalized count of Small) - All Collagen phenotypes 58 88 94 82 93 103 101 94 94 63 97 66 96 114 126 84 80 72 71 66 120 114 155 171 207 134 91 86 129 94 108 86 87 104 126 149 111 91 141 67 122 105 139 216 128 137 162 134 124 139 187 138 152 222 132 206 173 182 222 138 222 116 159 168 119 153 250 160 181 80 223 91 218 229 247 248 219 205 218 230 280 260 279 252 230 325 288 292 302 174 352 254 325 568 428

Filled to Area Ratio (Normalized count of Large) - All Collagen phenotypes 3 5 7 10 5 6 6 10 12 7 9 7 8 7 6 11 7 8 7 8 9 9 16 27 16 13 8 13 10 11 13 10 9 9 14 14 12 8 12 11 14 9 15 19 11 13 14 14 12 13 12 12 20 44 19 22 34 15 17 20 29 17 22 18 14 10 34 9 33 8 23 15 23 40 22 22 30 26 27 31 26 23 33 27 34 31 39 33 42 24 52 59 48 54 56

Filled to Area Ratio (std) - All Collagen phenotypes 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Density (Normalized count of Faint) - All Collagen phenotypes 56 71 90 80 54 74 55 88 88 46 81 48 72 91 104 40 58 41 30 39 91 75 112 154 199 76 67 72 102 62 54 34 41 54 92 113 78 50 117 49 60 45 80 204 110 98 117 67 106 88 128 109 77 174 98 127 129 107 147 76 212 106 44 108 42 120 218 116 87 39 203 65 85 188 148 149 182 185 197 167 185 112 277 129 110 336 243 181 236 74 262 111 306 532 440

Density (Normalized count of Dense) - All Collagen phenotypes 5 21 11 13 44 35 52 16 17 23 25 25 31 30 28 54 29 38 48 35 38 48 59 45 24 71 33 27 37 43 67 62 56 59 48 50 45 49 36 29 76 68 74 30 29 52 59 81 29 65 72 42 95 92 53 101 78 90 92 82 40 27 137 78 91 44 66 54 128 50 43 41 156 81 120 120 67 46 47 94 121 172 35 150 155 21 84 144 108 125 142 202 68 89 44

Area to Perimeter Ratio (Normalized count of Low) - All Collagen phenotypes 50 66 81 74 71 68 62 90 83 46 72 52 72 92 108 67 59 42 28 50 83 73 125 173 203 87 62 78 99 68 64 56 52 75 102 109 89 56 112 54 88 61 87 194 110 94 113 85 101 102 135 108 110 226 98 184 178 143 189 116 188 100 111 141 86 105 220 126 161 48 173 70 165 240 178 165 219 191 190 217 260 161 259 193 176 305 264 188 278 93 314 223 316 564 393

Area to Perimeter Ratio (Normalized count of High) - All Collagen phenotypes 11 27 20 18 27 41 45 14 23 23 34 21 31 29 24 27 28 37 50 25 46 50 46 25 20 60 38 22 40 37 57 40 44 38 39 54 33 44 40 24 48 53 66 40 29 55 63 62 34 51 64 43 61 40 53 44 29 53 50 42 63 33 70 45 47 58 64 44 53 40 73 36 76 29 90 105 30 40 55 44 46 123 53 87 89 52 63 137 66 105 90 89 58 57 91

Area to Perimeter Ratio (kurtosis) - All Collagen phenotypes 2 1 5 2 4 2 3 2 3 2 2 3 4 3 3 1 3 2 1 3 3 2 1 4 4 0 1 2 2 2 1 3 1 1 6 1 3 2 3 2 1 3 1 3 5 4 1 6 2 2 2 2 3 3 1 4 5 5 5 2 3 10 9 3 2 1 3 3 4 1 4 5 3 4 1 3 4 5 2 3 6 1 6 4 2 5 4 2 4 2 1 3 8 13 6

Tortuosity (Normalized count of Linear) - All Collagen phenotypes 45 67 67 64 78 81 83 69 66 51 79 49 75 92 103 57 64 59 61 57 97 92 121 125 157 110 76 65 103 75 94 73 71 84 94 122 74 73 122 52 95 80 117 174 105 110 135 105 98 110 152 110 119 142 109 154 111 144 183 110 168 89 123 139 98 124 184 131 135 66 170 64 173 154 203 200 173 167 161 177 207 218 206 205 190 257 200 233 230 134 266 183 239 427 321

Tortuosity (Normalized count of Tortuous) - All Collagen phenotypes 16 26 34 28 20 28 24 36 39 18 26 24 29 29 29 37 23 21 17 18 32 30 50 73 66 37 24 35 36 30 27 23 25 29 46 41 48 26 31 26 41 33 36 60 34 39 41 43 38 42 47 40 53 124 42 74 97 52 56 48 84 44 58 47 35 39 99 39 80 22 75 42 68 115 65 69 76 64 84 84 99 66 106 75 75 100 128 92 114 65 138 129 135 194 163

Eccentricity (Normalized count of Elongated) - All Collagen phenotypes 5 6 5 4 12 7 7 5 4 3 8 3 9 13 17 3 5 8 6 7 10 8 9 8 21 14 8 4 11 6 9 6 6 12 5 12 4 9 17 3 7 8 15 16 12 9 15 7 9 11 20 10 12 4 12 9 6 12 15 10 12 6 8 15 8 15 7 18 7 6 12 3 14 7 14 18 10 14 12 13 18 24 17 18 15 18 10 20 17 8 17 6 15 29 15

Eccentricity (Normalized count of Rounded) - All Collagen phenotypes 56 87 96 89 86 102 100 99 102 66 98 70 94 108 115 92 82 71 72 68 120 115 162 191 202 132 92 96 128 98 112 90 90 101 135 152 118 91 135 75 129 106 138 218 127 141 161 141 126 141 180 140 159 261 139 219 202 184 224 148 240 127 173 171 126 149 277 152 207 82 234 103 227 262 255 251 239 217 233 248 287 259 295 261 250 338 317 305 327 190 387 306 359 592 469

Solidity (Normalized count of Porous) - All Collagen phenotypes 11 24 24 14 19 19 17 26 16 12 20 12 21 24 31 13 17 14 9 14 21 21 37 31 67 28 22 15 30 22 24 21 19 25 27 27 25 18 39 14 19 24 32 64 32 25 42 26 36 32 46 30 33 35 35 48 30 45 45 29 41 25 22 47 27 35 56 40 29 16 41 11 47 55 62 55 65 60 52 52 92 56 93 66 51 130 63 66 75 29 80 47 77 178 107

Solidity (Normalized count of Compact) - All Collagen phenotypes 50 68 77 78 79 89 90 78 90 57 86 61 82 97 101 81 70 65 69 61 108 101 134 167 156 119 78 85 109 83 97 75 77 88 114 137 97 81 113 64 117 90 121 170 108 124 134 121 99 120 154 120 139 231 116 180 177 152 194 129 210 108 159 139 107 129 228 130 186 73 204 95 193 214 206 214 184 171 193 209 214 228 219 214 214 226 264 259 269 169 324 266 297 444 377

Orientation (Normalized count of Horizontal) - All Collagen phenotypes 18 44 40 40 52 52 50 35 55 28 37 30 44 49 62 49 41 37 40 27 56 64 74 87 100 48 50 40 55 47 58 39 50 49 64 64 48 45 57 40 61 50 46 86 49 69 82 80 57 85 75 59 83 116 49 98 91 87 87 63 91 62 90 83 68 60 133 71 108 39 111 52 105 139 142 122 103 93 99 97 138 143 109 129 122 137 151 123 156 101 202 161 162 244 207

Orientation (Normalized count of Vertical) - All Collagen phenotypes 43 48 62 53 46 57 56 69 51 42 68 43 59 72 70 46 46 42 38 48 73 59 97 112 123 99 50 59 83 58 64 57 46 63 76 99 74 54 95 38 76 63 107 148 91 81 95 67 78 67 125 92 88 149 102 130 117 109 152 95 161 71 91 103 65 103 151 99 106 49 135 54 136 130 126 147 146 137 146 164 168 141 203 150 142 220 177 201 188 98 203 151 212 377 277

Skew (skew) -   Fibrosis Architecture 3 2 2 1 2 1 1 2 1 0 1 0 1 3 1 1 1 1 1 1 1 0 1 3 2 0 1 3 1 3 1 0 1 0 1 1 0 0 1 1 0 1 0 2 1 0 0 0 0 1 1 0 1 2 0 2 4 0 0 0 2 0 3 0 0 1 1 1 1 -1 2 -1 1 2 0 0 2 3 1 1 1 0 1 0 0 1 0 0 1 0 0 0 1 1 1

Skew (kurtosis) -   Fibrosis Architecture 25 10 28 4 8 8 4 11 5 3 6 7 6 44 2 13 7 32 8 11 5 3 9 22 12 1 6 21 7 81 10 3 21 4 10 6 3 6 4 4 4 11 2 11 11 4 2 7 9 4 6 7 8 29 2 17 61 5 4 3 13 10 92 7 4 6 10 7 8 2 15 8 11 25 4 2 14 17 6 12 8 1 22 4 5 11 7 0 8 0 2 4 6 10 9

Kurtosis (Normalized count of Crisp) -   Fibrosis Architecture 26 28 2 8 58 31 27 25 19 13 14 5 13 19 27 9 25 70 214 31 49 51 4 14 14 188 43 19 43 29 221 70 59 9 8 7 15 17 36 124 20 9 131 8 16 36 98 10 7 61 24 6 13 3 49 10 5 23 20 29 9 12 1 11 13 17 5 27 10 26 11 5 27 4 8 17 11 37 27 18 22 34 2 6 12 10 7 5 17 43 1 10 14 11 11

Kurtosis (mean) -   Fibrosis Architecture 11 14 8 12 17 15 16 12 14 15 12 10 13 11 15 11 13 22 28 15 15 18 8 8 10 26 15 9 15 16 28 19 18 12 9 9 12 14 15 22 14 9 22 8 10 14 20 12 9 17 12 10 10 5 16 7 5 12 12 13 7 9 8 9 11 10 7 12 9 15 7 8 12 5 9 12 8 10 11 10 10 15 4 7 8 6 8 11 9 15 7 6 6 5 6

Kurtosis (median) -   Fibrosis Architecture 9 12 7 11 14 13 14 9 12 14 9 9 12 8 12 9 11 20 23 12 12 15 7 6 8 21 11 7 12 13 21 16 15 11 8 8 10 12 12 17 12 7 18 7 8 12 16 10 8 14 9 9 8 4 14 6 4 10 10 11 6 7 7 7 10 8 6 10 7 13 6 7 9 5 8 10 6 7 8 8 9 12 3 7 7 4 6 9 7 13 6 5 5 4 4

Kurtosis (kurtosis) -   Fibrosis Architecture 290 171 1242 204 75 86 71 97 100 18 61 146 76 2013 38 255 111 3054 410 220 61 36 216 214 205 14 75 182 82 5126 168 42 730 61 208 135 35 211 66 55 100 194 31 246 153 56 44 187 124 80 94 154 199 385 37 233 601 71 61 52 232 187 4511 131 80 77 265 250 234 49 196 320 398 557 232 61 191 182 79 372 109 31 648 68 518 223 229 8 274 49 58 214 108 186 251

Energy (std) -   Fibrosis Architecture 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Energy (kurtosis) -   Fibrosis Architecture 1 2 3 2 2 2 4 1 1 2 1 5 1 3 1 4 3 6 4 5 3 4 4 1 1 3 4 4 2 1 4 4 4 5 3 2 3 5 2 3 3 4 3 2 2 3 1 4 5 2 2 5 3 2 3 3 3 4 3 3 4 4 3 2 3 5 4 4 2 3 3 5 2 2 1 1 3 4 2 2 1 2 2 1 1 3 1 0 1 -1 0 0 2 2 1

Homogeneity (Normalized count of Organized) -   Fibrosis Architecture 0 6 0 29 44 10 42 1 38 107 17 13 3 1 61 34 3 212 393 88 4 22 0 0 0 220 11 0 5 155 773 357 187 7 3 6 73 16 24 572 221 0 118 0 1 4 58 20 0 109 6 15 32 0 17 2 0 6 22 15 0 0 0 12 59 0 0 1 67 215 1 1 78 0 7 21 3 13 1 26 14 248 0 0 0 0 0 6 0 84 2 7 0 0 0

Homogeneity (std) -   Fibrosis Architecture 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Homogeneity (kurtosis) -   Fibrosis Architecture 2 3 2 3 3 3 4 2 2 2 2 5 1 3 1 4 4 7 5 6 4 4 4 1 1 4 5 4 3 2 4 4 5 5 3 2 3 5 2 3 3 4 3 2 3 4 2 4 5 3 3 5 3 2 3 3 3 4 3 3 4 4 4 2 4 5 4 4 2 3 3 5 2 2 1 1 3 3 2 2 2 2 2 1 1 2 1 0 1 0 1 0 2 2 1

Correlation (Normalized count of Patterned) -   Fibrosis Architecture 127 111 79 70 189 165 211 189 250 135 154 100 225 155 248 110 129 259 241 177 252 372 139 205 202 342 166 107 204 286 386 235 263 177 140 194 172 178 248 174 253 211 316 291 190 248 338 210 181 292 282 183 365 140 235 275 167 353 398 252 298 166 14 292 267 282 238 302 259 347 417 170 513 118 403 480 262 247 284 362 464 519 240 412 394 392 284 548 331 508 384 473 330 505 498

Correlation (std) -   Fibrosis Architecture 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Correlation (skew) -   Fibrosis Architecture 1 2 1 1 1 2 2 1 1 1 2 2 1 1 1 2 2 1 2 2 2 1 1 1 1 1 1 2 1 1 1 1 1 2 2 1 1 2 1 1 1 2 1 1 1 1 1 2 2 1 1 2 1 1 1 1 1 1 1 1 1 2 1 1 1 1 1 1 1 1 1 2 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

Correlation (kurtosis) -   Fibrosis Architecture 1 4 3 4 2 4 3 1 0 1 4 5 2 3 1 4 4 2 2 3 3 2 3 1 2 0 2 4 2 1 0 2 2 3 3 2 3 3 2 2 2 3 0 1 2 2 1 3 3 1 2 3 1 2 2 2 2 1 1 2 1 3 2 1 2 1 2 2 2 0 0 4 0 3 1 0 1 1 1 1 1 -1 2 0 0 0 1 -1 1 -1 0 -1 1 1 0

Inertia (Normalized count of Uniform) -   Fibrosis Architecture 375 453 290 412 397 655 637 369 740 550 399 231 996 415 779 87 390 1122 1194 300 707 941 168 232 408 1084 497 107 559 422 907 443 431 282 275 296 257 705 771 605 350 140 880 391 237 469 875 217 427 585 408 188 154 37 774 86 39 329 185 325 188 251 3 139 109 482 119 459 65 533 393 133 223 25 234 591 83 224 482 157 180 570 76 82 129 221 132 709 167 561 142 65 131 128 227

Inertia (mean) -   Fibrosis Architecture 2030 1918 2117 2044 1882 1548 1586 2061 1644 1691 2013 2350 1421 1941 1444 2791 1961 1161 1043 2079 1542 1289 2606 2580 2061 1161 1778 2956 1818 1875 1390 1915 1888 2235 2271 2295 2477 1627 1509 1767 2113 2767 1373 1885 2169 1842 1396 2263 1931 1779 2057 2343 2704 3506 1573 3124 3553 2201 2413 2238 2504 2142 3554 2749 2833 1814 2673 1904 3217 1821 1977 2596 2756 3648 2503 1764 3218 2582 1969 2717 2507 1806 2566 2944 2969 2120 2770 1662 2865 1924 2561 3643 2846 3095 2448

Inertia (median) -   Fibrosis Architecture 2006 1830 2084 1909 1803 1462 1469 1961 1414 1537 1954 2231 981 1830 1319 2700 1869 915 891 1962 1424 1119 2520 2505 1976 936 1727 2979 1657 1759 1194 1738 1739 2113 2197 2315 2350 1450 1338 1559 1928 2810 1183 1825 2095 1756 1209 2168 1814 1615 2001 2269 2635 3525 1356 3062 3581 2088 2317 1997 2481 2055 3464 2638 2646 1744 2592 1800 3089 1652 1948 2562 2605 3601 2406 1624 3190 2561 1815 2551 2361 1628 2553 2841 2886 2121 2706 1483 2791 1680 2355 3627 2831 3103 2430

Entropy (std) -   Fibrosis Architecture 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 2 1 1 1 1 1

Entropy (skew) -   Fibrosis Architecture 0 1 1 1 1 1 1 1 1 1 1 2 1 1 1 1 1 2 2 2 1 2 1 1 0 2 2 2 1 1 2 2 2 2 1 1 1 2 1 2 1 1 1 1 1 2 1 2 2 1 1 2 1 1 2 1 1 2 1 2 1 2 2 1 2 2 2 2 1 2 1 2 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

Entropy (kurtosis) -   Fibrosis Architecture 2 3 3 3 4 3 5 2 2 2 2 6 2 4 1 4 4 7 6 6 4 5 4 2 1 4 6 5 3 2 4 4 5 6 3 2 3 6 3 3 3 5 4 3 4 4 2 4 6 3 3 5 3 3 4 4 3 5 3 3 5 5 4 2 4 6 4 5 2 3 3 5 2 3 1 2 3 4 2 2 3 2 3 1 1 3 1 1 1 -1 1 0 2 2 1

MTC Biopsy Adequacy Score 8.50 9.50 9.00 9.00 9.00 8.50 9.50 9.50 6.00 9.50 9.00 8.50 9.50 9.50 9.00 7.50 9.50 7.00 8.00 6.00 9.00 9.50 9.50 9.00 8.00 8.00 9.50 9.50 9.00 7.00 8.50 6.50 7.50 7.00 8.50 8.50 9.50 9.00 9.50 8.00 8.00 8.00 9.50 8.00 8.50 9.50 9.50 7.50 9.00 8.50 8.50 8.00 8.50 7.00 9.50 9.50 9.00 8.00 7.50 7.00 9.50 8.00 9.50 7.50 7.50 9.50 9.50 9.00 9.00 6.00 8.50 8.50 8.00 9.00 8.00 9.00 8.50 8.00 9.00 8.50 8.00 9.50 9.00 9.00 9.00 7.00 7.50 9.00 8.50 9.00 8.00 9.00 9.50 8.50 8.00

Collagen Composite Score 1.13 1.48 1.51 1.51 1.51 1.65 1.68 1.56 1.53 1.64 1.76 1.99 1.70 1.71 1.73 1.75 1.97 2.65 2.39 2.44 2.17 2.86 2.31 2.11 2.20 2.52 2.24 2.26 2.24 2.63 3.09 2.79 3.14 2.60 2.24 2.42 2.88 2.46 2.38 2.80 2.58 2.35 2.63 2.66 2.62 2.70 2.99 2.73 2.36 2.87 2.68 2.86 3.28 2.81 3.13 2.86 2.45 3.45 3.39 3.88 3.18 3.37 3.34 4.02 3.86 2.80 3.68 2.92 3.50 5.25 3.35 3.75 4.20 3.36 4.05 3.76 3.46 3.45 4.00 4.36 4.16 4.68 4.28 4.78 5.33 4.77 4.27 5.03 4.46 8.08 5.46 7.86 6.24 6.86 5.89

Fibrosis Morphometric Composite Score - ALL 1.94 2.09 2.17 2.07 2.62 2.46 2.60 2.19 2.44 2.35 2.40 2.54 2.40 2.74 2.51 2.58 2.65 2.91 3.05 2.75 2.86 2.95 2.85 3.06 3.02 2.98 3.16 3.00 3.01 3.12 3.13 3.08 3.17 3.08 3.00 3.03 2.97 3.36 3.28 3.16 3.13 3.23 3.13 3.32 3.31 3.38 3.45 3.42 3.79 3.53 3.64 3.63 3.41 3.57 3.53 3.40 3.94 3.76 3.79 3.67 3.86 3.66 3.97 3.71 3.89 4.35 3.97 4.59 3.74 4.14 3.90 4.32 4.03 3.94 4.15 4.22 4.11 4.31 4.55 4.50 4.58 4.72 4.53 4.78 4.85 4.94 5.40 5.12 5.12 5.78 5.72 5.84 6.42 7.30 7.56

Fibrosis Morphometric Composite Score - FINE 1.32 1.89 1.74 1.92 2.28 2.22 2.01 1.95 2.04 1.81 2.27 1.67 2.27 2.33 2.62 1.80 2.03 1.96 1.93 1.84 2.44 2.27 2.79 3.14 3.38 2.85 2.23 2.15 2.77 2.16 1.95 2.19 2.14 2.29 2.71 2.97 2.09 2.22 2.91 1.76 2.50 2.57 3.08 3.75 2.64 3.03 3.35 3.09 2.54 2.91 3.31 2.74 2.89 3.84 2.82 3.61 3.41 3.24 3.72 2.87 3.87 2.59 3.50 3.15 2.49 2.94 4.25 3.03 3.55 1.70 4.00 2.45 3.80 3.78 4.24 4.75 3.84 3.74 3.75 3.89 4.58 4.89 4.30 4.71 4.14 4.72 4.57 5.54 4.97 3.67 5.63 5.18 5.20 8.34 6.45

Fibrosis Morphometric Composite Score - ASSBLD 1.69 1.78 1.97 2.00 1.58 2.00 1.97 2.10 1.91 2.21 2.04 2.40 2.12 2.13 1.73 2.41 2.34 2.54 2.73 2.76 2.42 2.49 2.39 2.03 2.05 2.69 3.00 3.20 2.72 3.04 2.95 2.87 2.93 3.06 2.90 2.60 3.04 3.21 2.71 3.39 2.84 2.98 2.86 2.63 3.32 3.10 2.87 3.17 3.51 3.21 3.01 3.39 3.18 2.80 3.55 3.08 3.09 3.15 2.81 3.47 2.99 4.27 3.82 3.53 3.87 3.82 3.10 3.61 3.68 4.09 3.62 4.34 3.56 4.31 3.46 3.29 4.23 4.33 4.66 4.36 3.96 3.72 4.94 4.60 4.89 5.20 5.11 4.84 5.96 5.64 6.22 5.63 6.72 6.03 7.93

Fibrosis Architecture composite Score 1.73 1.17 1.47 1.67 1.45 1.04 1.20 2.14 2.13 2.08 1.75 1.35 1.70 0.87 2.21 1.72 1.28 0.29 0.55 1.34 1.39 1.55 1.83 2.18 2.07 1.34 1.30 1.46 1.73 1.47 1.74 2.03 1.66 1.65 1.96 2.29 2.43 1.23 1.80 2.03 2.51 1.95 1.65 2.09 2.12 1.87 2.00 2.09 1.40 2.18 2.12 2.00 2.82 2.28 1.84 2.39 1.76 2.34 2.67 2.48 2.18 1.92 1.47 3.06 2.82 1.79 2.32 1.91 3.01 3.17 2.60 2.19 3.24 2.48 3.32 3.04 2.62 2.06 2.51 3.02 3.05 3.51 2.47 3.66 3.66 2.71 3.21 3.65 3.16 4.25 3.93 4.64 3.26 3.35 3.28

Phenotypic Fibrosis Composite Score 1.61 1.74 1.84 1.88 1.95 1.98 2.00 2.01 2.04 2.07 2.08 2.09 2.10 2.11 2.14 2.16 2.16 2.22 2.33 2.33 2.36 2.44 2.48 2.52 2.55 2.58 2.59 2.61 2.61 2.62 2.63 2.64 2.66 2.66 2.68 2.70 2.70 2.72 2.73 2.75 2.75 2.75 2.76 2.93 2.94 2.94 2.98 3.01 3.02 3.05 3.07 3.08 3.11 3.11 3.11 3.12 3.14 3.22 3.25 3.27 3.28 3.36 3.43 3.43 3.43 3.44 3.47 3.48 3.52 3.57 3.58 3.62 3.70 3.75 3.79 3.79 3.82 3.82 4.09 4.10 4.11 4.23 4.29 4.52 4.56 4.64 4.75 4.87 5.01 5.26 5.57 5.59 5.83 6.52 6.77

Increasing Ph-FCS Fibrosis Severity Score

Ph-FCS is a continuous phenotypic biomarker to quantify the severity of Fibrosis in NASH

Ph-FCS

Multimodality assessment of hepatic fibrosis: Ranked paired reading and artificial intelligence identifies fibrosis improvement with Aramchol missed by conventional staging. V. Ratziu, Y. Yilmaz, D. Lazas, S.L. Friedman, C. Lackner, C. Behling, OW. 
Cummings, Li Chen, M. Petitjean, Y. Gilgun-Sherk, S. Kadosh, and A. J. Sanyal  ( EALS 2022, poster here)

Ph-FCS

FibroNest Analytical Method

Generation of Phenotypic Composite Scores

https://www.fibronest.com/s/Aramchol-histopathological-methodologies-poster-for-EASL-June-02-2022.pdf
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Sensitivity to Pre-analytical Conditions (excl/WSI)

2 micron 3 micron 4 micron

If Bath Length : 20 to 30 mins
If Tissue Thickness : 3 to 4 

microns

Ph-FCS varies
from 1% to 6%

Evaluation of a novel histology-based fibrosis phenotypic composite score and its correlation with NASH-CRN Fibrosis scores in patients with 
NASH. Li Chen (1), Michael Lung (2), Cynthia Behling (2), Arun Sanyal (3), Mathieu Petitjean (1). 1 - PharmaNest, Princeton, NJ, USA; 2- University of 
California, San Diego, NAFLD Research Center, Division of Gastroenterology. 3-Virginia Commonwealth University, Richmond, VA, USA. 

Precision

Ph-FCS Fibrosis Biomarker
Current Biomarker Analytical Validation Results

R
ep

et
ab

ili
ty

Low

Mid

High

Same Protocol
5 Consecutive days

Low Mid High

Pt-Steatosis % 0.57% 0.79% 0.86%

Ph-FCS 0.47% 0.21% 0.29%

Coefficient of Variation % (Std/Mean)

R
ep

ro
d

u
ci

b
ili

ty

Low

Mid

High

No Protocol Standardization
(ROI edge recess)

(confidence thresholds)
(Color Normalization)

5 Consecutive days

Low Mid High

PT-Steatosis % 1.19% 0.74% 2.13%

Ph-FCS 11.53% 4.95% 3.33%

Coefficient of Variation % (Std/Mean)

https://data.viqi.org/client_service/view?resource=https://data.viqi.org/data_service/00-8XvKMEFkgqW3AKPePDnAYW
https://data.viqi.org/client_service/view?resource=https://data.viqi.org/data_service/00-2FAdkky4w3YKDHUQuADpMA
https://data.viqi.org/client_service/view?resource=https://data.viqi.org/data_service/00-VLV8Hk3yu6skeCTtkTuigU
https://data.viqi.org/client_service/view?resource=https://data.viqi.org/data_service/00-2AgL2A4mchnKCPTXixHsc3
https://data.viqi.org/client_service/view?resource=https://data.viqi.org/data_service/00-wcuRJRUUwRwmtdfo4nPueb
https://data.viqi.org/client_service/view?resource=https://data.viqi.org/data_service/00-sV2jvvLUkF6baJXBzyUrdd
https://data.viqi.org/client_service/view?resource=https://data.viqi.org/data_service/00-DBSYLtkQU6fskRcSGGMkHg
https://data.viqi.org/client_service/view?resource=https://data.viqi.org/data_service/00-siPg35cd6KwKV8KZXHoWqH
https://data.viqi.org/client_service/view?resource=https://data.viqi.org/data_service/00-TRLcf9F388xwAHW25gGgKL
https://data.viqi.org/client_service/view?resource=https://data.viqi.org/data_service/00-tV69CJpMM4GzofMuZ7vWuL
https://data.viqi.org/client_service/view?resource=https://data.viqi.org/data_service/00-xkYwMJsWE7fupGwvT4Dfui
https://data.viqi.org/client_service/view?resource=https://data.viqi.org/data_service/00-bLYEbisWUQHQchvYFskyWR
https://data.viqi.org/client_service/view?resource=https://data.viqi.org/data_service/00-v7LXEKChxDHWEwgXGLDaEX
https://data.viqi.org/client_service/view?resource=https://data.viqi.org/data_service/00-k8Z5Mz7Zi9RjuKc52zR9j9
https://data.viqi.org/client_service/view?resource=https://data.viqi.org/data_service/00-pC9YDVFzo2wsFoEeh35Njg
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F-CRN F0 F1 F2 F3 F4

 16 28 37 335 293

Ph-FCS Fibrosis Biomarker
Current Biomarker Clinical performance

Ph-FCS ability to classify based on diagnostic performance (sensitivity, 

specificity):

• ICD10-K74.01: Hepatic Fibrosis, Early Fibrosis (=< NASH CRN F2), 

• ICD10-K74.02: Hepatic Fibrosis, Advanced Fibrosis (>=NASH CRN F3), 

Reference Biomarker: NASH-CRN Fibrosis Stages

N= 709

Ph-FCS Cut off= 5

Specificity: 86.62%

Sensitivity: 87.65%

PPV: 98.19%

NPV: 45.98% *

* The performance or the Ph-FCS might be affected by the 

accuracy of the Reference Biomarker

F Stage N

0 16

1 28

2 37

3 335

4 293

Total 709



PharmaNest
FibroNest Biomarkers FDA – Pre LOI  Meeting (FibroNest Ph-FCS) – June 2023 Page 12

Ph-FCS Fibrosis Biomarker
Ph- FCS Biomarker utility in pre-cirrhotic NASH Clinical Studies

In the context of pre-cirrhotic NASH clinical studies, the Ph-FCS Fibrosis 

biomarker will:

Improve the quality of the NASH Studies primary end points:

• Aid pathologists adjudicate NASH-CRN Fibrosis stages in the F2-F3 

transition zone

Generate an exploratory and continuous outcome for fibrosis severity 

to

• Describe base-line characteristics

• Quantify the effect of an intervention using mean-change from 

baseline data analysis paradigms

Histology

Digital Pathology
@FDA Approved WSI

Pathologist Review

FibroNest

Augmented 
Pathology ImagesPathologists Reviews 

Ph-FCS Diagnostic 
Value

Final decision
Advanced Fibrosis

>=F3

Ph-FCS

Liver Biopsy

Final decision
Early Fibrosis

=<F2
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3.853.55

4.854.55

F0    F1     F2     F3    F4

Continuous Score measure the true effect of an intervention 

and change the Data Analysis Paradigm
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Clinical Applications of Ph-FCS
Continuous Phenotypic Score for Fibrosis Severity
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EASL 2022: Multimodality assessment of hepatic fibrosis: Ranked paired reading and artificial intelligence identifies fibrosis improvement with Aramchol missed by conventional staging Author List V. 
Ratziu1, Y. Yilmaz2, D. Lazas3, S.L. Friedman4, C. Lackner5, C. Behling6, OW. Cummings7, Li Chen8, M. Petitjean8, Y. Gilgun-Sherki9, S. Kadosh10, and A. J. Sanyal11 

FibroNest Fibrosis Continuous Biomarkers resolve paired-biopsy drug effect “inside” Categorical Scores

Click on the images  to see the full poster

3.19

4.41

6.25

Clinical Applications of Ph-FCS
Identification of responders in the context of Drug Development (Aramchol, NCT02279524) 

https://www.fibronest.com/s/Aramchol-histopathological-methodologies-poster-for-EASL-June-02-2022.pdf
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Clinical Applications of Ph-FCS
Identification of responders in the context of Drug Development

Pharmacodynamic Response : Responders: NASH-CRN: 1 stage  | Ph-FCS: 25% relative reduction   |MRE: 15% relative reduction

Pharmacodynamic Response | Ph-FCA Mean Change from  Baseline |  MRE Mean Change from Baseline : Ph-FCS benchmarks MRE response

Novel Digital Pathology quantitative image analysis and AI method detects the treatment effect of NASH drug candidates with a performance that benchmarks Imaging based measurements. Li Chen (1), Elizabeth Brown (2), Anne Minnich (2), 
Vipul Baxi (2), Dimple Pandya (2), Edgar D. Charles (2), Zachary Goodman (3),  Shuyan Du (2), Mathieu Petitjean (1), Arun J. Sanyal (4), (1) Pharmanest, Princeton, NJ, USA (2)  Bristol Myers Squibb, Princeton, NJ, USA (3) Inova Health Systems, Falls 
Church, VA (4) Virginia Commonwealth University, Richmond, VA, USA (poster link here)

Ph-FCS detects the treatment effect of NASH drug 
candidates with a performance that benchmarks 
Imaging based measurements

https://www.fibronest.com/s/EASL-2022-FibroNest-FALCON1-POSTER.pdf
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Novel Digital Pathology quantitative image analysis and AI method detects traits of fibrosis treatment response. . Li Chen (1), Anne Minnich (2), Edgar D. Charles (2), Zachary Goodman (3),  Mathieu Petitjean (1), 
Arun J. Sanyal (4), (1) Pharmanest, Princeton, NJ, USA (2)  Bristol Myers Squibb, Princeton, NJ, USA (3) Inova Health Systems, Falls Church, VA (4) Virginia Commonwealth University, Richmond, VA, USA SUBMITED TO 
AASLD 2024

Novel Digital Pathology quantitative image analysis and 
AI method detects traits of fibrosis treatment response / 
pharmacodynamic Response

25 Phenotypic traits of Fibrosis are engaged during the 24 weeks 

intervention with Pegbelfermin 

Clinical Applications of Ph-FCS
Detection of Pharmacodynamic Response (Pegbelfermin, NCT03486899) 
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Results: Mean age was 53.5 yrs, 56% 

were males, mean BMI 30.6 kg/m², 39% 

had diabetes and 62% arterial 

hypertension. The proportion of 

histological fibrosis stages were: 

0/1/2/3/4, 53%/17%/8%/14%/8%, 

respectively. Median follow-up was 11.4 

yrs (IQR 4.7). 52 pts (17%) had at least 

one LRE. Mean (median | sd) Ph-FCS  

was 5.19 (3.91 | 3.74) in pts with LRE 

vs 2.60(2.00|2.22) in pts without LRE 

(p<0.001). Using a cut-off value of 3, 

Ph-FCS had a sensitivity of 66.6% and 

specificity of 74.5%% for the prediction 

of LRE. When the cut-off value was 

changed by +/-5% the sensitivity and 

specificity varied within a -4.8% to 

+2.8% range. The related Kaplan Myer 

curve describing the occurrence of the 

first LRE with time following the biopsy 

used to establish the Ph-FCS 

demonstrates that the LRE risk can be 

stratified according to the Ph-FCS 

value.

Novel artificial intelligence-assisted digital pathology quantitative image analysis predicts the occurrence of liver-related clinical events in the multicentric, European, Hepatic OuTcomes and SURvival Fatty Liver Registry (HOTSURFR) 

study.Li Chen1, Louis Petitjean1, Javier Ampuero2, Jerome Boursier3, Stergios Kechagias4, Salvatore Petta5, Hannes Hagström6, Jörn Schattenberg7, Frederic Charlotte8, Leila Kara9, Pierre Bedossa10, Mathieu Petitjean1, Vlad Ratziu11

Ph-FCS predicts Liver Events (N=404, 18years of follow up, AUROC=0.76).

Clinical Applications of Ph-FCS 
Prediction of clinical Liver related Events
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FibroNest FDA – LOI  MTC Outcomes (Fibrosis and Steatosis) 

CONFIDENTIAL | April 18 2023

Collagen Fibers: Fine | Assembled 

Macro-Steatosis: Medium | Large

PT-Steatosis%= 2.22%

S
e

v
e

ri
ty

PT-Steatosis%= 9.46%

PT-Steatosis%= 22.79%

Correspondence with NASH CRN Scores (N=705, FALCON 

1, 2 and LIFT),  and with MRI PDFF . N=610 ( Falcon 1-2)

Pharmacodynamic Response :  Responders identified:

NASH-CRN: 1 stage | A% : 30% relative reduction | PDFF: 30% 

relative reduction  ( FALCON 1 Phase 2 Study)

Pharmacodynamic Response : A% Mean Change from  

Baseline | PDFF Mean Change from Baseline: A% 

benchmarks PDFF response. ( FALCON 1 Phase 2 Study)

Definition: % of MacroSteatosis on Non-Fibrotic Tissue

Clinical Validation and Applications of PT-Steatosis% 
Identification of Steatotic effect in the context of Fibrotic Tissues



Normal Hepatocyes

Steatosis Hepatocytes

Inflammatory Cells

Specialized Cells

Single Cell Tissue Pannels & Inflammation



Evaluation of the performance of a novel single-nuclei Digital Pathology method for the continuous quantification of Steatosis and Inflammation in liver biopsies and its correlation with NASH-CRN scores in patients with NASH.  In collaboration with 

Pr. Arun Sanyal, Pr. Cynthia Behling an esteemed team of pathologists from the Universities of California. EASL 2023

Quantitative Image Analysis and AI classification:
A quantitative approach to Tissue Injury

Inflammatory cells probability

“NASH-CRN” Steatosis “NASH-CRN” Inflammation



Breakthroughs in therapies for NASH and remaining challenges, Vlad Ratziu, Sven Francque, Arun Sanyal, journal of Hepatology 2022 vol. 76 j 1263–1278

Lobular Ballooning Quantification
(Machine Learning form Pathologist Annotations)

FibroNest Analytical Hypothesis:
▪ Ballooned Cells are the expression of a “Balloonification” 

process
▪ Pathologists annotated with a “confidence Level”
▪ AI Model generate a confidence Level and only >75% is 

accepted
▪ Cluster are phenotypes of severity, according to some 

pathologists, but not all

Results

Limitations

Limited 

Performance

https://www.fibronest.com/s/1_s20_S0168827822002100_main.pdf


Upcoming Data Generation Plan
To support Biomarker Clinical Validation and advance of the field of Fibrosis

• N=2000 NASH Liver WSI Biopsies 
• Retrospective Analyses by Q1 2024

• Validation vs Pathologists

• NITS development

• Pr. Quentin Asntee
• LITMUS Investigators
• LITMUS Industry Partners

Europe

• Phase2 Program
• N=2000 NASH Liver WSI Biopsies 
• Timing : per NIMBLE

• Validation vs Pathologists
• Possible Liver Outcomes

• NITS development

• Pr. Arun Sanyal
• NUMBLE Investigators
• NIMBLE Industry Partners

USA



Recap / Summary

❑ Same Slide(s) as Pathologist

❑ High Resolution

❑ High content | Single Fiber | Single Cell Image Analysis

❑ AI > large quantitative & relevant data-lakes

❑ Robust vs Pre-Analytical condition

❑ Compatible with FDA approved WSI scanners

➢ Improve adjudication

➢ Describe baseline characteristics

➢ Detect responders “inside” categorical stages

➢ Detect treatment responder / pharmacodynamic response 

➢ Predict Liver Related outcomes ( POC, N=400)

❑ Currently engaged with FDA / CDER - BQP

❑ 3 Phase 3, 7 Phase 2 NASH, 3 Phase 2 in other conditions, 60+ preclinical



PHARMANEST
Princeton, USA

www.fibronest.com

Thank You !
Mathieu.Petitjean@pharmanest.com
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