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Vacuoles Trajectories Vs Steatosis Composite Score (Small)

Is the histological phenotype of Fibrosis different between LEAN and OBESE NASH patients?
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Although nonalcoholic fatty liver disease (NAFLD) is commonly associated with

obesity, non-obese patients can also develop NAFLD (“Lean NAFLD”). Little is known

about the possible subtle histological differences between these two sub phenotypes,

in particular for fibrosis. Here, we used quantitative Digital Pathology image analysis

to investigate the differences of the histological phenotype of fibrosis between Lean
and Obese nonalcoholic steatohepatitis (NASH) patients with F2-3 fibrosis.

METHOD

Group Description Histological Assessment Total N 35

NAFLD LEAN
NAFLD Patients with BMI<25

With F2 (N=9) and F3 (N=8) fibrosis Stage
Histologic assessment and Fibrosis 

severity stage was assessed by 
pathologists

All with S1 Steatosis Grade

N= 19

NAFLD OBESE
NAFLD Patients with BMI<30

With F2 (N=10) and F3 (N=8 ) fibrosis Stage
N=16
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TISSUE PREPARATION, INSTRUMENTATION, AND WORKFLOW

• FFPE sections (~4 microns) of patient liver biopsies were deparaffinized, stained with Masson Trichrome for

Collagen and digitized at 20X (0.44 micron/pixel) on a Hamamatsu WSI system

• Digital Biopsy Adequacy: Five digital biopsies from the initial cohort of 40 patients were excluded due to non

adequacy ( poor processing, staining or scanning)
• Using FibroNest™ the fibrosis phenotype is described for its collagen content and structure (12 traits), the

morphometric traits of the collagen fibers (13 traits), and fibrosis architecture traits (7). In each image, each

morphometric and texture trait is represented by a histogram distribution (e.g. Fiber Skeleton Length)

• The histogram for each trait is described by up to seven quantitative fibrosis parameters (qFPs, 315 in total)

to account for mean, variance, distortion and progression.

• To detect phenotypic differences between two groups, principal qFPs are automatically detected if their

group mean value difference is statistically ( P<0.05, T-Test) greater than 20%.

• Principal qFPS are used individually and collectively to describe the differences in phenotypes between

groups. They ate combined into a normalized Phenotypic Composite Fibrosis Score (Ph-CFS), a continuous

quantifier of the fibrosis phenotype.

PSR

TriChrome

IHC

SHG

FibroNest

• ~5uM FFPE sections
• 20x, 40X (resolution) imaging
• Any stains (PSR, TriChrome, IHC) or 

Non-stain (Two Photon Imaging)
• Quantitative Fibrosis collagen & fat
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ASSEMBLED FINE

Raw - Stained

Sophisticated quantitative Digital Pathology Image analysis did not

detect differences in the histological phenotype of fibrosis between the

Lean and Obese patients.

FIBROSIS AND STEATOSIS PHENOTYPIC QUANTIFICATION

The Ph-FCS was consistent with the NASH-CRN stage for each group (left chart), we did not find

statistically significant differences between the Lean and Obese groups at any of phenotypic layers

explored by FibroNest. In aggregate, the fibrosis phenotypic scores where the same in the Lean and

Obese NASH. Subtle differences are observed (right chart) in the demographics of large macro-vesicular
steatosis, consistent with the phenotype of obese patients.

23.02 19.08 14.75 17.62 19.92 38.90 11.96 16.92 23.43 18.59 18.83 15.94 14.34 17.37 20.81 10.93 17.25 25.45 26.07 26.66 20.23 24.70 47.39 34.52 42.31 13.95 24.35 41.14 51.46 32.58 22.82 14.11 26.77 22.82

3.79 3.18 1.25 1.83 3.89 1.86 2.00 2.50 3.73 2.45 0.90 2.80 1.90 3.34 1.31 0.88 1.20 1.66 3.04 4.37 2.03 4.21 2.89 3.94 3.41 1.98 3.02 4.11 3.32 4.10 4.29 1.55 1.86 2.18

8.28 4.39 0.45 1.86 5.27 2.75 1.76 2.39 7.52 3.13 0.23 2.93 1.95 4.47 0.94 0.04 0.73 1.88 6.34 11.70 2.71 10.07 6.94 10.66 8.80 0.98 5.49 12.31 9.17 11.82 11.28 0.52 2.36 2.84

2.88 2.09 0.67 1.37 2.30 1.66 1.33 1.55 2.74 1.77 0.48 1.71 1.40 2.12 0.97 0.21 0.85 1.37 2.52 3.42 1.65 3.17 2.63 3.26 2.97 0.99 2.34 3.51 3.03 3.44 3.36 0.72 1.54 1.69

1.37 0.77 0.40 1.27 0.53 3.75 0.78 0.62 1.17 1.10 0.40 0.60 1.16 0.67 1.20 0.06 1.03 2.11 2.20 1.59 1.95 1.31 5.01 2.18 3.12 0.33 1.52 2.70 5.00 2.36 1.58 0.28 2.16 1.49

17.08 10.01 1.53 3.42 13.06 4.61 3.55 3.99 13.53 5.36 0.72 7.41 4.14 9.62 1.69 0.44 1.33 2.89 10.26 20.50 4.76 16.21 10.41 19.33 15.51 2.76 9.38 20.00 15.31 19.99 15.55 2.22 3.78 4.47

23.46 21.23 16.77 19.71 18.19 50.42 13.22 19.53 24.92 19.86 23.43 16.42 17.83 17.26 23.25 10.95 20.90 30.19 30.23 27.49 27.05 28.19 55.46 35.45 42.79 14.40 23.89 42.91 64.02 31.44 26.09 14.59 33.34 26.42

187.53 89.39 24.44 97.97 71.78 257.11 46.38 92.25 240.41 75.06 27.02 52.00 78.18 77.40 64.95 9.00 54.34 148.51 229.86 346.78 111.78 138.01 534.14 382.46 671.35 16.93 434.99 722.44 488.62 570.64 215.80 15.91 156.68 72.90

77.14 64.66 47.31 79.84 47.34 144.65 62.52 57.05 77.38 74.04 40.36 52.36 80.07 63.47 71.57 35.79 70.92 109.01 114.38 98.60 102.91 87.34 158.15 99.99 141.84 39.97 89.28 132.44 158.60 114.32 105.73 34.67 115.66 72.82

175.80 145.31 120.11 152.21 114.76 351.98 114.04 132.28 173.06 147.73 153.05 118.15 158.21 121.01 162.96 83.89 158.55 222.86 226.87 195.00 217.00 182.71 403.64 225.40 287.86 106.98 178.79 287.19 426.82 232.53 194.76 102.76 230.05 185.97

1466.02 611.83 159.10 736.99 462.02 1766.83 378.50 612.72 1692.54 556.53 168.53 379.66 773.60 568.84 443.05 60.19 422.77 986.75 1723.38 2595.75 858.29 930.96 4001.63 2602.24 4321.07 123.50 3164.27 4846.13 3610.94 4408.93 1777.15 102.53 1016.30 492.26

5.79 3.05 2.21 3.88 2.98 6.61 3.24 2.47 4.36 4.16 2.07 3.30 4.71 3.37 3.77 1.93 3.62 4.73 5.08 5.11 5.20 3.34 8.69 5.18 6.04 2.45 4.97 6.61 7.28 6.44 4.42 2.39 4.24 4.41

332.40 285.92 239.38 299.86 226.50 660.89 233.30 261.51 337.12 293.55 303.53 238.70 322.18 243.15 313.81 173.92 315.96 430.12 441.95 374.85 425.87 358.22 744.93 418.49 532.63 220.51 349.08 547.50 789.39 434.62 383.09 208.68 442.81 364.98

2341.50 1128.79 298.77 1338.90 836.26 3164.93 694.62 1097.41 3039.61 1027.98 322.86 699.08 1482.97 1069.10 784.29 116.04 799.20 1783.38 3186.75 4538.12 1589.73 1739.15 6979.48 4470.99 7522.20 239.73 5730.50 8914.09 6415.56 7573.02 3330.94 194.95 1858.92 913.11

777.47 545.07 433.54 619.96 418.70 1471.00 477.14 459.38 690.37 626.12 532.69 470.65 758.61 473.70 660.16 297.39 659.37 900.57 981.41 855.22 962.80 659.20 1840.79 879.34 1140.88 431.73 748.25 1129.46 1700.38 1029.10 867.21 369.01 927.53 772.83

7873.77 2503.16 597.00 3396.07 1926.55 7573.20 1952.29 2592.71 7479.38 2618.36 606.08 1821.22 4550.24 2576.50 1932.14 214.58 2055.77 4028.35 7827.60 12470.79 3927.94 3641.89 19391.44 11351.18 17711.81 555.43 14153.21 19780.30 16768.23 21964.81 8834.81 380.76 4057.04 2063.56

959.84 615.16 446.21 710.86 449.00 1762.70 521.88 486.06 845.33 683.35 551.49 509.62 828.19 518.85 713.20 302.91 712.59 1104.93 1199.22 1092.05 1097.69 745.46 2469.53 1202.06 1604.95 446.85 1035.71 1598.51 2214.59 1502.09 1123.66 378.92 1036.40 863.82

11758.69 3963.65 630.38 4945.83 2520.14 10268.41 2629.70 3218.08 12416.64 3349.74 692.64 2544.56 5894.70 3433.22 2305.22 224.17 2578.23 5859.14 11836.90 21184.46 5393.23 5065.11 32393.66 21728.29 31440.93 611.65 27214.62 35037.41 25613.87 38697.46 16392.08 407.08 5150.15 2705.68

727.64 310.03 60.01 353.49 301.38 661.64 193.16 329.07 840.99 265.96 65.86 221.08 273.93 343.54 172.48 19.40 152.81 470.23 713.62 1174.14 309.39 413.81 1576.35 1158.76 2576.57 37.06 2199.31 2588.58 1206.55 2625.74 706.17 29.65 408.82 176.98

239.62 173.42 107.28 226.23 148.62 323.00 208.55 150.75 220.99 206.70 86.83 156.77 191.36 228.12 146.75 38.11 155.59 281.55 300.73 288.80 216.38 222.55 411.74 267.13 499.12 68.32 377.19 437.13 358.55 472.95 295.61 58.91 250.22 138.26

5700.51 2132.78 417.98 2688.99 1949.44 4553.71 1629.09 2194.99 5923.93 1989.03 424.95 1639.59 2770.71 2543.08 1185.41 119.42 1225.37 3084.79 5358.63 8794.11 2379.32 2800.65 11833.01 7896.13 16577.30 279.22 16003.46 17368.58 8972.19 20302.75 5828.77 211.79 2642.65 1199.30

9063.11 3930.69 791.22 4872.12 3519.45 8137.79 2966.55 3919.35 10630.10 3662.67 815.65 3001.51 5308.60 4773.47 2080.09 239.42 2313.80 5548.40 9903.41 15363.09 4395.86 5225.22 20610.69 13557.82 28844.09 545.47 28974.63 31946.39 15930.12 34855.82 10921.67 405.46 4827.63 2218.79

30769.36 8766.52 1598.54 12503.52 8191.69 19555.23 8691.39 9358.82 26215.86 9453.25 1549.98 8030.35 16543.17 11608.61 5244.45 451.09 6188.01 12524.37 24375.44 42284.79 10877.96 11002.52 57460.88 34485.61 67945.38 1405.07 71607.07 70909.75 41901.10 101251.41 29030.77 866.37 10507.18 5023.19

46091.39 14136.54 1684.27 18584.20 10822.57 26845.66 12152.31 11670.18 43680.73 12406.39 1832.23 11584.80 21670.64 15619.80 6360.91 495.77 7988.40 18699.64 37150.90 71999.78 15358.79 15452.78 96688.50 66261.63 121106.84 1628.39 138166.03 125874.13 64241.25 178612.77 54201.67 950.49 13511.38 6898.35

5.71 3.92 2.69 1.88 9.38 3.36 3.57 3.04 6.08 4.22 1.08 4.05 2.29 4.52 3.66 0.32 0.99 0.64 6.80 11.83 2.04 7.08 7.51 10.52 7.86 4.81 3.33 8.25 9.37 4.10 5.28 0.99 3.99 4.23

0.17 0.14 0.14 0.17 0.14 0.18 0.15 0.20 0.18 0.19 0.14 0.16 0.17 0.17 0.14 0.13 0.12 0.15 0.22 0.18 0.16 0.17 0.23 0.18 0.20 0.19 0.20 0.20 0.24 0.19 0.18 0.13 0.15 0.19

0.42 1.11 1.54 0.62 3.42 3.98 3.68 -0.78 0.23 1.86 2.63 1.15 3.69 0.55 9.01 1.82 9.25 5.83 0.26 -0.18 3.68 0.51 0.80 0.05 -0.16 0.79 0.70 -0.92 -0.33 0.00 0.54 0.89 3.70 1.74

0.15 0.14 0.13 0.13 0.13 0.17 0.15 0.19 0.18 0.18 0.13 0.15 0.16 0.16 0.13 0.12 0.12 0.14 0.21 0.18 0.15 0.16 0.22 0.17 0.19 0.18 0.19 0.19 0.22 0.18 0.17 0.13 0.15 0.18

-0.05 1.00 1.34 4.49 3.49 4.83 3.35 -0.88 0.11 1.63 2.56 0.88 3.25 0.52 8.27 1.63 8.77 5.73 0.19 -0.31 3.48 0.65 0.60 -0.06 -0.22 0.73 0.56 -0.90 -0.43 -0.07 0.50 0.92 3.55 1.70

1849.80 1179.86 1192.47 1094.47 884.99 1535.74 753.79 756.08 1278.65 568.31 1371.72 1209.14 739.17 773.22 955.32 601.10 796.16 948.48 1206.78 1128.12 1092.70 1066.57 1668.56 2126.77 2578.88 846.87 1311.25 1250.20 2527.78 1376.29 944.39 1697.27 1380.98 877.91

1.32 1.12 1.14 1.17 1.07 1.49 1.27 1.61 1.47 1.55 1.20 1.28 1.41 1.32 1.19 1.08 1.05 1.23 1.79 1.45 1.32 1.33 1.86 1.46 1.63 1.64 1.62 1.55 1.91 1.45 1.41 1.17 1.32 1.56

-0.06 1.09 1.22 2.31 3.98 3.72 2.86 -0.83 0.09 1.40 2.07 0.82 2.87 0.65 7.16 1.43 7.39 4.79 0.00 -0.39 2.98 0.87 0.39 -0.05 -0.32 0.45 0.36 -0.98 -0.55 -0.16 0.67 0.65 2.87 1.40A
rc

hi
te

ct
ur

e
Co

nt
en

t
M

or
ph

om
et

ry

F2 F3

Obese Lean Obese Lean

Standardized Morphometry Architecture

Normalized density 
(count /mm^2)

FIBROSIS PHENOTYPIC HEAT MAPS (EACH ROW IS A PRINCIPAL PHENOTYPIC TRAIT)

STEATOSIS PROFILES (FAT VACUOLES SIZE DISTRIBUTIONS)

While all the patients are staged in the S1 Steatosis 
grade, the distribution of the fat vacuole droplets 
equivalent diameter can be significantly different for 
each patient. 

Contact and presenting author: michihirokeidai@yahoo.co.jp

For each patient (column) the Fibrosis Phenotypic maps (above) visualizes the relative severity (green to red) of the

quantitative fibrosis traits (qFTs) as quantified from the image, and automatically selected to account for variability

between groups. The phenotypic map can be used to QC the pathologists staging. The normalized quantitative traits

values are combined to generate a phenotypic Fibrosis composite score. The similar concept can be used for

Steatosis phenotype (including % steatosis, and mean, median, standard distribution, skewness and kurtosis fat

vacuole size distribution, illustrated below).

Vacuole Size

Fibrosis Architecture

Fibers Density
Collagen: Fine – Assembled

Macro steatosis: Large - Small

Standardized Image:

Collagen - Tissue

Artifact correction layer not shown

Raw Image:

Masson Trichrome

20X (or 40X), 


