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Supplementary Figure 1. (a) Representative brightfield images to depict the cellular
morphology score in the top channel of the Liver-Chip which contains hepatocytes. A
score of 0 represents no hepatotoxicity detected, which is defined by 95-100% healthy
hepatocyte morphology, hexagonal shape containing binucleated cells, clear cell
cytoplasm, distinctive cell junctions and less than 5% dead cells. A score of 1
represents at least 85% healthy hepatocyte morphology, a hexagonal shape containing
binucleated cells, clear cell cytoplasm, distinctive cell junctions but < 15% are dead
cells. A score of 2 represents mild hepatotoxicity with > 70% monolayer of hepatocytes
visible, evidence that cells have begun to lose their distinct cell junctions, many cells
contain a granulated cytoplasm but < 30% are dead cells. A score of 3 represents
moderate hepatotoxicity with severe granulation of cytoplasm and most of the cells
have lost their junctions. Approximately 50% of the cells are considered dead. A score
of 4 represents severe hepatotoxicity with agglomeration of cell debris and > 50% of
the cells are considered dead. The pores on the membrane become visible as there is
no longer a cellular monolayer. (b) Representative brightfield images to depict the
cellular morphology score in the bottom channel of the Liver-Chip which contains non-
parenchymal cells. A score of 0 represents no cytotoxicity detected, with an intact
monolayer and <1% of the cells are dead. A score of 1 represents at least 90% of the
monolayer is present and there are <10% dead cells. A score of 2 represents mild
cytotoxicity with > 80% of the monolayer present and < 20% are dead cells. A score of
3 represents moderate cytotoxicity with > 50% of the monolayer present and < 50%
are dead cells. A score of 4 represents severe cytotoxicity with > 50% of the cells are
considered dead. (bar, 50 pm).



Supplementary Figure 2. Representative transmission electron
microscopy images showing a well-formed bile canaliculus (bc)
between neighboring hepatocytes (a) and cell-cell contact
formation between a Kupffer (K) cell and liver sinusoidal
endothelial cell (b) (bar, 0.5 pm).
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Supplementary Figure 3. Representative immunofluorescent images from
day 7 post-vehicle or drug administration of the hepatocyte cell layer in the top
channel of the chip. Each drug is shown with its free drug concentration and
corresponding vehicle image that was used for thresholding across each donor the
drug was tested in. The data support the immunofluorescent findings statement in
Tables 2 and 3. (bar, 50 um).
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Criteria/ Hepatocyte Hepatocyte Hepatocyte Liver Sln.usmdal Kupffer Cells stellate Cells
Cell Type Donor one Donor two Donor three Endothelial Cells
Donor Male Male Female Male Female Male
gender
Donor age 53 years 26 years 77 years Unknown 25 years 21-25 years
Race Caucasian Caucasian African-American Unknown Caucasian Unknown
BMI 18.1 22.2 28.5 Unknown 19.7 20-25
Viability 90% 93% 96% 93% 70% 91%
CD68 positive Vlmietri\\t/m
Phenotypic [ MRP2 positive MRP2 positive . Stabilin positive CD11b positive pc.)s €
. . . . . . MRP2 positive . . " AdipoRed
markers |Vimentin negative [Vimentin negative Vimentin positive Alpha-SMA .
. positive Alpha
negative o
SMA positive
Vendor Thermo Thermo Thermo Cell Systems Lonza iXCells
Product
Codes/
HMCPTS HMCPTS HMCPTS ACBRI 566 HLKC 10HU-210
Catalog
Numbers
Lot HU8305 HU8350 HU2005 566.03.03.05.0M HL1800080KC 300075-5
CoA
Available Yes Yes Yes No No No
Online

Supplementary Table 1. Details of the cell sources and their defining characteristics
used in the investigation.




Incremental DILI | Tox FNR vs. Clinical dev. Portfolio 6PV | NPV of chipcosts | IR onchip | Portfolio NPV / NPV [Steady state upliftin] /2 29 "SI
sensitivity Baseline successrate | OO0 ($m) (sm) investment | of base R&D costs | pre-tax profit (%) Widi;:(;:)pmm
0.0% 100.0% 11.5% 11.0% -3.5 -3.5 -3.5% -0.2% -0.1% (207)

7.5% 99.0% 11.5% 11.0% 1.1 -3.6 14.4% 0.1% 0.0% 61
14.9% 98.0% 11.6% 11.0% 5.7 -3.6 24.7% 0.3% 0.2% 331
22.4% 97.0% 11.6% 11.1% 10.3 -3.6 30.4% 0.5% 0.3% 602
29.8% 96.0% 11.7% 11.1% 15.0 -3.6 33.8% 0.8% 0.5% 876
37.3% 95.0% 11.7% 11.2% 19.8 -3.6 36.0% 1.0% 0.7% 1,151
44.7% 94.0% 11.7% 11.2% 24.5 -3.6 37.6% 1.3% 0.8% 1,428
52.2% 93.0% 11.8% 11.2% 29.3 -3.6 38.7% 1.6% 1.0% 1,707
61.5% 91.8% 11.8% 11.3% 353 -3.6 39.9% 1.9% 1.2% 2,058
67.1% 91.0% 11.9% 11.3% 39.0 -3.7 40.4% 2.1% 1.3% 2,270
74.5% 90.0% 11.9% 11.4% 43.9 -3.7 41.0% 2.3% 1.5% 2,555
82.0% 89.0% 11.9% 11.4% 48.8 -3.7 41.5% 2.6% 1.6% 2,841
87.0% 88.3% 12.0% 11.4% 52.1% -3.7 41.8% 2.8% 1.8% 3,034
96.0% 87.1% 12.0% 11.5% 58.1% -3.7 42.3% 3.1% 2.0% 3,384

Supplementary Table 2. Portfolio value and industry profits increase with reductions in the
false negative rate (FNR) of the preclinical toxicology assessment, which cause fewer toxic
drugs to enter the clinic. The leftmost column tabulates the proportional improvement in DILI
detection versus the base case, and the next column shows the improvement in the
toxicology FNR relative to the model’s base case. Since DILI is around 13% or tox failure in
development, near total DILI sensitivity can reduce the FNR to around 87% of its base case
value. Subsequent columns then show the clinical development success rate from entry into
Phase | to launch, the internal rate of return (IRR) of the R&D portfolio, the NPV of the
portfolio discounted to the time of drug launch, the capitalized cost of Liver-Chips used in
assessing the portfolio (discounted to the time of launch), and the marginal IRR on the Liver-
Chip investment. The remaining columns capture the value uplift due to FNR improvement
as a percentage uplift of the portfolio’s NPV relative to the baseline NPV of R&D, percentage
uplift of steady state pre-tax profits, and the estimated increase in annual pre-tax profits for
the small-molecule drug development industry. The row highlighted in dark gray relates to
the improvement in FNR that may result from incorporating the Liver-Chip into DILI
prediction workflows in accordance with the 87% sensitivity estimated by the present study.
The rows highlighted in light gray correspond to the 95% confidence interval around this
point estimate. The economic model behind these calculations is provided in full in the
Supplementary Materials (Supplementary Data 2).





