
Sample
Gene-level expression

Compound
Molecular structure
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Total response
D1 Dm

Sample 1
Sample 2
Sample 3

Sample n
Unmeasured Observed zero

Total = additive + interaction

Additive component
Drug marginal

Sample marginal

Interaction component
D1 Dm

Sample 1
Sample 2
Sample 3

Sample n

a

Transcriptomic
input matrix
CCLE-derived

1,406
samples

15,961
genes

11 response resources
Share of response rows

NCI60 68.5%
PRISM 15.9%
CTRP2 8.5%
8 others 7.1%

3,175,502
response rows

Integrated on drug-sample pairs

Benchmark dataset

3,141,680
unique drug-sample pairs

5.9%
of possible pairs observed

98
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ce
ll 

lin
es

54,180 compounds

Observed value Observed zero Unmeasured

Patient-derived organoids
Zero-shot cross-system evaluation

173
organoids

145
compounds

10,010
drug-organoid pairs

5
cohorts

UMPDO1 UMPDO2
UMPDO3

LICOB
HKUPDO

Primary cohorts Input-incompatible cohorts
100 organoids 4,886 pairs 73 organoids 5,124 pairs

b

0 50 100
Share (%)

Degrees of
freedom

Response
variance

Marginal
attribution

1.76% additive

98.2% interaction

same additive subspace

75.8% additive 24.2% interaction

71.7% drug-marginal unique 24.2% interaction

0.97% shared explained
3.20% sample-marginal unique

c

0.0

0.5

1.0

C
or
re
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tio
n

Total
response

Additive
component

Interaction
component

0.86
0.96

0.32

d

response
Total

component
Additive

component
Interaction

−0.5 0.0 0.5 1.0
Response

0.150

0.130

0.074

0.00 0.15
s.d.

e

0 0.002 0.004 0.006
Squared prediction error

Mean

Seed 3407
Seed 3408
Seed 3409
Seed 3410
Seed 3411

0.0014 0.0046 0.0060

Additive-component error
Total prediction error

Interaction-component error

f

Within-system splits Cross-system evaluation

Held-out cell lines Held-out compounds Organoids, zero-shot
Unmeasured Training support Test support

g


