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Fig.1 Ten—fold—based synergy prediction

* Represents the observed synergy score, A represents the predicted synergy score corresponding to the non-zero space, @represents the predicted

synergy score corresponding to the missing value, @ represents the average predicted synergy score corresponding to the missing value.
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Fig. 2 The correlation analysis between predicted and observed synergy scores based on 583 drug combinations

(a) The distribution of predicted and observed synergy scores to 39 cell lines. (b) The distribution of predicted and observed synergy scores to the cell

line A2780. (c) The distribution of predicted and observed synergy scores to the cell line LOVO.
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Table 1 The prediction result comparison between NNRM and other four models

Model MSE RMSE pPCC ACC ROC _AUC PR AUC
NNRM 252.64 14.78 0.73 0.94 0.90 0.59
AuDNNsynergy 241.00 15.46 0.74 0.93 0.91 0.63
Deep learning+PCA 241.20 15.46 0.76 — — —
DeepSynergy 255.49 1591 0.73 0.92 0.90 0.59
RF 307.56 17.49 0.65 0.92 0.87 0.55
SVM 398.39 19.92 0.50 0.76 0.81 0.42

22 ETHRRRATINERS

39 4~ 40 i & B9 MSE A9 2% 4k 3 il A 68.53~
945.08 (& 3a), 514 (13%) 4H & KT 450,
67% HIAIIIZ/NT200; 39 AL ZR A PCCIEF A
0.48~0.87, HAE24 (5%) HifZR/NT0.60, 67%
A0 R KT 070 (&l 2b, ¢); 394410 & 1)
SCC{E [E 4 0.59~0.83, F¥{H K 0.73, Hr 94
(23%) 42 KT 0.80, 64% FIANAE £ KT 0.70,
97% I 4l il & KT 0.60. AuDNNsynergy F1 Deep
learning+PCA [ SCC i [fl 24 0.56~0.81, “F-34{H K
0.73, 55% WA R K TF0.70, 92% Wil R KT
0.60. Z7 I, NNRM X FARHB 20 L 52 () P 2 S
B Af, H SCC 4§ #r % 1A £ T AuDNNsynergy Fil
Deep learning+PCA .

HE—A 6 39 M RSV R 725 LUNG
(i, fU& 7402 ). BREAST (FLIR, &6
4R %) . LARGE INTESTINE (K7, fu8
MM AR) . SKIN (J2fk, B e Mdiiis).
PLEURA (MgfsE, f& 17418 %& ). OVARY (B)
B W&o ER) FIPROSTATE (FisAR, U
T2AUIR) . T PCC GZRALZU T A 4
MR B PCCHISERIME) 43028 0.72. 0.75. 0.70.,
0.67. 0.67. 0.79, 0.74; SCC 435l 0.74, 0.73,

0.70. 0.70. 0.67. 0.77. 0.72. HE3b A LIFE L,
FELZUZ T, NNRM 763X A8 bR 18 3 0 2
FEAR—F 7 HLUN AR R 25 R Ay, Horp
OVARY A9 Fitil 25 2 e #HAR , PLEURA %) T 25 21
2. HPLEURAMUE S IR, BORNREDLA
NNRM A& FHMZH . 456K 3a kB8, BT
[F]—ZH UK AN 22, NNRM f4 T 25 SR AR ]
HERESMIB KN ZESR, W LUNG AU 41 &
NCIH2122 F1 NCIH23 ) MSE 43 5l 2} 945.08 F
899.66, i NCIH520 4 98.99., 1 Ff Bl 42 [] £ Hi B
7 AuDNNsynergy "', {H J& NCIH2122 7£ Deep
learning+PCA F1 DeepSynergy H %) T AH X 2k 15
AEHEAR
23 ETHYMTNE RS

M F 3RS TR A R I K, B X &
LUEATE 7/ S M 0 B S T S VT3 B 1 1 D
38 EA WAy i 7 W 3 BT 24 A 5 39 A i
1 TN A 55 U8 Y MSE 434 W & 4a iF 7 . 38
il 245 ) 1) MSE 7% k35 [l 4 67.65~624.05, 7 F
(18%) ZHMI KT 400, 47% HIZ5H1/NT 2005 38Fh
25WI ) PCC {5l 0.55~0.79, 2Fh (5%) 25¥1{%
F0.60, 42%MIZ5¥ET0.70, Feildh, 5259
SUNITINIB fUZH-E X T4 4R (5 10%) 1)



2023; 50 (3

2EM, % ETCERENKMTEAYASHEERT *639-

(a) :LUNG w=m:[LARGE INTESTINE

1000y : BREAST mmm: SKIN

750

500

MSE

250

ES2

HCT116 m——

HT144

HT29 m—

(=]
A2058 —

A2780

A375 ee——

A427

CAOV3 meeesmm——

COLO320DM mmmmm
KPL ] m—

LNCAP I

LOVQ =

DLDI1 mm
MDAMB436 ==

EFM192B s

(®)

BREAST

LARGE_INTESTINE

SKIN

MSTO

NCIH1650
NCIH2122

:PLEURA mm: PROSTATE
== OVARY
M2OSSO—=0O= QNS AN A~ A=
AV AZR K A0 NN >N NTNO 0 <0
Rt CEL i)
OEE=g0JU Tz v SN
%8 zgpot i
zz® © ¥ 22
o
z
5
LUNG e :PCC
0.8 @ :SCC
0.75
PROSTATE
OVARY

PLEURA

Fig.3 The prediction results of 39 cell lines
(a) MSE distribution of 39 cell lines. (b) The distributions of PCC and SCC of seven types of tissues.
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Fig. 4 The prediction results of 38 drugs
(a) MSE distribution of 38 drugs. (b) The distributions of PCC and SCC of eight types of targets.
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Table 2 Virtual screening performance of the NNRM

model

N 1 3 5 20 40 60 90
TopPN 3% 18%  26%  54% 74%  82%  90%
TopON 2% 21%  38% 74%  90%  95%  97%
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Table 3 Prediction result comparison of 14 representative
cell lines with different folds

Top 7 cell lines Last 7 cell lines
Fold number
MSE PCC MSE PCC
3 150.34 0.82 484.95 0.56
5 136.29 0.83 465.80 0.58
8 130.41 0.84 456.85 0.59
10 128.78 0.84 456.42 0.58
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Fig. 5 Outlier analysis of observed synergy scores
(a) The heat map of PCC among 39 cell lines based on observed synergy scores. (b) The distribution of observed synergy scores of 16 drugs in the
supplemental group for the cell line NCIH23. (c) The distribution of observed synergy scores of 22 drugs in the exhaustive group for the cell line
NCIH23.
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Table 4 The changes of evaluation indexes of 10 representative cell lines before and after removing outliers

Cell lines Outlier removal pPCC PCC status MSE MSE status
A375 No 0.64 Up 276.38 Down
Yes 0.68 256.13
CAOV3 No 0.80 — 314.51 Down
Yes 0.80 308.59
HT144 No 0.61 Up 222.14 Down
Yes 0.69 189.68
LNCAP No 0.67 Down 654.21 Up
Yes 0.63 721.01
MSTO No 0.72 Up 511.18 Down
Yes 0.73 510.62
NCIH23 No 0.59 Up 441.50 Down
Yes 0.63 421.31
NCIH2122 No 0.64 Up 322.43 Down
Yes 0.67 310.04
SKMEL30 No 0.62 — 295.40 —
Yes 0.62 295.40
SW837 No 0.71 Up 218.71 Down
Yes 0.73 207.79
T47D No 0.77 — 605.74 Down
Yes 0.77 597.83
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Abstract Objective Anticancer drug combination therapies are a promising therapeutic strategy. Drug
combinations exhibiting a highly synergistic effect are crucial to improve the treatment for specific cancers.
However, identifying such combinations is very complicated and difficult due to the tremendous screening cost.
The availability of large-scale high-throughput combination screening data provides opportunities for
computational approaches. The purpose of this study is to optimize the high-throughput virtual screening of
anticancer drug combinations in a completely data-driven and computational modeling way, and provide
theoretical reference for “old drugs repositioning as new combinations”. Methods Inspired by the matrix

completion, we present a nuclear norm regularization-based model, termed NNRM, to predict synergy scores and
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synergy status of anticancer drug combinations. Symmetric observation matrixes of synergy scores were
constructed for given cell lines; a folding technique was employed to sparse the observation matrix; alternating
direction multiplier method and soft threshold estimation were applied to solve the model. Results NNRM
achieved expected predictive result on the dataset released by O’Neil’s team, the root mean square error of the
synergy score prediction was 14.78, and the accuracy of the synergy status prediction was 0.94. It is not only
significantly superior to the Random Forest and the Support Vector Machine, but also completely comparable to
the state-of-the-art deep learning models including DeepSynergy, Deep learning+PCA and AuDNNsynergy.
Moreover, NNRM effectively filled the missing synergy scores most of which are consistent with existing
research or clinical practice. Conclusion NNRM could predict the synergistic effect of large-scale drug
combinations in batches, which greatly lowers the data requirements by existing models, reduces the
computational cost, and shortens the screening time. It indicates that NNRM is an alternative tool for high-

throughput virtual screening of anticancer drug combinations.

Key words anticancer drug combination, synergistic effect, high-throughput virtual screening, matrix
completion, nuclear norm regularization, computational model
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