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Abstract

Purpose: We evaluated the related research on artificial intelligence in liver cancer (LC) through
bibliometrics analysis and explored the research hotspots and current status from 2002 to 2021.
Methods: Publications related to Al in LC were retrieved from the Web of Science Core Collection
(WoSCC) during 2002~2021. VOSviewer and Citespace were used to bibliometrics analysis. Results:
A total of 773 publications in the field were retrieved from the WoSCC database. After 2016, the
number of publications increased rapidly. China and Sun Yat-sen University are the most influen-
tial countries and institutions, respectively. A total of 3339 keywords were investigated, among
which 49 keywords appeared more than 20 times. Keywords are grouped into 17 clusters: #0 ex-
pression, #1 hepatocellular carcinoma, #2 recognition, #3 intelligent neural network, #4 Bio-
marker Discovery, #5 advanced hepatocellular carcinoma, #6 hepatocellular steatosis, #7 deep
learning, #8 Structural analysis, #9 computer-aided diagnosis, #10 machine learning, #11 synerg-
ism, #12 cirrhosis, #13 hepatitis C, #14 in vitro, #15 liver mass, #16 liver. Conclusion: Ai-related
liver cancer research is in the developing stage. At present, artificial intelligence has been exten-
sively studied in the biology, imaging, treatment and risk assessment of liver cancer. This bibli-
ometric analysis shows the current state of research in this field and helps researchers identify
new research directions.
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Figure 1. Annual publication statistics
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Table 1. Top 10 countries/regions with highest publications and total citations on Al in liver cancer

=1 - ALY

I RAE 5| B &SHET 10 MEZR/MX

4 EE AR R ¥ 5K 14 X sl &=
1 PEOPLES R CHINA 414 PEOPLES R CHINA 7886
2 USA 192 USA 5456
3 JAPAN 53 JAPAN 2641
4 GERMANY 37 GERMANY 987
5 INDIA 36 FRANCE 666
6 SOUTH KOREA 30 INDIA 656
7 FRANCE 26 ITALY 518
8 ITALY 26 SWITZERLAND 514
9 CANADA 16 GREECE 399
10 NETHERLANDS 15 MALAYSIA 326
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Figure 2. Country/region collaboration map
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Figure 3. Analysis of co-authorship among institutions
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Table 2. Top 10 publications institutions on research of Al in liver cancer

2. FHE - ATERESUS IR SHET 10 ML

4 B L H A FI 73 H (%)
1 SUN YAT SEN UNIVERSITY 44 5.699
2 FUDAN UNIVERSITY 42 5.44
3 CHINESE ACADEMY OF SCIENCES 32 4.145
4 ZHEJIANG UNIVERSITY 31 4.016
5 UNIVERSITY OF TEXAS SYSTEM 26 3.368
6 NAVAL MEDICAL UNIVERSITY 23 2979
7 GUANGXI MEDICAL UNIVERSITY 22 2.85
8 SHANGHAI JIAO TONG UNIVERSITY 22 2.85
9 STANFORD UNIVERSITY 22 2.85
10 ZHENGZHOU UNIVERSITY 18 2.332
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Table 3. Top 10 publications periodicals and magazines on research of Al in liver cancer
3. BHE - ALERESUSE IR ERSHIET 10 MATIRE

4 AR H AR 735 (%)
1 FRONTIERS IN ONCOLOGY 31 4.016
2 SCIENTIFIC REPORTS 27 3.497
3 EUROPEAN RADIOLOGY 20 2.591
4 PLOS ONE 15 1.943
5 CANCERS 12 1.554
6 BIOMED RESEARCH INTERNATIONAL 11 1.425
7 ABDOMINAL RADIOLOGY 10 1.295
8 FRONTIERS IN GENETICS 10 1.295
9 WORLD JOURNAL OF GASTROENTEROLOGY 10 1.295
10 BMC CANCER 9 1.166
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Figure 4. Journal field double graph overlay
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35. fE&E ST

SHEF I AT BN SR #51ER H fa = AT vrh . H 850k B KR B e S
S| KOS 4, DI R 2 R 5. 3t 4711 fiEE S5 T AI-LC BIRFFE. & 4 5 T HE& b
FHEE R BRSO, STk S & & H a8, HEA T =1017E# 4> 42 Wang Jing (17 55), Chen Gang
(14 %%), ChenJian (13 %)+ Li Ya (13 %), Wang Ying (13 &). H H f83mmfE& 2k AT THER K
4[] Chen Gang (H #6%k: 36).

3.6. JCHRS|XFNSE IR S35 4

#5 WOS Jz VOSviewer XJ 1 2 25 R AT 51 30504, 773 F SCHER A 77 R dk 5| B 50 ¥k. #%51 FH X
B 215 =k CHR 2 5% (Comprehensive analysis of microRNA expression patterns in hepatocellular car-
cinoma and non-tumorous tissues [11]) (2006/ {ONCOGENE?Y ). {H-DenseUNet: Hybrid Densely Connected
UNet for Liver and Tumor Segmentation From CT Volumes [12]} (2018/ {IEEE T-MI} ) {Long non-coding
RNAs and complex diseases: from experimental results to computational models [13])» (2003/ {NATURE
MEDICINE) ). %5 #H 7# 51 FHERTH I SCE,
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Table 4. Top 10 productive authors on Al in liver cancer

4. BHE - ALERESUERTHES

4 (= IRE H f5 2 SRV
1 Wang J 17 14 440
2 Chen G 14 36 363
3 ChenJ 13 3 209
4 Liy 13 6 859
5 Wang Y 13 10 120
6 Li X 12 1 237
7 Zhang L 12 4 127
8 ZhouJ 12 7 133
9 Zhang Y 1 2 219
10 Chen L 10 3 141

Table 5. Top ten documents with the highest citations on research of Al in liver cancer
5. BHiE - AT ERESUSHR 5B+

4 Ly (=3 KA T ISELEIDIE ¢
Comprehensive analysis of microRNA expression Murakam
1 patterns in hepatocellular carcinoma and et al 2006/ONCOGENE 949
non-tumorous tissues '
2 H-DenseUNet: Hybrid Densely Connected UNet for Lietal 2018/IEEE T-MI 830

Liver and Tumor Segmentation From CT Volumes

Predicting hepatitis B virus-positive metastatic
g hepatiti p ; 2003/NATURE
3 hepatocellular carcinomas using gene expression Yeetal. 679
- - A . MEDICINE
profiling and supervised machine learning

Long non-coding RNAs and complex diseases: from Chen et al. 2017/BRIEFINGS 415

experimental results to computational models BIOINF

Oligonucleotide microarray for prediction of early
5 intrahepatic recurrence of hepatocellular carcinoma lizuka et al. 2003/LANCET 415
after curative resection

Deep Learning with Convolutional Neural Network

6 for Differentiation of Liver Masses at Dynamic Y;S:Ik a 2018/RADIOLOGY 283
Contrast-enhanced CT: A Preliminary Study '
Gut microbiome analysis as a tool towards targeted
7 non-invasive biomarkers for early hepatocellular Ren et al. 2019/GUT 273
carcinoma
8 DNA methylatl_on markers for diagnosis and Hao et al. 2017/Pr9c.NatI.Acad. 246
prognosis of common cancers Sci.U.S.A.

Deep Learning-Based Multi-Omics Integration Chaudharyl .
9 Robustly Predicts Survival in Liver Cancer etal. 2018/Clin. Cancer Res. 230

Aberrant Lipid Metabolism in Hepatocellular

. . Patterson 2011/CANCER

10 Carcinoma Revealed by Plasma Metabolomics etal. RESEARCH 206

and Lipid Profiling

S ORI SR I 1 2 00 R B b AL, — e R BRI SCHRZ TR I R o 1803805
VIR Z T4 5% Ukt E % 6 M.  (Global cancer statistics 2018: GLOBOCAN estimates of in-
cidence and mortality worldwide for 36 cancers in 185 countries) [14]. {Radiomics: Images Are More than
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Pictures, They Are Data)[15] & {Deep Learning with Convolutional Neural Network for Differentiation of Liver
Masses at Dynamic Contrast-enhanced CT: A Preliminary Study) [16]/2 5| Fl k¥ £ i) =452 SCiik.

Table 6. Top ten Co-citation references with the highest citations on research of Al in liver cancer
= 6. BHiE - AL ERESUSAT 3451 30k

4 SCHR WOl ¥ BEEERE
1 bray f, 2018, ca-cancer j clin, v68, p394, doi 10.3322/caac.21492 91 141
2 gillies rj, 2016, radiology, v278, p563, doi 10.1148/radiol.2015151169 47 119
3 yasaka k, 2018, radiology, v286, p899, doi 10.1148/radiol.2017170706 40 118
4 marrero ja, 2018, hepatology, v68, p723, doi 10.1002/hep.29913 35 100
5 european assoc study liver, 2018, j hepatol, v69, p182, doi 10.1016/j.jhep.2018.03.019 38 99
6 XU X, 2019, j hepatol, v70, p1133, doi 10.1016/j.jhep.2019.02.023 31 98
7 bruix j, 2011, hepatology, v53, p1020, doi 10.1002/hep.24199 43 78
8 he km, 2016, proc cvpr ieee, p770, doi 10.1109/cvpr.2016.90 31 78
9 litjens g, 2017, med image anal, v42, p60, doi 10.1016/j.media.2017.07.005 27 70
10 van griethuysen jjm, 2017, cancer res, v77, pe104, doi 10.1158/0008-5472.can-17-0339 25 70

3.7. BT XBIAMNEI 4

REIAAER T SCE M R, @ SR (W LB SR IS M o] DAVR A SCE S, R BOZ AU R A
RS W5k 7 fon, HBUREHEA AT 10 POCEIR IR KO “BFEM0E " (421). “JEdE” (141). “Or
1”7 (105). “iZWr” (95). “HLERF]” (92). “Fik” (80). “HAF” (78). “IREZE2]” (17). “RiR
Y57 (BL)F1 “HFREAL” (51). HOMEFREE RV O H A BN OCEEAR bR . OO MEHER T 10 70 0
WA “RF4NBRIE " (1232). “RRE” (781). “4r4Rk” (611). “iZWi” (593). “HL#s2:>]1” (535). “EAF”
(477).  “URFE2E3]7 (444). “FRiK” (435). “FoBdlz” (378)A1 “AFiE{iL” (308). FIF VOSviewer &
Citespace HE1T IR RIS SLIU AT AL /b o Pl 5 38 3 0 B IR mT AR S B ] HE BRI AR, H AR
i, PSS . WS 6 fis, SCHERBE N 17 A% #0 RIE, #1 T4, #2 05, #3 BaEgas
WR2%, #4 EWIbREIR L, #5 M IR0, #6 FFAUMUABRG AR, #7 URFE2A2], #8 45K HT, #9 1HEAL
HEZW, #10 HLE8222], #1LWhEIMER, #12 FFEEfh, #13 TNBU4, #14 fk4), #15 JFFifE, #16 L
(K 5. K 6),

Table 7. Top ten keywords of Al in liver cancer
F= 7. BFHE - AL SusAT+ X817

4 ESan IS IR e an L HEFR
1 hepatocellular carcinoma 421 hepatocellular carcinoma 1232
2 cancer 141 cancer 781
3 classification 105 classification 611
4 diagnosis 95 diagnosis 593
5 machine learning 92 machine learning 535
6 expression 80 survival 477
7 survival 78 deep learning 444
8 deep learning 77 expression 435
9 radiomics 51 radiomics 378

10 cirrhosis 51 cirrhosis 308
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Figure 5. Bibliometric analysis of keywords by VOSviewer
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Figure 6. Clustering analysis of keywords by Citespace
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4. 71ig

e LR UFER, N TR RO ENEEE BB =408 . A5 7018 H Citespace 1 VOSviewer HJ#LALEX
fExFid2s 20 4 AL LE UGS AR DGR FEEAT SCHRTE 2 04T, D SsdR ft T AT A . FR
Guih iR TN TR BRI R SIS AN TR T, B U T AL U R AT
AR, ik S SR EEE AR T o R ARIE 30 b 7 iéas ER. . B FET.
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FUA SR [ A [ FORE 7T R A ) SRR A . SR E R E R Wang I JEE R T 14 FIRSC, 1 H 4R
Bt A & T PE AR 2 1) Chen G, BT AN T4 BEAE R =AU N o BT A 5 75 40
REMRCEETEA TR, XATHe5 Al LE PR 70 R 5 AT RIa6 I BOE 9%

S Tk o SR SR IR B SR bT, FRATTILAE T i #0 Tk, #1 FFLUE, #2 IR5I, #3 N BERRE N 4%,
#A SR EYI I, #5 W 4E s, #6 MFAHMRNRIIT AL, #7 IRFEEF 2T, #8 S5t tir, #9 tHEANAHENS
Wr, #10 HLEs4>), #11 WhEIVER, #12 ATAEfk, #13 AURT A, #14 164N, #15 BTRE, #16 ATAEIL 17
AN, GEAHBUIKAT IS8, HAT HCC-Al ST T 70 S S rR 7R bR S P23 . XU T 45
RIREE . 21

WO 015 B BRI R RN, 95 BRAR 9 4L 40K Bt i 3 IR 1 S5 8 AN AR B, WP B T
KERRBIEENT]. NTEEERIEZAETE, R T HCC MR BRI AR AE 15 AR i
TP R R SRLVEAE BT R 12 WA A 0, DR TR0 B AR T I R D TR BURE (AR #5 (18], 1
Kumardeep Chaudhary 1B\ FIHF 70, @I RNA JIIFF . miRNA Sl R T TCGA 3 1% ) DNA FE
A B B M B AN AR I B R P 2 2 U, i T 2 MR RE A E R IAE HCC MOCTERE, U5
£E1 ¢ Fr 8 0.68, 5 ANHMEBIGIESER) ¢ FeHN 0.67~0.82. iZ5LIERE J5 N T4 4 HCC FA%1(n = 1494),
7R T 5 HCC AEAEAR DG — EUIR BN 3 R [19] £ 8 H JZ T, Jiaqi Li HBA 12 IR FE S I BB 22 (1) DISMIR
B, @R B MIRFEADNT, K DNA FPHI A A0S B4 2127 cfDNA 4 B[R 4 T R & s il
JF(WGBS) £ o, SREE At R UK FEAEAR NI [20]. AT LAUEN T8 REMA D5 B2 M4 S TEARGE Z M
Al 55

MELAR A [15] BIR 2 ), BE2AiAg — B Al N FH 032 B4 . Schmauch I BA ] 367 FkitE 7
1B S AR O R & VR BR8] B IR 2 ), e A5 B AL AT LR SR 7 FFE
AR N B B, I ZREE RN AP RIS AIEAE 1T~ ROC-AUC 4344 0.93 1 0.92 [21]. Yang JT & I 4%
IE TIRESFRMZ ML (DCNN), 7 RE 13 MEIT RGN KRR L thOlE s G 5 . i 5
AN, DX AT RS SR AR Y AUROC 4 0.92, 5 B2 A ¥ W7 S 36550 CT HHERBIEAR 2, AUISET MRI
[22]. FENGPRIFH AN VZ B3 5% CT & MRI o, Bk 2 B FEaR R 1 DA TR BRI 5 R G 5214
KA UNRE ), DMEERE R SEUERA R U ER . Yasaka S5 B — i[RI BPERT 7T, FIF3G5E CT
MO sE I Sk AR, M T —A 3 EBRMAMA(CNN), AT IX4 HCC Ffl3E HCC Jildk, X
SY AN E BOFFIE A% o IR AN b o AT FRDAS S0 5 r BT e B 6 02 W 1 v A R % 0 84.0, 47 ROC
2 FTAN 92,2017, ML T CNN IR /R R CT M i) S0 v R B0 R A s 2 Wi P R [16]
Mokrane X #1502 Wi PR i (00 FF S8 A 28 2 B oA B A 16D JPP0 A8 SR JEAT T — o[l i P 7 (n = 178) . B
RIS 2], AE#EEET 13,920 /> CT B4y AR T ISUN H R E, S8 T X7 HCC 59E HCC AL
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(AUROC: 0.70), HEEZZ[)SE, 20T 708 B A R R 5 S0 B T 08 b A B RS 2 Bl R [23].
M MRI TEEUE I FAR FARECT CT MG R IR HE[24], BIHARX %D o Hamm BIBAFF & 7 —Ff
PRER X 28 355, DT MR IR A2 EAT 43 28, BUR: 9 92%, 5 S Ml 98%, e A HERf 14y 92% [25]
Zhen N/ CNN JF R DL R%t, ZRA4EG 7 KE 1210 HiF Mg S r3gE MR BIE . JE35E
MR FEUG UL Sk IR B, 70 2R AR (B4 HCC) iR I T v RE, LRSI AR 5
WS L E WU RHEA Y . B, SRR D) MR SUE 5 16 R EE 45 6 1 A H A
FI[26].

Al TERHETRTT R IR R B HREX TS « Y97 BTN F . HCC HITEAS SR 3 T A
HEYM, Saillard % ANFIFHGIME NS HCC ARG M ZwBLY) 38 BURHIE, @S2 T — MR, %
P RS TR F AR VIBR I HCC g AR, HLHER M = TAE ARSI BT A IR IR « AR 08 BEARAE ()
ZEATP4r[27]. Akira Saito HIBAICEE T 158 #il#%5% FARVIBR I HCC B#H ARG BT B v, didpLas
SINHEE ARG R HAT @ TN [28], Z ALY R A Bh TR HCC AR5 RS Kk, ZIit 7 B
T BhBE A ) 5B AR S A BB IT B0 5 % . Ipek Oezdemi [ A FH I A 2 75 36k 5 PR 235 5 3 B Iz o2 A T )
HCC % TACE ¥&97 I8 o 38 FA ML 2824 ST M 36 f51] HCC 35 ¥4 77 1 (1388 75 ik 52 PG h B0 i R 45 4 (1 7
BRI, MR, XL M SHLLS . BB RINRAIMER A 86%, Must: fRs R0 HA
89%7#1 82% [29]. (HIXIUHF FIREARRE/DN, WATHEAN T — 5 1FAh

5. &g
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AEBD . EHASIGZ ZREESE R 52 2 I RAE A SR AR (T SE AR 1 . A FUXT AT
TS N TR RE A OB FU D HEAT S AT, FFONAORHES) Al FE TR T (0 AR SR BT 17
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