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Mechanistic Insights into Resistance to Conversion Therapy

in Hepatocellular Carcinoma

NIU Yi, LI Binkui*, YUAN Yunfei*

(State Key Laboratory of Oncology in South China, Guangdong Provincial Clinical Research Center for Cancer,
Sun Yat-sen University Cancer Center, Guangzhou 510060, China)

Abstract Primary liver cancer is one of the most common malignancies in China. Due to its atypical early
symptoms, the majority of patients are diagnosed at an intermediate or advanced stage, resulting in unresectable
disease and poor survival. Conversion therapy for HCC aims to downstage initially unresectable tumors to resect-
able disease through interventional therapy, targeted therapy, and immunotherapy, thereby offering a chance for cure
and improving survival. However, there are still many patients developed primary or acquired resistance to treat-
ment, which limits the efficacy of conversion therapy. This review focuses on the molecular mechanisms driving
resistance to conversion therapy in HCC, including aberrant signaling pathways, tumor microenvironment dynam-
ics, cancer stem cell characteristics, as well as genetic and epigenetic alterations. Further investigation of resistance

mechanisms is critical for identifying patient subgroups most likely to benefit from conversion therapy, developing

tailed therapeutic strategies, and enhancing the overall therapeutic efficacy in HCC.
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Bl Bk O pEDUA . RALIEJE. FOLFOX4.
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TR AR

BTE R JE PR S D I R T AR (LT R R

K =400 pg/L) MATFIBR RO BELA . REVRIBR SR BBk s Bk

HCC: hepatocellular carcinoma; PS: patient performance status; CNLC: China liver cancer staging; MDT: multidisciplinary team approach; TACE:
transarterial chemoembolization. Systemic anti-tumor therapy includes first-line treatments: Atezolizumab+Bevacizumab, Sintilimab+Bevacizumab
biosimilar, Apatinib Mesylatet+Camrelizumab, Donafenib, Lenvatinib, Tislelizumab, Sorafenib, FOLFOX4 (combination chemotherapy regimen).
Second-line treatments include: Regorafenib, Apatinib, Ramucirumab (for serum alpha-fetoprotein levels = 400 pg/L), Pembrolizumab, Camrelizumab,
Tislelizumab.

Bl hEREIRRSHSETREE B R L AT IS TR (20245 M)
Fig.1 Clinical staging and treatment roadmap for liver cancer in China [adapted from the Guidelines
for Diagnosis and Treatment of Primary Liver Cancer (2024 Edition)]
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AR, W2 BT W] TACEIR T #i 4t
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HES) e 2 e 1) OC B DK 32 . TACER Ji5 fih 8 24 Ffa
A7 ST -1a(hypoxia inducible factor 1 subunit
alpha, HIF-1a). TP53(tumor protein P53)%5 3 [ 45
ik, WL FIE 5 AMPK/mTOR(5’ adenosine mono-
phosphate-activated protein kinase/mammalian target
of rapamycin)ifi #% 5| & H Wk, 5 B0 20 oo A7
FEART 2450, HIF-1004038 53 1 Snail #l Vimentin &g
F R, $MHE R 12 A BAX/BAK(BCL2-associ-
ated X/BCL2 killer 1)f#13#0% , /> BH3-only(BCL-2
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Table 1 Conversion rate statistics of liver cancer

T T % T AR B efp WL A
Treatment regimen Year Sample size Patient staging Conversion rate Objective response rate
TACE 202156 42 BCLC A/B 9.5% 16.70%*

20165% 831 BCLC B/C 10.0%
HAIC 20225%% 130 BCLC B/C 12.3% 35.40%"

2021160 159 BCLC A/B 16.0% 46.00%"
TACE+HAIC 202156 41 BCLC A/B 48.8% 65.90%"
Sorafenib 20215% 132 BCLC B/C - 5.30%"

20191 122 BCLC C 0.8% 2.46%"
Lenvatinib 20221 9 BCLC B/C 88.0% 2.90%"*
TKIs+anti PD-1 Ab 2023 101 BCLC A/B/C 23.8% 32.70%"

202214 187 BCLC B/C 15.5% 37.40%"
T+A 20231 156 BCLC B/C 10.9% 32.00%"

20205 336 BCLC A/B/C 33.20%"
HAIC+TKIs+anti PD-1 Ab 2021161 34 BCLC C 60.0% 96.00%"
TACE+HAIC+TKIs+anti PD-1 Ab 202357 95 BCLCC 46.3% 53.7.0%"

TACE: T2k 6T ke 9E; HAIC: JIFSIIKEELST; TKIs: R EBRIME N7, PD-1: FEFFMEBET-(EEA)-1; T: BT & FUZR LI A DUERERALST; 2%
TR SRR T RO PR HE(mRECIST) VR4l P2 T S AT PP Al b (RECIST) PAti; BCLC LA TR R e 73T -2 oK LA

TACE: transarterial chemoembolization; HAIC: hepatic arterial infusion chemotherapy; TKIs: tyrosine kinase inhibitors; PD-1: programmed death pro-

tein-1; T: Atezolizumab; A: Bevacizumab;  assessed based on the mRECIST (modified Response Evaluation Criteria in Solid Tumors); "assessed based

on the RECIST (Response Evaluation Criteria in Solid Tumors); BCLC refers to the Barcelona Clinic Liver Cancer staging system. -: unreported.
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AL TR, IS VERY AR R 1 ATE RE(E HE PR 4
i3 4 Jof 98 1) X M (oncostatin M, OSM), M i L[]
] CD8™ T4H ML ZH N5 DI fe , fe 2 51k e %
BITHRHT e IR R It B AE e o B
(0 e P, T FE R I, 1g G ok 20 MR k4 i ) V2
22 18N 5 J e 553 B8 22 B AR AR AR oG, LA B R
A% B2 i 38 1 CXCR3-CXCL10%h 554 1gGH 41
JL, SdoR, 1%L TG 4 3= A o BUR It B
NI B, £ 51 S M S oA S R TR B ™ 1
Ab, AEA IR GIA L 7 an LR UL SRRE O T e
G BEAM IR BT T Bt R 4% 38 S (R e E H

T PEIR ST IR 53— MG AE S5 B i 2 ik
(anti-drug antibodies, ADAS)[F =4, KZ HH [
PURAE 518 B BAE G B8 1755 ADASHIIE
B, 53 ADAsT] B 24 490 135 [ A Hh R 25 P 1) i
P£. IMBravel 50150 KRR ML Hr W], ADAK
235 SR BEA: F0 58 2 ] 5 M B B 4 B R D, BT
X% T ADAFAPE SR U, GHE5HE H R ADAs/KF
B 1A IR B 5 R R B R P A, CD8 T4 a1
FESZ 45, CD8" THH M A [ IFN-y A TNF-o(tumor ne-
crosis factor-alpha)7ZK-F-Jli /™1, bah, ADAsH] 43K
IR R AT B0, i I ADASH] 5 B SR 4T
R AT AR X G54, B L 25 E 1), BRI IR 97 7
PEBO, BRI, WA 7 Hr R IR AR BT ADASH 5 254
JTRE R . H AT ADASTE G IR IT o IR
AR5, HEE P IRR.

A, BREFRIE, iE e HEN 5 i iE
R0 B FR G 58 A HAH TELATE FH R Y5 B 28 s 2 B, R T I

MU R A S, ARt — BT,

3 HEMEEKEIRTT

WNETSCHTIA , B—HIR YT J7 OF AR 56 4 bR
iR, LB A7 VR YT HRBU IR 1) 8, A1 3 4 R Ji e
BT AN —IRIT B SR IT K, JIRik
FIHI>27HIATT BOR o PR 5 A 2R H 5T (Atezoli-
zumab) BE A TR R HL 4T (Bevacizumab) (LA T &R N
T+ATT S WA NI e T 1 — 4 2, 58
07777 2 HE RE % S 25 B e R I R e 42 %
fi# (complete remission, CR)% , (& B FH T 5. IM-
Bravel 50l R0 B4l R B, T+ATT7 5 1) % M N 2
#933.2%, PIRFERIZ N 72.3% . 55> B
X T+AT] BAFIEIRITHIT. GO3014071 IMbravel50
PRI FE b, o (2 L SURE AT i A e s 2L 00 e DA
SR BT, G5 RN, T+ATT R0 R 3 &
= W R PUIE e OBLAR R 7 Tl B, B G TFN-a/y
PR AT P B TR E R B AR, H
[ BEARAS . JHV R AQ U A Noteh(E 5 38 2 2k PR 3,
CXCR2P1(C-X-C motif chemokine receptor 2 pseu-
dogene 1), i FHILHNE 13 K ICOS(inducible
T cell costimulator). TIMD4(T cell immunoglobulin
and mucin domain containing 4)% i % 7= 55 3£ K v
VBN T+AJGTT Ik R ST AE 7> ThR S . [FI, 4]
B PER I HT R I, CD8” T4IML. CD4™ T4
Tregs. BAf. DCAMIIYZ 5T+AIRIT 4R,

ERAIRYT T, AR 52 i) T I TACE
KA HAICHNS . BTSRRI, B T G TACE
697, TACE-HAICTH] KM P4 i P T AR AL s 2l
K, BEE R SRS . TACE-HAICH FARE AL
24 48.8%, 1l TACE4149.5%. [FIF, TACE-HAIC
ARIG I AN RSN, ATAT I, XA e AR RS
fit 78— TACE/HACHAITHRIUE J1. BEAh, BIBALE
W T TACE-HAICIEK & #E [7) o2 BT IR T 7 A5 20T e
B IETTER B R R T R M TR G TACE
BT 72 BRI R U] BB IR m iz R AL TR
RMBEER G P, A ORRNY 53.7%, MMiH.4E
TACE#1{X 7.8%(mRECIST), & 41 i i o ik g A7
Wi 148 H, BEK T TACEAM 234 A B9, R4
BV 7 AR 3T A RO A R AR YT IT AL,
EAAFAEIR YT GRS O, Ho LG 2 5 5 5 —
0T A R B A AE T AL, 36 75 St — PR
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St ZFERR, HALIRIT NI R IGTT
) B LA R 4y, e IR R A TR T KL A
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AR & 77T (PROTAC) LA K CAT-TVR T 5 10 % F B
B ARAE AW, HIED R FIRIR. Ak
TFF 70 B 4 8 SR A T 10 2 T A e ) AN I i T 24
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