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Abstract: [ Objective] To characterize the features of the gut microbiome and its association with clinical prognosis in
patients with intermediate and advanced hepatocellular carcinoma (HCC) treated with transcatheter arterial
chemoembolization (TACE) combined with targeted therapy and immunotherapy. [Methods] This retrospective study
enrolled patients with intermediate and advanced HCC who received TACE combined with targeted therapy and
immunotherapy at the First Affiliated Hospital of Sun Yat-sen University from February 2025 to July 2025. Baseline
clinical data and fecal samples were collected from all enrolled patients before the index hospitalization and treatment.

Patients were stratified using two independent criteria: (D a good—prognosis group and a poor—prognosis group, based on
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whether progression—free survival (PFS) reached 6 months; @) a response group and a non-response group, based on
tumor response to the first TACE assessed by the modified Response Evaluation Criteria in Solid Tumors (mRECIST).
Metagenomic sequencing was performed on fecal samples. Bioinformatic analysis was conducted to evaluate the diversity
and compositional differences of intestinal bacterial and fungal communities between groups in each stratification, and to
screen for prognosis—associated characteristic microbial taxa. [Results] A total of 61 patients met the inclusion criteria.
Analysis of a—diversity and ( —diversity showed no statistically significant differences in bacterial and fungal diversity
between groups under either stratification strategy (P> 0.05). At the bacterial level, Lactobacillus johnsonii (prognosis
stratification: P=0.048; response stratification: P=0.043) , Bifidobacterium dentium (prognosis stratification: P=0.004;
response stratification: P=0.030) and Clostridioides difficile (prognosis stratification: P=0.017; response stratification: P
=0.016) were significantly enriched in both the good prognosis group and the response group. At the fungal level,
Cryptococcus decaguttatus (P=0.045) , Puccinia striiformis (P=0.002) , and Kwoniella quercicola (P=0.015) were
enriched in the good-prognosis group; Kwoniella bestiolae (P=0.037) was enriched in the response group; and
Akanthomyces muscarius (P=0.024) was enriched in the non—response group. Survival analysis based on the common
differential bacterial abundance in both groupings showed a significant correlation between the abundance of
Bifidobacterium dentium and patient prognosis. [ Conclusion] Differences in the gut microbiota are associated with the
prognosis of patients with intermediate and advanced HCC treated with TACE combined with targeted therapy and
immunotherapy. Bifidobacterium dentium may serve as a potential predictive biomarker for the efficacy of this combination
regimen, and represents a potential intervention target to modulate treatment response. Differences in gut fungal
communities are also potentially associated with the prognosis of intermediate and advanced HCC patients receiving TACE
combined with targeted therapy and immunotherapy.
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The Chaol index (H=0.070, P=0.791) and Shannon index (H=1.656, P=0.198) of bacterial a diversity between groups grouped by prognosis (A-B).
The Chaol index (H=0.335, P=0.563) and Shannon index (H=1.581, P=0.209) of bacterial a diversity between groups grouped by presence or absence
of response after the first TACE (D-E).The results of principal coordinates analysis (PCoA) of bacterial B diversity between groups grouped by prognosis
and by presence or absence of response after the first TACE (C, F). The Chaol index (H=3.277, P=0.070) and Shannon index (H=0.481, P=0.488) of
fungal « diversity between groups grouped by prognosis (G—=H). The Chaol index (H=0.631, P=0.427) and Shannon index (H=0.444, P=0.505) of fungal
a diversity between groups grouped by presence or absence of response after the first TACE (J-K). The results of PCoA of fungal B diversity between
aroups grouped by prognosis and by presence or absence of response after the first TACE (1, L).
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Based on the analysis at the genus level, the top 10 bacterial genera with significant differences between groups categorized by prognosis and by

the presence or absence of response to the initial TACE treatment (A, B). At the species level, the top 10 bacterial species with significant differences

between groups categorized by prognosis and by the presence or absence of response to the initial TACE treatment (C, D). The top 10 fungal species with

significant differences between groups categorized by prognosis and by the presence or absence of response to the initial TACE treatment (E, F). Red

indicates a higher relative abundance in Group A (good prognosis group/responding group), while blue indicates a higher relative abundance in Group B

(poor prognosis group/non—responding group).
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Fig. 3 Differences in gut microbiota community composition between groups
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A comparison of OS differences between the two groups grouped by the median abundance of B. dentium, L. johnsonii, and C. difficile (A, C, E). A

comparison of PFS differences between the two groups grouped by the median abundance of B. dentium, L. johnsonii, and C. difficile (B, E, F). Red

indicates the high abundance group, and blue indicates the low abundance group.
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Fig. 4 Survival analysis of differential bacterial abundance grouping
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Fig.5 Comparison of ROC curves of different prognostic prediction models

Patient A
B. dentium high
abundance group

Patient B
B. dentium low
abundance group

The images above show patients with high abundance of B. dentium (A, B, C, D), while the images below show patients with low abundance of B.

dentium (D, E, F, H). From left to right are the imaging images of the first visit, the first TACE surgery period, the first TACE postoperative plain scan,

and the first TACE postoperative arterial phase.
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Fig. 6 Representative medical record

33 HREFESEENTEEDIRE

HEAE I HT R R ARG B. dentium FAXT B AR S0
MY B, PFS 55 BA G 7 5 X, ik HEIESE
TR AE S AE RS LE Wb S e, A
iR T (R 3 BILA 2 2T A8 1 22 Fh TS A A L
AR S, T 18 TR A AR A 1 0 A R S e AR T

& 8 1l R 73 191 (CNLC) i3 £ 47 (up—to—seven)
L fiis AFPRERY . H BEHLAR AR AL H 2k 0 B s
B. dentium WA BRI A 122 T AEASE AR v ) i 0 P
To X SEEE IR AT ) SRR LR W ZEE B
dentium ~FJ& W] BEJE — B AR R AEAE YR
Y, HAETN e 391 TACE B3 #L i o B



55310 XL, A5 M AR IR TACE B3 3 5357 TS AR S 407

Ja 75 1 AT REDE TR L G b , ol PRITUR WAl A<
RO TR

IR AW A E—E R R IRIE . 5 %8, AT
FE N UL BT HAEA S (n=61) HIXSHUDN,
WS T TR TR B IE R, k= a7 g R
o RAR T i P B 14 30 28 M S al , PR ke TG
TE R R 922 A B B R U 1) PR R R
AR 2T PRI T AT B AR AR DL UE AR AL
AWFTER S B U AT EBEAT 1AM
fiid A EE G T AAT o AT, (FL 3 TR RS T AL
A LA BLT CanACa ™ 4 e 4 g e A A8 4k )
WA B . A, FoAT] EEOCTE TR YT T A R R
ik, 307 1 A P A S AT AL KRR 7 280 S 453 )
RPN

S 3k

[1] Bray F, Laversanne M, Sung H, et al. Global cancer statistics
2022: GLOBOCAN estimates of incidence and mortality
worldwide for 36 cancers in 185 countries [J]. CA Cancer J
Clin, 2024, 74(3): 229-263.

(2] R 7%, /=i A 2R g BT, S B,
2025, 16(2): 214-219.

Wu GD, Lu Q. Full-process management of liver
transplantation for hepatocellular carcinomal J ]. Organ Transp,

2025, 16(2): 214-219.

—
w
—

Llovet JM, De Baere T, Kulik L, et al. Locoregional therapies
in the era of molecular and immune treatments for
hepatocellular carcinoma [J]. Nat Rev Gastroenterol Hepatol,
2021, 18(5): 293-313.

[4] Finn RS, Qin S, lkeda M, et al. Atezolizumab plus
bevacizumab in unresectable hepatocellular carcinoma [J]. N
Engl J] Med, 2020, 382(20): 1894-1905.

X, BRI B, A AR S R R R
1 5 AR - L3 B A5 10 2 2R LA DNA X 25 948 Bl ik Ak 7 e
FEARYA YT I A T A8 2 T0US TN R [ ). I PR 7 5 4
&, 2026, 54(3): 304-307.

Zhao ZW, Cui YX, Liu HM, et al. The prognostic value of

()

(5

peripheral blood abnormal prothrombin, alpha fetoprotein
heterologo—L.3 combined with free mitochondrial DNA in
patients with primary liver cancer treated with transcatheter
arterial chemoembolization[J]. Clin J Med Officers, 2026, 54
(3): 304-307.

[6] Kudo M. Combination cancer immunotherapy with molecular
targeted agents/anti-PD~-1 antibody for hepatocellular carcino-

mal J]. Liver Cancer, 2019, 8(1): 1-11.

Lf LTIk A SR R4 52 TACE Bk
HE G 38 I 1 Th WG 1 HCC B v, g T8 T R Y
R K Z2 AR T BE TR B0 95U 1 BURHR A L 1 LA
L. johnsonii B. dentium 5 X 3% (1) 5 € B P, ) i
7 W AR SR S50 36 7 SN A PES B T 8 TR B A5
P . Jo AR REAIRTE I | C. difficile . C.
decagattii “FFE T 50T A S AT 1F 0] CHK " /5
B AL . ARSRBETERY R NS, -5 5 75
PR 2 2 AR 2 R S I35 20 A, DL A 75 3 6 AR
ARVER AT A BRI . R T T
A A= /0 R AR TR AR RS A A T B 4 i 1
A A AL M HCC TR B IR YT SR 5
A REHEALIR ST RBT IR A

[7] Yu LX, Schwabe RF. The gut microbiome and liver cancer:
mechanisms and clinical translation[J]. Nat Rev Gastroenterol
Hepatol, 2017, 14(9): 527-539.

[8] Ponziani FR, Bhoori S, Castelli C, et al. Hepatocellular
carcinoma is associated with gut microbiota profile and
inflammation in independent of etiology [J]. Hepatology,
2019, 69(3): 1074-1088.

[9] Tripathi A, Debelius J, Brenner DA, et al. The gut-liver axis
and the intersection with the microbiome [J]. Nat Rev
Gastroenterol Hepatol, 2018, 15(7): 397-411.

[10] b, AR, XV, &5 . PR% 20 M0 A O L s s AT

ARG RS /IS R I BRRE TS RE B [ ], I ) 7
BE%%, 2025, 39(1): 11-15.
Meng ZC, Zhou L, Liu YL, et al. Effects of poria cocos
polysaccharideon intestinal flora and liver function of mice
with  nonalcoholic  fatty liver associated hepatocellular
carcinomal J |. Mil Med Jnt Log, 2025, 39(1): 11-15.

[11] Gopalakrishnan V, Spencer CN, Nezi L, et al. Gut
microbiome modulates response to anti—-PD-1 immunotherapy
in melanoma patients [J]. Science, 2018, 359 (6371) :
97-103.

[12] Routy B, Le Chatelier E, Derosa L, et al. Gut microbiome
influences efficacy of PD-I1-based immunotherapy against
epithelial tumors[ J ]. Science, 2018, 359(6371): 91-97.

[13] Zheng Y, Wang T, Tu X, et al. Gut microbiome affects the
response to anti—-PD—1 immunotherapy in patients with
hepatocellular carcinoma[J]. ] Immunother Cancer, 2019, 7
(1): 193.

[14] Bai L, Yan X, Qi P, et al. Effect of transarterial



408

HlR AR 2 (R A2 )

547 %

[15]

(18]

chemotherapy on the structure and function of gut microbiota
in New Zealand white rabbits[J]. Biology (Basel), 2024, 13
(4): 230.

Li R, Liu J, Ye F, et al. Microbial metabolism dysfunction
induced by transarterial chemoembolization aggravates
postprocedural liver injury in HCC [J]. J Hepatol, 2025,
S0168-8278(25)02557-17.

Bian CF, Wang Y, Yu A, et al. Gut microbiota changes and
biological mechanism in hepatocellular carcinoma after
transarterial chemoembolization treatment [J]. Front Oncol,
2022, 12: 1002589.

Yang J, Lim J, Kim EH, et al. Prognostic role of short—chain
fatty acid—producing gut microbiota and gut microbial
dynamics in patients with hepatocellular carcinoma receiving
chemoembolization: a prospective study [J]. J Hepatocell
Carcinoma, 2025, 12: 1991-2004.

Mao J, Wang D, Long J, et al. Gut microbiome is associated
with the clinical response to anti-PD-1 based immunotherapy
in hepatobiliary cancers[J]. ] Immunother Cancer, 2021, 9
(12): e003334.

Inukai Y, Yamamoto K, Honda T, et al. Intestinal
microbiome associated with efficacy of atezolizumab and
bevacizumab therapy for hepatocellular carcinoma [J].
Cancers (Basel), 2024, 16(9): 1675.

Lee PC, Wu CJ, Hung YW, et al. Gut microbiota and
metabolites associate with outcomes of immune checkpoint
inhibitor-treated unresectable hepatocellular carcinoma[J]. J
Immunother Cancer, 2022, 10(6): e004779.

Liu C, Wang Z, Zhang H, et al. Gut microbiota modulates
tumor metastasis through the hepatic portal vein [J]. Cell
Rep, 2021, 36(11): 109703.

rAe N BRI [ 58 T A e 2 0 e BR ] ISR M AT
LT R R (2024 4R ) [J]. B ATES S# 28 5, 2024, 15(3) :
532-559.

Department of Medical Administration, National Health
Commission of the People’s Republic of China. Guidelines for
the diagnosis and treatment of primary liver cancer (2024
Edition) [J]. Med J Pumch, 2024,15(3): 532-559.
Lencioni R, Llovet JM. Modified RECIST (mRECIST)

assessment for hepatocellular carcinoma [J]. Semin Liver Dis,

—
3]
Ne)

[t

[31]

2010, 30(1): 52-60.

Wong GLH, Wong VWS, Tan GM, et al. Surveillance
programme for hepatocellular carcinoma improves survival in
high-risk patients: a prospective study[J]. Liver Int, 2019,
39(7): 1314-1324.

Wexler AG, Goodman AL. An insider’ s perspective:
Bacteroides as a window into the microbiome [J]. Nat Rev
Microbiol, 2017, 15(4): 207-220.

Miquel S, Martin R, Rossi O, et al. Faecalibacterium
prausnitzii and human intestinal health [J]. Curr Opin
Microbiol , 2013, 16(3): 255-261.

Jia D, Wang Q, Qi Y, et al. Microbial metabolite enhances
immunotherapy efficacy by modulating T cell stemness in
pan—cancer[.]]. Cell, 2024, 187(7): 1651-1665.e21.

Sivan A, Corrales L, Hubert N, et al. Commensal
Bifidobacterium promotes antitumor immunity and facilitates
anti—PD-L1 efficacy[J]. Science, 2015, 350(6264) : 1084—
1089.

Pushalkar S, Hundeyin M, Daley D, et al. The pancreatic
cancer microbiome promotes oncogenesis by Induction of
innate and adaptive immune suppression[J]. Cancer Discov,
2018, 8(4): 403-416.

Jani CT, Edwards K, Bhanushali C, et al. Leveraging
beneficial microbiome—immune interactions via probiotic use
in cancer immunotherapy [J]. Front Immunol, 2025, 16:
1713382.

Guimardes—de—Oliveira JC, da Silva—Junior EB, Meyrelles
MSM, et al. Immunomodulatory effects of Cryptococcus
neoformans capsular polysaccharides on macrophage infected
with Trypanosoma cruzi[ J ]. Acta Trop, 2025, 271: 107849.
Nash AK, Auchtung TA, Wong MC, et al. The gut
mycobiome of the human microbiome project healthy cohort
[J]. Microbiome, 2017, 5(1): 153.

Ma C, Han M, Heinrich B, et al. Gut microbiome—mediated
bile acid metabolism regulates liver cancer via NKT cells [J ].
Science, 2018, 360(6391): eaan5931.

Derosa L, Routy B, Thomas AM, et al. Intestinal
akkermansia muciniphila predicts clinical response to PD-1
blockade in patients with advanced non—small-cell lung

cancer[J |. Nat Med, 2022, 28(2): 315-324.

(8 & #)



