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Systemic regulation and precision intervention of the gut microbiome in
immunotherapy for gastrointestinal cancers
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Abstract: Gastrointestinal (GI) cancers impose an enormous global health burden, accounting for approximately one-quarter
of all cancer diagnoses and one-third of cancer-related deaths worldwide. Although immune checkpoint inhibitors (ICIs) have
reshaped the therapeutic landscape of GI malignancies, response heterogeneity, primary and acquired resistance—particularly
in microsatellite-stable tumors—and immune-related adverse events (irAEs) remain formidable obstacles to durable clinical
benefit. The purpose of this review is to synthesize current mechanistic insights, clinical evidence, and translational strategies
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concerning the gut microbiota as a systemic regulator of, and precision intervention target within, GI cancer immunotherapy.
We first delineate the tumor-type-specific patterns of microbial dysbiosis across esophageal squamous cell carcinoma, gastric,
colorectal, hepatocellular, and pancreatic cancers, highlighting the oral-esophageal-gut axis, the transition beyond the
Helicobacter pylori-centric paradigm, the molecular-subtype-dependent duality of Fusobacterium nucleatum, the gut-liver
axis, and the immunomodulatory potential of the intratumoral microbiome. We then examine how gut microbial communities
shape ICI efficacy, tracing the field’s evolution from single-taxon association studies toward enterotype classification, multi-
omics integration, and function-based biomarkers that offer superior cross-cohort generalizability. The molecular mechanisms
are analyzed through a spatiotemporal lens, encompassing the concentration-dependent dual immunoregulation by short-chain
fatty acids, FXR/TGRS5-mediated bile acid remodeling, tryptophan and other metabolite signaling, and molecular mimicry
between microbial and tumor antigens. We further address the deleterious impact of antibiotic-induced dysbiosis, the
microbiota-irAE relationship and its predictive value, and the immunological lessons drawn from microbial modulation of
chemotherapy and radiotherapy, whose regulatory networks intersect extensively with those governing immunotherapy.
Finally, we survey the emerging spectrum of precision microbial interventions—fecal microbiota transplantation, defined live
biotherapeutic products, probiotics, prebiotics, postbiotics, and targeted microbiome editing via engineered probiotics, phage
therapy, and CRISPR-based approaches—together with the critical, underexplored question of intervention timing and
combinatorial sequencing. We propose that the predictive and therapeutic value of the microbiota lies not in isolated taxa but
in integrated functional and metabolic networks, and that standardization of methodology, multi-omics and artificial-
intelligence-driven modeling, synthetic-biology-based "minimal effective consortia”, and large-scale phase Il trials are
prerequisites for clinical translation. Ultimately, we advocate a paradigm shift from a tumor-centric to a host-microbiota-
tumor "triad” model of systems microbial medicine, offering a new dimension for the precision treatment of GI cancers.
Gut Microbiota as a Systemic Regulator in Gastrointestinal Cancer Immunotherapy
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R AZ R O0) Rl B, T AT AR 2R 4
(dendritic cells,DCs) B i ST i e, fe it
PR g A B 30 RSN R sh s
T T MR B B4 T T IR AT SR BTPD- IR YT
FAC bR 5 T JT B/ BR BT A 2 A 3N RN
BEVRYT (Y N (i FRAR 02, SR MT, SCFAS KT 72 2y
FIE A0 8 45 LA e B AR 1 B A L 2 TR R R 4
Park % I 2 U5 2 ], SCFAs AT [w it 38 3o 490
HDAC K 4% mTOR-S6K i %175 T30 T 41 g -5 14
TPETHI M (regulatory T cells, Treg) H4 4k , 1 = e
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Table 1

Characteristics of microbial dysbiosis in the five major gastrointestinal cancers and their association

with immunotherapy response

i R P N 7 S “ORA AR T KPR ERAE SEYNEYI TR CHERE S5 30k

BEWYE  P. gingivalis \F. nuclea- Faecalibacterium Blautia 1 E-B8 -l E B FLFFE R OlfbI7 % [8,9,58]
tum PD-L1 |34 ICIs BHAEHARR)

B H. pylori fEERTH & MUECFF IR & 7 SCFATE B R H. pylori T 98 B EREFI (ICIsh % ) s [11,36,38]

T TME H. pylori” itPFST

HE F. nucleatum CUBUR EHIRE F KA )E B-catenin/TIGIT/ [ Wil dMMR : FERELSHEMET A [14,17,18,46)
) T BRIIRR b % AR FIR AR (ICIsh )

FFaniesE  KR%Rm T JHERE P, Akkermansia JUSFT TR J-BFSHLPS O IRBIH Akkermansia® . AT [18,21,39,42,44]
vulgatus THRA-NKTSIAA B BT(ICISHEZ)

g8 G T (Proteobacter- KAFFH EAERIEITVERE M- R 47/ AT 55 00 5 I N A HEZ RTINS [27-29]

ia) JRAFHI ] (Fusobac-
teriota)

MDSCs 554E

(ICIs)

1 :SCFA, short-chain fatty acid(E#E05ITER); TME, tumor microenvironment(Jify&f##15%);irPFS, immune-related progression-
free survival(%eEAHIEToHE BA ) ; AMMR, deficient mismatch repair(55EE & BIG ) TAA, indole-3-acetic acid("5|WE-3-2
fi?); MDSCs, myeloid-derived suppressor cells(f# £ IR Hl 4 ) ; LPS, lipopolysaccharide(B§ ) * F. nucleatum TE45 H A
w1 FHLEAT 31 B - 7 MST-H/AMMRE B 2B S k) 54k Pl 250 170 e MS ST 4 v Al B 1 38

T 1Rl T PD-1AY T

JE (ISCFAs 1T Y & B i Treg HL 31 , 52 it 41 3555 T4
MaThie , S RCT] 8 N ) 43 FERAE T AK-rh
e SCFAs £ 25 i GPR43/GPR 109 A SZ AR S 15 %%
LT, T 7 4 SCFA s U3 5 HD A CHI I/ FH A
i Treg b5 Sy il . SCFAsYEH Y4 ILFE
e AR TIE B 2 17 [ R 535 . NomuraZs O i pirhE i A
GIRFSE 5 0, E 332 5 PD- 1A YT I Se i s o
ZEE TR NIR R R 55 SCRASHR B #5 n # JC ke 1k
FEHE K 5 R T Coutzac 5 O A BIF ST H145 H AH 2 4%
W RS B8 R O I T R S N R K- T
HHUICTLA-4RYT N 25 W 3 A0 G, ML R 2 B E A
SCFAs{E#EAME Tregh 1 I 1012 ECD8” THAML
N X —“WEA i IERAF 2 RN,
SCFAsHIVE R 45 5 i BE AR T HAE FHEB A7 5 v BE A
e R SCFAs - B 98 1 i il e e i A5 911
FERARHICTs , 1T 2R 58k 2 ¥k B SCFA S I ] BE S 1] Hil
SHARTTRUN o PR, ARk FE T SCFAs I T 191 s f
FRTBRL A T T R ™ JEVES , T b MR 7 T R TR Y
TGV e Jey e B R H I AP R IE R A 0
3.2.1.2 BB EERIS: FXR/TGRS T SR GREEE
VT TR 3 o) 22 Pl 2K I S R D IR T
PR AL R IR BB R, J5 25 PT38 i A% 32 AR FXR M
ZARTGRSSE M S Be AN T AEL . BFgE e,
WA R A AR v A2 2E Th 1740 it 204k 51 30 i 81
PETAHMIDIRE , 25 e G ek ate ; i fE 25 46U IR PR

W BT B4 B S e WA M FREC0 . R e AL
55T A I 1 e AR R R R S e iR T N U AR
O, B o) IR PR A A 38 B T 8 A B SR S TR YT A
SRBHTRNE o AHARTERY R, IR R -5 SCFALL
2 (A AE AT %2 1T ) 58 SO o X Rt I
28 T AR EAE R, B Y T T a] REXE
PLABIFUNACR , 75 7% & 2 i bRl A+
3.2.1.3 BRER-BIREREY . FEREZEAWR)RE
BRI (AT

o2 R A I 18 TR R - 18 3 e BAE M 4
e R OERANHIE R OUHEZLF R A
AT TR AR TR IR 5 ) A AT A B mg | 15| W-3- 2 1R
(indole-3-acetic acid,IAA) M| WE-3-[ (indole-3-
aldehyde,IAld) \M|We-3-N R (indole-3-propionic
acid,IPA) . M5|Wk-3-% /% (indole-3-lactic acid,ILA )%
Z RT3 Le AR 2 DY A R 2 1A (aryl
hydrocarbon receptor, AhR) ff) KARE{K . Zhang
SELOTIRBIE S 2 B, WEY FLAT 8 (Lactobacillus
plantarum ) fCHH6 ZFE = A2 FTLA T 38 13 3475 AhR
R L T, T HICDS” T4 T Saa3 iR
ik el R AR A E I G R b e fe , W2
45 B9 I & AR e . Fong 45 O8I —2B4iF
2, WEFLATF I (Lactobacillus gallinarum ) 5 1) 5|
WE-3-FH % (indole-3-carboxylic acid,ICA ) A] i@ 1 31l
il Treg/3 4k (HE5RCDS" THIMIThfE, B 2 T4
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g/ N BB XU PD- R YT IS AL SR1T, AhRYH
5 AEA [F) B 05 4 A 55 e Tl R B v A AR
AZEON o A i JRE AH O W 41 (tumor-associated
macrophages, TAMs ) ", €822 R >k I8 09 S 2B At
Py aTiE AR5 T ) S 40 i MR AU AL,
AT R S . Hezaveh5 O a8 01, 78
B AR A R A TR | B AR I B3 7 s ek B AT
W EERRCDS” TR IR BEIRYT . Zhou
AL 7OV B, E G RS HR W R RREAT AL AU TL A AT 1)
S9HUPD-1I7 280, ML 9 S AR o % 4500 T4
MLTEE MG . HAh , Zhao%E 44 R 30, 76 JF-40 a5
Hh 25 ) Phocaeicola vulgatusitif Ji /D7 ETIAA
P SYIPD-1N 24, #2038 T (R -3 Wil
BEAE G PETRTT ROV TR 2 AR E
3.2.14 RZHZEBSSTINGES BB HMIELEX
BRI R

R JEAENR IR TR 55 s e A A , 4 i
HIR B A AT TR (AN S 1E- IR FRcGAMP 36—
PRAF R c-di-AMP)FE N RER I STINGIL B , iERCH
BEAE RS B R B T LisE S R
SR, il R M Y e-di- AMP AT 2 0 775 S 1)
i 5 A 37 P 2 AR, S80S AR SR B A i
Z M cGAS-STING- 1 T4 2 3 B, DA i35
ST AT R G BE RN . TR G 2 B, o TR
fi A DA (AR s LB R -5 L P P i ) LA A i 1)
c-di-AMP#A HGAE 77, T IRJG AT SR B PD- 172K
A, 27 3780 [ A K 4TI (TLC3 ) i 28 STING B 4%
BRI A c-di-AMP, #1118 CCR7AFHY
LSS R I Sh b g i 72 . ek Bk T
% “7=STINGH s TRk 5 4= 5 " 44 T ML 4K
P, AR FESCFA TR Z 40, 3 A e —
FABASTEIH ALIE MR ity T h S R T TR

PEPFE T
3.2.1.5 KRR -IRE 24 . mEALE T S/
T i %EHE

WUH (inosine ) VA BRI HFRERS A G ™= 1) , J& 55—
AMEAS ST B R E A F . MagerZ PRI, 1
ii Bifidobacterium pseudolongum Lactobacillus
Jjohnsonii¥EILHE TR AT 7= Az ILAT | 2852 B i ot B A L.
JEAEF T T4 K A2 AR 2 08, HIFN-y B [ {2
FETh170 4, BRI 82 58 HTCTLA-4 54TPD-L 13k
SYPESS B B DU S BB T Y P AL X

P, AU - T 40 M52 1A% 1oRG 4 I8 45 AT g Le Bl
RN FETE B ERYTRE B, WA R ERS R D s
VERASRAE IR BT K D RetEH8 4 .
322 EAS MEENMESE#SA
3221 HFEMERXRMNEREHE

BB W i B R R 5 R e i B 58 SR
(YA, AT 38 o 43— BEAPU AL 3 I 4 S5 P T4
174, Fluckiger®: > & 0, 15 [ ER B (Enterococcus
hirae) F IR R AR R 1 5 R4 RIEHTF PSMB4
AEAE [RVIR 7 3, AT A2 SO e = i 4 CD8™ T4H
JL, SR BT S E N B . X — AL L
i T N 1 DR AR IR B 8 VR T RO B AL TR A LS
HELL | 2 6 Tl A= e Dt ) e g 2 P e 17
BT 1A
3.2.2.2 BEEHSHEENIRSZESSTINGE B

AT (A s 208 IR A BB E ) S
P AR (cyclic dinucleotides, CDNs) 1 3 13
TLR NODH: 22 {4 &% STIN Gl i #¥7 15 3 K4k 4
P&, IO o c-di-AMPAYE M AN TA A 19 5R
AR R STINGHY SR A7 . Li% S kI
TH TR FE A T STINGAF 53 [ 8 4 JHF 40 e g Jiko 7 A
S B IR B8 BV 5 Zheng %5 7T 0 2R S i 2k
T r7e-di-AMPRY ANZEIH B TR , 458 H 2k c-
di- AMP Y £ i 2 i AR T Ak, 1 iR AN FE T I
EVOE A FERIR eI RTINS 2 A
%t , Zhou5 2B R T il ILC3 8 i3 STING 5 5 /K
I 2 CCRTUA IR L 45 1T IS Bh e i 2
AIBLE , 4875 1R - STING- fe i fill A 2 215 4 i 2%
HURE SV 3 R LT STING I 357 14 B RE T 10 51 s
PRHE TR TR
3.22.3 BEREEEHERMEMRMENS A : N ZEA

=B R AR

R R 22 AT S s, 7 1 R A T iR R
S5 1R SE R AN 58 M T I {5 1508
T A3 A 55 B2 M S50 TR T 28 A2 4 i o e Ak
Y IMATIEAR 2 L 2 MR ZH 2, B L HL A D ReTE 1
TN E YRR, R T IR R R 2820700
a5 e DRk s ok R B ELAZ M AT TR AT Bl A A
s 240 H AT AL I A R A I iR e, 2 5
PR B S g 277 AR b I
e RN A 001 T 78 28 JBE IR , A R i 148 P9 TR
i, I3 1 AR E ORI 40 M AT 55CD8” T 41
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SR A A IR T I 25 2T AR BT -t
BAIRIT SN N AR C BRI 1 ik
JT B HFM P T, ChenZE 8 B, 1 = P FLAR
o8 SR TR N TR AR 2 R B s O AR SR PS8
GG (pCR ) Y HEA7] 5035 3N, 42 715988 DA BRi A (R
KT B A 5y o0 ) i 1ok 59 Jey iR S BE A B 5
W67 SN 5 AL SR8 PR T A - e EL A AL AR 7 B
T A BIWIAE AR, S. mitis 55988 PN BRI T 3 A 40 1
M2 S BN A R i iRk Je 7% s 4 B A )
SE , “F-JR TR D E A B T R R R SR T
B VR HIBLARD , S A A S < 7 LA
FE[R]AE) FC 52 A VR4 RO 25, 3 O T R R N TR
FROHE YT T SRS (VR 1 e | T A ) 4243
TR A
323 WEHTAHTHNHES

LSBT AR IRAL S A , TR AR B[] A2 [ 4
B EIE B VR R 4 o AEmE 4R b AR G
PRI A B BT, B2 A AR
80T P2 T 4R b B T R R A B R Y
PR BERB R 22 S DR 2 T ASIRIER A S e A Y )
AEIRZS . AN, AR PEAIL R RO i PR AT A 22
5t : SCFAs A QI ™ W 1 1:d 32 P45 5300 % A1) L1
PRSP , 108 S T2 i v 4™ 1 114 35 07 4 e
O 25 ) i B o ] S0 o K e s S AR
71, BT B Y T PR I 5 T BN Y LA
AT 5 AT T IR E 2 K N TR SR 7 2k
BIPHZ.
3.3 MAERERX REIRTT R

YA 2 B AT 5 20U RS, AT 2
RBLIRIT TR . BEFER, ICTsIRYT AT Eh 1Y)
) P A 3 5 22 A R T AR —
LY NN B TR TYINE /I R 75 L
THICTsIAY R I B A AT IR G F A A7 0 Y 25 4
B B R AT 0 R R R 3 T S BOh 25
Dol AR R D BT Ao JRE A K, i 555 T B RS e
DrAE L B R BRI I RS e TG B
AR A A6 B R B R el i S L
ACTIEIR T ROR
34 FERERSHULEMNERERXAREH

SRS w3 0 1) 70 7 ST SRR SR Y TR
FIREVS A BT X IE R 2N A B R S, 3 B
FAAR R LA o irAEsT] 2%k 8 I iE |

JHE 9 4 b B il 5 2 A4 B R G0, ™ BN AT fi &
A 82 ol HIE TR ], Tl B R AR S5
A0 8 I ir AEs 1 & A XUSS: S ™ B 7R B 3 VD AH G o
— T FTHE TR R G T T 95 B Z ICTIsIRYT I R
AT T3 B R E Y B T RE S irAEs B GO
FHEHA i o, KRR A irAEsH B 35 i 1B vh
W5 G2 & (Clostridium hathewayi) H559% H 2K
(Ruminococcus torques) . SFE4UFTH ( Bacteroides
massiliensis) XK [IKE AT (Parabacteroides
distasonis ) S5 TR PP i 35 & 45, H IR BRI SN TR
AW G TS PE A TR AR it ARSI R A
W BUS AT 1 ( Bifidobacterium dentium ) X5 % TG
(Rothia mucilaginosa ) <5 8 A 3 B T+ 55 , WHIERR L T0
RN/ R WA L R A PR e T 5 A g T
e O e A O 745 b T Y N N 1 RS R A =
KA NN Rl B TR E A ir AEs 55 05 B9 TR B 2 A M
ARG B A O, $E R irABs ) & A HA WRHE-18 340
HAERIRE R

20244 K F () — IR MBSt — 2L Bk 1 1
18 R i AES KU O (822 Bk geam i o
4971432 ICTISIRYT B R L M T TR AT, e PR e
AR bR &Y A >3 K ir AEs 1Y & A, B H ZR1R
(44 = K2) F R P il fE S SirABsHY &
Mo 20254F BB ST — 2045 7, W6 I JH R e g s
() i A TR AE RIS ) SRR AE T S ™ ir AR s 1Y R
A8 T o A e AR T SR W 9 97 A A B
irAEs#RAIt TRl 220

4 MERBEZSREET PN EEIEEIS

A7 5 0 4 R T A bR AL e iR T T B
HIP R RS2 20 i T R R B TR 25 . (B4
TERLRR , B IRE AT S0 A 73T HL ——an
JEBENR TR AT T 00 S BE R B AR T 1175 3 A it
230 % | B~ A WHTEE PR Y I 25 WA S —— 5
PBEIRT T BT R ZEATAET 228 o X LEHLH D
figp BRI FEE S ey 98 1 PR S PR AT e S e
ISR BCE RIS AR AL T E 2R
4.1 LFrERIEIX RZRTTHER

7 388 T A e 24 A OB | SR 3 T B Ji e
SR IRHLR AL RO EEPE S5 il 40
) 0 1) 0 B~ ] 2 TS R Pl v 8 25 DA P S B
SRR G, 25 L T TR AT R A
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AR LT, TR A% 25 Wy 2 58

ELAGARFF B AU T-45 B I 0 e s it 25, 78
PRIFTR 24 P B AR 3R Fe A0 e sz 4. HLRI A 2%
B, %5 18 1 305 TLR4/MY D885 5 i %, N i
miR-18a* FfimiR-48023k ik, I 1 [ WEAH ¢ & H
ULK1FIATG7 , T3 H ER A=A T By R A
5-FUT 254, SR Sehset— R T AT
n] i i E-cadherin/B-catenin/GPX4H I Hl kAL T-15
SBYDFIEATE 251807t 7T 38 5 AP MA AL B cireRNA
TE 20 M A R TR 25 3 000 i B B IAROR | L) L
R T DA AT B[R] BT 3 B s e v 7 FARTT | B A1)
TSR

J i G RE LS AR TP R IR L E 2 A AL
g Th AR B IIE . FEHER2 B PR G  15 9 i p
9o B PR PR R BB TR A S A A T AL R IE A
360 e B R H v SOUFT R s 4 R
FXE AT AT A SR N RS
WFFE BN , FELk TR A ] T AL P 8k PR
P 5 S e ;R B AT IS AR AR AE ARG B T
7} (Enterobacteriaceae ) & 5 M| 545 22 195 AH 2
4.2 HFFAEAFIX RRIETHER

BT R AR R T P AR, T AR R R A ]
SO 7 O AR G ) A3 Y
ST 7 1, H AR 2246 5 161332 AT R ESCCH
H AT IATE ERE T, & IIRYT N A (5 27 ff 5l
SR B P FAT E B (Lactobacillaceae ) i &

FAE S LR BB S o 4 R U 0 B
20 M0 bE fH (LMR) 5 | i /s B/ itk 22 40 L
(PLR) HAIK, 48/ ZLAT BB AT REIE 87 R 46 g
RS AL TIP3, 2023 FESMO K& He & 19
W [FIAE s, ESCC AR 3 i 18 T A 2 Bl A 24
FRAE S0 7 RS S04 il e A 1R A A 5%
TN 0 98 B S R B A A R R —
TG4 A 8415 Jr 5 11E Jie A B 1 9 R8 3 X T RS R AUE Y
R B A T WA R I iE b Y RE R 2
IRECTH B S5 7= TR & 48, R DN 2 & AR AT A
J& (Fusobacterium) B 47 . B FT 7@
RE VY S RE TR B FIDN A5 348 525 % 2 5 T80T
fif25114.96]

o 1B R S R IR ST G 2 0 kA R TR
ST WRFIESE , BT SR i R R R
PERRAR , 2 PEAR A SUBE T B 45 2 i 0890
BE TR R 2B, SELE AR 2 RE Rk R
FF TR T8 =F B 55 v 1) B8 T ) R A T S U R B
R, IET B RERTRIAE I fh 2k T AR 1%0.9071 100 42
7 R REXTYR YT A DT EE BY R4 ] g A L] iy e i
AL

LREORE A WREALST T S Einy T
A R S O 257 (R2) . IR
TR & 45 AR I R S0 3 5 1 AR
K, MEAZ AT T 0 42 D05 0k s i 245 5 A 25 S
B, WA AT LI TE 2R IAE 25t (anp-

R2 BERBELT BTSRRETHINABIE

Table 2 Comparison of the roles of the gut microbiota in chemotherapy, radiotherapy, and immunotherapy

145y (&g eig GIEIRST

RN TR0 O] 25 TE (B- AR G ) s T DNABUG B & 5 4 5015 5 AE ; IR S e MO EE s IR R T
238 PR (A W ERAETY) STINGHKH Y KR i i e

AR HOA TR CE AR TE B G ) FUAFERE TR Akkermansia J& HIK WL Bifido-
bacterium

OCHEH 24 T HBRFF AT Rt HERFFHE AT S AT (MSSITERIERAL)  Pho-

FHREZ AR R T PST ARSI TS 5 5-FU/ B Vb4

RS

A 254 HIRERERR QI SCFAs
fRFMET TSR B- RS TR AT ) 751 5 25 24 TRk 7
FESE K [14,94-100]

AR % B R

SCFAs; 4l # CDNs-STING
FAEIRE s EMTIB E R m R FMTES 6 ; LBP(CBMS588) ; #L[H] F.

[58,93,97-101]

caeicola vulgatus \Veillonella

PR NI FirAEs

SCFAs JHTHR W38 JILH

nucleatum
[5,6,36-41,50,102-104 ]

1 : SCFAs, short-chain fatty acids(%H5EE7R); CDNs, cyclic dinucleotides(¥F —#%H ) ; STING, stimulator of interferon genes
(THEZEFLF B ) ; AR, aryl hydrocarbon receptor(37 B k5% {4) ; FMT, fecal microbiota transplantation(F& B #54H) ; LBP, live
biotherapeutic products(7 4 HIH il ) ; CBMS88, Clostridium butyricum MIYAIRI 588;ICIs, immune checkpoint inhibitors( 2
A A7) 5 irAEs, immune-related adverse events(4EASEA K ZFF); MSS, microsatellite stable(f T2 faE);5-FU, 5-
fluorouracil(5-F /KM IE) ; DNA, deoxyribonucleic acid(lii EAZMIZER)
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T WHIEE PR T S (0 D S B B 2 ) 15 e 240
I ERBE TS5 2453 B, S MR Y T R BIL ) B 2R B
TEDNAB AT S T 55 5 9 A S STING U
(8 IR SR THCT , T 52 M SR ¥ o AL ] U =
1o 933 e e BE AT 5 AR G PR S S AR
TR0 T O B I RAR T SR BT 5t
B A R AR R R R X T
PRI SR S I PP st B B IR IR

5 FEEREY T AR BIRRERE

LT T 1B R AR AR SR T RN IS R
X BRTAFE A T TSR WS TE 2 20 AR A 525 ] i
IREAL . HETERR 0T PR U 55 25 R R A T
BEAE Dl o a5 AR TR a5 A2 G S AR I8 BORS TE TR G
AR Z A7 1), AR SR AEAE AL 15 BARE 25
25 5 EEF I F2s BAF el A, TImALAY
(RYFRTHAL B R y7 R0 T3 367 e 4ERE) &5
RI7 BT RPEIRST RIS I, IR P T AL
RICHER R . AERHOREEAR Bk T B i
FE T S RIEE , 40 T B 7 51505 SR s 1
A5 1]

5.1 EEBE: ANHEATERRIARENLS &

FE W M (fecal microbiota transplantation,
FMT ) 24 (g B i A i) 24 R RS Al = 2 AR 1
DLEE il PR RF 45 10 16T T i . FMTTEXRMERR
8% ( Clostridioides difficile infection, CDI)J&YT H
TR HEST T, 4 ok AR g ST i) e 4R H
S0 AR ey T AT T, LRI T4
e A 1 6 7 XE Vi 1 R € 3R R JB TP IR R T FMITHER
HHPD-1IAYT , 45 5 W R FMT Al A 3l A8 2 AR T i
G, IR S AR A W 0210 Rk
o T8 G A g TR E AR, ELREA IR SO
CD8" TR AN, e EERN L Routy 25106
2023458 T — I Huny T I PRIRES , B vk fat
FRULAFMT 54H1PD- 137 VR — 2G5 T Z2 i H
TR IA B0 2R R 25 IR SR IR A R
Al AT, 20001 5 R LR A 381K 65% , HIEHE BT
RN H W AR S ICTR 4 I AH DG A 23 1 AT -
FEIH AL TE R FMUT A9 I DR 8 2% Al A 0 8
Zhang 2 F A T I R AEHLPD- 1 XEIGE
L RARE R (MSS) B i 8 il TFEMT B G
HLPD-1IAYT B AT M 5 22 e, a8 BIAR 40 wETR

PR A T 2 WG, Sy abhi 5 0 A 1 e g 1) 92
RIS 252 T B I PRIESE o BRI BB T
Fh , FMTHE S BRI A A R 3447 T IR 3
AR . Wang @O HRAE T 26X Rz R R
R R BT 34 TO R TCTs A DG HETR 1 45 1 4%
BE ZFMTIRYT S AR 58 A G ik, 11 Bl 7 18 AT A
o % 4 P B R R S M T A0 LL 5] T . Halsey
2 LR TG R RS PR BT 98 0 — 25 16 T KRR AR AP 17
FMTIATTMEVATEICTSAH G EE 17 R A &k . X S iif
FAHER , FMT ] RE BUA (& 48 S 2 TG Y7 O e
TG TEIrAES T AU RO S . A, FMTIR PR E ]
TSR O B HEVE R SR AR T, LRI
R OY SRI, FMT I R AT I = K3k
A s LRI AR AE Y e — AnifEA R & T2 A EEaT
KHAZ PR . LTI 55 Y 8 AR 77 15 5 s
Al PR R FMTRY DR, M T E WA GG
BCFMT” WA B2 5 R G GEFMT HOARE R
5.2 EEEYFR RS PERNFT—R TR

15 A5 (live biotherapeutic products,
LBP)J&4& F i (A AL ak  FH T 97 s A 7 50 1Y
A FER A W S TR, IR TR SR AR
HAIFMTI bR fELXMERE . T BRI (Clostridium
butyricum )MIYAIRI 588(CBM588) -2 H if i A TF 4
R HFEFILBPZ —, 20224F , DizmanZs! 1 ki
HCBMS5 88T 4N A L i+ VL AR TRy T 4%
FEPE B AR A AL T 3915056, /s CBMS884H ()G
E A A1) (progression-free survival, PFS) F17% W 2%
fi# & (objective response rate, ORR )4 i 5 T X} HE
Mo JFEL TN A 29V B 0 i 2 o P AL A
Z R R e+ R LR TCBMS588IAYT , CBM588
41ORR A 74% , .35 15 X B A1 1920% ; 61~ H PFSR
SR 84%A160% M1 HLHIBEST B/, CBM588 ]
A BRI R IR 4R AR R K2 AW A A O
ARIHE e , ST B IR T R33N R T
(A PR SR M AFF 2 2 e S A A T T R4

6 A TR 0 R 7S AT A S fE R R AR 2R AL Y
HAAYIH R e LRI BRRATRR T  , 2
T 2 TR AR S BT IR R T BT T o RUBAT I
AR PTPD-L 17 AL, HAL I P6 S A2 #E D Cs B A
CD8" THIMIZhAE 2], WEHEHE (1 B g 2 5 v 3 1
P RIL- 12708 3 G ity SR 3 IR, 25 4
P TE B IE T W B RIE A A AR 4 il . — T
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R3 FRETIRIERREAR R SIERESR

Table 3 Advances and evidence levels of clinical strategies for microbiota intervention

PRERIENRRBE T A &R

L

TR T RR R E S P UN

FMTH #1CIs Baruch% (BAZERPL PLPD-11M 25/XEiE %4t ORR.W B ZH T2 ;11 HEARE/N AR IETS [7,103,104]

(MR IFER) PD-1%E4) ; Davards LSk
(KRB PIPD-1xE
i) s Peng % (MSS B ¥

HIPD-14E4)

FMTEEAICIs— Routyd5 (MpIHREAE WAMIHREER %4t ORR 1E23

RIRIT B — L FMT+$H{PD-1

118)
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