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Abstract: Immune checkpoint inhibitors (ICIs) have emerged as critical agents in cancer immunotherapy;
however, their resistance and limited response in most patients pose significant challenge. The gut microbiota, as a
pivotal immune regulator, has been increasingly recognized for its role in enhancing the therapeutic efficacy of
ICIs. Studies demonstrate that fecal microbiota transplantation or transplantation of specific bacterial strains can
directly reshape the gut microbiota composition, thereby improving ICI therapeutic outcomes. Furthermore, dietary
interventions, prebiotics, and postbiotics have shown potential in augmenting the anti-tumor effects of ICIs through
gut microbiota modulation. Despite these promising findings, further investigations are required to optimize
microbiota-based strategies and therapeutic protocols. This review highlights the critical role of gut microbiota
modulation in ICI-based cancer therapy and explores its clinical applications, offering both practical insights and
theoretical foundations for improving immunotherapy outcomes against various cancers.
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Figure 1 Clinical response of FMT combined with nivolumab in patients with nivolumab-refractory advanced solid tumors™'. A:

Schematic of FMT combined with anti-PD-1/PD-LI inhibitors in the treatment of patients with resistance to anti-PD-1/PD-L1; B: Beta

diversity analysis (Bray-Curtis dissimilarity) of R7 patients before and after FMT; C: FMT engraftment evaluation using engraftment

distance (ED); D: Clinical data of FMT recipients. FMT: Fecal microbiota transplantation; PD-1: Programmed cell death protein 1; PD-L1:

Programmed cell death ligand 1; PD: Progressive disease. Reprinted with the permission from Ref.41. Copyright © 2024 Elsevier
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Table 1 Clinical trials of the combination of FMT and ICIs for cancer treatment. ICIs: Immune checkpoint inhibitors; ICB: Immune
checkpoint blockade; NSCLC: Non-small cell lung cancer; RCC: Renal cell carcinoma; CRC: Colorectal cancer; HCC: Hepatocellular

carcinoma; PR: Partial response; CR: Complete response; ORR: Objective response rate; PFS: Progression-free survival; DCR: Disease

control rate; CBR: Clinical benefit rate; SD: Stable diseases; irAEs: Immune-related adverse events

FMT source Disease Model ICI Enrollment Key result Reference
Nivolumab Melanoma Patients with metastatic =~ Nivolumab 40 Two PRs and one CR in 10 NCT033534025"
responders melanoma refractory to patients

anti-PD-1
Nivolumab or ~ Melanoma Patients with anti-PD-1  Pembrolizumab 18 Well tolerated; clinical NCT0334114381
pembrolizumab refractory melanoma benefit was achieved in 6
responders of 15 patients; rapid and
persistent microbiota
perturbations
Healthy people Melanoma Treatment-naive patients Anti-PD-1 20 Two patients had a NCT0377289954
with advanced melanoma vigorous immune response
to FMT; one patient
experienced several grade
2 toxicities with
stabilization of a large
cutaneous lesion; ORR was
65% (13 of 20), including
4 CRs
Anti-PD-1 Melanoma ICI refractory patients ICIs 5 Not stated NCT04577729
responders
MaaT013, a Melanoma Patients with Ipilimumab and 60 Ongoing NCT04988841
microbiome unresectable or nivolumab
restoration metastatic melanoma
biotherapeutic
ICI responders Melanoma Anti-PD-1-refractory Anti-PD-1 24 Ongoing NCT05251389
or non- patients with advanced
responders stage cutaneous
melanoma
ICI responders Melanoma Patients with PD-1 Pembrolizumab 56 Ongoing NCT06030037
relapsed/refractory
cutaneous melanoma
FMT selected NSCLC Stage I11/V NSCLC Anti-PD-1 25 Not stated NCT04924374
according to naive for PD-1/PD-L1
the abundance inhibitors
of bacterial
taxa in the feces
Not stated NSCLC Patients with locally Anti-PD-1/PD- 20 Not stated NCT05008861
advanced or metastatic L1
NSCLC after first-line
treatment with anti-PD-1/
PD-L1
Anti-PD-1 NSCLC Patients with relapsed/ ~ Pembrolizumab 26 Ongoing NCT05669846
responders refractory PD-L1
positive NSCLC
Immunotherapy Lung cancer Patients with metastatic ~ Immuno- 80 Ongoing NCT05502913
responders lung cancer oncology
Healthy people RCC Patients with untreated ~ Nivolumab and 20 ORR was confirmed in 4/9 NCT04163289""
advanced or metastatic  ipilimumab patients; 1 PR
RCC
ICI responders RCC Patients with metastatic = Pembrolizumab 50 One-year PFS rate was NCT04758507"
RCC 66.7%; ORR was 54%
Healthy people  Gastrointestinal Patients with anti-PD-1 ~ Nivolumab 10 Nivolumab + FMT therapy NCT04130763*
cancer resistant/refractory was well tolerated

gastrointestinal cancer
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Continued
FMT source Disease Model ICI Enrollment Key result Reference
FMT capsules  Gastric cancer Patients with anti-PD-1/  Nivolumab 0 Not stated NCT05001360
XBI-302 PD-L1 resistant gastric
cancer
Not stated CRC Patients with refractory ~ Tislelizumab 20 ORR was 20%; DCR was  ChiCTR2100046768*"!
microsatellite stable 95%; CBR was 60%
metastatic CRC
Not stated CRC CRC patients with Sintilimab 30 Not stated NCT05279677
advanced stages
Anti-PD-1 CRC Anti-PD-1 non- Pembrolizumab, 15 Ongoing NCT04729322
responders responders with nivolumab
metastatic CRC
Not stated HCC Patients with advanced  Atezolizumab, 48 Ongoing NCT05690048
HCC bevacizumab
Anti-PD-1/PD- HCC Patients with HCC who  Atezolizumab 12 Ongoing NCT05750030
L1 responders failed to respond to and
atezolizumab/ bevacizumab
bevacizumab
Anti-PD-1 Solid cancer Patients with anti-PD-1-  Anti-PD-1 60 FMT induced clinical NCT042649751"
responders refractory advanced benefits in 6 of 13 patients,
solid cancers with 1 PR and 5 SDs,
achieving an ORR of 7.7%
and a DCR 0f 46.2%
Anti-PD-1/PD-  Solid cancer Patients with advanced, Nivolumab 50 Ongoing NCT05533983
L1 responders unresectable, or
or non- metastatic solid cancer
responders who have progressed
during anti-PD-1/PD-L1
therapy
Pembrolizumab Prostate cancer Patients with metastatic =~ Pembrolizumab 32 Not stated NCT04116775
responders castration-resistant
prostate cancer
Healthy people Mesothelioma Patients with metastatic ~ Anti-PD-1 1 Not stated NCT04056026
mesothelioma
Healthy people NSCLC/melanoma Unresectable or Pembrolizumab, 20/20 In the NSCLC cohort, NCT049515835
metastatic NSCLC/ ipilimumab and there were no grade > 3
melanoma nivolumab irAEs; in the melanoma
cohort, ORR was 75% (4
patients in CR)
ICI responders  Melanoma, Adult subjects with Nivolumab 42 Not stated NCT04521075
microsatellite treatment-refractory or
instability-high/ inoperable cancer
mismatch-repair
deficient cancer or
NSCLC
ICI responders Melanoma, Patients with progressive ICIs 20 Five patients (56%) have =~ NCT05286294*
cutaneous disease on ICI therapy recorded SD and 4 patients
squamous cell (44%) progressive disease
carcinoma, head
and neck squamous
cell carcinoma,
renal clear cell
carcinoma, NSCLC
and micro-satellite
instability high
solid cancers
ICI responders  Malignancy Patients with refractory =~ Cancer 18 Not stated NCT05273255
malignancy immunotherapies
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Table 2  Clinical application of specific strains, dietary interventions, prebiotics, and postbiotics in ICI-based cancer treatment
Intervention Disease Model ICI Enrollment Key result Reference
Single bacteria
CBM588 RCC Treatment-naive patients ~ Nivolumab and 30 PFS was significantly NCT038291114%
with metastatic RCC ipilimumab longer
CBM588 RCC Locally advanced or Nivolumab 30 ORR was 74% and PFS ~ NCT05122546"*
metastatic RCC was 84%
EDP1503 CRC Patients with metastatic Pembrolizumab 32 Combination therapy was NCT03775850""
microsatellite instability safe and well tolerated
CRC
EDP1503 Melanoma Patients with advanced Pembrolizumab 8 Ongoing NCT03595683
melanoma
MRx0518 Solid cancer Patients with solid tumors Pembrolizumab 63 Not stated NCT03637803
who have progressed on
PD-1 inhibitors
GEN-001 Solid cancer Patients with solid tumors ~ Avelumab 11 Not stated NCT04601402
who have progressed on
anti-PD-1/PD-L1 therapy
Lactobacillus NSCLC Karnofsky score = 90 in Carilizumab 46 Not stated NCT05094167
Bifidobacterium patients receiving
V9 (Kex02) immunotherapy for
NSCLC
Lactobacillus Liver cancer Karnofsky score 290 in  Anti-PD-1 46 Not stated NCT05032014
rhamnosus Probio- patients receiving
M9 immunotherapy for liver
cancer
Bacterial consortium
BMC128 NSCLC- Patients progressed on PD- Nivolumab 12 Four out of the first 8 NCT0535410251
adenocarcinoma, 1/PD-L1 inhibitors patients in the study
c¢cRCC and showed SD and sustained
cutaneous benefit beyond the first
melanoma imaging timepoint
SER-401 Melanoma Patients with advanced Nivolumab 14 In the vancomycin+SER-  NCT03817125"
melanoma 401/nivolumab arm, ORR
was 25.0% and DCR was
37.5%
MET4 Solid cancer Locally-advanced or ICIs 65 The trial achieved its NCT03686202"
metastatic solid primary safety and
malignancy which is tolerability outcomes
incurable
VES800 Advanced or Patients with anti-PD-1/  Nivolumab 56 Not stated NCT04208958
metastatic cancer PD-L1 relapsed/refractory
melanoma, naive gastric/
gastroesophageal junction
adenocarcinoma and naive
microsatellite-stable CRC
Live combined Urothelial Patients with urothelial Cancer 190 Ongoing NCT05220124
(Bifidobacterium,  bladder carcinoma and undergoing immunotherapies
Lactobacillus and  carcinoma immunotherapy
Enterococcus
Capsules)
Diet interventions and prebiotics
High-fiber diet Melanoma Patients with melanoma  Nivolumab and 71 Increase the abundance of NCT02977052""
ipilimumab Australian Ruminococcaceae,
and 32 improve the anti-tumor
Dutch immune response, and
patients  reduce the risk of irAEs
during immunotherapy
High-fiber diet Melanoma Melanoma patients starting ICB 50 The interventions were NCT04645680""

ICB

well-tolerated
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Continued
Intervention Disease Model ICI Enrollment Key result Reference
Potato starch Solid tumor Patients undergoing cancer Ipilimumab and 12 Not stated NCT04552418
treatment with a dual ICIs nivolumab
for solid cancer
Ketogenic diet RCC Patients with metastatic Nivolumab and 60 Not stated NCTO05119010
RCC ipilimumab
Fasting-mimicking Solid or Patients with different Nivolumab, 90 Not stated NCT03595540
diet hematologic cancer types pembrolizumab
malignancy
Fasting-mimicking NSCLC Patients with advanced Pembrolizumab 12 Not stated NCTO03700437
diet NSCLC
Camu camu RCC Patients with kidney Nivolumab and 30 Ongoing NCT06049576
cancer that has spread to  ipilimumab
other places in the body
High-fiber, plant- Melanoma Adults with melanoma Ipilimumab and 80 Ongoing NCT04866810
based diet + nivolumab,
exercise relatlimab and
nivolumab,
pembrolizumab, or
nivolumab
Low-protein diet ~ Solid tumor Cancer patients receiving  ICIs 30 Ongoing NCT05356182
(10% protein malignancies immunotherapies
content)
Postbiotics
MS-20 NSCLC Metastatic stage IV Pembrolizumab 30 Not stated NCT04909034

NSCLC

HIHIF 55 3R BH, Bifidobacterium longum RAPO 5 PD-1 #ii
AT B RE NS 38 DR P R g% A Xt 96 4l NSCLC
B g E A W A0 4y B & B, Bifidobacterium
bifidum (B. bifidum) £ LA R UFI6 97 I BV ) i #5 1
B & R R . R E B B. bifidum 18 FR BN 8 1 B
RPUM IR AE S I N, FEIR T RV S BRI S
PD-1 BH W7 77 B¢ F, 7T J 2 40 o ek e 1) AR Y. e Ab,
—TREEHL TR (NCT03829111) WF 7T T XL B 7=
) CBM588 B4 nivolumab F ipilimumab 4 2 7 75 X
HRMERCC EBH M. Zia R BN, H2 G
WRIT B AW PFS KR Z MR B T RE2
CBMS588VAIT A & (12.7 N H vs 2.5 F), M IE B
T CBMS588 fiE 4 & RCC i X S B ¥ J7 25 W0 A i IR
M N, Lactobacillus J& #& 7 — I8 8 W1 25 A2 18 »
Bender PV I Lactobacillus reuteri BS H K 3T # 31| M2
2T T T B T, R URE £ (S R AT A A A 5] -3
W, KT AR Z AR R E R Re AR TR y
(interferon-y, IFN-y) [f] CD8" T 41 ffl 2% ZE i 98 41 o, A
T 84 58 ICTs 1) L I8 % B« Lactobacillus rhamnosus
GG (LGG) #& Ml ) iz B I 2 AR T . 7E /N B CRC
AR 8 F R AR ) IR LGG AT i 3 A 584K 2
(dendritic cells, DCs) =4 F-#L 2 B, 18 it 3 in i Jeg =2 i
£ DCs F1 T 4t i (¥ %5 & >k 3 58 PD-1 Hit 44 (04 470 i 9
TEPE,

HFFCFBH, #D 78 36 A B Lacticaseibacillus rhamnosus
Probio-M9 1] DL H 3 Ji7 B Tl AL 2, JF IR AR @ AR 1 o
PD-1 Ht K 1) 4 9 S B2, AT it 35 42 v i 88 400 1) 2
BT (] 2),  Clostridium butyricum 55 % 5 1CIs 16 J7
[ R A B B % M NSCLLC B8 3 1 R 47 T A 2R, (b 78
1% Wk A] T S K PES B AE A7 IR, R EE, #bh 7
Lactococcus lactis GEN3013 7] 3% /i fif 988 3 0 15w 41
BEE G P2 40 B A 1 Le A5, 38 58 PD-1 BE W 7] ) e e 88 2k
RO b A, TORE AR AR B JF K AR Tk R .
Canale %5 "FI FH & BV FH AR R T —Fh TR &
£ W Escherichia coli (E. coli) Nissle 1917 %, 86 €18 T
i 9E 2H 2R I R K S A 9 L-RS R, AT 39
JihRE A T 4HRIZIE . E. coli Nissle 1917 5 PD-L1 HifA&
WA (5 FH IR, AT 25 4R T MR R AAOR

XKLL R I, A W AN AR A5 ICTs BrRIAEH, 3
5 B 5 VAT TR SR AN B2 1, EAAT T R B S AT .
212 HtEADmEN BT COfE Xia A wsr, H
fth A 5 T AR RE 3 58 ICTs IR 3R o Akkermansia
muciniphila (A. muciniphila) 5 NSCLS f1 RCC 1 [ 4F
I PR S8 ¥0 97 25 ARG . B2 A 2 A BRI /) BRI 422
20 RN FMT B /N BRAE VIR A. muciniphila J&, 35
KT X PD-1 HLAK () e B2 P2, L4k, Eubacterium
rectale L M| L-22 5 BRI & B, W3 IG 0 T B AR
a1k, AT 7 PD-1 HUAR 97 20, xf 2
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Lacticaseibacillus rhamnosus =
Probio-M9 oo o000 000 eoee0o 0000
\5 Probio-M9 @ &
[ ”
Y <
L Lactobacillus johnsoii ),l }o ')’ Lactobacillus reuteri
Acinetobacter Iwoffii { J / L Lactobacillus murinus

° Enterococcus faecalis

M PR N Lacwobacillus gasseri
&

Bifidobacterium animalis Lactobacillus rhamnosus

Eots Short chain fatty acid 7
‘ (Acetic A‘cid,‘Propior‘lic Acid, Butyric Agid e

Gut microbiota

® & o/ © © © & ©

>

@ = & % g =

Immune checkpoint 441 L%
r blockade therapy .>

d Tumor volume )

Tumor
microenvironment

Figure 2

@
Blood
anti—PD—l vessel

(4

Tumor-infiltrating T cellsj

ol °CD8" and CD4" T gells

. ° IFN-y expression

IL-10 and FoxP3 expression

PO 7
e ) anti-tumor response
18

e

Schematic of oral supplementation with Lacticaseibacillus rhamnosus Probio-M9 to enhance the efficacy of anti-PD-1

immunotherapy™. IFN-y: Interferon-y; IL-10: Interleukin-10; FoxP3: Forkhead box protein P3. Reprinted with the permission from Ref.58.
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52 PD-1 597 ik A SOV NHE o, SEAE A A
Enterococcus J&F-'% - 5 M AEH PD-L1 Hiiki097 1
IR/ N RAR L, 78 NKILA: Enterococcus faecium
(E. faecium) Com15 B #% 1 3t — 2 4 &1 PD-L1 Hr ik il
il b e AR A I ROR, R SRR BT A s 7R 1 P RVR T A
R Y5 E. faecium Coml15 4} ik NIpC/p60 Jik 5 #l 7K it iy
SagA FI RIEPIH <, Coprobacillus cateniformis .
SE FELTC T /0 Bt 368 A1 ) P 2R MR L5 5 A0 iR 51k
L4 7 DC %K i PD-L2 ()KL, 12 =i I & X% PD-L1 $1T
R B 4 9% B 257K 0%, b 78 Bacteroides fragilis 1] fi
& DC BRI IL-12 HRASE Th 40 A S %8 S i, DA
14 5% CTLA-4 HUAK 6 97 RCRP.
prausnitzii CAEIE S BAT G 5 1E L, 1% B ik AT o
ICIs 5| R 145 i 98, 5898 J i S AE M LR, JF 19 5 ICTs
SUEAWIERER/AR I IR

BB Ak, 7 5T K IAE AN [R)Je8 RE 28 Y 1) ICTs B 25
o, JURR A D Bl RE B2 AR, B A A 1 R
W, BAOMURD T8 A0 TR 1) R £ 3R B /0N 2 i e )
S AH Bt , Faecalibacterium prausnitzii 8%, Coprococcus
comes 5 PD-1 HUIGT7 B G A8 Al — 20 a0 i g
TGN R AAR . [RIFE, A% AW Nemania serpens
&Y, Hyphopichia pseudoburtonii 5 PD-1 Uik Bk & f#
78 25 B AR ) AR 3 o I SO AN 1 4
W AE ICTs ¥R 97 O O BEAE H, I8 R T AR AEMAE
ICIs Jo B 50 X 5 ) 985 70, B B B Il R & 3o

Faecalibacterium

Fusobacterium nucleatum (Fn) 5& — P 2 2% B 4% K 4
B, B A 2 CRC 1 3 ZEBUR i SR AR 15 RN,
Fn ()32 £ 5 CRC H 3% PD-1 FH WA J7 5 (1 2403 4
KU, SEB e o, Fnod@ i om STING {5 5 8 B8 7
B8 i JiRE N PD-L1 A AU ke e E . S Y
IE 7, Pl i T BR MK 614 12 42 5 MSS CRC /) i
X PD-1 TR [ BUR TS, ax e 25 3% Y R S 300
A8 AL bR R AR R G R T I R P AR A — B
BN

2k b, AU E A i PR AT DA S R A, T 0
ICIs FIH7C I 8T RCR , D e S B V8 T 2 (I T 1 SR
BRI A2, b8 B — B AR AT e BN i AR N —
AP AR I 2 REPETT, RRATY 75 A% SR S AT R R
RN BT
2.2 EWREKE AR ICIs AR

Tanoue 55" M A e AREHEASE(E b 0 B tH— A i
11T g o 4 1l () BB AR (7 AN 4O B8 1T R0 4 AN JE LT
BRI TTT), X 9 B R e % 75 i 18 TP 5 5 K= 1 TFN-y 23
R CD8 THIAE. % 11 70 B FREX & K 52 5H T CRC /M B
J&, el CD8™ T 40 M f AR 2\ 25 5 H & A1 ICTs
AT BIPUIR e S N o — T o B B /N BRI I
PRATHE R B, H R AEAT B R A Y (Bifidobacterium
breve fl Bifidobacterium longum) R¢ & % % 5% PD-L1 #i{
AR b e A0 ) S8R, LT AN RS AT o R ) AR R
b, BRI FEE I I 4 Tl AR B VR AT DA AT A
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1] CRC, #£ CRC A1 2 1 25 89 /)y Bl A5 A v\ 3 14 ot
PD-1 47044 1D Fifr g6 00 1) 28 SR Y

7E — T B I R R 56 (NCT03686202) 1, MET4
(L5 30 Fh T 2R W (1 30 44%) K TCTs 78 X 1 31 iz 1
R IR YT I R, SR R 1 2 4 1 A
2. FEERGIRIT A, A 1 I CR, 74 PRs, 6
SDs®™. 7£ 53 — T llfs PR VP fili 50 %6 (NCT03817125) 1,
SER-401 (— 4 15 IX & i 1% 25 4) 5 nivolumab X &
WIT 146 — LR RERREE . UKV SER-
401 FIPD-1 iR ML A M R A R IFi 4tk HY
X I8 2H #H Lt , vancomycin+SER-401/nivolumab 28 ] $i
Ji g R R BERAR, IX P RE S HTA R A KB,

&2, B EBRFAIESE T B AR A R N E fe
TRIT IS TEAH B F B T AT M . BRRER A R A UE 2%
Mg/ T FMT i 78 o 485 77 S0 8 BT 25 B (1 RV, ib
il R T B — TR AR AT A 51 T i a0 T R A ) R R . AR
T, B0 A T T 0 5 A T A 710 R R 82 () 47 7
2 IR AT .

3 HtMEEMETHFRIES ICIsinEHR

B 7 FMT FIRE € 1 VR 1l B 42 1 2 1 18 B 2
Ab, PRI 25 A2 0 S 2 G P 200 e 2 S SR
B8 20 i T TR R 1R ZEL R, AT 435 TCTs F) f 0%
1BIT R o
3.1 REFEHMEET

ST B M R R, IR T TAE
SR — o I R T W T B A SR B i S VR T RUR B AR
S, 5l T TZ RIERT, Ferrere 25 5T B, A= i
PR I 3 EEA AR 3- 5 T R B A T I R A
FH, WM T 28 i A 5 1 Ao 2 e A, 52 A o) e A A
58 ICB T BB 71 — Bl R A 5T (NCT05119010)
IEAEREAT o, B 7R VP Al 2R B AR R Bl b 7S B A
nivolumab Fl ipilimumab A J7 ¥ # 1 RCC & 1R
e 2T 4 A AT 1 i 1 R R 1Y o 2 PR, SCE
RN PD-1 FiiAR B . WF R0, BAT R iE
TR 12 1 4 OB 1 R 5 6 PD-1 LR e R VR T O N &
R YE R & B E NS Y. Lam EPVR I, & 4F
i £ i o A T Y T B R O I B3 Y TFN-I-NK-DC
iy, 7 VB PR A BE, AT G 5 ICB T A, [EIREI, £
N T i B AT 4 5 1252 ICTs YR IT 1) 2R 6 308 R 38 PRS 11
U A DG, 0 L TS e R e A R B 1 R
TR B ICIs VT B R B R EE T, &
SRR N TR B R R R B, R T bR
% RNV IRE TR R A ] Rtk A
TRHA, 72 115 R85 i 2 T A ) — P B 7 v R
1938 15, X LEBIF 5 AT HE 4 R AR T U e AE S B iR

I 8 Bh T B B AE f Ak, AT R MO BB TS AR A T
CIES7 %N

an AR To R — ARG TR I R 7R, AL AN AT
W RSy, BENS IR PEVE(R 3 i 1B 55 A s UED
MAEKS . KREZHE LR TREA4HE™. aHmE
TR AT — Pz 4 HARR ANV 8 7 i 18 B 1) 7
ES R R — P LR A4 BEICR B, Sk
W 2 O R J5 T DA B T &5 B A1 23R, me A RO
AN BRI AR 1) B TE B R, 5 5 R PECAZ T 41
JS2, 48 38 PD-1 HU A4 (¥ 5B vE v (B30 5 fg iR
X B4 AH L, CRC i35 17 18 1 R A A 98 /)N BROGT
PD-1 $70 4 B 23 PR AR, 177 SR #h 78 e 2 3 1 o
PD-1 Ho A4 i i g 0 1) RS, WF 50 R B, 1 R 40 21
AURY T B4R il B RE, Y0 Clostridiales g i) =5 &2 I
1 75 %% JIE W72 (short-chain fatty acids, SCFAs) )47,
fE 3t CD8" T 21 i i) i 8 B 3558 200, O 6t 35 4 vy
PD-L1 HuAA 6 7 45 o e ) 28R
32 FRETR

J A TG A B AR AU T B R IR E T AR T
T ELRE IR BB IR 2 R R AR I A 4, X L)
JE B BRI R AR s . 5
IR, 5 A TR A, R TE R A 2
kb

SCFAs /2 738 BB (Wys B 2K B RL  FLAT BRI
B B RFER) IS R A RTYE AL B B A e B G
P AR AR PR A FUER B, SCFAs (W1 4
PR T R A IR 55 ) Be Ui 3 TICTs I R H0 i g 280 2 -
FE4H h SCFAs IR FE 1 1151 5 PD-1 Ak S v 97 1 &K
97 8 B A I PES AH O, gk — D L SR A, Bk
Gk T I B UAE Y R IE I SCFAs (W 4.1 £) A1 PD-1
PO T 38 5 A R o] R

A, 28 11D 78 41 B R U5 IR AR ) 25 s I = R T
A R R AR, R W CTLA-4 $it {45k PD-1 4t
IR B g v T R IR S IR JE (pancreatic
ductal adenocarcinoma, PDAC) & —Fh Ve MR . B
TR B T8 B AT AR AR AL = iR S5 ICTs B A
{5, AT 2 2 P PDAC /) BRBE Y i AR Ko 8, 42
=T RN AR R, MS-20, — RS H FEE RMUE
PRI G 47T, 5 PD-1 SUiR MBS T A R il
AN BB RS BE R 3E &h T e A R AR KT
Kawanabe-Matsuda 2% & I 1l 4= % Lactobacillus
delbrueckii subsp. bulgaricus OLL1073R-1 /=4 4t %2
B (EPS-R1), g T/ AT S £ K& CCR6'CDS’
T4 . EPS-RI HJHEA Al 25 CCR6'CDS™ T 41 fitd 72
et Jg 2H 2R i3 i, RIS 2 W K B TFN-y, 1 8
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Figure 3  Schematic of "colon-retentive" inulin gel for in situ modulation of the gut microbiome to enhance the efficacy of anti-PD-1

immunotherapy™. SCFAs: Short-chain fatty acids; GPR43: G-protein coupled receptor 43. Reprinted with the permission from Ref. 86.
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CTLA-4 H 44 B PD-1 Hit 14 %} 15 CCL20 Jif 83 4 ffd 174
AR A RO

Y1 7 L /M FE D (extracellular vesicles, EVs) &4 A
B WAEDEEE SRR R AR, R4 RS
SHTE A 5 1E EAH EAR I E A . BEFUR Y, 4
B BVs 8 2 FoyL i) 3 5 G0 SO, BT I AE B 5 ICTs
PR VR F O Th B A B B I
33 mAER

HR 8 B 1 0, 04 2% AT LU Sk 9 B 401 3 ICTs B it
JERCR A ™ ESRRE B b, PUAEFIEE T
B MR Y — ZR 5 AT RES& A A= i 1 R G, 1% £ R gL 7T R
i RE Va7 B AR SRR, IR T R R T
2 == B TR AR A B, (I 2R 2 B R R R, R
1 CTLA-4 5 470 771 XoF £ 988 /Jn Bl PR e 988 400 o 20 S22
Pushalkar 5"V 3, 5 1E 5 /N BN 2 1 i iR AH T
S AR R B O E . O IRPUAE R TSI AR
Jo S5 0 ICTs BT 280 ARATTA A JR IR 9 B R 2 A T
G B M IR, F oA 22 U0 BRI A TR R T SR LA
P2 AU R G S B SRS b W R E R T
ICIs VRTINS, |1 0 AR 3R 9T 2 3 BUBLIC ¥ 22 il 2 A0
B W PES, 1M 7 3% 9042 2RI 48 FH 0 AN 77 A 25 5
M4, — T5EL 4 48 T 78 IF) 2R 48 2R 3R T 25 25 7 i 4
RO F B N S AR A B o R AR A B AR T
SN 2RSS AT R O X A P I R R I AR B
PUA ZR ICTs I7 280 1) 52 Wi =2 ANl 58 11, 75 gk — A2 1
BIF SR RE T ) B e b 20 K L35 32 BRAEAE 452 32 ICTs VA
I7 ) R DA 2, A R EE I AL HR S R AT AR
RO,

3.4 RHBEKRAT

Z WU 9T R B, R 24 R PR AR AN R % R 1Y i TE
BRI RN, 300 B A D e 89 G 28 O 555 100 9 4 791, A2 g Bt
iR f i A Ly SR I, BARE £ (Gegen
Qinlian Decoction, GQD) 5 PD-1 HL Kk B: & £ I, 78
/IN B TR R ASE R o ok 45 i b R B A B S 4 o A
H . GQD M1 PD-1 A& Bk & 1 FH ] &k 25 o4 % i 18 B
A, [N 52 i A1 A i A0 iR 241 20 CD8 T 48 i f B
1, $2& 15 IFN-y & B N1 PD-1 (%A BEAh, BF 5
KIS0 AR ] R I G Iy 1 R 2 A, R
i 8 A P 5 ML R i ) B A, [ I g2 M2 Y
51552 41 Ji0 A1 Treg 40 2 1 40 &, M1 55 tirelizumab B &
PrEYETT CRCM™, EHR T o2 —Fh KRR AR 2 1,
A 3E I T e 9% Tl e R 23 i T TR R SR R AR B iR
fEH. ZEHEHF OS5 PD-1 Huik B v @l & &£
Lactobacillus F Sutterella U\ }% & 1 Bacteroides )
JEE, HE 95 T 4 SN, AT 40 1) B16-F10 4 98 /) 5 D i
Jog R
4 EMEHBIRIESE ICIs I HLHIA R

KEUESE R B, 738 B E S T ICTs VR 97 R T7
[ E B CEEMEN . Wil FEtE i 2 MyLH 3 e
ICIs %% 16 97 I RCR, B W0E B 1R 0 3248 1 Tl AR
WA G 50 TR AR 58 73 5530 (U iR 22 0 0 T T AR
WY (a1 SCFAs WUE FIIH VT IR) AR B & fr, LA A H &
PR 5 A S bR 1) 28 SO BTN R
I, 35 M enterococci 18 1T 1%k H: 73 ik NIpC/p60 ik ZEHE
K f I SagA B EL R R, 7= A8 B S e i R 1) i B
JIR o PRLEE R AR R SR S e AL AR I IR A5 & S R 4519
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I 2 (nucleotide-binding oligomerization domain 2,
NOD?2), # 5 PD-L1 Hit 4 ¥ i &g # h) 24 SR Be 4,
Bifidobacterium pseudolongum 3= %218 13 Ji7 18 Tl A= ) AR
WAL (2 3E Th % 5 70 A AT IR S 9% 225, AT
P ICHYT 2. WUH HIAE TGO T T4 iR IR AL, 32
PR IR 23K 1. Choi %1 L ICB 15 S bk 12 45 5 3 A
DC i, MM 345 E IR E R 38 20 1 2 57 21 TR itk
T2 B FH B T 8 E 3R R v, dE — B (R 51 AR
I 2 G5 R0 B R R B RS T A SR . — TR TR
L3 A W Bifidobacterium breve % 15 3T Ji SVY, #E 1]
SVY (¥ T 40 /il 5 58 (50 0 B16 LI W B B R STY R A4
A X ORE, 3 B LA A0 1 AT AR S AZ S R R R
i JRE G 2 s AN o I A B, M T T R A R AE SR S
W Z AT R AR R, AR AR PUR M b 5 T
2 0 5 /0 T 40 bR 32 SR, PR T 48
i o fi 8 0 B R A S A B AR TR O TR R
SR Bt EL AR A F) i T R R % SR, AT R IR A
i E AR S FCAR P A0 e 5 i 2 e R 4 EL A A AR
A5 T AL
5 RESRE

IR, PAICTs AR I MR S 2 iR 9T R 15 21
T ORVE, Tyl A REAE T T S S N K BRI IR IR
IYRCRTT I RAFAE EEAE . ASCLRIR T 2 Tl R B
Al PRAJEFE, B R AR B 1 i T8 1 A A2 58 55 ICTs Bt iR
TBIT BRI J1 . 855 T 1 R IR 9T SR, A
FMT 45 7€ B AR IR TP 2 A2 7 < Ja A2 oo e
258, N I TE R AE DN ICTs VR T IR 280 B T B o
SE 1 EEAl

ST E, BT AR S ICT IS IR 9T 1 I
PRARIEAT A T WA B . B BT R I IR &5 R ¥, JpiE
PR AE L BE ICTYR YT SN 7 T B A R B 2 e kg
Rk SR, M TE T REAE OC AL M kR B B W R 5
Mo BTHEFRFAMZER, FRE R H K T e
N 5 S IR A WOER 5 A7 U B T i
YA B2 0 B DA R R B 2 e A R R, H
AT, A5 B 07 25 Hh REAE 22 Al ik Rg S 3L vh B2 71 ICTs 97 3L
(T8 20 i T TR AW DRI, R OO R T R RIS [
FE PR AH 73 M, 18R i A ] Ao IR A 42 A 9 A VR 2% A
R, [AI 45 5 2 22 R 7 1R 23 B R B I A A SR N T
FC M 18 B RS 1CTs 2 8] B 2% B ELAE L] . FMT 47 4E
A 3R V8 AE AT R A SO T R R AR
FEICHIRIT I 5, FMT BR R R JE 2 0 2, 52
AL FMT J7 &, 846 FMT BHA 1 1% £ FMT [
o3 8 AL S A bR AR, FMTIRITRR 7, S R A A
S o AMTEE W ARBON Y R 1 R YT I, T RE

SO B R AT IR, AR TT st AR
] AE R % 32 ICTIR ¥ 1 0E & 2 1 TS A A A R i
I B 5 BUR IR B 5 A2 2 B AR 1 B 25 R A
R, R, He A A gy T TR A 2L SRS v R AT &
FRHT IR ST SR o 3 45 8 4 1 R S AT A Rk
D AGE I REAS FMIT I v B8 5 B8 905 JEL 4 10 XU, 9 HL i mT
DA Bt —BORIR ST 7 o [N, ORSR i 18 B R T VR
0 2 T p € ThRE I A 52— MR K A7 2, LS =1 ICTs A
T2 AR R

TEBTTEK: PRI 51 ST S SCIR ISR AN SRR I 3R 5
S R A G RV DAy S AR A Sl U AR SR S AR
FAEARAE R, IR SR B AT e 24 W . T 1 3 DA AT
ZeHid.

RS ASOTAEH ARG R KR
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