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Ji5 75 1 % (disease control rate, DCR). Karnofsky DIHEIR 2 (Karnofsky Performance Status, KPS)PF4r. HHEIRGERL > K
AITAH A B (B B R0 . AR EE e . B mEAI ) R DU Ak T RS I T R R T 5 (carcinoembryonic antigen,
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MRS TR R4 & B Vi 2(Phylogenetic Investigation of Communities by Reconstruction of Unobserved States 2,
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Effects of Jianpi Jiedu optimized formula on

chemotherapy-related toxicities and gut microbiota in
patients with colorectal carcinoma: A prospective

controlled study
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(1. Department of Integrated Traditional Chinese & Western Medicine, Second Xiangya Hospital,

Central South University, Changsha 410011, 2. College of Integrated Traditional Chinese & Western Medicine,

Hunan University of Traditional Chinese Medicine, Changsha 410208, China)

ABSTRACT

Objective: Patients with colorectal carcinoma (CRC) frequently experience adverse effects
during chemotherapy, including gastrointestinal reactions, weight loss, and
myelosuppression, which may compromise treatment continuity and functional status. Gut
microbiota dysbiosis has been associated with CRC progression, chemotherapy-related
adverse effects, and treatment response. This study aims to evaluate the clinical efficacy
and safety of Jianpi Jiedu optimized formula (JPJDYHF) as an adjunct to chemotherapy in
patients with stage III-IV CRC and to investigate its effects on gut microbiota composition.

Methods: A total of 121 patients with primary stage III-IV CRC were prospectively
enrolled and allocated, according to patient preference, to a combination group (JPJDYHF
plus chemotherapy) or a control group (chemotherapy alone). The control group received
first-line chemotherapy regimens recommended by the Chinese Society of Clinical
Oncology (CSCO) guidelines, whereas the combination group additionally received
JPJDYHF Formula No. 1 and Formula No. 2 orally in a stage-specific manner. After
exclusion of dropouts, 113 patients who completed 6 chemotherapy cycles were included in
propensity score matching (PSM) based on 9 baseline variables, including age, sex, TNM
stage, and chemotherapy regimen. Using 1:1 nearest-neighbor matching with a caliper
of 0.25, 60 patients were selected for statistical analysis, with 30 patients in each group.
The ability to proceed with chemotherapy from the first to the second cycle was recorded.
At the end of each chemotherapy cycle, the objective response rate (ORR), disease control
rate (DCR), Karnofsky Performance Status (KPS) score, traditional Chinese medicine
(TCM) syndrome score, and chemotherapy-related adverse effects, including
gastrointestinal reactions, weight loss, and myelosuppression, were assessed. Serum
carcinoembryonic antigen (CEA), carbohydrate antigen 19-9 (CA19-9), and liver and renal
function indices were measured before and after chemotherapy. After completion of six
chemotherapy cycles, fecal samples were collected and total DNA was extracted. High-
throughput sequencing targeting the V3-V4 region of the 16S ribosomal RNA (16S rRNA)
gene was performed. Alpha and beta diversity were evaluated, and differentially abundant
taxa were identified using linear discriminant analysis effect size (LEfSe). Functional
profiles were predicted using Phylogenetic Investigation of Communities by
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Reconstruction of Unobserved States 2 (PICRUSt2) and the Clusters of Orthologous
Groups (COG) database.

Results: After PSM, baseline characteristics were well balanced between the two groups.
In terms of clinical efficacy, the combination group showed better chemotherapy
continuation than the control group and had higher ORR (46.67% vs 16.67%) and DCR
(90.00% vs 73.33%) (both P<0.05). The overall response rate for TCM syndromes was
73.3% in the combination group, significantly higher than 30.0% in the control group (P<
0.05). At cycles 3 and 6, KPS scores were higher in the combination group than in the
control group (both P<0.05). Regarding safety and adverse effects, by the end of cycle 6,
the combination group showed less severe gastrointestinal reactions, less weight loss, and
less myelosuppression than the control group (all P<0.05), whereas changes in liver and
renal function indices did not differ significantly between the groups (all P>0.05). For
serum biomarkers, CEA levels were lower and the reduction rate was greater in the
combination group at the end of cycles 5 and 6 (all P<0.05), whereas no significant
between-group differences were observed in CA19-9 levels or reduction rates (all P>0.05).
Gut microbiota analysis showed no significant difference in alpha diversity between the 2
groups (P>0.05), whereas beta diversity showed significant separation (P<0.05). LEfSe
analysis indicated decreased relative abundances of Bacteroidota, Fusobacteriota, and
Campylobacterota in the combination group. At the genus level, the relative abundances of
Bacteroides, Parabacteroides, and cancer-associated genus Fusobacterium were reduced,
whereas the relative abundances of the short-chain fatty acid-producing genera Blautia and
Ruminococcaceae-UCG-014 were increased (all P<0.05). COG-based functional prediction
showed downregulation of pathways related to lipid transport and metabolism and cell wall/
membrane/envelope biogenesis, together with activation of signal transduction functions, in
the gut microbiota of the combination group.

Conclusion: In patients with stage III = IV CRC, adjunctive JPJIDYHF may improve
chemotherapy tolerance and short-term objective response, reduce myelosuppression and
gastrointestinal adverse effects, promote reductions in serum CEA levels, and improve
overall functional status. These effects may be related to remodeling of the gut microbial
ecosystem, including reduced abundance of drug resistance-associated taxa such as
Fusobacterium and enrichment of short-chain fatty acid-producing bacteria, thereby
modulating lipid metabolism and signal transduction pathways. Future studies integrating
multi-omics approaches with large multicenter cohorts are warranted to further clarify the
specific molecular targets through which gut microbiota-derived metabolites regulate host

immunity and enhance chemotherapy efficacy.

colorectal carcinoma; Jianpi Jiedu optimized formula; gut microbiota; propensity score
matching; toxicity reduction and efficacy enhancement; 16S rRNA gene sequencing
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1.4 T 4biE

XPHRAH . $RHE CSCOfami#z —4fbyr, nlik R
B oMb 5 + B b R 4A (capecitabine + oxaliplatin,
XELOX). M2 +5- 3 JK ¥ g + B2 ¥) F1] 41 (folinic
acid+5-fluorouracil+oxaliplatin, FOLFOX). MV M2+
5- 38 DK W5 BE + fJF 57 % B (folinic acid+5-fluorouracil+
irinotecan, FOLFIRD)%5 77 % ; fF & f81E & RHKE
AT -

WE A4l e X B4R Iy O A B0 iR
JPIDYHF(H 1 5 25 4 mk) . TR TS 4
RIFEMAH 1577, #ERHS d; T8 9 RIF IRk
HM250, EZRH4d. BHI1A, 5. #Es R
200 mL H R (I A 7 770349 H 0 RE — = 5 v 24 s 2% k)
xR E AT E TR A, 15 WK 12g; 5%
Z:8g; HIAR6g; IRE8g; MRik6g; kR S5g; K
r5g; WM4g; hZh10g; M8 g; WANGE6g;
WA ZE8 g; 545 g; HE 3 g, 2577 B 12 g;
WE8g; HAR6g; KE8g; Priz6g; 112510 g;
MEEE 8 gy NAGE6 g; RIS g; 1IZEE 6 g; fll
8g; eifldg; —M6g; FHARG6g FH(10g; H
H3g,
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Figure 1 Flowchart of study design

CRC: Colorectal carcinoma; JPJDYHF: Jianpi Jiedu optimized formula; PSM: Propensity score matching.

1.5 EFEHARES 16S rRNA EENF

T 6 LT A UG 055 2 KR 2 SH G
SRS RFEREA, BT HREE T, -80 °CIRfF. X
JH FastPure Stool DNA Isolation Kit(J) [ & [E FE 2R K2
Al S PO AE ) S DNA, JFRG I R B | Al 7 5
B

PAFR ) DNA A, X 4 16S rRNA JE K]
V3~Va4 X AT A MR R 8, MR SRR TR
[llumina NextSeq 2000 V-5 M ¥ . b6 Fcdis 295757
JEFE AT 5 . R UPARSE 7.14% 97% M b1 k4 7
] #4732 PR JT (operational taxonomic unit, OTU)Z
2%, R H B AR 8 PE 2 1 H (Ribosomal Database
Project, RDP)Jr2E4545 & SILVA dls 5 ATy Fp i
Feo RAFETARMNPR S H IR RGR T A2
(Phylogenetic  Investigation of Communities by
Reconstruction of Unobserved States 2, PICRUSt2) i
T o g o, Jf & T W R & A % (Clusters of
Orthologous Groups, COG)%H# & 731 4 4] Ty i 3 [t
FFto

1.6 MEHEIR
EEESE bR DTS LS RI?
THIR 5 A 2 JE 3] 64 18] f s ) AN A il R O

I3 NEF(22~<28 d), —fE(28~35 d)F1Z=(>35 d). 2)fk
ST RN . B EHASS SRS 1 NG e R
TR R ML REAE AR, 1% 56 B [ SR IE B 5T i A R
= k38 AR 18 5 #E 5.0 it (National Cancer Institute
Common Terminology Criteria for Adverse Events,
Version 5.0, NCI-CTCAE v5.0)"/3%% . B &6 47 T
PAMAEZ ARG bR e = D 3¢ . 3) I IE I RESS
Fy o FET 16S rRNA LRI 773 A7 b e 2H il 2 A8
k., PFAL JPIDYHF X7 38 G0 A= A5 520 . 4) Il Jed A
KIMIFFETR . 233 TAST HTERL (TO) S 54k i ]
ZEREN(T1I~TO)RI CEA . CA19-9 /K-, i 2 413
2. T6 MR RERZES:, TR (TO-T6)/T0x100%
5.

KEMELIE RS . DKPS PE4Y . 35 Bl A 0~100 43,
SHE B R RS B E N RRIRS A, TIRYT T M1k
J7 )45 I AT PR AN o 2) B $5 i R (disease
control rate, DCR). =& H % MI7 20V b o 5¢ 42 5%
fit (complete response, CR). #F 4 2% fi#t (partial
response, PR). ¥ fa i€ (stable disease, SD) M ¥k
VEJE (progressive disease, PD)UEATIEAL, 1105 % L%
fi#t %% (objective response rate, ORR)FI DCR, A= 43
51125 ORR=(CR+PR)/4> &% 151 %5 < 100%, DCR=(CR+
PR+SD)/ 4 i B4 < 100%. 3)H B TEAR A4 K
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i RS 7 ROF . Mt (PP BESS & M) K (b
i PRI 4 S XA 7)) T BRI
1w 5% (B 3% 1, https://doi. org/10.57760/sciencedb.
xbyxb.00200), TVATTHT LA ST FE A LS o i A 717
fro UL 0CL) 2058 4P 6(H)ITor, By
36, AfHER R e HH B I A R B

1.7 ZEMER

TARST T S 6 IR S RS SR A 2 Bk ., AU
TN % 1R %4, FE % 7% 1§ (alanine amino-transferase, ALT).
K 4R R &= K F; 7% [ (aspartate amino-transferase,
AST). IfiL )R Z % (blood urea nitrogen, BUN) M HJL&f
(creatinine, Cr)/KF-, PPNERG 2G4k,

1.8 itz AbiE

K SPSS 22.0 #E AT B Ge it Aot . IES S0
AT ORI S br i 22 o, 2] LR FH A ST
FEAS e K505 AR IEA /A BT R A 4R G 1Y
SR, H 3 A RO F R, 4lE] L #CR H Mann-
Whitney UG5, 145048 f DI (R B L 80%) R
ZH 8] e AR F R O K 56 m, Fisher B IR 2, PSMH
Ji FE BRI 1 1 4 P SR F A5 4 16 4 2% (standardized
mean difference, SMD)PFAf, P EEIEMEFLS AL R AR

£R1 244 CRCEEPSMEIHIELZL AR

R EE M 7 2259381, 16S IRNA %L, Alpha
Z VR 8] L% R FH Wilcoxon FE FITAS 5 s Beta Z2FF
PE L %8 R ] 3 T Bray-Curtis 85 85 (19 3 A& b5 43 #7
(principal coordinate analysis, PCoA), Jf-456& EihZ
Jt J7 22 43 #T (permutational multivariate analysis of
variance, PERM ANOVA) ;56 21 [0] 22 575 SR kM
F 5] 43 #1 R4 W 18 (linear discriminant analysis effect
size, LEfSe)sHriiik2 5 bR, BB ALt H 5]
/3 #F (linear discriminant analysis, LDA)f%43>2 H P<
0.05; LT Spearman HHPEHT, LLr>0.6 H P<0.05
S (EAE HEAH SCHE 2% . P<0.05 2= 5 HA G+

24 R

2.1 BELHEMILR

I 121 BB H VAL, HIBRBEWRGS, 113
B 5E B 6 LT R, A A 2 32 4 . % HRZH 81
B, Z1:1 PSM G, YA 60 HIEE, RE130H4).
PSM 5, 24I7EAF S . YRR RO . bR
TNM . TR | b7 Iy S8 S5 BEA AR IR T ThI Y 22
SIS EE X P>0.05, #1), BAR M.

Table 1 Baseline characteristics of patients with CRC of the 2 groups before and after PSM

- PSM Hif
BRn=113) Xif HEZH (n=81) BRA U (n=32) Siitit P SMD

IR % 57.42+11.07 57.32+10.96 57.69+11.52 =-0.158 0.875 0.032
PE1(%)] 7=3.148 0.076

o 42(37.17) 26(32.10) 16(50.00) 0.358

B 71(62.83) 55(67.90) 16(50.00) -0.358
LRI/ (%)) 27=0.506 0.477

P 83(73.45) 61(75.31) 22(68.75) -0.141

el 30(26.55) 20(24.69) 10(31.25) 0.141
AR/ 1(%)] 7=1.549 0.461

e S 33(29.20) 21(25.93) 12(37.50) 0.239

VaE =] 46(40.71) 35(43.21) 11(34.38) -0.186

B 34(30.09) 25(30.86) 9(28.12) -0.061
SRR/ [H1)(%)] 27=1.550 0.461

HEE Ak 76(67.26) 53(65.43) 23(71.88) 0.143

stk 23(20.35) 16(19.75) 7(21.87) 0.051

[Pt 14(12.39) 12(14.82) 2(6.25) -0.354

©Journal of Central South University (Medical Science). All rights reserved.



@R LAy %45 B B A TR R S E R . — TR RPN, %%

1325

R1(E)
=X PSM i
— Bk (n=113) X HAZ (n=81) A 4(n=32) Geitik P SMD
(%)) 27=0.805 0.369
I 43(38.05) 33(40.74) 10(31.25) -0.179
A% 70(61.95) 48(59.26) 22(68.75) 0.179
FAR/NBI(%)] £=0.003 0.958
7 49(43.36) 35(43.21) 14(43.75) 0.011
b 64(56.64) 46(56.79) 18(56.25) -0.011
A AT/ B(%)] 27=3.653 0.056
1 55(48.67) 44(54.32) 11(34.38) -0.420
b 58(51.33) 37(45.68) 21(65.62) 0.420
AI7 I /B1(%)] 7=2.012 0.366
XELOX 50(44.25) 39(48.15) 11(34.38) -0.281
FOLFOX 52(46.02) 34(41.98) 18(56.25) 0.288
FOLFIRI 11(9.73) 8(9.87) 3(9.37) -0.017
. PSM J&
— A (=60) o B2 (n=30) A4 (n=30) Gt P SMD
RS/ % 58.22+10.43 58.40+9.91 58.03+11.11 =0.135 0.893 -0.033
PETH1(%)] 7=0.617 0.432
Lok 25(41.67) 11(36.67) 14(46.67) 0.200
B 35(58.33) 19(63.33) 16(53.33) -0.200
FeRtBR/ [151(%)] 27=0.635 0.426
¥ 37(61.67) 17(56.67) 20(66.67) 0212
H 23(38.33) 13(43.33) 10(33.33) -0.212
SRR EBOL/[11(%)] 27=0.452 0.798
se S 22(36.67) 11(36.67) 11(36.67) 0.000
VaR o 24(40.00) 13(43.33) 11(36.67) -0.138
H 14(23.33) 6(20.00) 8(26.66) 0.151
IHAEERIE/[H1(%)] - 1.000
HhaEar 1k 42(70.00) 21(70.00) 21(70.00) 0.000
st 15(25.00) 8(26.67) 7(23.33) -0.079
R 3(5.00) 1(3.33) 2(6.67) 0.134
I3/ 161(%)] 27=0.077 0.781
11 19(31.67) 10(33.33) 9(30.00) -0.073
v 41(68.33) 20(66.67) 21(70.00) 0.073
TR/ (%)] 2£=0.601 0.438
7 29(48.33) 16(53.33) 13(43.33) -0.202
P 31(51.67) 14(46.67) 17(56.67) 0.202
AL AT/ B(%)] 27=0.287 0.592
D 22(36.67) 12(40.00) 10(33.33) -0.141
b 38(63.33) 18(60.00) 20(66.67) 0.141
AT 5 %/ 151(%)] 2=0.625 0.732
XELOX 20(33.33) 9(30.00) 11(36.67) 0.141
FOLFOX 32(53.34) 16(53.33) 16(53.33) 0.000
FOLFIRI 8(13.33) 5(16.67) 3(10.00) -0.222

TR VORER F B AR 22 R, 0] LEACR FH oA 56 . ST BOERE DIUB (R A L 3R o, 4] LR R F R 5 R 6 .
CRC: ZEE#d; PSM: i iFs3ILiE; SMD: ArifEfkd22; XELOX: REHMbE+HEYLFIET; FOLFOX: M M-fiR+5-55 IR mE

BE+H YR AIEA; FOLFIRI: MV IM-FR-+5-F50 IR WS IE+IH AT R R
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2.2 GFRITRALITHE R R KA LL 8

A AL AT 38 A5 BUAR T X IR AL R, BB
A4/ ORR FIDCR ¥ T X HRAL, 253 A Gt
B3 P<0.05, #2),

2 IR Y7 AT KPS PF4r FL Y 25 3 o4t 322 7 X
(P>0.05), fbI7)5, XTHEZHAY KPS PEABIAI T RIS
REkadh, MPA ALE IR AR A . 5 3 R RIS

R2 2ABENBFTIARRNTHEIAR R KRB (n=30)

6 JE IR, A 4 KPS P40 24 i T % B4 (3 P<
0.05, #2),

553 AR, 2418 B R . MR DR SR
i 22 R TG 2E L3 P>0.05); 55 6 JE AT,
WG ALY 15 M 18 S ™ SRR . R EE DR S A
il B A %, 22 F A Geih o i (8 P<
0.05, #2).

Table 2 Comparison of therapeutic efficacy and adverse reactions between the 2 groups (n=30)

WMEHRIR POkl el it P
A7 i T B/ %)] 0.046
it 17(56.67) 21(70.00)
— i 11(36.67) 9(30.00)
%= 2(6.66) 0(0.00)
KPS 43
BITRT 78.00+7.14 79.33+7.12 =0.722 0.589
3 JEI 74.00+5.63 79.00+6.07 1=3.308 0.002
6 J513H 70.00+4.54 78.33+5.40 1=6.467 <0.001
ISP RGER
ORR/% 16.67 46.67 0.026
DCR/% 73.33 90.00 0.041
HT7 AR R
M T8 B (R )[4 (%)]
3 JH 0.083
14 8(26.67) 9(30.00)
1E7 5(16.67) 1(3.33)
NI~V 2(6.67) 0(0.00)
6 Jalibl 0.001
14 13(43.33) 26(86.67)
167 12(40.00) 3(10.00)
MI~IVZ 5(16.67) 1(3.33)
PR/ [151](%)]
3 JE 0.254
ETmRE 6(20.00) 2(6.67)
1% 3(10.00) 1(3.33)
17 3(10.00) 1(3.33)
M~V 0(0.00) 0(0.00)
6 JH 0.004
TR 30(100.00) 20(66.67)
I 3(10.00) 12(40.00)
1K 15(50.00) 4(13.33)
-1V 12(40.00) 4(13.33)

©Journal of Central South University (Medical Science). All rights reserved.



@R LAy %45 B B A TR R S E R . — TR RPN, %% 1327

EPIE=9)
pUE S =E Xit HELL BG4 P
HREMH/[151(%)]
3 a1 0.076
BERE 24(80.00) 17(56.67)
1% 11(36.67) 17(56.67)
1E73 12(40.00) 0(0.00)
MI~TVZ% 1(3.33) 0(0.00)
6 JA1) 0.002
TR 30(100.00) 21(70.00)
2 17(56.67) 20(66.67)
172 12(40.00) 1(3.33)
MI~TVZ% 1(3.33) 0(0.00)

THEGOR I REpREZ R, AR HLECR A K% THECROR USRS (R LB 2o, 2L IR] FLAER A Fisher B VT
s SFHBORER B . KPS: Karnofsky DIREIRZS; ORR: ZWLZEM#AS; DCR: LORTERIH.

2.3 PEIEERS R BUPEIRT T BEREZE T, MHRA TR, 42
2ANBITHTH IR AR LA 22 R g . AR ARG i R I SRR R R
(P>0.05), FEEMETr 2550 Mz, I ] 3224 HERIERRS T R AT 4 R (R 4) s, B LR

W RSN B ] < 20 50 A8 RN YA G BRRBAAAR)E THBRA, ZRAEGITFEX
X (HP<0.05, #3), ¥R 240 EIE bR (P<0.05), HHXT XU (relative risk, RR)42.440.
TR AL FE R . BAR b, X REALE i

x3 PEIEERINFTEST

Table 3 Variance analysis for traditional Chinese medicine syndrome scores

R HEHY FI HI B (I E) F P 1
Ik Fsf ] 4.016(GG) 58.149 <0.001 0.501
)t B[R] < 2H 31) 4.016(GG) 4.937 0.001 0.078
25 1 27.130 <0.001 0.319

P BEEAE AR R I 5 225301, B A1 48 Greenhouse-Geisser B2 1E, RN i LU 7 75 o

*F4 BETHEIEERSE 2 HilGRT L8 (n=30)

Table 4 Comparison of clinical efficacy between the 2 groups based on traditional Chinese medicine syndrome scores (n=30)

21 51 W% HEBI(%)] Tes/1(%)] AU 1(%)] P RR OR
X HEZH 1(3.33) 8(26.67) 21(70.00) 9(30.00) <0.001 2.440 6.420
BeA 7(23.33) 15(50.00) 8(26.67) 22(73.33)

TR AT AL (R R L) e, ALIAT ELBCRH Fisher S VMR, JFT RRAMOR, RR: HIXTIRU:; OR: HOfHIL.
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24 24H2%E CEA 5 CA199LL %

2 4 ALIT R CEA 5 CA19-9 K4k 7K K- (TO) [b 4%
(25 BTG E R L (¥ P>0.05), HA T HPE, 4
6 IS SR (T6), BEA 4R CEA KA T B4,
H MR R X R4, 2585 E L P<
0.05). 2 ZHH) CA19-9 7E% 6 JEI L5 SR A (T6) A 7K K

R 22 R G B L (3 P>0.05, %S5).
CEA & as R n, 2 417E TO~T4 i) () 22 5+
WG 2 X (¥ P>0.05), HZET5. Telf, B4
I CEA KR T X IRLL, Z2RA5HFE L3 P<
0.05, EI2A); CA19-9 fy£-AFIR] &S A i 25 R o4t
TR E L P>0.05, K2B),

RS5 2HCEAFICA19-9MELKF ., £ mKFR TRHERER@=30)
Table 5 Comparison of baseline, endpoint, and decline rates of CEA and CA19-9 levels between the 2 groups (n=30)

CA19-9/(U'mL")

CEA/(ng'mL™)

213 CEA T FEH/% CA19-9 NI /%
TO T6 TO T6

KA 6.104.01,9.66) 2.75(1.62,4.99)  44.79(26.09, 65.17) 11.00(7.47, 16.73) 10.41(8.40, 15.30) —2.70(~6.64, 9.76)

SIHEZH 5.92(3.46,12.91) 3.58(2.91,10.16) 28.55(10.91, 40.40) 11.15(8.71, 16.13) 10.94(8.53, 14.13)  4.97(~7.88, 12.50)

Z 0.353 1.981 2.130 0.394 0.230 0.812

P 0.728 0.048 0.033 0.695 0.819 0.416

TRAS AR ZOR LA B EE | U B, 26 3 U fidnZeor, dlin) AR F Mann-Whitney UK. TO: fRIFRTIEL ;
T6: 6 fby7 AWIZE R ; CEA: J@RPiE; CA19-9: B 19-9,

sk -~ BAd - BAd
—~ — X =~ 18f —— X AR
7t _
E] g 16}
& 2
£ 10r = 14t
= &
H I l2r
'E[E S5k i 10+
= A
Q 5 8+
1 1 1 1 1 1‘ 1 1 1 1 1 1 1
TO T1 T2 T3 T4 TS5 T6 TO Tl T2 T3 T4 T5 T6
sk ) 25 A s ) A58 B

B2 2/85%#E CEAS CAI9-9E TOE TO T L s

Figure 2 Trends in CEA and CA19-9 levels from TO to T6 in the 2 groups

A: Trends in CEA from TO to T6 cycles. B: Trends in CA19-9 from TO to T6 cycles. Group comparisons were performed using the
Mann-Whitney U test. Error bars represent the interquartile range (from the first quartile to the third quartile). Compared with the
control group at the same time point, *P<0.05. TO: Baseline before chemotherapy; T1: At the end of the first chemotherapy cycle;
T2: At the end of the second chemotherapy cycle; T3: At the end of the third chemotherapy cycle; T4: At the end of the fourth
chemotherapy cycle; T5: At the end of the fifth chemotherapy cycle; T6: At the end of the sixth chemotherapy cycle; CEA:
Carcinoembryonic antigen; CA19-9: Carbohydrate antigen 19-9.

2.5 2HBEBITAIEREMIEIRILE

241JRYTHT ALT. AST. BUN J Cr/K F He A
ZR TG L P>0.05). HI7 6 N JEME,
FIRARPR I BORIT R T R, (BRI 4
KA bR A A A L3 22 R 3 048 it L (3 P>
0.05). fbyrWm AR W 3% KDL EIFE AR B F
(3 6).

2.6 JPIDYHF XL ¥7 25 b7 & J B A0
2.6.1 Wi ARE S A

Ao E H 2824 OTUs, Hi226 0240
A (EI3A) . MBI AL 7 53k 2] 3 000 457 51 i)
#FE2%, H A FEAR ) Good’s 7 3 % (Good’s
coverage) B T 99.9%, FTIHMFIRE T L . R4
Alpha ZFEPEFEHCR L1 % 22 5, {0 Beta ZHE M1
PCoA Z5 3L R, KA 21 55 X0 B2 I 2k W A 0 254
KT W E(P<0.05, E3B),
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Fo6 2ABFRTAIERE ISR LB (1=30)

Table 6 Comparison of liver and renal function indicators between the 2 groups before and after treatment (n=30)

2053 ALT/(U-L™) AST/(U-L™) BUN/(mmol-L™) Cr/(umol-L™)
BT

popiizka:) 25.36+10.38 24.47+7.19 5.43+1.08 73.90+15.44
AU 26.91£10.86 24.87+7.18 5.50+1.07 74.48+15.77
t 0.565 0.216 0.252 0.144
P 0.874 0.853 0.871 0.757
bEtid =

X HRZH 34.56+13.17 31.3+10.59 5.97+1.26 80.11+17.57
BAH 35.42+15.13 31.63+10.88 6.02+1.29 80.62+18.39
t 0.235 0.119 0.152 0.110
P 0.848 0.828 0.869 0.740
LA

X HRZH 9.20+5.85 6.85+4.86 0.54+0.28 6.21+4.48
BeH 8.51+6.01 6.76+4.82 0.53+0.28 6.14+4.72
t 0.268 0.072 0.138 0.059
P 0.821 0.806 0.891 0.717

THEGOR U BR300, ZHIE] LU SR IS AR AS R 9 . ALT: NRIREIEF AL ; AST: RARIRESH KN ;

BUN: IMJRFEH; Cr: NEF.

40 226 X

RES] 80149  HEA o
S
a
O
o

i 266 242

5 200

§ 100|:

S o B WAl

B3 2EFEEEN S EES T

N
~

=
o

R*=0.032 26, P=0.024

i m X AR
. . LY SEgil
° LN L3
B $ " n ®e
A oo " «® Do ’. s
« L] =
« " ;”j- °
- .
B LU .
u®_
B 4 o m
| |
-0.4 -0.2 0 0.2 0.4
PC1 (18.35%) B

Figure 3 Diversity analysis of gut microbiota between the 2 groups

A: Venn diagram illustrating the shared and unique OTUs between the 2 groups. B: PCoA plot based on beta diversity,

demonstrating the significant structural separation of microbial communities. OTU: Operational taxonomic unit; PCoA: Principal

coordinate analysis; PC: Principal coordinate.

2.6.2 Fpif T BRAE B LA

LETTAKAE I+, JEEER ] (Firmicutes) . AT
(Bacteroidota) F1 48 JE [ | ] (Proteobacteria) 7£ 2 £H H1 1
didE s, HABA 2 Firmicutes A9 AH XS = BEAH
HoxF B AT T B I (181 4A) . TR KF- b, A 5547 G
W J& (Blautia), 3% % [G - 35 B [ & (Escherichia-
Shigella). F. ¥ & J& (Lactobacillus). ¥ FT # )&
(Eubacterium)F1E B ER # F-UCG-014(Ruminococcaceae-

UCG-014) AL R/ 00, LEfSe 04 SRt —
AAE7n, JPIDYHF + Bl HE A 4L i il it A 1
BEYFN A B(F 4B). SXTHRAAH L, BRA4
HH Bacteroidota . #FT [ ] (Fusobacteriota) FIZ5 i #T 1
["J(Campylobacterota) LA & #U T [ J& (Bacteroides) . ]
WATH & (Parabacteroides) AT 1 J& (Fusobacterium)
AR =F BE i 25 RAIK, 1Tl Blautia F1 Ruminococcaceae-
UCG-014 FyRFXT =2 .25 T imi (151 4C).
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Figure 4 Taxonomic alterations and functional prediction of gut microbiota following intervention

g norank f Muribaculaceae
g Lachnospiraceae UCG-010

g norank o Clostridia UCG-014

g Candidatus_Saccharimonas

A

M Blautia M Lachnoclostridium
W Bacteroides ¥ Phascolarctobacterium
M Escherichia-Shigella M Monoglobus
[l Streptococcus W Parabacteroides
0 Faecalibacterium 7 UCG-002
W Lactobacillus [ Others
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Agathobacter
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. Blautia
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A: Relative abundance of microbial communities at the phylum level. B: Relative abundance of microbial communities at the genus

level. C: LEfSe identifying significant taxonomic shifts between the 2 groups (LDA score >2). LEfSe: Linear discriminant analysis

effect size; LDA: Linear discriminant analysis.
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2.6.3 Mif H ALY AL TR

COG YJRE TN 5 22 57388 i 73 B 45 R (18] 5) 7w
FE R A D e s Z R . Kb S AR
W FesR DRI EHAEE . SXTIRAMIL, BKE

1.80e+7 COGHIRE 2
1.60e+7 -
1.40e+7 -
1.20e+7
= 1.00e+7
_H_
8.00e+6 -
6.00e+6 -
4.00e+6 |-
2.00e+6 - + % + +
° + * Y
0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 * + I S N .
SEGJKLMPCHTFOVIDUNQABWZ
i

2 ) A8 B AR R B A2 S AR . 20 B R A i
W)k A GE B R P W R, RIS S5 5T
fit B2 O (H P<0.05), X LEfigAs b nl fiE 5 CRC
A A H 2 R SR B A A oo

S: Function unknown

E: Amino acid transport and metabolism

G: Carbohydrate transport and metabolism

J: Translation, ribosomal structure and biogenesis
K: Transcription

L: Replication, recombination and repair

M: Cell wall/membrane/envelope biogenesis |

P: Inorganic ion transport and metabolism
C:
H:
T:
k:
O:
V:

Energy production and conversion
Coenzyme transport and metabolism
Signal transduction mechanisms |
Nucleotide transport and metabolism
Posttranslational modification, protein turnover, chaperones
Defense mechanisms
: Lipid transport and metabolism |
D: Cell cycle control, cell division, chromosome partitioning
U: Intracellular trafficking, secretion, and vesicular transport
N: Cell motility
Q: Secondary metabolites biosynthesis, transport and catabolism
A:
B:
W:
Z:

—

RNA processing and modification
Chromatin structure and dynamics
Extracellular structures
Cytoskeleton

O EENCOODNNCONEENCOENEN
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He1/%
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Figure 5 COG functional prediction and differential pathway analysis based on PICRUSt2

I: Lipid transport and metabolism; T: Signal transduction mechanisms; M: Cell wall/membrane/envelope biogenesis; K:
Transcription. Compared with the control group, *P<0.05, **P<0.01, ***P<0.001. COG: Clusters of orthologous groups;
PICRUSt2: Phylogenetic Investigation of Communities by Reconstruction of Unobserved States 2.

3t g

CRC &8 WLIH A R Gk Mg, X5 F I~V 1]
BE, TR AR TT I B 0, SR
i, ALI7 AR Il R . B BE I R B R
SEMATRYT IR NP A S0 R, Ak B il s PR 4K 45 119
WERED, K, E4ERR LT PR 7 2500 R st
WAL AR BN, B ACA BT CRC 2831697
T OCEE AT, BRI PR, R 25 7E G R
B RAORAS | IR R OGN B RN M IR YT
it 32 1 A —E . AN ST 7E R PSM - i
He2k 2% G55 Won, JPIDYHF 46 B ALST 0935 25 ALK

PRAESE IR R i, IR E R A Ay ad i ol .
R DCR MRS o, HRBS IS ThaE i .
XN HAT B PR T ST R B R 26 .
JPIDYHF VR TG IRZ 50 T5, I 24 5 B Jn ik
AL, MIRIT SR, %5 IR B — A
AR, WRARE AT AS TR B B M 2 0. dE AR
2 MOE SRR R s AT T . ARy R E AR
A MERD, DSt E s RGN 2, %
O VS HARTE R P25 Hp i S0 e s $A i
SHIERTA, DA RESEIR YT B0 T 52 4 B A1 Fn
HURRAET . Ao, BRAAE b s wss ., &
HFRRIRERCD . BRI R E R, 50

©Journal of Central South University (Medical Science). All rights reserved.



1332

PR AR (BE2EI ), 2026, 51(7)  https://xbyxb.csu.edu.cn

TR B AR — B . A5 A REAT 2 Y
JPIDYHF “JlERHS&C WfE SRR AT RE 5 H 2 1y
ZA S PR A OG, AR R A . A
PRAE T 5 AL . R T I A ) B 3 i A
RS R RaR, LI RN I 3R R BR T SR i
ARFEW], WP RS K m R B B RE . SRR
it 25 AH G R A 2R AR 1 o

A B 5E B BB SUTE TN 3 RE A RE U 5%
JPIDYHF G B ALy 7 5 BB E 28tk . i R LR
SRt E bR, R T R s A, ik
PR S AR R MR R I L IR R B 4 B B IR
Z 515 FRELEFCTY, X CRCEHEMF, MiEEE
KA EGMIE L. RIEAX, Ww5AITFHX
AN RSO YRS B UIAH DGR Ak, th S 5 LA
FUIRA F B 257750, s AN ] sk f b 5 17 38 1
AR ER . —J7 T, WEE S5 2R
ik —Jm, 9¥dn] ol ok IR HEAS
PRI, DA T8 T A 3 2 P8 5F TPIDYHEF (945 HIAIL I
BA—E RS

AR 16S rRNA M FPER TR, B 215 %
W BT IR S50 1Y) Beta ZFEE 2 S B 3%, TN
Alpha ZFHETJC % 225, KW IPIDYHF A] fE 24
T RBFZSAPE SR, MEERais i e .
HAK K FH , B4E 4 Blautia 1 Ruminococcaceae-
UCG-014 FHXT F= B, 38 ] 77 2 % s iy 1R
(short-chain fatty acid, SCFA)P"., SCFA #1 A7 T Rk
RS2 b Rz 2y ESERE ol i, SR 1 i 21
FE M I 2 Bk B (histone deacetylase, HDAC) %4 & #%
SPE T IIRERY . FRSISRI, T RRER T HE ALE I
FRYE, S REI R G A AR PR T AR oAk S
IR, AT o A B 1) S IR A, mT g ] 422
HsRALST 25 BT IIE RN . R, AR EiR
AR W R E AL, TR S A4S il b R
A7 I LA AE G
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H1 Fusobacterium 8 X} F B F B o H % % FF &
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it 2 S AT T 24540 G, RT3 1) Toll 4 32 44 4(Toll-
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MYD88) %538 e i [ e 4 A7 136 I 1l 55 BL VD R4
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