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Changes in gut microbiota diversity in patients with cholangiocarcinoma and its impact on treatment
response
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General Surgery Department of Jurong Hospital Affiliated to Jiangsu University)

Objective To explore changes in intestinal microbial diversity in cholangiocarcinoma patients,its impact on
treatment responses,and its relationship with survival outcomes. Methods This prospective study enrolled 45 patients
divided into surgery,chemotherapy,and immunotherapy groups. Fecal samples were collected at baseline, mid-treatment,
and end of treatment,and microbial diversity was analyzed using 16S rRNA sequencing for « diversity (Shannon, Chaol
indices) and B diversity. Patients were also categorized into treatment response groups (CR, PR, SD,PD) to evaluate
associations with progression-free survival (PFS), overall survival (OS), and clinical biomarkers. Results  The
immunotherapy group showed a significant increase in a diversity during treatment (Shannon index P = 0. 045, Chaol
index P=0. 038) , while no significant changes were seen in surgery and chemotherapy groups (P >>0. 05). B diversity
analysis revealed significant microbiota composition changes in the immunotherapy group and differences between groups
at the end of treatment (P =0. 017). Higher o diversity was observed in CR and PR groups compared to SD and PD

groups ( P <C 0. 05), with significant increases in Faecalibacterium and Akkermansia genera, particularly in the
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immunotherapy group. Survival analysis showed patients with high « diversity had longer PFS (12. 8 vs. 8. 3 months)
and OS (19. 2 vs. 12. 4 months) (P <C0. 05). Faecalibacterium was negatively correlated with inflammatory markers
(CRP,IL-6,P<C0. 001), while Escherichia/Shigella showed positive correlations (P <C0. 01). Conclusion Intestinal
microbial diversity is closely linked to treatment response and survival outcomes in cholangiocarcinoma. Immunotherapy
significantly increased microbial diversity and the abundance of key genera,such as Faecalibacterium and Akkermansia ,

which were associated with better treatment responses and improved survival by modulating inflammation and immunity.
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Microbial diversity may serve as a predictor of treatment efficacy and prognosis in cholangiocarcinoma patients. .
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Abbermansia 0114005 0124005 0,190,056 0,038 Pop jyugape =0.047
Pl s =0.042

P sty =0.571

Escherichia/Shigella  0.09£0.04  0,09£0.04  0.0520.02 0,091 P p gy =0.071
P st st =0.063

P sty =0.764

Bacteroides 0.322£0.08  0.34£0.09  0.51£0.07 0019 P pyugupr =0.033
P sy st =0.00

P povstry =048

Faecalibacterium — 0.20£0.06  0.2220.07  0.39£0.08 0014 P yugpe =0.027

Pt vstgs =0.030

5 P vt =0.562
i Ruminococcus 0.14£0.05  0.15£0.05  0.16£0.06  0.442 P yuguy =0. 364
P tys s =0.841

P sty =045

Akkermansia 0.124£0.05  0.1320.06  0.20£0.06 0,031 P g yugy =0.041
P s vosan =0.016

P sty =072

Escherichia/Shigella  0.09£0.04  0.08£0,03  0,0520.02 0,078 P gy =0.062

P s vssune =0.097
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Table 5 Alpha diversity (Shannon index and Chaol index) of different treatment response groups
N " CR 41 PR 4 SD 2 PD 41 Kruskal-Wallis Dunn # 542 1E
] A g
FE ] 5 ek n=10 n=12 n=13 n=10 P g P
P rypr =0. 861
Shannon 3.51+0.52 3.4940.55 3.4540.57 3.42+0. 60 0.742 P pessn=0.672
P crypp =0.513
P gepr =0. 638
Chaol 252.45448.65  251.23446.78  248.34+49.12  247.12+£50.15 0.731 P pesspy = 0. 544
P (gypn =0. 827
P crepr =0. 710
Shannon 3.78+0.58 3.7240. 60 3.4840.54 3.2040. 62 0.029 P creesp =0. 034
P ¢reepp =0. 027
ERAaL b
P (gypr =0. 692
Chaol 268.12449.32  265.78+47.89  251.34+48.12  235.45450. 83 0.017 P gysp=0. 031
P gepp=0. 019
P cgepr =0. 268
Shannon 3.82£0.61 3.7540.62 3.50%0. 56 3.15+0.63 0.021 P (ryssp =0. 029
P gy =0. 015
T LR
P gepr =0. 810
Chaol 270.45450.78  268.12448.56  252.45+49.67  240.34+51.12 0.013 P (pessy =0. 027
P (gypp=0. 011
K6 o ZHESEFLERNXER
o Ss Table 6 Relationship between a diversity and survival outcomes
\ - ) v PFS . . i 0S ., ~
- SRR A8 Epgiﬂ) gucl P qj(%) %Y Cl P
0.04
BSR4 1280 10.2—15.5 0.004  19.2  15.1-23.3 0.012
Shannon #% 4t .
[&eet4 8.30  6.1-10.4 124 9.8-15.0
RORAA 1310 10.4-15.8 0.006 19.4  15.3-23.5 0.014
Chaol f% o
KRR 810 5.9-10.2 12,1 9.6-14.8
0.00
N ZER IR o ZREEALRY AL PFS 23500 T
O \ .
o ZREMEA (12,8 vs 8.3 9520 CI: 10. 2-15. 5 vs
0,04 6.1-10. 4 4~ H .log-rank P =0. 004) , H1{ OS 1 g 3%
FER(19.2 N H vs 12.4 N HL,95%CIL:15. 1-23. 3 vs
9.8-15. 0 4~ A , log-rankP =0. 012), #t — 4 5 #r &
71 » 18 Shannon #8 8F1 Chaol #8820 1 fi PFS 2 2
-0.08 N S
KFELREMEYL (P =0.004 1 P=0.006), F1 {7 OS

-0.05 0.00 0.05

PC1

B LEfSe SM7 45 B + 1637 45 0 535 05 55 1 B 5
3 ETF Bray-Curtis 88 B H38 7 R B E AR 55 2 47 (PCoA)
LEfSe analysis results: significantly enriched microbial taxa at the
end of treatment
Fig. 3 Principal coordinates analysis (PCoA) of treatment response
based on Bray-Curtis distance

5 MEVMESHEESEFERNXEK

ARG 43 B T T it ' A A7 W (PES, Progression-
FreeSurvival) il & 4 £ 8] (OS, Overall Survival) 5 I
EAEY o ZREZE KR, BEE o ZREEKF
Gy e R A RIR Z AR PR L JF L i Kaplan-Meier
A A7 2 A Cox Ll A5 JRURS: [m] 05 60 Y , 7 Al I 55 A= A7 25
JRI Y RHR (% 6,8 4)

B EIERK (P =0.012 fl P=0.014), ixX¥sE R4
7 B TE AR W ) T R AN — k5 I A R A i A
FETUG % VIR G

Z /5 fr Cox [m] I AU 8 B 1 £ 5 A9 4 % L M 1
Jikgeg o3 1 R 3R 97 7 05 . & Bl s Shannon 8 M
Chaol #8455 ¥ K 1y PFS FiI OS g 2 4 5% (Shannon
8% HR = 0. 68, 95% CI: 0. 52-0. 88, P = 0. 003;
Chaol ¥ %t HR = 0. 65, 95% CI; 0. 49-0. 85, P =
0.002) BFEM K, S5 R LW W 1E WA Y) 2 406 P ] RE
2 B e A A AR A S Y — S 2 S SO
6 EMRENSMEDBENBEXES T

h TR i T R AR W E A e R R
AW bR A W Z 8L 6 B AS BT ) AR Il v b ) B
AW HRAE Y (CRP,WBC, LDH, 1L-6 ,CA19-9) 5 fiz i
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Fig. 4 Kaplan-Meier survival curves of alpha diversity and

progression-free survival (A) and overall survival (B)

x7T WMEVESEKREMIREWE Spearman 18X 5347
Table 7 Spearman correlation analysis between microbial genera
and clinical biomarkers

WENE CRP (p.P)  WBC (p.P) LDH(p.P) IL=6(p.P) CALSY (5.P)

—0.42,0.002 —0.35,0,005 —0.29,0.022 —0.40,0,003 —0.33,0.008
Faecalibacterium — —0.50,<0,001 —0.44,0,001 —0.46,<0.001—0.52,<0.001 —0.48,<0.001
—0.12,0.342 —0.15,0.276 —0.18,0.164 —0.14,0.294  —0.10,0.489
—0.39,0.004 —0.36,0.005 —0.35,0.007 —0.41,0,002 —0.38,0.004
Escherichia /Shigella ~ 0.40,0,003  0,38,0.004  0,42,0,002  0.44,0.001 0.35,0.006

Bacteroides

Ruminococcus

Akkermansia

Bifidobacterium =0, 33,0009 —0,34,0,008 —0.30,0,017 —0.35,0.006 —0.29,0,019
Lactobactllus —0.28,0.021 —0.27,0.031 —0.26,0.038 —0.30,0.018 —0.25,0.045
Prevotella —0,09,0.521 —0,12,0,421 —0,10,0.489 —0.08,0.543 —0.11,0.470
Clostridium —0.35,0.006 —0.31,0.014 —0,32,0.012 —0.36,0.005 —0.30,0,017
Blautia —0.42,0.002 —0.40,0.003 —0.33,0.009 —0.45,0.001 —0.37,0.005

Bacteroides F Faecalibacterium J& 5 CRP,
WBC.LDH.IL-6 #1 CA19-9 & & 2 i f %, Jo H &
Faecalibacterium J& 5 T A A W) br i P 24 2 W3 70M
K(P<C0.001) , i3, W FLAE 4170 ) 5 i A sl 2 952 o 3 Jg v
AR B T H BAE H . Akkermansia JE MW FE 5
CRP FiI TL-6 /K V- {2 FAH G (P<<0. 01) . R B H A B

W W A B B ok B R E R AE K F-.
Escherichia/Shigella J& %5 CRP,WBC,LDH,IL-6 fI
CA19-9 /K P8 B 2 IEAH S (P <0, 01) , 7 H 3 i 1y
JAT RE 5 58 AE 7K P TH i A R R A G, X 5
Escherichia/Shigella Jg&F Jy ¥ 76 5 J& & 101 FH —
2., HABEJE W Clostridium 1 Blautia 5 £ fpE
Yy 2549 5 v B ARORE G B2 B AT AT R TE I 1Y 48 5E AN
B8 SN R T RUAME R .

WEVESEVIREYHISpearmanig X R E
0

Faecalibacterium

-0.2
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-0.4

Akkermansia
Escherichia/Shigella
Bifidobacterium
Lactobacillus
Prevotella
Clostridium
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ddo
oam
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LRl
6-6Tv0

B 5 WEMESEWREYE Spearman 18 X 4 E
Fig.5 Spearman correlation heat map of microbial genera
and biomarkers
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ARBEFE o3 1 REAE i B W 3 A W) 2 R 72
A R RIRST SRE 5 W0 L 48 78 T A ) L AE OIA
IPRCRMVEAE S Ry P B TE B . DFE R B A AR
7 7 O R W B A ) 2R A T R e
HERZERITHEELERITT SR D o« Z MK
(Shannon 8l Chaol 4§ %) & 2 34 Jin, ) T AR 4L
eI A AR X BN . X — & B S Routy 55 /Y bF
FERETE— B0 SR IT AT RE I A I 5 7 3 A ) 2 ok
B s ILHTOR AR L HLH AT R B T 40
A A L R 4 AR ) A D % S T ) e 1 4
SR AN

TEA TR 5T o & LA 516 97 B 35 D) AH 5 1 ¢
e g U H 2 Bacteroides . Faecalibacterium
Akkermansia TEIGYT N FAFHY B B35 4. X
5 Gopalakrishnan 2" ®F 5% 41 0F 5, &k B,
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Faecalibacterium J& 0 F 5 B0 % 5 B & X PD-1
PREVRTT 1Y SN 5 IEAH OC . Bacteroides J& $IA 4 1E
2k 45 i T R 25 R Y G RN P R AR Y
AWFFE I — 2 3R T 3X — W I R I R R
PR S T K5 R ORI RN B R K
Faecalibacterium J& 553 5& F. prausnitzii , 9] 12
IWHRE—F A RN E RS AR . A5
SER BRI Tk 28 AR W A MR e YR 0T TR T AE A
{H., Akkermansia J&, L H & A. muciniphila , iF 4F
Ok PR AR A B A0 0 22 3 5 vp O AR T A2 2 Iz %
YL AW ARG T Akkermansia &5
TRYT RN B IEAR OG5 3% 0 AR SR PR LR 1 o0 38 AR
B BB IT SRS SR B TR Y O . AR £ SR B
NS BRY « ZRETE S B A TG HE AR A (PFS) A
BAAAIOS) BB X — % BB T 4E 55
ZHE AL I 1 T A= 0 i X R A A8 TS Y
X 5 SCHRL14 T 52 0 i WL — 20, BV 38 B2 ) 2 4
PEW] RE & i 0E BB TS 1) — D E s bR . AR
Cox B JAURSE 81 U5 73 #7 #E — 22 UE 52 » 5 Shannon 45 %%
il Chaol 45 %02 M 57 T 1% 58 i IR DX & 89 19U Js #2000 1A
Fo X — RN AT RE G A VAL AR B A Y £
FEPE R 5 B AE R R B TS . ZEAS IS b, WL 2
i A= Yy J& (U0 Bacteroides 1 Faecalibacterium )

S5 bR (CRP A IL-6) 5 W % f /6 56, i
Escherichia/Shigella J& W & IEAHK ., X2k G~

TR A 56 ERAER L Z BIME 28 EEh. B
A IR L8 i T8 A ) Al o AR B I TR
A PR R YT AR ST A B A ik — AL
T JEAE 988 v 1) o B SR A TR A TR A

Li L PTIR AT s T RRAE i R A T 3 A )
ZREVEI Bl 25 A8 A B HE 53R 7 S AR 1Y D) oK
IR B9 5 T B4 S B VA R 1 i 3l Gl A W A L R AR
JEIRIT P TR TE A (B DL S O JF R 3 T RUE W AL 2
W TS RS 7 SR B A 1R B R B (EAS T S A
BIRRVEE T JCIE 0 IR R AR AR BB 52
1 25 TEFEAT D RE RS2 56 o b N 26 11 7% A s B T R T 0
E— 5 R W R Bl 2B W) 55 3R 97 R 0 22 [ B AR S AR
T3 SN TR 5 R R D A 2 AR 2 0 G g 2 2
Y PR AR WAL A AR o 5 B 2 18] 4 AR AR
JH R e T D 1] 5 AIUE Oy R AR Al 6 o 7 SR e 2 1t
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