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Abstract

Objective: To explore the association between the level of total bile acid (TBA) and the clinical char-
acteristics and prognosis of patients with pancreatic ductal adenocarcinoma (PDAC). Methods: This
retrospective analysis enrolled 144 pathologically confirmed PDAC patients from our institution
between January 2021 and December 2022. The study encompassed their clinical, pathological, and
follow-up data. Results: The high bile acid group had a significantly higher incidence of hyperten-
sion and coronary heart disease than the low bile acid group (P < 0.05). The total bilirubin (TBIL),
direct bilirubin (DBIL), aspartate aminotransferase (AST), gamma-glutamyl transferase (GGT), and
alkaline phosphatase (GGT) levels in the high bile acid group were all significantly elevated in the
high bile acid group compared to the low bile acid group (P < 0.05). Pancreatic head cancer was
significantly more common in the high-bile-acid group than in the low-bile-acid group (P < 0.05).
For the entire cohort, the median overall survival was 13.06 months in the low bile acid group and
16.19 months in the high bile acid group, while the median recurrence-free survival was 7.33
months and 9.87 months, respectively. No statistically significant difference in overall survival was
observed between the two groups (P = 0.351). In the pancreatic head cancer subgroup, the median
overall survival was 12.30 months in the low bile acid group and 15.87 months in the high bile acid
group, with median recurrence-free survival times of 7.01 months and 10.82 months, respectively.
The difference in overall survival between the two groups did not reach statistical significance (P =
0.052). Conclusions: The level of TBA is significantly associated with specific clinicopathological fea-
tures in patients with PDAC, suggesting that it may serve as a potential biomarker for assessing dis-
ease status and prognosis.
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3. &R
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VIGE M EEVE =~ R Ge b L0k T 252 4 PDAC £, HEBR 87 42 AN IPMN. PNET Arhli AviE
SHANRHERRMEE . 8 LIRIKTERATERES . 7 BRI EE. 5 LT BT ST B .
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Figure 1. Flowchart
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3.2. —f%&EE

A I TR IR 2 N PDAC B35 144 B, 40 M AR VT ER 7K -5 B3 16 v I el /O it 35 A 5K
R R L L OIS S 2 i TRV BRAL(P < 0.05, W% 1) AMNEIMABHER/K V5 B ik E .
BMI. 64, G MRl WOWE. DGR BE R SRR R E AR SR(P > 0.05, WF 1),

Table 1. Baseline characteristics of the PDAC patient cohort (n = 144)
= 1. 144 5 PDAC BEMEL TR (n = 144)

IR (ﬁﬁﬁ) ﬁfﬁ%ﬁ %fff? Gtk P
ﬁiﬁ(kg) 65.98 = 10.59 65.09+11.13 67.44 +£9.55 t=-1.29 0.198

BMI 23.64 +£3.02 2327 £3.07 24.25+2.86 t=-—1.90 0.059
R () 63.00 (56.00, 68.25) 64.00 (56.25, 69.00) 61.00 (55.25,67.00) Z=-0.87  0.385

B i (cm) 168.00 (160.00, 172.00)  170.00 (160.00, 172.00)  167.50 (160.00, 172.75) Z=-0.44 0.661

A, n (%) 2 =0.25 0.614
5 97 (67.36) 62 (68.89) 35 (64.81)
E/8 47 (32.64) 28 (31.11) 19 (35.19)

IH, n (%) ¥ =1.65 0.199
7 89 (61.81) 52 (57.78) 37 (68.52)
A 55 (38.19) 38 (42.22) 17 (31.48)

WA, n (%) =026 0.612
7 110 (76.39) 70 (77.78) 40 (74.07)
A 34 (23.61) 20 (22.22) 14 (25.93)

PRI, n (%) ¥=029  0.591
7 92 (63.89) 59 (65.56) 33 (61.11)
A 52 (36.11) 31 (34.44) 21 (38.89)

mIME, n (%) ¥=560  0.018"
7 102 (70.83) 70 (77.78) 32 (59.26)
A 42 (29.17) 20 (22.22) 22 (40.74)

O, n (%) ¥=6.09  0.014
7 127 (88.19) 84 (93.33) 43 (79.63)
A 17 (11.81) 6 (6.67) 11 (20.37)

“x7 FoRERAGIFEE L. BMI, GEFEIR, kg/m?.

3.3. SMNEAMPEEE/KF S PDAC BEMBEFIREYNXH

Guik s KL, SME AR ERAK TS5 B E WS R., HEBAR, SREENE. FaEBtEik
By BRPEBERRAG B A, MHVTIRALEIEZR . ERBAR ., B AN . B2 BN . i pEeL e
0 TR ERAL(P < 0.05, WA 3), AMAMLAHY AT 5 B M BERG . 8 A P i 5
HEWEARI(P>0.05, WA 3). AhE MR TR /K5 B8 B A A h A, i vERi A vH 2, kB4
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B, PAZYIM TR, MR, 4RIl C B . CEA. CA199 25K & LM EAHEP > 0.05, W% 2). 4k
JA MR BT 5 B AR AR AR A AL Hh =g, HE . mEERED. REEEEA. #I5E A B,
JEE A av WS IRWTER . ZSIEIUKE . MM 20 (A S5 N R L RM P > 0.05, WF% 4).

Table 2. Association between TBA and Hematological/Tumor markers in PDAC
% 2. TBA 5 PDAC BE MBI K MBIRSHRIX R

I ek e Rl e Gils P
SEL R 5.04 (4.30, 6.44) 4.95 (4.29, 6.44) 5.36 (4.34, 6.34) Z=-0.11 0915
FR M4 B T4 3.59 (3.02, 4.60) 3.55(2.93,4.44) 3.60 (3.19, 4.76) Z=-0.57 0572
N R R A 1.44 (1.17,1.75) 1.45 (1.21, 1.76) 1.40 (1.07, 1.69) Z=-149 0.137
AT 0.45 (0.34, 0.54) 0.45 (0.34, 0.55) 0.45 (0.35, 0.54) Z=-057 0.566
/R 210.50 (162.75,257.50)  210.50 (166.00, 258.50) 207.50 (161.00,255.00) Z=-0.54  0.589
&1 C RMNVE A 2.23 (0.94, 6.62) 2.17(1.13, 5.81) 2.60 (0.83, 10.14) Z=-022 0.826
CEA 3.65(2.21,7.27) 3.46 (2.27,7.19) 4.07 (2.07,7.51) Z=-0.08 0.935
CA199 191.90 (49.84, 634.82)  191.90 (52.52,555.75)  184.45(50.91,805.03) Z=-0.42 0.677
Table 3. Association between TBA and Liver Function in PDAC
%% 3. TBA 5 PDAC BEIINER
IR (f": ’fﬁ) fi (”fffffﬂ %fffi%ﬂ Githk P
JIE s i 7246.03 + 1634.13 7362.05 + 1770.58 7055.59 + 1376.19 t=108  0.83
SRS 39.54 (36.80, 41.32) 39.57 (36.24, 41.31) 39.47 (37.54,41.45)  Z=-0.57 0.566
MR R 24.46 (12.72, 128.30) 17.80 (10.89, 97.86) 68.92 (18.05,172.91) Z=-2.83  0.005"
IERZTiEEAS 8.71 (4.07, 104.93) 5.61 (3.90, 74.89) 49.19 (5.59,138.47)  Z=-2.84 0.004
BR AN 36.00 (13.75,172.05)  27.85(12.07,127.75)  88.55(15.50,235.00) Z=-1.74 0.082
B B 30.05 (15.93, 113.50) 22.10 (15.70, 76.75) 63.50 (16.18,141.00) Z=-2.08 0.037"
YR N 81.50 (15.45,467.17)  43.50 (14.85,291.83)  317.60 (16.85,651.75) Z=-2.24 0.025"
TRl P 1t i Tl 105.85 (65.22,305.90)  87.10(62.22,216.75)  219.65 (74.00,389.02) Z=-2.59 0.009"
“R7 RNFEFRBERIEFE L.
Table 4. Association between TBA and Blood lipids in PDAC
%% 4. TBA 5 PDAC EEMBERIXER
A i o e e SitR P
WIEEH Al 1.12+0.39 1.15+0.37 1.09 +0.42 t=0.85  0.397
i =g 1.45 (0.93, 2.50) 1.35 (0.87, 2.30) 1.49 (1.09, 2.99) Z=-149 0.137
JDEL ] 4.49 (3.36, 5.32) 4.40 (3.31,5.13) 4.64 (3.42, 5.39) Z=-122 0221
R 0.98 (0.74, 1.24) 0.99 (0.83, 1.23) 0.92 (0.57, 1.28) Z=-086 0.389
& ERREA 2.77 (2.18,3.41) 2.72 (2.16, 3.26) 3.05 (2.20, 3.68) Z=-096 0.335
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#EEH B 0.86 (0.69, 1.06) 0.84 (0.69, 1.06) 0.88 (0.69, 1.06) Z=-0.65 0.517
JEEH a 93.00 (27.40, 182.00)  118.00 (43.00, 194.00)  65.65 (25.75,153.85) Z=-1.79 0.074
B G i R 0.55 (0.41,0.75) 0.53 (0.35, 0.69) 0.58 (0.45, 0.82) Z=-176 0.079
% i A 5.76 (5.10, 7.16) 5.65(5.02, 6.71) 6.08 (5.21, 7.80) Z=-150 0.133
A AIIRARE 4| 7.00 (5.88, 8.12) 6.90 (5.75, 7.65) 7.10 (6.20, 9.60) Z=-0.97 0.333

3.4. SMEAMARHEE/K TS PDAC EEHFEBRELRFNER

Guit g R, AME ARV R KT 5 R (R A B R ARG, R R A Sk o L R
TR BRAL(P < 0.05, W7 5), AMEIMAHAR/KFS B#H T Ki67. MR AN BUT 7. FARER
REWEAHKP > 0.05, W& 5). SMEAMABTERKFS BFH WA M RIE. HEEE. T 2.
N A M 2. o8 2 JASE R 3 0 B AR DG (P > 0.05,  IL4 6).

Table 5. Association between TBA and Ki67/Tumor Size/Tumor Location/Treatment in PDAC
Fz 5. TBA 5 PDAC B Ki67. MEX/ . B RATERINXR

IR o R e GitE Pl
Ki67 30.00 (15.00, 30.00) 30.00 (17.50, 40.00) 25.00 (10.00,30.00)  Z=-1.47 0.141
Ji98E 2R /N (em) 35.00 (27.00, 49.00) 36.00 (30.00, 50.00) 30.50 (25.00,44.75)  Z=-1.64 0.100
Ji e fir & ¥=474  0.029
Ji e/ 3 102 (70.83) 58 (64.44) 44 (81.48)
JRAA /R 42 (29.17) 32 (35.56) 10 (18.52)
BT ¥=0.05 0.826
7 114 (94.21) 68 (93.15) 46 (95.83)
<) 7(5.79) 5 (6.85) 2 (4.17)
tI7 ¥=2.04 0.153
7 42 (34.71) 29 (39.73) 13 (27.08)
fa 79 (65.29) 44 (60.27) 35(72.92)
FAR ¥=346  0.063
7 79 (54.86) 44 (48.89) 35 (64.81)
fa 65 (45.14) 46 (51.11) 19 (35.19)
“x” RREFH G E L.
Table 6. Association between TBA and Tumor Stage/ Metastasis in PDAC
% 6. SNAMABHER /K S PDAC EE BN HARERI AR
WA e i i GitE P
PR ¥=0.08 0.779
7 17 (20.24) 9 (19.15) 8(21.62)
2] 67 (79.76) 38 (80.85) 29 (78.38)
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MERIE ¥=130 0254
7 51 (60.71) 26 (55.32) 25 (67.57)
f 33 (39.29) 21 (44.68) 12 (32.43)

W ¥=1.65 0.199
7 50 (60.98) 24 (54.55) 26 (68.42)
A 32 (39.02) 20 (45.45) 12 (31.58)

T 53 ¥=683 0.077
1 12 (8.39) 4 (4.49) 8 (14.81)
2 60 (41.96) 36 (40.45) 24 (44.44)
3 39 (27.27) 29 (32.58) 10 (18.52)
4 32(22.38) 20 (22.47) 12 (22.22)

N 731 ¥=513 0077
0 76 (52.78) 41 (45.56) 35 (64.81)
1 37 (25.69) 26 (28.89) 11 (20.37)
2 31 (21.53) 23 (25.56) 8 (14.81)

M 43 ¥=320 0.074
0 108 (75.00) 63 (70.00) 45 (83.33)
1 36 (25.00) 27 (30.00) 9 (16.67)

it g8 53 A ¥=6.14  0.105
I 40 (27.78) 19 (21.11) 21 (38.89)
1 38 (26.39) 25 (27.78) 13 (24.07)
111 31(21.53) 20 (22.22) 11 (20.37)
v 35 (24.31) 26 (28.89) 9 (16.67)

3.5. SMNEAMABAHER/KES PDAC BEMERIXFR

G T A SRR, FEAE R, ARNEV BRALAN m R v R 4L b A A AR 43 )R 13.06(6.55, 17.84)
FA16.19 (11.41,20.34) R FRAL B (b Ar A 17 0 82 TR B R 4L(P < 0.05, W4 7); {KJH
TR AN m E Y FR 4 b A2 e B R A AE I 5 7.33 (2.27, 13.43) A1 9.87 (5.75, 15.21) [, ARJEITER4LA0
EHARR A B E M EE R AR ZESIT 2R (P=0.126, W& 7). EBELETLF, (KPR ERALA
B ER 4L A AR A A 43 31 12.30 (5.81, 15.18) A A1 15.87 (11.41,20.34) F, s ERALE & W 4B 47
W TR RRL(P < 0.05, W72 8); AMAHYVHRRLLAN g AUy FR 4L b by T 5 R AR A7 14 5 A 7.01 (2.19,
12.96) F 1 10.82 (6.06, 15.54)H , =iy BRAL R 1 AL T8 8 K A A7 B35 = TR ARV R 4H.(P < 0.05, WL
7 8). @It Kaplan-Meier YLl 2EA7 Hh2R, Log-rank #1368 K BIAE &3 EH, (RNEVHERALF T ER2H
WEE AT RES I EZERP=0351, WK 2): EFRELHS, R ERAF SR ER ) E
TR ES A E R P =0.052, T 3).
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TBA = (RAIIEAL = AL

1.00 -
>
= 0.751
z
<
el
e
20501
<
2
g
© 0.25 Log rank P = 0.351

HR (95%C1): 0.840 (0.581 - 1.214
0.00 1
0 6 12 18 24 30 36
OS (months)
Number at risk
{RABITERAL 74 56 41 19 11 6 0
ERVHRAL 48 44 35 15 9 2 0

Figure 2. Association between TBA and overall survival in patients with PDAC
2. TBA 7k 5 PDAC BEM4 FHi%

TBA = {GAHVHR4AL = mhlitiRdl

1.001

Survival probability
o o
W ~
< bl

<
[N}
oy

Log rank P =0.052
HR (95%CI): 0.658 (0.430-1.00

0.00
0 6 12 18 24 30 36
OS (months)
Number at risk
{RAEITERAL 48 35 24 10 5 1 0
EERAL 40 36 29 12 8 2 0

Figure 3. Association between TBA and overall survival in pancreatic head cancer

B 3. TBA /K P SRRAFE B E R E FHIZ

Table 7. Association between TBA and Survival in PDAC
7. JNEMPBHER/KFS PDAC BETRFHIKER

. , MANEL R TERZH R R e
I RAEAE (0 144) (n = 90) (n—54) Gt it P{H
LA 13.53(8.45, 18.39) 13.06 (6.55, 17.84) 16.19 (11.41,20.34) Z=-2.17 0.030"
TERAEFIA) 8.53 (3.00, 13.75) 7.33(2.27, 13.43) 9.87 (5.75, 15.21) Z=-153 0.126

7 ROREFRA G LR L.
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Table 8. Association between TBA and Survival in pancreatic head cancer

8. SMNEMABHER K F SRR BETERIX R

e ISYNE 14 AR R 4H R IR A e
s R4S AHE (n—102) (n=58) (n = 44) Sl & P1H
) 13.38 (8.57, 17.79) 12.30 (5.81, 15.18) 15.87 (11.41,2034) Z=-2.59 0.009"
TEREFA) 9.55(2.79, 13.48) 7.01 (2.19, 12.96) 10.82 (6.06,15.54)  Z=-2.05 0.040"
4. Wig

JERR AR R EM IRE L —, ARRIERE R RBRAE T 7). BRI 1 A R TR
BRAEFTA SR TP AR, ESETRANEATA[ 1], FREGAT R W B8 SR, R RO 3R A8 55 1
TEHERTIRI I EE 7 A0 oMM 0SS 10 A1, FETRALHIES 6 18], MRAR T8 B 2 I A £ i WL IK
HIRAY, 5 BT AR R ) 90% LA 1 [9]« BH T B T I ACRE IR B © 5 = BUR ARy S ) R b 26420
Iz R RS Wk R A4, FIHIZBEREAR R 5%, HRZHCORBIE S H[10], SEURRE T
ARG, AL AN, 5 FEFRN 13% (3] BRIMNHIREAIE . MEL . TR
SRR, MIEAR EVTE R B TS P B A R TRINAE, 1 H T s SR EE . R
L AR AVERIRR S, A ORI TS TI0 ) B AR AR 11]. HARBEE M BE. R RS RN
PO R, KRR 2 WP AW S 8], AEAT) T BEAN TR M e AR vh R I B 2 A TN L I R AR AE
KTGRIAREY, B Rm L hKr.

PR TR — P TE I P B R 28 [ REA QI , R IR R AR 7=, — M AR R 12 AR
e 2 S5 R RO AIT A 53 e B B RN 45 6 B RS, DL I NR TR IR R AN = IR R 3 AN l[13].
FEJFREBE T 5] SRR R A IR, A5 00 N I H R IR AT B B 3 T [ 14] o FE R o IE VR BE LA
P 9 REFH O I IR R A R AR, 2 S B 3% R G i s g ik g, AR AR R] 5 BRI 1 7 2
VEFIBE SRS OC[5] [15]. ABFARIIRIT IR 5 K2 S i el s A 0%, Feln iRl WROBRAN = AR i
A HR S FRRIT TR W3, 5 3R e e 2 R b Bz 44 i s v 4 g s R i ik g [ 1610 L AT BEAIL
H A FEET S1P %244 2 (SIPR2)MIE ERK1/2 F1 AKT 15 538 B AR Bk AR 1 R A2 R E[17], BGEEE S
FXR/FAK/c-Jun fili 18 MUC4 1 38 i ik fis et 40 b (90 350088985 73 (5] [18] [19]0 A 78 A DUAH I RRVR B2
(I3 00 AT BE 2> R B 4R AR G, i R A (0 1 JE [12] [20] AMJEME D 78 AE A BRI Ik B80S iR FXR
SRk 2 g e 7 PR AR 33T FE U G B RE R A (21 R IR R I AT DO i S S L - TR R Ak
SR AR AN )k e L P B R R, DT 3 JR e 4 L PR 9 T2 [20]

AR REY, PDAC HEH TBA /KF-5ReE BIIG AW BERFIEAZAE 235 0GB =1 TBA 4L A
IR RO R AR w, A R(EEa R, HEBA R, SEEREE. SEEFEKE.
PEEERRE L B TR, HBESE S K. 5 TBA KPR BE A h R Sk 507 i eg 1538 ELE B i S S0 A
BELTHE B0 AR DG T 0, XA RE T I O Fabm i S, U m] RRd e A SR AR 3R L . 4 B 1 R S B 4%
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