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[ Abstract | Objective To analyze the differences in plasma bile acid (BA) concentrations and BA profile in

colorectal cancer patients with varying metastatic conditions, and to evaluate the clinical value of plasma BA ratio combined
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with tumor markers in diagnosing colorectal cancer liver metastasis (CRC-LM). Methods A total of 163 patients diagnosed
with colorectal cancer between Apr. 2021 and Jan. 2022 were enrolled from Shuguang Hospital of Shanghai University of
Traditional Chinese Medicine. They were categorized into 2 groups: non-metastatic group (CRC-NM group, n=82) and
CRC-LM group (n=281). Clinical data and peripheral blood samples were collected from all the participants, the quality of
life was evaluated using Karnofsky performance status (KPS) score, the levels of total bile acid (TBA) and tumor markers
(carcinoembryonic antigen [CEA] and carbohydrate antigen 125 [CA125] ) were examined, and the plasma concentrations
of 15 BAs were detected using high-performance liquid chromatography/tandem mass spectrometry. The BA concentrations
and BA profile were compared between the 2 groups. Additionally, receiver operating characteristic curve was generated to
evaluate the efficacy of the BA ratio combined with tumor markers in diagnosing CRC-LM. Results No significant difference
was found in age, gender, tumor location, degree of pathological differentiation, or KPS score between the 2 groups (all #>0.05).
Patients with CRC-LM had significantly higher concentrations of TBA, CEA and CA125 compared to those without metastasis
(all P<<0.001). Additionally, the concentrations of glycocholic acid, deoxycholic acid, taurodeoxycholic acid, glycodeoxycholic
acid, glycoursodeoxycholic acid, lithocholic acid and glycolithocholic acid in patients with CRC-LM were significantly higher
compared to patients without metastasis (all P<<0.05). Furthermore, the plasma concentration of secondary bile acid (SBA)
in CRC-LM patients was significantly higher than that in non-metastatic patients (P<<0.001), and the ratio of SBA to primary
bile acid (PBA) was also significantly higher in CRC-LM patients (P<<0.001). Combination of SBA/PBA ratio with CEA and
CA125 yielded a sensitivity of 71.60%, a specificity of 80.49%, and an area under curve of 0.820 (95% confidence interval 0.754
to 0.885, P<<0.001). Conclusion The plasma BA concentration is elevated in patients with CRC-LM, and the BA profile is
notably different from that of patients without metastasis. The SBA/PBA ratio combined with CEA and CA125 demonstrates a
great value for diagnosing CRC-LM.
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Tab 1 Clinical characteristics of patients with colorectal

cancer in 2 groups

n (%)
Index CRC-NM group CRC-LM group
N=282 N=81

Gender

Male 54 (65.85) 54 (66.67)

Female 28 (34.15) 27 (33.33)
Agelyear

<60 28 (34.15) 26 (32.10)

>60 54 (65.85) 55 (67.90)
Tumor location

Colon 46 (56.10) 42 (51.85)

Rectum 36 (43.90) 39 (48.15)
Pathologic differentiation

Well 7 (8.54) 9 (11.11)

Moderately 58 (70.73) 54 (66.67)

Poorly 17 (20.73) 18 (22.22)
KPS score

90-100 36 (43.90) 34 (41.98)

80-<<90 46 (56.10) 47 (58.02)

CRC-NM: Colorectal cancer non-metastasis; CRC-
LM: Colorectal cancer liver metastasis; KPS: Karnofsky

performance status.
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Tab 2 Comparison of clinical data and tumor markers of patients with colorectal cancer between 2 groups

Index CRC-NM group n=82 CRC-LM group n=281 Statistic P value
ALT/(U-L™"), M (Q,, Ov) 19.00 (14.00, 30.00) 18.00 (12.00, 29.00) U=3153.50 0.578
AST/U-L™", M (Q,, Ov) 21.00 (17.00, 28.00) 23.00 (17.00,29.00) U=3180.50 0.640
TBil/(umol-L "), M (Q,, O.) 14.60 (11.90, 19.00) 13.20 (10.90, 18.50) U=2991.50 0.274
TP/(g*L™"),x*s 70.05+6.37 78.72+6.47 =132 0.188
FBG/(mmol*L™"), M (Q,, Ov) 4.90 (4.50, 5.58) 5.00 (4.80, 5.90) U=2858.00 0.124
HbA1c/%, M (Q,, Oy) 5.60 (5.30, 6.10) 5.60 (5.30, 6.30) U=3311.50 0.975
TBA/(umol*L™"), M (Q,, Q) 3.72 (2.34,4.57) 5.24 (2.33, 8.82) U=2324.00 <0.001
CEA/(ugemL™"), M (Q,, Op) 3.37(2.27, 6.46) 10.91 (3.23,23.21) U=1776.00 <0.001
CA125/(UsmL"™"), M (O, Ov) 9.70 (6.91, 16.00) 22.20 (8.90, 42.70) U=2056.50 <0.001

CRC-NM: Colorectal cancer non-metastasis; CRC-LM: Colorectal cancer liver metastasis; ALT: Alanine aminotransferase; AST:
Aspartate aminotransferase; TBil: Total bilirubin; TP: Total protein; FBG: Fasting blood glucose; HbAlc: Glycosylated hemoglobin;
TBA: Total bile acid; CEA: Carcinoembryonic antigen; CA125: Carbohydrate antigen 125; M (Q,, Op): Median (lower quartile, upper
quartile).
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Tab 3 Comparison of concentrations of 15 plasma bile acids and bile acid profile of patients with

colorectal cancer between 2 groups

M0, 0))
Index CRC-NM group n=282 CRC-LM group n=381 U value P value
CA/(nmol-L™") 165.50 (55.50, 281.00) 173.00 (64.08, 305.00) 3 248.00 0.809
TCA/(nmol+L™") 11.40 (8.02, 24.45) 17.90 (9.83, 60.60) 2757.00 0.061
GCA/(nmol-L™") 208.24 (98.82, 298.00) 402.83 (170.00, 498.00) 1 985.00 <<0.001
CDCA/(nmol-L ") 859.50 (348.00, 1 360.00) 527.00 (245.00, 922.00) 2764.50 0.065
TCDCA/(nmol-L ") 85.10 (36.70, 163.00) 88.16 (28.10, 199.00) 3094.00 0.451
GCDCA/(nmol-L ") 832.50 (453.00, 1 502.50) 989.43 (327.00, 2 920.00) 3014.00 0.308
DCA/(nmol-L ") 166.00 (8.86, 565.00) 535.00 (278.00, 1 002.50) 2112.50 <<0.001
TDCA/(nmol*L ") 11.30 (0.26, 43.38) 31.00 (7.50, 100.00) 2129.50 <0.001
GDCA/(nmol*L™") 82.85(2.90, 237.62) 292.02 (107.00, 842.00) 1 947.00 <0.001
UDCA/(nmol=L™") 131.43 (41.00, 195.50) 109.00 (47.40, 348.36) 2893.00 0.155
TUDCA/(nmol-L™") 4.01 (2.10, 5.45) 6.56 (1.23, 11.10) 2836.00 0.107
GUDCA/(nmol-L ™ 89.46 (37.19, 270.00) 104.00 (41.80, 953.00) 2671.00 0.031
LCA/(nmol-L™") 14.60 (8.39, 22.53) 27.60 (10.50, 53.75) 2327.00 <<0.001
TLCA/(nmol*L ") 0.78 (0.20, 2.40) 1.06 (0.16, 3.01) 2952.50 0.221
GLCA/(nmol*L™") 3.80 (1.68, 15.44) 13.10 (3.01, 42.14) 2509.50 0.007
PBA/(nmolL ") 2782.46 (1 520.90, 3 625.40) 2956.10 (1 442.65, 4 679.62) 2987.00 0.268
SBA/(nmol+L™") 812.41 (339.96, 1 477.01) 1 820.82 (870.33, 3 209.81) 1 742.00 <0.001
SBA/PBA ratio 0.37(0.17, 0.58) 0.96 (0.44, 1.43) 1 801.00 <<0.001

CRC-NM: Colorectal cancer non-metastasis; CRC-LM: Colorectal cancer liver metastasis; CA: Cholic acid; TCA:
Taurocholic acid; GCA: Glycocholic acid; CDCA: Chenodeoxycholic acid; TCDCA: Taurochenodeoxycholic acid; GCDCA:
Glycochenodeoxycholic acid; DCA: Deoxycholic acid; TDCA: Taurodeoxycholic acid; GDCA: Glycodeoxycholic acid; UDCA:
Ursodeoxycholic acid; TUDCA: Tauroursodeoxycholic acid; GUDCA: Glycoursodeoxycholic acid; LCA: Lithocholic acid; TLCA:
Taurolithocholic acid; GLCA: Glycolithocholic acid; PBA: Primary bile acid; SBA: Secondary bile acid; M (Q,, Oy): Median (lower
quartile, upper quartile).
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