Table S1 Differential lipid metabolites identified between NC and HCC groups
	No
	Compound
	Molecular Formula
	Rt(min)
	[M+H] + m/z
	Regulation

	1
	SM (30:1; O2)
	C35H71N2O6P
	4.618
	647.512 
	up

	2
	PC (34:4)
	C42H76NO8P
	2.624
	754.538 
	up

	3
	Cer (34:2; O2)
	C34H65NO3
	0.717
	536.504 
	up

	4
	PE (38:6)
	C43H74NO8P
	9.949
	764.523 
	up

	5
	SM (33:1; O2)
	C38H77N2O6P
	7.781
	689.559 
	down

	6
	SM (36:2; O2)
	C41H81N2O6P
	9.294
	729.591 
	up

	7
	SM (38:1; O2)
	C43H87N2O6P
	9.781
	759.637 
	down

	8
	PE (38:2)
	C43H82NO8P
	4.523
	772.585 
	up

	9
	PE (40:6)
	C45H78NO8P
	8.861
	792.554 
	up

	10
	PC (16:0)
	C24H48NO8P
	2.212
	510.319 
	up

	11
	Cer (44:1; O2)
	C44H87NO3
	1.910
	678.676 
	down

	12
	PC (22:2)
	C30H58NO7P
	1.543
	576.402 
	up

	13
	Cer (30:1; O2)
	C30H59NO3
	3.106
	482.457 
	down

	14
	PC (28:2)
	C36H68NO8P
	1.741
	674.476 
	up

	15
	PC (30:2)
	C38H72NO8P
	1.908
	702.507 
	down

	16
	PC (38:6)
	C46H80NO8P
	9.058
	806.569 
	up

	17
	PE (34:2)
	C39H74NO8P
	4.303
	716.523 
	up

	18
	TG (37:0)
	C40H76O6
	4.867
	653.572 
	up

	19
	TG (38:1)
	C41H76O6
	0.760
	665.572 
	down

	20
	TG (38:0)
	C41H78O6
	0.794
	667.587 
	up

	21
	TG (41:2)
	C44H80O6
	0.776
	705.603 
	up

	22
	TG (42:4)
	C45H78O6
	0.709
	715.587 
	down

	23
	DG (42:10)
	C45H68O5
	4.227
	689.514 
	up

	24
	DG (42:6)
	C45H76O5
	8.244
	697.577 
	up

	25
	DG (43:1)
	C46H88O5
	9.437
	721.670
	down

	26
	DG (44:6）
	C47H80O5
	4.301
	725.608 
	up

	27
	CAR (16:0)
	C23H45NO4
	4.783
	400.342 
	up

	28
	CAR (16:3)
	C23H39NO4
	3.040
	394.295 
	up

	29
	CAR (20:2)
	C27H49NO4
	3.342
	452.373 
	up

	30
	PC (18:0)
	C26H52NO8P
	3.007
	538.350 
	up

	31
	PC (26:3; O2)
	C34H62NO10P
	3.603
	676.418
	up


Abbreviations: NC: normal controls; HCC: hepatocellular carcinoma; CAR: acylcarnitine; Cer: ceramide; DG: diglyceride; PC: phosphatidylcholine; PE: phosphatidylethanolamine; SM: sphingomyelin; TG: triglyceride.

Table S2 Differential lipid metabolites identified between NC and ICC groups
	No
	Compound
	Molecular Formula
	Rt(min)
	[M+H] + m/z
	Regulation

	1
	SM (30:1; O2)
	C35H71N2O6P
	4.618
	647.512 
	up

	2
	PC (34:4)
	C42H76NO8P
	2.624
	754.538 
	up

	3
	Cer (34:2; O2)
	C34H65NO3
	0.717
	536.504 
	up

	4
	PE (38:6)
	C43H74NO8P
	9.949
	764.523 
	up

	5
	PE (29:0)
	C34H68NO8P
	1.702
	544.307 
	down

	6
	PE (40:4)
	C45H82NO8P
	1.670
	796.585 
	down

	7
	Cer (38:0; O2)
	C38H77NO3
	1.178
	596.598 
	up

	8
	Cer (33:1; O2)
	C33H65NO3
	5.473
	524.504 
	up

	9
	PE (27:0)
	C32H64NO8P
	1.861
	622.444 
	down

	10
	SM (42:1; O2)
	C47H95N2O6P
	1.315
	815.700 
	up

	11
	SM (42:0; O2)
	C47H97N2O6P
	1.155
	817.716 
	up

	12
	SM (35:1; O2)
	C40H81N2O6P
	0.825
	717.591 
	up

	13
	SM (39:0; O2)
	C44H91N2O6P
	0.721
	775.669 
	up

	14
	PC (29:2)
	C37H70NO8P
	1.247
	688.491 
	up

	15
	PC (34:0)
	C42H84NO8P
	0.787
	762.601 
	up

	16
	PC (35:0)
	C43H86NO8P
	2.722
	776.616 
	up

	17
	PE (36:0)
	C41H82NO8P
	3.563
	748.585 
	down

	18
	Cer (38:2; O2)
	C38H73NO3
	3.122
	592.566 
	up

	19
	PE (35:4)
	C40H72NO8P
	0.738
	726.507 
	down

	20
	PE (35:1)
	C40H78NO8P
	1.807
	732.554 
	up

	21
	PE (38:1)
	C43H84NO8P
	0.720
	774.601 
	up

	22
	SM (43:2; O2)
	C48H95N2O6P
	1.001
	827.700 
	down

	23
	TG (51:2)
	C54H100O6
	8.855
	845.759 
	down

	24
	TG (59:1)
	C62H118O6
	8.446
	959.900 
	down

	25
	SM (40:0; O2)
	C45H93N2O6P
	3.645
	789.684
	down

	26
	SM (41:2; O2)
	C46H91N2O6P
	0.770
	799.669 
	up

	27
	Cer (32:1; O2)
	C32H63NO3
	4.252
	510.488 
	up

	28
	Cer (50:0; O4)
	C50H101NO5
	4.311
	796.775 
	up

	29
	PC (44:8)
	C52H88NO8P
	1.521
	886.632 
	up


Abbreviations: NC: normal controls; ICC: intrahepatic cholangiocarcinoma; CAR: acylcarnitine; Cer: ceramide; DG: diglyceride; PC: phosphatidylcholine; PE: phosphatidylethanolamine; SM: sphingomyelin; TG: triglyceride.

Table S3 Differential lipid metabolites identified between HCC and ICC groups
	No
	Compound
	Molecular Formula
	Rt(min)
	[M+H] + m/z
	Regulation

	1
	CAR (20:2)
	C27H49NO4
	3.342
	452.373 
	down

	2
	Cer (30:1; O2)
	C30H59NO3
	3.106
	482.457 
	down

	3
	Cer (39:9; O2)
	C₃₉H₆₆NO₄
	0.758
	586.42664 
	down

	4
	Cer (36:7; O2)
	C₃₆H₆₂NO₄
	1.317
	576.411 
	down

	5
	PC (27:2)
	C₃₅H₆₇NO₈P
	7.748
	660.463 
	down

	6
	PC (28:0)
	C₃₆H₇₁NO₈P
	1.484
	678.483 
	down

	7
	PC (37:9)
	C₄₅H₇₇NO₈P
	7.688
	786.483 
	down

	8
	PC (31:7)
	C₃₉H₆₇NO₈P
	9.020
	706.448 
	up

	9
	PC (32:6)
	C₄₀H₇₁NO₈P
	1.439
	722.467 
	up

	10
	PE (34:2)
	C39H74NO8P
	4.303
	716.523 
	up

	11
	PE (30:6)
	C₃₅H₆₀NO₈P
	1.820
	674.380 
	down

	12
	PE (33:9)
	C₃₈H₆₀NO₈P
	0.733
	688.395
	down

	13
	SM (30:1; O2)
	C35H71N2O6P
	4.618
	647.512 
	up

	14
	SM (20:2; O2)
	C₄₃H₈₃N₂O₈P
	3.381
	505.329 
	down

	15
	SM (23:3; O3)
	C₄₆H₈₇N₂O₉P
	0.765
	561.366 
	up


Abbreviations: HCC: hepatocellular carcinoma; ICC: intrahepatic cholangiocarcinoma; CAR: acylcarnitine; Cer: ceramide; DG: diglyceride; PC: phosphatidylcholine; PE: phosphatidylethanolamine; SM: sphingomyelin; TG: triglyceride.

[bookmark: OLE_LINK2]Table S4 Univariate logistic regression analysis for the differentiation of ICC and HCC
	Variable
	B
	SE
	P-value
	OR (95% CI)

	Age
	1.952
	0.607
	0.001
	7.042 (2.142–23.145)

	Gender
	0.884
	0.495
	0.074
	2.422 (0.917–6.394)

	Body mass index (kg/m²)
	−0.023
	0.071
	0.743
	0.977 (0.849–1.124)

	Diabetes
	0.469
	0.579
	0.418
	1.598 (0.514–4.969)

	Total cholesterol (mmol/L)
	0.125
	0.452
	0.782
	1.133 (0.467–2.750)

	Triglyceride (mmol/L)
	0.076
	0.573
	0.895
	1.079 (0.351–3.316)

	Viral hepatitis B
	−0.305
	0.518
	0.556
	0.737 (0.267–2.034)

	Total bilirubin (μmol/L)
	−0.051
	0.038
	0.180
	0.950 (0.882–1.024)

	Alanine aminotransferase (U/L)
	−0.018
	0.016
	0.272
	0.982 (0.952–1.014)

	Aspartate aminotransferase (U/L)
	−0.024
	0.017
	0.157
	0.977 (0.945–1.009)

	Maximum diameter
	−0.442
	0.555
	0.426
	0.643 (0.217–1.906)

	Liver cirrhosis
	−0.460
	0.510
	0.367
	0.632 (0.233–1.715)

	Number of tumors
	0.880
	0.802
	0.273
	2.410 (0.501–11.605)

	TNM stage
	1.447
	0.492
	0.003
	4.250(1.621–11.144)

	Microvascular invasion
	0.029
	0.480
	0.952
	1.029 (0.402–2.637)

	Grade
	0.778
	0.490
	0.112
	2.176 (0.834–5.682)

	Alpha-fetoprotein (ng/mL)
	−4.031
	1.060
	<0.001
	0.018 (0.002–0.142)

	Carbohydrate antigen 19-9 (U/mL)
	1.118
	0.511
	0.029
	3.059 (1.124–8.322)

	Carcinoembryonic antigen (ng/mL)
	−0.355
	0.651
	0.585
	0.701 (0.196–2.511)

	SM (30:1; O2)
	1.873
	0.409
	<0.001
	6.513 (2.923–14.518)


Abbreviations: ICC: intrahepatic cholangiocarcinoma; HCC: hepatocellular carcinoma; B: regression coefficients; SE: standard errors; OR: odds ratios; CI: confidence intervals; SM: sphingomyelin.

[bookmark: OLE_LINK1]Table S5 Multivariate logistic regression analysis for independent predictors of ICC diagnosis
	Variable
	B
	SE
	P-value
	OR (95% CI)

	Age
	1.310
	0.717
	0.068
	3.705 (0.908–15.113)

	TNM stage
	0.625
	0.583
	0.284
	1.871 (0.638–5.832)

	Alpha-fetoprotein (ng/mL)
	-3.648
	1.082
	0.001
	0.026 (0.003–0.217)

	Carbohydrate antigen 19-9 (U/mL)
	0.411
	0.660
	0.533
	1.509 (0.414–5.497)

	SM (30:1; O2)
	1.523
	0.462
	<0.001
	[bookmark: OLE_LINK10]4.587(1.855-11.340)


Abbreviations: ICC: intrahepatic cholangiocarcinoma; B: regression coefficients; SE: standard errors; OR: odds ratios; CI: confidence intervals; SM: sphingomyelin.
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Fig. S1 Subgroup analysis of SM (30:1; O2) expression in ICC versus HCC stratified by liver cirrhosis status.
Abbreviations: HCC: hepatocellular carcinoma; ICC: intrahepatic cholangiocarcinoma; SM: sphingomyelin.
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