	Supplementary Table 1 Clinical characteristics of iCCA and extrahepatic adenocarcinomas of gallbladder, pancreas, and stomach
	

	
	iCCA
	Extrahepatic adenocarcinomas 
	

	
	Overall iCCAs
	Large-duct type
	Small-duct type
	Indeterminate type
	Gallbladder
	Pancreas
	Stomach
	p-value

	Number of patients
	181
	95
	71
	15
	30
	28
	58
	

	Male : Female 
	111:70
	60:35
	42:39
	9:6
	9:21
	16:12
	39:19
	0.012a 
0.039b

	Age (average ± S.E)
	63.4±0.6
	65.5±0.9
	61.9±1.3
	61.0±2.6
	66.5±1.6
	65.3±1.7
	57.8±1.7
	

	Background liver pathology (%)
	
	
	
	
	
	
	
	<0.001

	Chronic hepatitis/cirrhosis
	50 (27.6)
	13 (13.7)
	33 (46.5)
	4 (26.7)
	-
	-
	-
	

	Chronic obstructive cholangitis
	51 (28.2)
	42 (44.2)
	5 (7.0)
	4 (26.7)
	-
	-
	-
	

	Steatohepatitis
	6 (3.3)
	5 (5.3)
	1 (1.4)
	0 (0.0)
	-
	-
	-
	

	iCCA, intrahepatic cholangiocarcinoma; S.E., standard error.
	


ap-values are for comparisons across cohorts (overall iCCAs and extrahepatic adenocarcinoma groups) using chi-square testing or Fisher’s exact testing.
bp-values are for comparisons across cohorts (iCCA subtypes and extrahepatic adenocarcinoma groups) using chi-square testing or Fisher’s exact testing.














Supplementary Table 2 Antibodies used for immunohistochemical staining
	Antibody
	Source
	Clone
	Dilution
	Antigen retrieval

	Filamin-A
	Thermo (Waltham, MA, USA)
	FLMN01
	1:500
	Ventana BenchMark XT (Standard CC1, 60 min)

	CK19
	DAKO (Glostrup, Denmark)
	RCK108
	1:100
	Ventana BenchMark XT (Standard CC1, 60 min)

	CD56
	Zymed (San Francisco, CA, USA)
	123C3
	1:100
	Ventana BenchMark XT (Mild CC1, 30 min)

	S100P
	BD Transduction Laboratories 
(San Diago, CA, USA)
	polyclonal
	1:100
	Microwave, citrate 
(pH 6.0)

	N-cadherin
	Zymed (San Francisco, CA, USA)
	3B9
	1:300
	Microwave, citrate 
(pH 6.0)


[bookmark: _GoBack]CK19, cytokeratin 19;



























	Supplementary Table 3 Sensitivity, specificity, PPV, NPV, accuracy, and AUC on the ROC of individual markers for differentially diagnosing iCCA from adenocarcinoma of gallbladder

	Control group
	iCCA type
	Marker
	Sensitivity 
(%, 95% CI)
	Specificity
(%, 95% CI)
	PPV
(%, 95% CI)
	NPV
(%, 95% CI)
	Accuracy
(%, 95% CI)
	AUC on ROC
(95% CI)

	Adenocarcinoma of 
gallbladder
	Overall iCCAs (n=181)
	Albumina
	23.2 (17.3-30.0)
	100.0 (88.4-100.0)
	100.0 (-)
	17.8 (16.6-19.0)
	34.1 (27.8-41.0)
	0.62 (0.52-0.71)

	
	
	Filamin-Ab
	47.5 (40.1-55.1)
	96.7 (82.8-99.9)
	98.9 (92.6-99.8)
	23.4 (20.8-26.3)
	54.5 (47.5-61.4)
	0.72 (0.64-0.80)

	
	
	CK19b
	68.5 (61.2-75.2)
	76.7 (57.7-90.1)
	94.7 (90.2-97.2)
	28.8 (23.2-35.1)
	69.7 (63.0-75.8)
	0.73 (0.63-0.82)

	
	Large-duct type (n=95)
	Albumina
	4.2 (1.2-10.4)
	100.0 (88.4-100.0)
	100.0 (-)
	24.8 (24.0-25.6)
	27.2 (19.6-35.9)
	0.52 (0.41-0.64)

	
	
	Filamin-Ab
	29.5 (20.6-39.7)
	96.7 (82.8-99.9)
	96.6 (79.9-99.5)
	30.2 (27.2-33.4)
	45.6 (36.7-54.8)
	0.63 (0.53-0.73)

	
	
	CK19b
	88.4 (80.2-94.1)
	76.7 (57.7-90.1)
	92.3 (86.2-95.8)
	67.7 (54.7-79.0)
	85.6 (78.2-91.2)
	0.83 (0.73-0.92)

	
	Small-duct type (n=71)
	Albumina
	46.5 (34.6-58.7)
	100.0 (88.4-100.0)
	100.0 (-)
	44.1 (38.9-49.5)
	62.4 (52.2-71.8)
	0.73 (0.64-0.83)

	
	
	Filamin-Ab
	73.2 (61.4-83.1)
	96.7 (82.8-99.9)
	98.1 (88.3-99.7)
	60.4 (50.8-69.3)
	80.2 (71.1-87.5)
	0.85 (0.77-0.93)

	
	
	CK19b
	42.3 (30.6-54.6)
	76.7 (57.7-90.1)
	81.1 (68.0-89.7)
	35.9 (29.8-42.6)
	52.5 (42.3-62.5)
	0.60 (0.48-0.71)

	
	Indeterminate type  (n=15)
	Albumina
	33.3 (11.8-61.6)
	100.0 (88.4-100.0)
	100.0 (-)
	75.0 (67.7-81.1)
	77.8 (62.9-88.8)
	0.67 (0.48-0.85)

	
	
	Filamin-Ab
	40.0 (16.3-67.7)
	96.7 (82.8-99.9)
	85.7 (44.2-97.9)
	76.3 (68.0-83.0)
	77.8 (62.9-88.8)
	0.68 (0.50-0.86)

	
	
	CK19b
	66.7 (38.4-88.2)
	76.7 (57.7-90.1)
	58.8 (40.5-75.0)
	82.1 (68.7-90.6)
	73.3 (58.1-85.4)
	0.72 (0.55-0.88)

	iCCA, intrahepatic cholangiocarcinoma; CK19, cytokeratin 19; PPV, positive predictive value; NPV, negative predictive value; AUC on ROC, area under the curve on the receiver operating characteristic curve; CI, confidence interval.


amRNA expression detected by in situ hybridization.
bProtein expression detected by immunohistochemical staining.



	Supplementary Table 4 Sensitivity, specificity, PPV, NPV, accuracy, and AUC on the ROC of individual markers for differentially diagnosing iCCA from pancreatic adenocarcinoma

	Control group
	iCCA type
	Marker
	Sensitivity
(%, 95% CI)
	Specificity 
(%, 95% CI)
	PPV 
(%, 95% CI)
	NPV 
(%, 95% CI)
	Accuracy 
(%, 95% CI)
	AUC on ROC 
(95% CI)

	Pancreatic adenocarcinoma
	Overall iCCAs (n=181)
	Albumina
	23.2 (17.3-30.0)
	100.0 (87.7-100.0)
	100.0 (-)
	16.8 (15.7-17.9)
	33.5 (27.1-40.3)
	0.62 (0.52-0.71)

	
	
	Filamin-Ab
	47.5 (40.1-55.1)
	71.4 (51.3-86.8)
	91.5 (85.4-95.2)
	17.4 (13.8-21.7)
	50.7 (43.7-57.7)
	0.59 (0.49-0.70)

	
	
	CK19b
	68.5 (61.2-75.2)
	35.7 (18.6-55.9)
	87.3 (83.7-90.2)
	14.9 (9.3-23.7)
	64.1 (57.2-70.6)
	0.52 (0.41-0.64)

	
	Large-duct type (n=95)
	Albumina
	4.2 (1.2-10.4)
	100.0 (87.7-100.0)
	100.0 (-)
	23.5 (22.8-24.3)
	26.0 (18.5-34.7)
	0.52 (0.40-0.64)

	
	
	Filamin-Ab
	29.5 (20.6-39.7)
	71.4 (51.3-86.8)
	77.8 (64.3-87.2)
	23.0 (18.6-28.1)
	39.0 (30.4-48.2)
	0.51 (0.38-0.63)

	
	
	CK19b
	88.4 (80.2-94.1)
	35.7 (18.6-55.9)
	82.4 (77.8-86.1)
	47.6 (30.1-65.7)
	76.4 (67.9-83.6)
	0.62 (0.49-0.75)

	
	Small-duct type (n=71)
	Albumina
	46.5 (34.6-58.7)
	100.0 (87.7-100.0)
	100.0 (-)
	42.4 (37.2-47.8)
	61.6 (51.3-71.2)
	0.73 (0.63-0.83)

	
	
	Filamin-Ab
	73.2 (61.4-83.1)
	71.4 (51.3-86.8)
	86.7 (78.1-92.2)
	51.3 (40.2-62.3)
	72.7 (62.9-81.2)
	0.72 (0.61-0.83)

	
	
	CK19b
	42.3 (30.6-54.6)
	35.7 (18.6-55.9)
	62.5 (53.1-71.1)
	19.6 (12.5-29.4)
	40.4 (30.7-50.7)
	0.39 (0.27-0.51)

	
	Indeterminate type (n=15)
	Albumina
	33.3 (11.8-61.6)
	100.0 (87.7-100.0)
	100.0 (-)
	73.7 (66.2-80.0)
	76.7 (61.4-88.2)
	0.67 (0.48-0.85)

	
	
	Filamin-Ab
	40.0 (16.3-67.7)
	71.4 (51.3-86.8)
	42.9 (24.2-63.8)
	69.0 (58.0-78.1)
	60.5 (44.4-75.0)
	0.56 (0.37-0.74)

	
	
	CK19b
	66.7 (45.6-82.7)
	35.7 (18.6-55.9)
	35.7 (26.1-46.6)
	66.7 (45.6-82.7)
	46.5 (31.2-62.4)
	0.51 (0.33-0.70)

	iCCA, intrahepatic cholangiocarcinoma; CK19, cytokeratin 19; PPV, positive predictive value; NPV, negative predictive value; AUC on ROC, area under the curve on the receiver operating characteristic curve; CI, confidence interval.


amRNA expression detected by in situ hybridization.
bProtein expression detected by immunohistochemical staining.




	Supplementary Table 5 Sensitivity, specificity, PPV, NPV, accuracy, and AUC on the ROC of individual marker for differentially diagnosing iCCA from gastric adenocarcinoma

	Control group
	iCCA type
	Marker
	Sensitivity 
(%, 95% CI)
	Specificity 
(%, 95% CI)
	PPV 
(%, 95% CI)
	NPV 
(%, 95% CI)
	Accuracy 
(%, 95% CI)
	AUC on ROC 
(95% CI)

	Gastric adenocarcinoma
	Overall iCCAs (n=181)
	Albumina 
	23.2 (17.3-30.0)
	100.0 (90.8-100.0)
	100.0 (-)
	21.5 (20.2-22.9)
	36.5 (30.2-43.3)
	0.62 (0.53-0.70)

	
	
	Filamin-Ab
	47.5 (40.1-55.1)
	92.1 (78.6-98.3)
	96.6 (90.5-98.9)
	26.9 (23.8-30.3)
	55.3 (48.4-62.0)
	0.70 (0.62-0.78)

	
	
	CK19b
	68.5 (61.2-75.2)
	63.2 (46.0-78.2)
	89.9 (85.2-93.1)
	29.6 (23.3-36.8)
	67.6 (61.0-73.7)
	0.65 (0.56-0.75)

	
	Large-duct type (n=95)
	Albumina
	4.2 (1.2-10.4)
	100.0 (90.8-100.0)
	100.0 (-)
	29.5 (28.6-30.3)
	31.6 (23.8-40.2)
	0.52 (0.41-0.63)

	
	
	Filamin-Ab
	29.5 (20.6-39.7)
	92.1 (78.6-98.3)
	90.3 (75.1-96.7)
	34.3 (30.8-38.0)
	47.4 (38.7-56.2)
	0.61 (0.51-0.71)

	
	
	CK19b
	88.4 (80.2-94.1)
	63.2 (46.0-78.2)
	85.7 (79.7-90.2)
	68.6 (54.3-80.0)
	81.2 (73.5-87.5)
	0.75 (0.65-0.86)

	
	Small-duct type (n=71)
	Albumina
	46.5 (34.6-58.7)
	100.0 (90.8-100.0)
	100.0 (-)
	50.0 (44.6-55.4)
	65.1 (55.4-74.0)
	0.73 (0.64-0.82)

	
	
	Filamin-Ab
	73.2 (61.4-83.1)
	92.1 (78.6-98.3)
	94.6 (85.3-98.1)
	64.8 (55.4-73.2)
	79.8 (71.1-86.9)
	0.83 (0.74-0.91)

	
	
	CK19b
	42.3 (30.6-54.6)
	63.2 (46.0-78.2)
	68.2 (56.6-77.9)
	36.9 (30.0-44.5)
	49.5 (39.8-59.3)
	0.52 (0.41-0.64)

	
	Indeterminate type (n=15)
	Albumin a
	33.3 (11.8-61.6)
	100.0 (90.8-100.0)
	100.0 (-)
	79.2 (72.7-84.5)
	81.1 (68.0-90.6)
	0.67 (0.49-0.85)

	
	
	Filamin-Ab
	40.0 (16.3-67.7)
	92.1 (78.6-98.3)
	66.7 (36.4-87.5)
	79.6 (71.8-85.6)
	77.4 (63.8-87.7)
	0.66 (0.48-0.84)

	
	
	CK19b
	66.7 (38.4-88.2)
	63.2 (46.0-78.2)
	41.7 (29.2-55.3)
	82.8 (69.3-91.1)
	64.2 (49.8-76.9)
	0.64 (0.48-0.81)

	iCCA, intrahepatic cholangiocarcinoma; CK19, cytokeratin 19; PPV, positive predictive value; NPV, negative predictive value; AUC on ROC, area under the curve on the receiver operating characteristic curve, CI, confidence interval.


amRNA expression detected by in situ hybridization.
bProtein expression detected by immunohistochemical staining.






	Supplementary Table 6 Sensitivity, specificity, PPV, NPV, accuracy, and AUC on the ROC of the immunohistochemistry of Filamin-A and CK19 in albumin ISH–negative iCCA compared with adenocarcinoma of gallbladder

	Control group
	Albumin ISH (-) iCCA type
	IHC marker
	Sensitivity 
(%, 95% CI)
	Specificity 
(%, 95% CI)
	PPV 
(%, 95% CI)
	NPV 
(%, 95% CI)
	Accuracy 
(%, 95% CI)
	AUC on ROC 
(95% CI)

	Adenocarcinoma of gallbladder
	Overall iCCAs (n=139)
	Filamin-A
	40.3 (32.1-48.9)
	96.7 (82.8-99.9)
	98.3 (89.0-99.7)
	25.9 (23.1-28.9)
	50.3 (42.5-58.1)
	0.69 (0.60-0.77)

	
	
	CK19
	74.8 (66.8-81.8)
	76.7 (57.7-90.1)
	93.7 (88.5-96.6)
	39.7 (31.7-48.2)
	75.2 (67.9-81.5)
	0.76 (0.66-0.86)

	
	Large-duct type (n=91)
	Filamin-A
	27.5 (18.6-37.8)
	96.7 (82.8-99.9)
	96.2 (78.0-99.4)
	30.5 (27.6-33.6)
	44.6 (35.6-53.9)
	0.62 (0.52-0.73)

	
	
	CK19
	87.9 (79.4-93.8)
	76.7 (57.7-90.1)
	92.0 (85.6-95.6)
	67.7 (53.7-79.0)
	85.1 (77.5-90.9)
	0.82 (0.73-0.92)

	
	Small-duct type (n=38)
	Filamin-A
	71.1 (54.1-84.6)
	96.7 (82.8-99.9)
	96.4 (79.6-99.5)
	72.5 (61.5-81.3)
	82.4 (71.2-90.5)
	0.84 (0.74-0.94)

	
	
	CK19
	44.7 (28.6-61.7)
	76.7 (57.7-90.1)
	70.8 (53.7-83.6)
	52.3 (43.6-60.8)
	58.8 (46.2-70.6)
	0.61 (0.47-0.74)

	
	Indeterminate type (n=10)
	Filamin-A
	40.0 (12.2-73.8)
	96.7 (82.8-99.9)
	80.0 (33.5-97.0)
	82.9 (74.4-89.0)
	82.5 (67.2-92.7)
	0.68 (0.47-0.90)

	
	
	CK19
	70.0 (34.8-93.3)
	76.7 (57.7-90.1)
	50.0 (31.8-68.3)
	88.5 (74.5-95.3)
	75.0 (58.8-87.3)
	0.73 (0.55-0.92)

	iCCA, intrahepatic cholangiocarcinoma; albumin ISH, albumin mRNA in situ hybridization; IHC, immunohistochemical; CK19, cytokeratin 19; PPV, positive predictive value; NPV, negative predictive value; AUC on ROC, area under the curve on the receiver operating characteristic curve; CI, confidence interval.
















	Supplementary Table 7 Sensitivity, specificity, PPV, NPV, accuracy, and AUC on the ROC of the immunohistochemistry of Filamin-A and CK19 in albumin ISH–negative iCCA compared with pancreatic adenocarcinoma

	Control group
	Albumin ISH (-) iCCA type
	IHC marker
	Sensitivity 
(%, 95% CI)
	Specificity 
(%, 95% CI)
	PPV 
(%, 95% CI)
	NPV 
(%, 95% CI)
	Accuracy 
(%, 95% CI)
	AUC on ROC 
(95% CI)

	Pancreatic adenocarcinoma
	Overall iCCAs (n=139)
	Filamin-A
	40.3 (32.1-48.9)
	71.4 (51.3-86.8)
	87.5 (79.0-92.9)
	19.4 (15.5-24.0)
	45.5 (37.8-53.4)
	0.66 (0.45-0.67)

	
	
	CK19
	74.8 (66.8-81.8)
	35.7 (18.6-55.9)
	85.3 (81.2-88.6)
	22.2 (13.9-33.7)
	68.3 (60.6-75.2)
	0.55 (0.43-0.67)

	
	Large-duct type (n=91)
	Filamin-A
	27.5 (18.6-37.8)
	71.4 (51.3-86.8)
	75.8 (61.4-86.0)
	23.3 (18.9-28.3)
	37.8 (29.1-47.2)
	0.50 (0.37-0.62)

	
	
	CK19
	87.9 (79.4-93.8)
	35.7 (18.6-55.9)
	81.6 (77.0-85.6)
	47.6 (30.2-65.7)
	75.6 (66.9-83.0)
	0.62 (0.49-0.75)

	
	Small-duct type (n=38)
	Filamin-A
	71.1 (54.1-84.6)
	71.4 (51.3-86.8)
	77.1 (64.5-86.3)
	64.5 (51.2-75.9)
	71.2 (58.8-81.7)
	0.71 (0.58-0.84)

	
	
	CK19
	44.7 (28.6-61.7)
	35.7 (18.6-55.9)
	48.6 (37.6-59.7)
	32.3 (21.2-45.8)
	40.9 (29.0-53.7)
	0.40 (0.26-0.54)

	
	Indeterminate type (n=10)
	Filamin-A
	40.0 (12.2-73.8)
	71.4 (51.3-86.8)
	33.3 (16.1-56.6)
	76.9 (65.6-85.3)
	63.2 (46.0-78.2)
	0.56 (0.34-0.77)

	
	
	CK19
	70.0 (34.8-93.3)
	35.7 (18.6-55.9)
	28.0 (13.4-43.1)
	76.9 (53.4-90.7)
	44.7 (28.6-61.7)
	0.53 (0.32-0.74)

	iCCA, intrahepatic cholangiocarcinoma; albumin ISH, albumin mRNA in situ hybridization; IHC, immunohistochemical; CK19, cytokeratin 19; PPV, positive predictive value; NPV, negative predictive value; AUC on ROC, area under the curve on the receiver operating characteristic curve; CI, confidence interval.
















	Supplementary Table 8 Sensitivity, specificity, PPV, NPV, accuracy, and AUC on the ROC of the immunohistochemistry of Filamin-A and CK19 in albumin ISH–negative iCCA compared with pancreatic adenocarcinoma

	Control group
	Albumin ISH (-) iCCA type
	IHC marker
	Sensitivity 
(%, 95% CI)
	Specificity 
(%, 95% CI)
	PPV 
(%, 95% CI)
	NPV 
(%, 95% CI)
	Accuracy 
(%, 95% CI)
	AUC on ROC 
(95% CI)

	Gastric adenocarcinoma
	Overall iCCAs (n=139)
	Filamin-A
	40.3 (32.1-48.9)
	92.1 (78.6-98.3)
	94.9 (86.1-98.3)
	29.7 (26.3-33.2)
	51.4 (43.8-59.0)
	0.66 (0.58-0.75)

	
	
	CK19
	74.8 (66.8-81.8)
	63.2 (46.0-78.2)
	88.1 (82.9-91.9)
	40.7 (32.0-50.0)
	72.3 (65.1-78.8)
	0.69 (0.59-0.79)

	
	Large-duct type (n=91)
	Filamin-A
	27.5 (18.6-37.8)
	92.1 (78.6-98.3)
	89.3 (72.8-96.3)
	34.7 (31.2-38.3)
	46.5 (37.7-55.5)
	0.60 (0.50-0.70)

	
	
	CK19
	87.9 (79.4-93.8)
	63.2 (46.0-78.2)
	85.1 (78.9-89.7)
	68.6 (54.4-80.0)
	80.6 (72.7-87.1)
	0.76 (0.66-0.86)

	
	Small-duct type (n=38)
	Filamin-A
	71.1 (54.1-84.6)
	92.1 (78.6-98.3)
	90.0 (74.9-96.5)
	76.1 (65.7-84.1)
	81.6 (71.0-89.6)
	0.82 (0.71-0.92)

	
	
	CK19
	44.7 (28.6-61.7)
	63.2 (46.0-78.2)
	54.8 (41.3-67.7)
	53.3 (44.0-62.5)
	54.0 (42.1-65.5)
	0.54 (0.41-0.67)

	
	Indeterminate type (n=10)
	Filamin-A
	40.0 (12.2-73.8)
	92.1 (78.6-98.3)
	57.1 (26.2-83.4)
	85.4 (77.7-90.7)
	81.3 (67.4-91.1)
	0.66 (0.45-0.87)

	
	
	CK19
	70.0 (34.8-93.3)
	63.2 (46.0-78.2)
	33.3 (21.9-47.2)
	88.9 (75.1-95.5)
	64.6 (49.5-77.8)
	0.67 (0.48-0.86)

	iCCA, intrahepatic cholangiocarcinoma; albumin ISH, albumin mRNA in situ hybridization; IHC, immunohistochemical; CK19, cytokeratin 19; PPV, positive predictive value; NPV, negative predictive value; AUC on ROC, area under the curve on the receiver operating characteristic curve; CI, confidence interval.









