Supplementary Table 1. 
Specimen and examination methodology for blood biomarkers
	
	Examination period
	Specimen
	Method

	PAI-1
	all
	plasma
	LA test

	P3P
	all
	plasma
	IRMA

	Ferritin
	on or before Dec/2015
Dec/2015
	serum
	CLIA

	
	on or after Jan/2016
	serum
	ECLIA

	T-bil
	all
	serum
	vanadate oxidation

	D-bil
	all
	serum
	vanadate oxidation

	BNP
	all
	serum
	CLIA

	Protein C activity
	all
	serum
	APTT


APTT: activated partial thromboplastin time, BNP: brain natriuretic peptide, CLIA: chemiluminescence immunoassay, D-bil: direct bilirubin, ECLIA: electrochemiluminescence immunoassay, IRMA: immunoradiometric assay, LA: latex agglutination, PAI-1: plasminogen activator inhibitor-1, P3P: procollagen III peptide, T-bil: total bilirubin.


	Supplementary Table 2. 
Results of univariable logistic regression and AUC analysis for SOS diagnosis with multiple imputation

		　
	Odds ratio* (95%CI)
	p value
	AUC (95%CI)
	Missing data
in SOS group, n (%)
	Missing data
in non-SOS group, n (%)

	Transient elastography
	
	
	
	
	

	Liver stiffness
	3.36 (1.03-11.0)
	0.045
	0.83 (0.68-0.98)
	1 (2.1)
	12 (25.0)

	
	
	
	
	
	

	Blood biomarkers
	
	
	
	
	

	PAI-1
	15.5 (1.87-129)
	0.011
	0.85 (0.67-1.00)
	0
	0

	P3P
	3.37 (1.10-10.3)
	0.033
	0.77 (0.61-0.93)
	0
	2 (4.2)

	Ferritin
	2.16 (1.05-4.42)
	0.036
	0.77 (0.61-0.93)
	0
	0

	BNP
	38.2 (0.77-1890)
	0.067
	0.71 (0.53-0.88)
	0
	0

	Protein C activity
	0.65 (0.26-1.66)
	0.367
	0.75 (0.57-0.93)
	1 (2.1)
	0

	
	
	
	
	
	

	Abdominal ultrasonography
	
	
	
	
	

	Gray-scale ultrasound
	
	
	
	
	

	Liver index
	1.48 (0.68-3.19)
	0.321
	0.62 (0.43-0.80)
	2 (4.2)
	12 (25.0)

	Spleen index
	1.46 (0.68-3.16)
	0.332
	0.64 (0.45-0.84)
	3 (6.3)
	12 (25.0)

	Gallbladder wall thickening of 6 mm or greater
	2.57 (0.46-14.3)
	0.281
	0.65 (0.44-0.85)
	3 (6.3)
	12 (25.0)

	Ascites
	12.8 (1.87-87.1)
	0.009
	0.65 (0.44-0.85)
	0
	12 (25.0)

	Doppler ultrasound
	
	
	
	
	

	Hepatic artery RI of 0.75 or greater
	0.68 (0.12-3.86)
	0.664
	0.63 (0.45-0.82)
	3 (6.3)
	12 (25.0)

	
	
	
	
	
	

	Composite model
	
	
	
	
	

	 Liver stiffness and PAI-1
	　
	　
	0.97 (0.90-1.00)
	1 (2.1)
	12 (25.0)





AUC: area under curve, BNP: brain natriuretic peptide, PAI-1: plasminogen activator inhibitor-1, P3P: procollagen III peptide, RI: resistive index, SOS: sinusoidal obstruction syndrome.
*The odds ratios for continuous variables (liver stiffness, PAI-1, P3P, ferritin, BNP, protein C activity, liver index, and spleen index) were calculated by dividing each variable’s continuous value by its standard deviation (SD) to enable quantitative comparison of odds ratios between the variables. SD: liver index, 28.0; spleen index, 26.3; liver stiffness, 12.2; PAI, 63.07; type 3 procollagen, 1.428; ferritin, 10274; BNP, 2083; Protein C, 43.00 


	Supplementary Table 3.

	Sensitivity, specificity, PPV, NPV, and accuracy for diagnosis of SOS according to various cutoff values

	Cutoff value
	SOS/non-SOS 
in positive cases (n)
	Sensitivity, 
% (95%CI)
	Specificity, 
% (95%CI)
	PPV, 
% (95%CI)
	NPV, 
% (95%CI)
	Accuracy, 
% (95%CI)

	
	
	
	
	
	
	

	Diagnosis of SOS
	　

	Liver stiffness measured by transient elastography (kPa)
	

	Total
	N = 35
	
	
	
	
	

	 ≥5.0
	9/18
	100 (56-100)
	31 (14-52)
	33 (17-54)
	100 (52-100)
	49 (31-66)

	≥6.0
	9/14
	100 (56-100)
	46 (27-67)
	39 (20-62)
	100 (64-100)
	60 (42-100)

	 ≥7.0
	7/11
	78 (40-97)
	58 (37-77)
	39 (17-64)
	88 (64-99)
	63 (45-79)

	 ≥8.0
	7/9
	78 (40-97)
	65 (44-83)
	44 (20-70)
	90 (67-99)
	69 (51-83)

	 ≥9.0
	7/6
	78 (40-97)
	77 (56-91)
	54 (25-81)
	91 (71-99)
	77 (60-90)

	 ≥10.0
	7/6
	78 (40-97)
	77 (56-91)
	54 (25-81)
	91 (71-99)
	77 (60-90)

	 ≥11.0
	7/6
	78 (40-97)
	77 (56-91)
	54 (25-81)
	91 (71-99)
	77 (60-90)

	 ≥12.0
	6/5
	67 (30-93)
	81 (61-93)
	55 (23-83)
	77 (60-90)
	77 (60-90)

	 ≥13.0
	6/5
	67 (30-93)
	81 (61-93)
	55 (23-83)
	77 (60-90)
	77 (60-90)

	 ≥14.0
	4/5
	44 (14-79)
	81 (61-93)
	44 (14-79)
	81 (61-93)
	71 (54-85)

	 ≥15.0
	4/5
	44 (14-79)
	81 (61-93)
	44 (14-79)
	81 (61-93)
	71 (54-85)

	
	
	
	
	
	
	

	Plasminogen activator inhibitor 1 (ng/mL)
	

	Total
	N = 48
	
	
	
	
	

	≥10.0
	10/38
	100 (59-100)
	0 (0-0)
	21 (11-35)
	NA
	21 (11-35)

	 ≥15.0
	9/33
	90 (56-100)
	13 (4-28)
	21 (10-37)
	83 (36-100)
	29 (17-44)

	 ≥20.0
	9/26
	90 (56-100)
	32 (18-49)
	26 (13-43)
	92 (64-100)
	44 (30-59)

	 ≥25.0
	9/19
	90 (56-100)
	50 (33-67)
	31 (16-52)
	95 (75-100)
	58 (43-72)

	 ≥30.0
	9/18
	90 (56-100)
	53 (36-69)
	33 (17-54)
	95 (76-100)
	60 (45-74)

	 ≥35.0
	9/15
	90 (56-100)
	61 (43-76)
	38 (19-59)
	96 (79-100)
	67 (52-80)

	≥40.0
	9/12
	90 (56-100)
	68 (51-83)
	43 (22-66)
	96 (81-100)
	73 (58-85)

	≥45.0
	8/7
	80 (44-98)
	82 (66-92)
	53 (27-79)
	94 (80-99)
	81 (67-91)

	 ≥50.0
	7/6
	70 (35-93)
	84 (69-94)
	54 (25-81)
	91 (77-98)
	81 (67-91)


CI: confidence interval, NA: Not available, NPV: negative predictive value, PPV: positive predictive value, SOS: sinusoidal obstruction syndrome.


	Supplementary Table 4. 

	Results of logistic regression and AUC analysis for SOS prediction with multiple imputation
	　
	*Odds ratio (95%CI)
	p value
	AUC (95%CI)
	Missing data
in SOS group, n (%)
	Missing data
in non-SOS group, n (%)

	Transient elastography
	
	
	
	
	

	Liver stiffness
	1.92 (1.22-3.00)
	0.006
	0.81 (0.64-0.99)
	1 (0.6)
	18 (10.0)

	
	
	
	
	
	

	Blood biomarkers
	
	
	
	
	

	P3P
	3.45 (1.69-7.06)
	<0.001
	0.82 (0.68-0.96)
	1 (0.6)
	8 (4.4)

	PAI-1
	1.61 (1.05-2.48)
	0.03
	0.78 (0.65-0.91)
	1 (0.6)
	4 (2.2)

	Ferritin
	1.58 (1.04-2.40)
	0.033
	0.76 (0.61-0.91)
	0
	3 (1.7)

	T-bil
	1.89 (1.15-3.12)
	0.012
	0.77 (0.65-0.90)
	0
	0

	D-bil
	1.87 (1.18-2.97)
	0.008
	0.68 (0.49-0.88)
	1 (0.6)
	4 (2.2)

	BNP
	2.08 (1.26-3.43)
	0.004
	0.68 (0.49-0.88)
	0
	2 (1.1)

	Protein C activity
	0.55 (0.25-1.20)
	0.131
	0.67 (0.47-0.87)
	1 (0.6)
	6 (3.3)

	
	
	
	
	
	

	Abdominal ultrasonography
	
	
	
	
	

	Gray-scale ultrasound
	
	
	
	
	

	Liver index
	1.77 (1.08-2.90)
	0.023
	0.64 (0.47-0.80)
	0
	3 (1.7)

	Spleen index
	1.65 (1.07-2.53)
	0.022
	0.76 (0.65-0.87)
	0
	3 (1.7)

	Ascites
	13.5 (1.97-92.6)
	0.008
	0.59 (0.46-0.72)
	0
	3 (1.7)

	Paraumbilical vein visualization
	40.8 (3.33-498)
	0.004
	0.59 (0.46-0.73)
	0
	4 (2.2)

	
	
	
	
	
	

	Doppler ultrasound
	
	
	
	
	

	Hepatic artery RI 0.75 or greater
	0.41 (0.10-1.62)
	0.202
	0.61 (0.45-0.77)
	0
	4 (2.2)

	
	
	
	
	
	

	Composite model
	
	
	
	
	

	Liver stiffness and P3P
	
	
	0.86 (0.75-0.97)
	2 (1.1)
	24 (13.3)





allo-HCT: allogeneic hematopoietic cell transplantation, AUC: area under curve, BNP: brain natriuretic peptide, D-bil: direct bilirubin, PAI-1: plasminogen activator inhibitor-1, P3P: procollagen III peptide, RI: resistive index, SOS: sinusoidal obstruction syndrome, T-bil: total bilirubin.
*The odds ratios for continuous variables (liver stiffness, P3P, PAI-1, ferritin, T-bil, D-bil, BNP, protein C activity, liver index, and spleen index) were calculated by dividing each variable’s continuous value by its standard deviation (SD) to enable quantitative comparison of odds ratios between the variables. SD: liver index, 22.0; spleen index, 25.6; liver stiffness, 4.81; PAI-1, 11.1; type 3 procollagen, 0.44; ferritin, 2672; T-bil, 0.30; D-bil, 0.19; BNP, 71.0; protein C, 26.9


	Supplementary Table 5.

	Sensitivity, specificity, PPV, NPV, and accuracy for prediction of SOS according to various cutoff values

	Cutoff value
	SOS/non-SOS 
in positive cases (n)
	Sensitivity, 
% (95%CI)
	Specificity, 
% (95%CI)
	PPV, 
% (95%CI)
	NPV, 
% (95%CI)
	Accuracy,
 % (95%CI)

	
	
	
	
	
	
	

	Prediction of SOS
	　

	Liver stiffness, measured by transient elastography (kPa)
	

	Total
	N = 161
	
	
	
	
	

	 ≥5.0
	8/81
	89 (52-100)
	47 (39-55)
	9 (4-17)
	99 (93-100)
	49 (41-57)

	≥6.0
	7/55
	78 (40-97)
	64 (56-71)
	11 (5-22)
	98 (93-100)
	65 (57-72)

	 ≥7.0
	6/32
	67 (30-93)
	79 (72-85)
	16 (6-31)
	98 (93-100)
	78 (71-84)

	 ≥8.0
	6/19
	67 (30-93)
	88 (81-92)
	24 (9-45)
	98 (94-100)
	86 (80-91)

	 ≥9.0
	5/12
	56 (21-86)
	92 (87-96)
	29 (10-56)
	97 (93-99)
	90 (84-94)

	 ≥10.0
	4/8
	44 (14-79)
	95 (90-98)
	33 (10-65)
	97 (92-99)
	92 (87-96)

	 ≥11.0
	4/8
	44 (14-79)
	95 (90-98)
	33 (10-65)
	97 (92-99)
	92 (87-96)

	 ≥12.0
	4/4
	44 (14-79)
	97 (93-99)
	50 (16-84)
	97 (93-99)
	94 (90-97)

	 ≥13.0
	3/3
	33 (8-70)
	98 (94-100)
	50 (12-88)
	96 (92-99)
	94 (90-97)

	 ≥14.0
	2/3
	22 (3-60)
	98 (94-100)
	40 (5-85)
	96 (91-98)
	94 (89-97)

	 ≥15.0
	1/3
	11 (0-48)
	98 (94-100)
	25 (1-81)
	95 (90-98)
	93 (88-97)

	
	
	
	
	
	
	

	Pro-collagen-III peptide (U/mL)
	

	Total
	N = 171
	
	
	
	
	

	 ≥0.50
	9/142
	100 (56-100)
	12 (8-18)
	6 (3-11)
	100 (76-100)
	17 (12-23)

	 ≥0.60
	9/112
	100 (56-100)
	31 (24-39)
	7 (4-14)
	100 (90-100)
	35 (27-42)

	 ≥0.70
	7/63
	78 (40-97)
	61 (53-69)
	10 (4-20)
	98 (93-100)
	62 (54-69)

	 ≥0.80
	6/46
	67 (30-93)
	72 (64-78)
	12 (4-23)
	98 (93-100)
	71 (64-78)

	 ≥0.90
	6/28
	67 (30-93)
	83 (76-88)
	18 (7-35)
	98 (94-100)
	82 (75-87)

	 ≥1.00
	6/20
	67 (30-93)
	88 (82-92)
	23 (9-44)
	98 (94-100)
	87 (81-91)

	 ≥1.10
	4/12
	44 (14-79)
	93 (87-96)
	25 (7-52)
	97 (93-99)
	90 (85-94)

	 ≥1.20
	4/7
	44 (14-79)
	96 (91-98)
	36 (11-69)
	97 (93-99)
	93 (88-96)

	 ≥1.30
	3/3
	33 (8-70)
	98 (95-100)
	50 (12-88)
	96 (92-99)
	95 (90-98)

	≥1.40
	3/2
	33 (8-70)
	99 (96-100)
	60 (15-95)
	96 (92-99)
	95 (91-98)

	 ≥1.50
	3/0
	33 (8-70)
	100 (97-100)
	100 (19-100)
	96 (92-99)
	97 (93-99)


CI: confidence interval, NPV: negative predictive value, PPV: positive predictive value, SOS: sinusoidal obstruction syndrome.


Supplementary Table 6A.
Mean and standard error of liver stiffness measured by TE over the peri-transplant period in three patient groups
	Patient group
	Timepoint of measurement
	Mean (kPa)
	SE

	Definitive SOS (n=10)
	Pre-allo-HCT
	10.1
	1.35

	
	Day 5 after allo-HCT
	16.5
	5.46

	
	Liver disorder or day 30 after allo-HCT
	24.0
	5.74

	Liver disorder other than SOS (n=38)
	Pre-allo-HCT
	6.15
	0.75

	
	Day 5 after allo-HCT
	6.06
	0.59

	
	Liver disorder or day 30 after allo-HCT
	9.39
	1.33

	Normal (n=132)
	Pre-allo-HCT
	5.86
	0.21

	
	Day 5 after allo-HCT
	5.15
	0.16

	
	Liver disorder or day 30 after allo-HCT
	6.15
	0.21



Supplementary Table 6B.
Mean and standard error of PAI-1 over the peri-transplant period in three patient groups
	Patient group
	Timepoint of measurement
	Mean (ng/ml)
	SE

	Definitive SOS (n=10)
	Pre-allo-HCT
	26.7
	5.66

	
	Day 5 after allo-HCT
	63.0
	27.6

	
	Liver disorder or day 30 after allo-HCT
	135.0
	31.5

	Liver disorder other than SOS (n=38)
	Pre-allo-HCT
	13.2
	1.12

	
	Day 5 after allo-HCT
	12.5
	1.60

	
	Liver disorder or day 30 after allo-HCT
	32.4
	3.17

	Normal (n=132)
	Pre-allo-HCT
	17.5
	1.11

	
	Day 5 after allo-HCT
	12.4
	0.82

	
	Liver disorder or day 30 after allo-HCT
	19.0
	2.32



Supplementary Table 6C.
Mean and standard error of P3P over the peri-transplant period in three patient groups
	Patient group
	Timepoint of measurement
	Mean (U/ml)
	SE

	Definitive SOS (n=10)
	Pre-allo-HCT
	1.27
	0.24

	
	Day 5 after allo-HCT
	2.46
	0.92

	
	Liver disorder or day 30 after allo-HCT
	2.98
	0.79

	Liver disorder other than SOS (n=38)
	Pre-allo-HCT
	0.68
	0.03

	
	Day 5 after allo-HCT
	0.87
	0.06

	
	Liver disorder or day 30 after allo-HCT
	1.51
	0.13

	Normal (n=132)
	Pre-allo-HCT
	0.66
	0.02

	
	Day 5 after allo-HCT
	0.74
	0.03

	　
	Liver disorder or day 30 after allo-HCT
	0.89
	0.03


allo-HCT: allogeneic hematopoietic cell transplantation, PAI-1: plasminogen activator inhibitor-1, P3P: procollagen III peptide, SE, standard error, SOS: sinusoidal obstruction syndrome, TE: transient elastography


	Supplementary Table 7A. 
Correlations between liver stiffness measured by TE and each biomarker at pre-allo-HCT

	Pre-alloHCT
	Liver 
stiffness
	PAI-1
	P3P
	T-bil
	D-bil
	BNP
	Ferritin
	Protein C
	Liver index
	Spleen index

	Liver stiffness
	1
	
	
	
	
	
	
	
	
	

	PAI-1
	0.151
	1
	
	
	
	
	
	
	
	

	P3P
	0.158
	0.097
	1
	
	
	
	
	
	
	

	T-bil
	0.096
	-0.061
	0.037
	1
	
	
	
	
	
	

	D-bil
	0.087
	-0.012
	0.009
	0.784
	1
	
	
	
	
	

	BNP
	0.175
	-0.064
	0.119
	0.042
	0.083
	1
	
	
	
	

	Ferritin
	0.139
	-0.015
	0.173
	0.128
	0.310
	0.257
	1
	
	
	

	Protein C
	-0.063
	-0.049
	-0.155
	-0.181
	-0.361
	-0.125
	-0.224
	1
	
	

	Liver index
	0.080
	0.224
	0.331
	0.084
	0.326
	0.141
	0.334
	-0.142
	1
	

	Spleen index
	0.269
	-0.041
	0.061
	0.154
	0.297
	0.024
	0.201
	-0.125
	0.454
	1



	Supplementary Table 7B. 
Correlations between liver stiffness measured by TE and each biomarker at day 5 after allo-HCT

	At Day 5 after allo-HCT
	Liver 
stiffness
	PAI-1
	P3P
	T-bil
	D-bil
	BNP
	Ferritin
	Protein C
	Liver index
	Spleen index

	Liver stiffness
	1
	
	
	
	
	
	
	
	
	

	PAI-1
	-0.142
	1
	
	
	
	
	
	
	
	

	P3P
	-0.136
	0.299
	1
	
	
	
	
	
	
	

	T-bil
	0.024
	0.047
	0.254
	1
	
	
	
	
	
	

	D-bil
	0.051
	-0.002
	0.266
	0.827
	1
	
	
	
	
	

	BNP
	-0.040
	0.038
	0.376
	0.191
	0.249
	1
	
	
	
	

	Ferritin
	-0.066
	0.277
	0.322
	0.207
	0.251
	0.286
	1
	
	
	

	Protein C
	-0.142
	-0.124
	-0.108
	0.062
	-0.050
	-0.264
	-0.270
	1
	
	

	Liver index
	0.173
	-0.019
	0.079
	0.128
	0.149
	-0.044
	0.172
	-0.041
	1
	

	Spleen index
	0.195
	0.076
	0.152
	0.347
	0.293
	-0.074
	0.293
	-0.203
	0.365
	1



	Supplementary Table 7C. 
Correlations between liver stiffness measured by TE and each biomarker at the onset of liver disorder or day 30 after allo-HCT

	At the onset of liver disorder
or day 30 after allo-HCT
	Liver 
stiffness
	PAI-1
	P3P
	T-bil
	D-bil
	BNP
	Ferritin
	Protein C
	Liver index
	Spleen index

	Liver stiffness
	1
	
	
	
	
	
	
	
	
	

	PAI-1
	0.177
	1
	
	
	
	
	
	
	
	

	P3P
	0.152
	0.302
	1
	
	
	
	
	
	
	

	T-bil
	0.147
	0.449
	0.094
	1
	
	
	
	
	
	

	D-bil
	0.159
	0.445
	0.131
	0.984
	1
	
	
	
	
	

	BNP
	0.089
	0.259
	0.435
	0.362
	0.426
	1
	
	
	
	

	Ferritin
	0.202
	0.515
	-0.017
	0.410
	0.418
	0.183
	1
	
	
	

	Protein C
	-0.258
	-0.225
	-0.323
	-0.211
	-0.281
	-0.038
	-0.281
	1
	
	

	Liver index
	0.441
	-0.087
	0.136
	0.186
	0.155
	0.236
	-0.155
	-0.143
	1
	

	Spleen index
	0.614
	-0.408
	0.135
	-0.107
	-0.118
	0.021
	-0.029
	-0.225
	0.599
	1


allo-HCT: allogeneic hematopoietic cell transplantation, BNP: brain natriuretic peptide, D-bil: direct bilirubin, PAI-1: plasminogen activator inhibitor-1, P3P: procollagen III peptide, SOS: sinusoidal obstruction syndrome, T-bil: total bilirubin, TE: transient elastography
