Supplementary Table 1. ICD-9/10 codes of pneumonia.
	ICD Version
	Diagnosis
	icd_code

	ICD-10
	Other viral pneumonia
	J1289  

	ICD-10
	Ventilator-associated pneumonia
	J95851 

	ICD-10
	Pneumonia, unspecified organism
	J189   

	ICD-10
	Unspecified bacterial pneumonia
	J159   

	ICD-10
	Pneumonia due to MSSA
	J15211 

	ICD-10
	Pneumonia due to other Gram-negative bacteria
	J156   

	ICD-10
	Pneumonia due to Pseudomonas
	J151   

	ICD-10
	Pneumonia due to MRSA
	J15212 

	ICD-10
	Lobar pneumonia unspecified
	J181   

	ICD-10
	Parainfluenza virus pneumonia
	J122   

	ICD-10
	Pneumonia due to other specified bacteria
	J158   

	ICD-10
	Pneumonia due to Escherichia coli
	J155   

	ICD-10
	Pneumonia due to Haemophilus influenzae
	J14    

	ICD-10
	Pneumonia due to Streptococcus pneumoniae
	J13    

	ICD-10
	Respiratory syncytial virus pneumonia
	J121   

	ICD-10
	Pneumonia due to Klebsiella pneumoniae
	J150   

	ICD-10
	Influenza with pneumonia, unspecified virus
	J1108  

	ICD-10
	Sepsis due to Streptococcus pneumoniae
	A403   

	ICD-10
	Abscess of lung with pneumonia
	J851   

	ICD-10
	Pneumonia due to other streptococci
	J154   

	ICD-10
	Pneumonia due to other staphylococcus
	J1529  

	ICD-10
	Influenza with other specified pneumonia
	J1008  

	ICD-10
	Salmonella pneumonia
	A0222  

	ICD-10
	SARS-associated coronavirus pneumonia
	J1281  

	ICD-10
	Pneumonia due to staphylococcus unspecified
	J1520  

	ICD-10
	Influenza with pneumonia unspecified
	J1000  

	ICD-10
	Pneumonia due to other infectious organisms
	J168   

	ICD-10
	Pneumonia due to group B streptococcus
	J153   

	ICD-10
	Viral pneumonia unspecified
	J129   

	ICD-10
	Pneumonia due to Mycoplasma pneumoniae
	J157   

	ICD-10
	Influenza with pneumonia identified virus
	J1001  

	ICD-10
	Bronchopneumonia unspecified
	J180   

	ICD-10
	Influenza due to identified novel influenza A virus with pneumonia
	J09X1  

	ICD-10
	Adenoviral pneumonia
	J120   

	ICD-10
	Human metapneumovirus pneumonia
	J123   

	ICD-10
	Cytomegaloviral pneumonia
	B250   

	ICD-10
	Varicella pneumonia
	B012   

	ICD-9
	Pneumonia, organism unspecified
	486

	ICD-9
	Pneumonia due to other staphylococcus
	48249

	ICD-9
	Ventilator-associated pneumonia
	99731

	ICD-9
	Pneumonia due to Klebsiella pneumoniae
	4820

	ICD-9
	Pneumonia due to Staphylococcus aureus
	48241

	ICD-9
	Pneumonia due to respiratory syncytial virus
	4801

	ICD-9
	Pneumonia in other systemic mycoses
	4847

	ICD-9
	Bacterial pneumonia unspecified
	4829

	ICD-9
	Pneumonia in aspergillosis
	4846

	ICD-9
	Pneumonia due to other streptococcus
	48239

	ICD-9
	Pneumococcal septicemia
	0382

	ICD-9
	Pneumococcal pneumonia
	481

	ICD-9
	Pneumonia due to MRSA
	48242

	ICD-9
	Pneumonia due to other Gram-negative bacteria
	48283

	ICD-9
	Parainfluenza pneumonia
	4802

	ICD-9
	Pneumonia due to Pseudomonas
	4821

	ICD-9
	Influenza with pneumonia
	4870

	ICD-9
	Mycoplasma pneumonia
	4830

	ICD-9
	Postprocedural aspiration pneumonia
	99732

	ICD-9
	Pneumonia due to Haemophilus influenzae
	4822

	ICD-9
	Pneumonia due to E. coli
	48282

	ICD-9
	Staphylococcal pneumonia unspecified
	48240

	ICD-9
	Pneumonia due to other Gram-negative bacteria
	48284

	ICD-9
	Pneumococcal meningitis
	3201

	ICD-9
	Streptococcal pneumonia unspecified
	48230

	ICD-9
	Influenza due to H1N1 with pneumonia
	48881

	ICD-9
	Other viral pneumonia
	4808

	ICD-9
	Viral pneumonia unspecified
	4809

	ICD-9
	Pneumonia due to other specified organisms
	4838

	ICD-9
	Bronchopneumonia organism unspecified
	485

	ICD-9
	Pneumonia due to anaerobes
	48281

	ICD-9
	Adenoviral pneumonia
	4800

	ICD-9
	Pneumonia in cytomegalovirus disease
	4841

	ICD-9
	Varicella pneumonia
	0521

	ICD-9
	Influenza due to H1N1 with pneumonia
	48801

	ICD-9
	Pneumonia due to streptococcus
	48232

	ICD-9
	Pneumonia in other infectious diseases
	4848

	ICD-9
	Influenza due to identified influenza virus with pneumonia
	48811

	ICD-9
	Pneumonia due to streptococcus
	48231

	ICD-9
	Pneumonia due to other specified bacteria
	48289





Supplementary Figure 1. Missing data of clinical variables.
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Supplementary Table 2. Missing data of clinical variables.
	Variable
	Missing rate

	AST
	19.51%

	ALT
	19.48%

	TBIL
	19.34%

	SPO2
	12.69%

	Lac
	11.97%

	APTT
	5.30%

	INR
	4.84%

	PT
	4.84%

	DBP
	0.85%

	SBP
	0.83%

	Temperature
	0.71%

	PLT
	0.15%

	HGB
	0.14%

	WBC
	0.14%

	BUN
	0.11%

	Cr
	0.11%

	Glu
	0.11%


Abbreviations: AST, aspartate aminotransferase; ALT, alanine aminotransferase; TBIL, total bilirubin; SpO2, oxygen saturation; Lac, lactate; APTT, activated partial thromboplastin time; INR, international normalized ratio; PT, prothrombin time; DBP, diastolic blood pressure; SBP, systolic blood pressure; PLT, platelet count; HGB, hemoglobin; WBC, white blood cell; BUN, blood urea nitrogen; Cr, creatinine; RR, respiratory rate; Glu, glucose.



[bookmark: _GoBack]Supplementary Table 3. Multicollinearity test.
	Variable
	VIF

	SOFA2
	1.3834

	Age
	1.1667

	BUN
	1.9899

	Cr
	1.9422

	HGB
	1.0594

	Lac
	1.1356

	RR
	1.0426

	SBP
	1.0461

	SPO2
	1.0384

	TBIL
	1.2111


Abbreviations: SOFA, sequential organ failure assessment; BUN, blood urea nitrogen; Cr, creatinine; HGB, hemoglobin; Lac, lactate; RR, respiratory rate; SBP, systolic blood pressure; SpO2, oxygen saturation; TBIL, total bilirubin.

Supplementary Table 4. Performance comparison of primary and sensitivity analysis models at day 1 and day 28.

	Time
	Model
	AUC (95% CI)
	ΔAUC (95% CI)
	p-value

	Day 1
	Primary model
	0.87 (0.82-0.94)
	Reference
	-

	Day 1
	Sensitivity analysis
	0.89 (0.83-0.94)
	+1.4 (-0.7 to 3.4)
	0.196

	Day 28
	Primary model
	0.70 (0.67-0.72)
	Reference
	-

	Day 28
	Sensitivity analysis
	0.69 (0.67-0.72)
	-0.4 (-1.1 to 0.3)
	0.266



Supplementary Figure 2.  Comparison of time-dependent AUCs between primary and sensitivity models.
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Supplementary Figure 3. Screenshot of the calculator interface.
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Supplementary Table 5. Baseline characteristics of patients with pneumonia-related sepsis stratified by VAP status.
	
	Non-VAP
	VAP
	p

	n
	5680
	1470
	

	Age,years
	 67.51 (16.31)
	 62.96 (16.01)
	<0.001

	INR *
	  1.30 [1.20, 1.60]
	  1.30 [1.10, 1.50]
	<0.001

	TBIL, mg/dL *
	  0.60 [0.40, 1.20]
	  0.60 [0.40, 1.20]
	0.444

	BUN , mg/dL *
	 25.00 [16.00, 42.00]
	 22.00 [14.25, 37.00]
	<0.001

	Cr, mg/dL *
	  1.20 [0.80, 1.80]
	  1.10 [0.80, 1.70]
	0.1

	HGB, g/dL *
	 10.30 [8.70, 12.00]
	 10.90 [9.22, 12.80]
	<0.001

	Lac, mmol/L *
	  1.70 [1.10, 2.60]
	  1.70 [1.20, 2.80]
	0.003

	Temperature, °F
	 98.46 (1.40)
	 98.57 (1.62)
	0.006

	PLT, ×10⁹/L *
	190.00 [126.00, 266.00]
	190.50 [130.25, 259.00]
	0.864

	PT , seconds *
	 14.60 [12.80, 17.90]
	 13.90 [12.60, 16.70]
	<0.001

	APTT , seconds *
	 31.80 [27.80, 39.20]
	 31.10 [27.10, 39.30]
	0.012

	DBP , mmHg
	 67.78 (18.71)
	 67.83 (17.76)
	0.931

	SBP , mmHg
	120.35 (24.50)
	121.54 (25.75)
	0.099

	RR , /min *
	 21.00 [17.00, 25.00]
	 20.00 [16.00, 25.00]
	0.001

	SPO2 , %
	 95.78 (4.98)
	 96.49 (5.21)
	<0.001

	WBC , ×10⁹/L *
	 11.80 [8.00, 17.00]
	 12.50 [8.90, 16.80]
	0.007

	ALT , U/L *
	 27.00 [16.00, 52.00]
	 31.00 [18.00, 64.75]
	<0.001

	AST , U/L *
	 39.00 [23.00, 80.00]
	 48.00 [28.00, 98.75]
	<0.001

	Glu, mg/dL * 
	133.00 [107.00, 175.00]
	143.00 [113.00, 188.00]
	<0.001

	SOFA *
	  6.00 [4.00, 9.00]
	  7.00 [5.00, 10.00]
	<0.001

	SOFA-2 *
	  6.00 [4.00, 8.00]
	  7.00 [5.00, 10.00]
	<0.001

	Gender (%)
	
	
	<0.001

	Female
	  2445 ( 43.0) 
	   480 ( 32.7) 
	

	Male
	  3235 ( 57.0) 
	   990 ( 67.3) 
	

	Hypertension (%)
	  3609 ( 63.5) 
	   936 ( 63.7) 
	0.948

	DM (%)
	  1793 ( 31.6) 
	   476 ( 32.4) 
	0.571

	CKD (%)
	  1316 ( 23.2) 
	   265 ( 18.0) 
	<0.001

	COPD (%)
	   598 ( 10.5) 
	   129 (  8.8) 
	0.053

	Type of ICU (%)
	
	
	<0.001

	MICU
	  2688 (47.3) 
	   673 ( 45.8) 
	

	SICU
	  1591 (28.0) 
	   611 ( 41.6) 
	

	Mixed ICU
	  1401 (24.7) 
	   186 ( 12.7) 
	

	28-day death (%)
	  1655 ( 29.1) 
	   352 ( 23.9) 
	<0.001


*, Mann-Whitney U test
Abbreviations: VAP, ventilator-associated pneumonia; INR, international normalized ratio; TBIL, total bilirubin; BUN, blood urea nitrogen; Cr, creatinine; HGB, hemoglobin; Lac, lactate; PLT, platelet count; PT, prothrombin time; APTT, activated partial thromboplastin time; DBP, diastolic blood pressure; SBP, systolic blood pressure; RR, respiratory rate; SpO2, oxygen saturation; WBC, white blood cell; ALT, alanine aminotransferase; AST, aspartate aminotransferase; Glu, glucose; SOFA, Sequential Organ Failure Assessment; DM, diabetes mellitus; CKD, chronic kidney disease; COPD, chronic obstructive pulmonary disease; ICU, intensive care unit; MICU, medical ICU; SICU, surgical ICU.


Supplementary Table 6. Baseline characteristics of patients with pneumonia-related sepsis stratified by type of ICU
	
	MICU
	SICU
	Mixed ICU
	p

	n
	3361
	2202
	1587
	

	Age,years
	 66.63 (16.36)
	 65.53 (16.65)
	 67.90 (15.81)
	<0.001

	INR *
	  1.30 [1.20, 1.70]
	  1.30 [1.10, 1.60]
	  1.30 [1.20, 1.60]
	<0.001

	TBIL, mg/dL *
	  0.60 [0.40, 1.30]
	  0.60 [0.40, 1.20]
	  0.60 [0.30, 1.10]
	<0.001

	BUN , mg/dL *
	 28.00 [17.00, 47.00]
	 20.00 [14.00, 32.00]
	 25.00 [16.00, 42.00]
	<0.001

	Cr, mg/dL *
	  1.30 [0.80, 2.10]
	  1.00 [0.80, 1.50]
	  1.10 [0.70, 1.70]
	<0.001

	HGB, g/dL *
	 10.60 [8.90, 12.30]
	 10.70 [9.00, 12.50]
	  9.90 [8.40, 11.50]
	<0.001

	Lac, mmol/L *
	  1.70 [1.20, 2.60]
	  1.80 [1.20, 2.80]
	  1.60 [1.10, 2.40]
	<0.001

	Temperature, °F
	 98.40 [97.70, 99.10]
	 98.40 [97.80, 99.20]
	 98.40 [97.80, 99.10]
	0.051

	PLT, ×10⁹/L *
	194.00 [130.00, 267.00]
	187.00 [130.00, 258.00]
	184.00 [111.00, 271.00]
	0.095

	PT , seconds *
	 14.60 [12.80, 18.60]
	 14.20 [12.70, 17.10]
	 14.60 [12.90, 17.10]
	<0.001

	APTT , seconds *
	 32.10 [27.90, 41.30]
	 31.10 [27.30, 38.00]
	 31.30 [27.90, 37.40]
	<0.001

	DBP , mmHg
	 68.38 (18.74)
	 67.09 (17.42)
	 67.50 (19.49)
	0.03

	SBP , mmHg
	120.63 (24.37)
	120.67 (25.65)
	120.42 (24.35)
	0.95

	RR , /min *
	 21.00 [17.00, 26.00]
	 19.00 [16.00, 24.00]
	 22.00 [17.00, 26.00]
	<0.001

	SPO2 , %
	 95.83 (5.08)
	 96.46 (5.09)
	 95.40 (4.80)
	<0.001

	WBC , ×10⁹/L *
	 12.10 [8.50, 17.00]
	 12.30 [8.60, 16.90]
	 11.10 [6.90, 16.90]
	<0.001

	ALT , U/L *
	 29.00 [17.00, 60.00]
	 27.00 [16.00, 52.00]
	 26.00 [15.00, 49.00]
	<0.001

	AST , U/L *
	 43.00 [25.00, 94.00]
	 42.50 [25.00, 83.00]
	 35.00 [21.00, 66.00]
	<0.001

	Glu, mg/dL * 
	137.00 [108.00, 183.00]
	137.00 [113.00, 175.00]
	130.00 [105.00, 170.50]
	<0.001

	SOFA *
	  7.00 [4.00, 10.00]
	  6.00 [4.00, 9.00]
	  6.00 [4.00, 9.00]
	<0.001

	SOFA-2 *
	  6.00 [4.00, 9.00]
	  6.00 [4.00, 9.00]
	  6.00 [4.00, 8.00]
	<0.001

	Gender (%)
	
	
	
	<0.001

	Female
	  1393 ( 41.4) 
	   798 ( 36.2) 
	   734 ( 46.3) 
	

	Male
	  1968 ( 58.6) 
	  1404 ( 63.8) 
	   853 ( 53.7) 
	

	Hypertension (%)
	  2148 ( 63.9) 
	  1402 ( 63.7) 
	   995 ( 62.7) 
	0.705

	DM (%)
	  1141 ( 33.9) 
	   634 ( 28.8) 
	   494 ( 31.1) 
	<0.001

	VAP (%)
	   673 ( 20.0) 
	   611 ( 27.7) 
	   186 ( 11.7) 
	<0.001

	CKD (%)
	   824 ( 24.5) 
	   395 ( 17.9) 
	   362 ( 22.8) 
	<0.001

	COPD (%)
	   349 ( 10.4) 
	   221 ( 10.0) 
	   157 (  9.9) 
	0.842

	28-day death (%)
	   967 ( 28.8) 
	   491 ( 22.3) 
	   549 ( 34.6) 
	<0.001


*, Kruskal-Wallis H test
Abbreviations: VAP, ventilator-associated pneumonia; INR, international normalized ratio; TBIL, total bilirubin; BUN, blood urea nitrogen; Cr, creatinine; HGB, hemoglobin; Lac, lactate; PLT, platelet count; PT, prothrombin time; APTT, activated partial thromboplastin time; DBP, diastolic blood pressure; SBP, systolic blood pressure; RR, respiratory rate; SpO2, oxygen saturation; WBC, white blood cell; ALT, alanine aminotransferase; AST, aspartate aminotransferase; Glu, glucose; SOFA, Sequential Organ Failure Assessment; DM, diabetes mellitus; CKD, chronic kidney disease; COPD, chronic obstructive pulmonary disease; ICU, intensive care unit; MICU, medical ICU; SICU, surgical ICU.


Supplementary Figure 3. AUCs of SOFA-2 in subgroups.
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Supplementary Table 7. Baseline characteristics of patients in the external validation cohort stratified by 28-day survival status.
	Variables
	Alive (N=168)
	Death (N=133)
	P value

	Age,years
	62.30 (16.72)
	65.70 (14.72)
	0.066

	BUN, mg/dL *
	12.55 [7.38, 18.92]
	11.70 [8.70, 18.10]
	0.99

	Cr, mg/dL *
	1.10 [0.80, 1.70]
	1.30 [0.90, 2.10]
	<0.001

	HGB, g/dL 
	93.58 (26.16)
	92.59 (23.83)
	0.735

	SBP , mmHg
	106.52 (17.95)
	101.95 (21.86)
	0.047

	Lactate, mmol/L *
	1.60 [1.12, 2.42]
	1.90 [1.30, 3.60]
	0.011

	RR , /min
	22.46 (7.50)
	21.89 (9.97)
	0.572

	SPO2 , %
	92.15 (10.91)
	90.62 (12.09)
	0.248

	SOFA *
	7.00 [4.75, 12.00]
	9.00 [7.00, 12.00]
	0.009

	SOFA-2 *
	8.00 [5.00, 11.00]
	9.00 [7.00, 13.00]
	0.007

	TBIL, mg/dL *
	1.46 [0.93, 2.37]
	1.45 [0.85, 3.38]
	0.731

	Gender (%)
	
	
	0.149

	Male
	111 (66.1)
	99 (74.4)
	

	Female
	57 (33.9)
	34 (25.6)
	


*, Mann-Whitney U test
Abbreviations: SOFA, sequential organ failure assessment; BUN, blood urea nitrogen; Cr, creatinine; HGB, hemoglobin; SBP, systolic blood pressure; RR, respiratory rate; SpO2, oxygen saturation; TBIL, total bilirubin.


Supplementary Table 8. Univariate Cox proportional hazards regression analysis of candidate predictors for 28-day mortality in the external validation cohort of patients with pneumonia-related sepsis.
	Variables
	HR (95%CI)
	P

	SOFA-2
	1.06 (1.02- 1.11)
	0.002

	Gender
	0.76 (0.52- 1.13)
	0.173

	Age
	1.01 (1.01- 1.02)
	0.091

	BUN
	1.00 (0.98- 1.02)
	0.972

	HGB
	1.01 (0.99- 1.01)
	0.870

	Lac
	1.09 (1.04- 1.11)
	<0.001

	RR
	1.01 (0.97- 1.02)
	0.681

	SBP
	0.99 (0.98- 1.01)
	0.019

	TBIL
	1.01 (0.97- 1.03)
	0.953

	Cr
	0.95 (0.83- 1.08)
	0.418

	SPO2
	0.99 (0.98- 1.01)
	0.138


Abbreviations: HR, hazard ratio; CI, confidence interval; SOFA, Sequential Organ Failure Assessment; BUN, blood urea nitrogen; Cr, creatinine; HGB, hemoglobin; Lac, lactate; RR, respiratory rate; SBP, systolic blood pressure; SpO2, oxygen saturation; TBIL, total bilirubin.


Supplementary Table 9. Multivariable Cox proportional hazards regression analysis of candidate predictors for 28-day mortality in the external validation cohort of patients with pneumonia-related sepsis.
	Variables
	HR (95%CI)
	P

	SOFA-2
	1.06 (1.00 - 1.11)
	0.032

	Age
	1.01 (1.00 - 1.02)
	0.120

	BUN
	1.01 (0.98 - 1.03)
	0.512

	Cr
	0.88 (0.71 - 1.09)
	0.240

	HGB
	1.00 (1.00 - 1.01)
	0.542

	Lac
	1.10 (1.04 - 1.16)
	＜0.001

	RR
	0.99 (0.97 - 1.01)
	0.511

	SBP
	0.99 (0.98 - 1.00)
	0.131

	SPO2
	1.00 (0.98 - 1.01)
	0.753

	TBIL
	0.98 (0.95 - 1.01)
	0.261


Abbreviations: HR, adjusted hazard ratio; CI, confidence interval; SOFA, Sequential Organ Failure Assessment; BUN, blood urea nitrogen; Cr, creatinine; HGB, hemoglobin; Lac, lactate; RR, respiratory rate; SBP, systolic blood pressure; SpO2, oxygen saturation; TBIL, total bilirubin.
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