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All analyses were conducted in the intention-to-treat population. Continuous variables are reported as mean (standard deviation) or median (interquartile range), and categorical variables as counts and percentages. Comparisons were performed using Student’s t test or Mann Whitney U test for continuous variables and chi-square or Fisher’s exact test for categorical variables. Multiple imputation by fully conditional specification was applied to generate five imputed datasets, incorporating demographic, comorbidity, physiological, and laboratory variables; outcomes were not imputed. The local ethics committees approved the study protocol and written informed consent was obtained from all participants or their authorized representatives.
Phenotypes were identified using a two-step cluster analysis performed on the imputed baseline dataset. The variables used to generate the phenotypes included demographic characteristics (age and sex), lifestyle factors (smoking status and alcohol use), comorbidities (diabetes, chronic obstructive pulmonary disease [COPD], hypertension, obesity, ischemic heart disease, and cancer), physiological severity at admission (respiratory rate, heart rate, presence of fever, altered mental status, systolic blood pressure >90 mmHg, and the pO₂/FiO₂ ratio), and laboratory parameters, including leukocyte count, neutrophils, eosinophils, monocytes, basophils, lymphocytes, platelets, glucose, creatinine, and C-reactive protein (CRP). Continuous variables (age, respiratory rate, heart rate, pO₂/FiO₂ ratio, leukocyte count, neutrophils, eosinophils, monocytes, basophils, lymphocytes, platelets, glucose, creatinine, and C-reactive protein) were standardized (z-scores) and categorical variables (sex, smoking status, alcohol use, diabetes, COPD, hypertension, obesity, ischemic heart disease, cancer, presence of fever, altered mental status, and systolic blood pressure >90 mmHg) entered as nominal. The optimal number of clusters was determined by the log-likelihood distance measure and the Bayesian Information Criterion, and cluster stability and internal cohesion were assessed using the silhouette coefficient. Treatment allocation and outcomes were excluded from clustering. After phenotype assignment, treatment allocation and clinical outcomes (treatment failure, early and late treatment failure, and in-hospital mortality) were compared across phenotypes using chi-square or Fisher’s exact tests and logistic regression models. Both unadjusted and adjusted models were fitted, with adjusted models including the Pneumonia Severity Index (PSI), the year of admission, and the center as covariates. Interaction terms between phenotype and treatment were included to assess effect modification. In addition to the overall population, prespecified subgroup analyses were performed according to baseline C-reactive protein concentration, using a cutoff value of 204 mg/L as described[1]. Analyses were performed using SPSS Statistics version 26.





Table S1. Cluster profiles
	Variable
	Phenotype (Cluster) one (n=47)
	Phenotype (Cluster) two (n=73)
	Standardized / Directional Difference

	Demographics
	
	
	

	Age (z-score)
	−0.818
	0.527
	Cluster 2 older

	Female sex (%)
	29/47 = 61.7%
	17/73 = 23.3%
	More women in Cluster 1

	Male sex (%)
	18/47 = 38.3%
	56/73 = 76.7%
	More men in Cluster 2

	Lifestyle factors
	
	
	

	Non smoker (%)
	24/47 = 51.1%
	20/73 = 27.4%
	Higher in Cluster 1

	Current smoker (%)
	20/47 = 42.6%
	12/73 = 16.4%
	Much higher in Cluster 1

	Former smoker (%)
	3/47 = 6.4%
	41/73 = 56.2%
	Strongly Cluster 2

	Non alcohol
	46/47 = 97.9%
	61/73 = 83.6%
	Higher in Cluster 1

	Alcohol use (%)
	0/47 = 0%
	10/73 = 13.7%
	Only in Cluster 2

	Ex alcohol
	1/47 = 2.1%
	2/73 = 2.7%
	Similar

	Comorbidities
	
	
	

	Diabetes (%)
	1/47 = 2.1%
	22/73 = 30.1%
	Higher in Cluster 2

	Hypertension (%)
	3/47 = 6.4%
	43/73 = 58.9%
	Higher in Cluster 2

	Ischemic heart disease (%)
	0/47 = 0%
	21/73 = 28.8%
	Only in Cluster 2

	Cancer (%)
	1/47 = 2.1%
	10/73 = 13.7%
	Higher in Cluster 2

	Obesity (%)
	0/47 = 0%
	9/73 = 12.3%
	Only in Cluster 2

	COPD (%)
	0/47 = 0%
	19/73 = 26.0%
	Only in Cluster 2

	Physiological severity
	
	
	

	Respiratory rate (z-score)
	0.269
	−0.173
	Higher in Cluster 1

	Heart rate (z-score)
	0.317
	−0.204
	Higher in Cluster 1

	Fever
	38/47 = 80.9%
	51/73 = 69.9%
	Higher in Cluster 1

	Altered mental status (%)
	0/47 = 0%
	27/73 = 37.0%
	Only in Cluster 2

	Systolic BP >90 mmHg (%)
	32/47 = 68.1%
	56/73 = 76.7%
	Slightly higher in Cluster 2

	pO₂/FiO₂ (z-score)
	−0.095
	0.061
	Slightly better in Cluster 2

	Laboratory parameters
	
	
	

	C-reactive protein (z-score)
	0.063
	−0.040
	Higher in Cluster 1

	Leukocytes (z-score)
	−0.272
	0.175
	Higher in Cluster 2

	Neutrophils (NS) (z-score)
	−0.279
	0.18
	Higher in Cluster 2

	Eosinophils (z-score)
	0.012
	−0.008
	Slightly higher in Cluster 1

	Basophils (z-score)
	0.216
	−0.139
	Higher in Cluster 1

	Monocytes (z-score)
	−0.039
	0.025
	Higher in Cluster 2

	Lymphocytes (z-score)
	0.096
	−0.062
	Higher in Cluster 1

	Platelets (z-score)
	−0.193
	0.124
	Higher in Cluster 2

	Glucose (z-score)
	−0.457
	0.294
	Higher in Cluster 2

	Creatinine (z-score)
	−0.306
	0.197
	Worse in Cluster 2



Abbreviations: COPD, chronic obstructive pulmonary disease; BP, blood pressure.




Table S2. Association between phenotype and clinical outcomes using logistic regression models
	Variable
	Unadjusted
	Adjusteda

	
	OR
	95% CI
	P-Value
	OR
	95% CI
	P-Value

	Treatment failure
	1.04
	0.43 to 2.53
	0.934
	0.61
	0.21 to 1.78
	0.366

	Early treatment failure (0-72h)
	0.61
	0.19 to 2.03
	0.421
	0.37
	0.09 to 1.49
	0.162

	Early mechanical ventilation
	0.29
	0.07 to 1.23
	0.094
	0.18
	0.03 to 0.93
	0.041

	Early septic shockb
	NE
	NE
	-
	NE
	NE
	-

	Death
	1.97
	0.20 to 19.54
	0.562
	0.09
	0.004 to 2.22
	0.140

	Late treatment failure (72-120h)
	1.21
	0.42 to 3.54
	0.724
	0.62
	0.17 to 2.25
	0.469

	Radiographic progression
	1.56
	0.38 to 6.34
	0.538
	0.66
	0.13 to 3.45
	0.625

	Respiratory failure
	3.38
	0.38 to 29.90
	0.273
	3.08
	0.21 to 45.03
	0.411

	Late mechanical ventilation
	2.67
	0.29 to 24.62
	0.387
	2.18
	0.18 to 26.65
	0.542

	Late septic shock
	0.63
	0.09 to 4.66
	0.654
	0.32
	0.03 to 3.34
	0.337

	Death
	-
	-
	-
	-
	-
	-

	In-hospital mortality
	4.88
	1.05 to 22.70
	0.044
	1.43
	0.25 to 8.22
	0.686



Abbreviations: OR, odds ratio; CI, confidence interval, NE, not estimable.
Note: Reference category for phenotype was cluster 1. Odds ratios for phenotype correspond to cluster 2 versus cluster 1.
a Adjusted for PSI, year of admission, and center. b Not estimable due to complete separation (no events in one category).


Table S3. Association between phenotype, treatment and clinical outcomes using logistic regression models with interaction terms
	Variable
	Unadjusted
	Adjusteda

	
	OR
	95% CI
	P-Value
	OR
	95% CI
	P-Value

	Treatment failure
	
	
	
	
	
	

	Phenotype
	1.28
	0.40 to 4.10
	0.678
	0.96
	0.27 to 3.42
	0.951

	Treatment
	0.51
	0.12 to 2.11
	0.351
	0.71
	0.16 to 3.14
	0.648

	Phenotype by Treatment
	0.51
	0.08 to 3.40
	0.489
	0.29
	0.04 to 2.16
	0.227

	Early treatment failure (0-72h)
	
	
	
	
	
	

	Phenotype
	0.56
	0.10 to 3.05
	0.501
	0.45
	0.07 to 2.75
	0.387

	Treatment
	0.86
	0.16 to 4.79
	0.867
	1.25
	0.21 to 7.52
	0.805

	Phenotype by Treatment
	1.19
	0.11 to 13.06
	0.885
	0.64
	0.05 to 8.00
	0.732

	Early mechanical ventilation
	
	
	
	
	
	

	Phenotype
	0.36
	0.06 to 2.36
	0.288
	0.27
	0.04 to 2.01
	0.202

	Treatment
	0.86
	0.16 to 4.79
	0.867
	1.17
	0.20 to 7.02
	0.861

	Phenotype by Treatment
	0.58
	0.03 to 11.47
	0.720
	0.36
	0.02 to 7.93
	0.519

	Early septic shock
	
	
	
	
	
	

	Phenotypeb
	NE
	NE
	-
	NE
	NE
	-

	Treatmentb
	NE
	NE
	-
	NE
	NE
	-

	Phenotype by Treatmentb
	NE
	NE
	-
	NE
	NE
	-

	Death
	
	
	
	
	
	

	Phenotype
	0.58
	0.04 to 9.82
	0.708
	0.08
	0.002 to 3.54
	0.190

	Treatmentb
	NE
	NE
	-
	NE
	NE
	-

	Phenotype by Treatmentb
	NE
	NE
	-
	NE
	NE
	-

	Late treatment failure (72-120h)
	
	
	
	
	
	

	Phenotype
	1.26
	0.37 to 4.32
	0.714
	0.81
	0.20 to 3.25
	0.765

	Treatment
	0.14
	0.02 to 1.32
	0.087
	0.18
	0.02 to 1.81
	0.147

	Phenotype by Treatment
	0.55
	0.03 to 11.82
	0.699
	0.34
	0.02 to 8.11
	0.507

	Radiographic progression
	
	
	
	
	
	

	Phenotype
	1.23
	0.27 to 3.67
	0.790
	0.69
	0.13 to 3.67
	0.662

	Treatmentb
	NE
	NE
	-
	NE
	NE
	-

	Phenotype by Treatmentb
	NE
	NE
	-
	NE
	NE
	-

	Respiratory failure
	
	
	
	
	
	

	Phenotype
	2.55
	0.27 to 24.36
	0.417
	2.23
	0.18 to 28.33
	0.536

	Treatmentb
	NE
	NE
	-
	NE
	NE
	-

	Phenotype by Treatmentb
	NE
	NE
	-
	NE
	NE
	-

	Late mechanical ventilation
	
	
	
	
	
	

	Phenotype
	1.85
	0.18 to 19.00
	0.604
	1.63
	0.14 to 18.62
	0.697

	Treatmentb
	NE
	NE
	-
	NE
	NE
	-

	Phenotype by Treatmentb
	NE
	NE
	-
	NE
	NE
	-

	Late septic shock
	
	
	
	
	
	

	Phenotype
	0.57
	0.08 to 4.38
	0.590
	0.36
	0.04 to 3.55
	0.384

	Treatmentb
	NE
	NE
	-
	NE
	NE
	-

	Phenotype by Treatmentb
	NE
	NE
	-
	NE
	NE
	-

	Death
	
	
	
	
	
	

	Phenotype
	-
	-
	-
	-
	-
	-

	Treatment
	-
	-
	-
	-
	-
	-

	Phenotype by Treatment
	-
	-
	-
	-
	-
	-

	In-hospital mortality
	
	
	
	
	
	

	Phenotype
	5.79
	0.67 to 49.90
	0.110
	3.15
	0.31 to 32.30
	0.335

	Treatment
	0.88
	0.05 to 14.87
	0.926
	1.81
	0.09 to 37.88
	0.703

	Phenotype by Treatment
	0.67
	0.03 to 14.64
	0.798
	0.17
	0.01 to 5.01
	0.307



Abbreviations: OR, odds ratio; CI, confidence interval, NE, not estimable.
Note: Reference categories were phenotype cluster 1 and placebo treatment. Odds ratios for phenotype correspond to cluster 2 versus cluster 1, and for treatment to methylprednisolone versus placebo. The interaction term represents the additional effect of methylprednisolone in cluster 2 compared with cluster 1.
a Adjusted for PSI, year of admission, and center. b Not estimable due to complete separation (no events in one category).


Table S4. Association between phenotype and clinical outcomes using logistic regression models in patients with baseline C-reactive protein ≥204 mg/L
	Variable
	Unadjusted
	Adjusteda

	
	OR
	95% CI
	P-Value
	OR
	95% CI
	P-Value

	Treatment failure
	0.68
	0.24 to 1.92
	0.468
	0.43
	0.13 to 1.43
	0.169

	In-hospital mortality
	3.96
	0.44 to 35.33
	0.218
	0.56
	0.04 to 8.33
	0.677



Abbreviations: OR, odds ratio; CI, confidence interval.
Note: Reference category for phenotype was cluster 1. Odds ratios for phenotype correspond to cluster 2 versus cluster 1.
a Adjusted for PSI, year of admission, and center.


Table S5. Association between phenotype, treatment and clinical outcomes using logistic regression models with interaction terms in patients with baseline C-reactive protein ≥204 mg/L
	Variable
	Unadjusted
	Adjusteda

	
	OR
	95% CI
	P-Value
	OR
	95% CI
	P-Value

	Treatment failure
	
	
	
	
	
	

	Phenotype
	1.14
	0.29 to 4.44
	0.853
	0.86
	0.21 to 3.59
	0.836

	Treatment
	0.61
	0.14 to 2.74
	0.521
	0.80
	0.17 to 3.86
	0.779

	Phenotype by Treatment
	0.27
	0.03 to 2.55
	0.251
	0.17
	0.02 to 2.55
	0.145

	In-hospital mortality
	
	
	
	
	
	

	Phenotype
	2.55
	0.24 to 26.84
	0.436
	0.66
	0.02 to 19.78
	0.811

	Treatmentb
	NE
	NE
	-
	NE
	NE
	-

	Phenotype by Treatmentb
	NE
	NE
	-
	NE
	NE
	-



Abbreviations: OR, odds ratio; CI, confidence interval, NE, not estimable.
Note: Reference categories were phenotype cluster 1 and placebo treatment. Odds ratios for phenotype correspond to cluster 2 versus cluster 1, and for treatment to methylprednisolone versus placebo. The interaction term represents the additional effect of methylprednisolone in cluster 2 compared with cluster 1.
a Adjusted for PSI, year of admission, and center. b Not estimable due to complete separation (no events in one category).


Figure S1. Model selection using the Bayesian Information Criterion (BIC)
[image: ]




Figure S2. Cluster quality
[image: ]
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