Supplementary tables
Supplementary Table S1. Etiologic organisms of proven IFD cases.
	Organism
	n
	%

	Aspergillus fumigatus
	6
	24.0%

	Aspergillus flavus
	5
	20.0%

	Aspergillus niger
	6
	24.0%

	Scedosporium apiospermum
	1
	4.0%

	Rhizopus oryzae
	3
	12.0%

	Lichtheimia ornata
	1
	4.0%

	Lichtheimia corymbifera
	3
	12.0%

	Total
	25
	100%



Supplementary Table S2. Clinical characteristics of proven IFD cases 
	Characteristic
	Proven IFD (N = 25)

	Infection site, n (%)
	

	Pulmonary
	19 (76%)

	Intra-abdominal
	6 (24%)

	Timing of diagnosis
	

	Days from transplantation to proven IFD diagnosis, median [IQR]
	12 [11, 15]

	POD 0–10, n (%)
	0 (0%)

	POD 11–15, n (%)
	18 (72%)

	POD >15, n (%)
	7 (28%)

	Post-diagnosis antifungal therapy, n (%)
	

	Voriconazole
	10 (40%)

	Posaconazole
	10 (40%)

	Isavuconazole
	3 (12%)

	Amphotericin B liposome
	2 (8%)


Note: Days to diagnosis were calculated from transplantation to the first date of proven IFD diagnosis. 


Supplementary Table S3. Complete-case sensitivity logistic regression models for proven invasive fungal disease.
	Model
	Endpoint
	N
	Events
	Term
	OR (95% CI)
	P value
	Model AUC (95% CI)

	Univariable log(C0/D)
	Proven IFD vs no fungal infection
	146
	25
	log(C0/D ratio)
	4.552 (2.423-8.550)
	<0.001
	0.802 (0.682-0.903)

	Age/sex/APACHE/center-adjusted log(C0/D)
	Proven IFD vs no fungal infection
	110
	15
	log(C0/D ratio)
	3.695 (1.483-9.210)
	0.005
	0.836 (0.673-0.958)

	Age/sex/APACHE/center-adjusted log(C0/D)
	Proven IFD vs no fungal infection
	110
	15
	Age
	1.048 (0.978-1.123)
	0.183
	0.836 (0.673-0.958)

	Age/sex/APACHE/center-adjusted log(C0/D)
	Proven IFD vs no fungal infection
	110
	15
	Male sex
	1.239 (0.296-5.188)
	0.769
	0.836 (0.673-0.958)

	Age/sex/APACHE/center-adjusted log(C0/D)
	Proven IFD vs no fungal infection
	110
	15
	APACHE II score
	1.104 (0.983-1.240)
	0.094
	0.836 (0.673-0.958)

	Age/sex/APACHE/center-adjusted log(C0/D)
	Proven IFD vs no fungal infection
	110
	15
	Center 2
	1.741 (0.252-12.014)
	0.574
	0.836 (0.673-0.958)

	Severity-adjusted log(C0/D): APACHE + CRP/bilirubin/creatinine
	Proven IFD vs no fungal infection
	96
	14
	log(C0/D ratio)
	4.887 (1.667-14.334)
	0.004
	0.928 (0.858-0.985)

	Severity-adjusted log(C0/D): APACHE + CRP/bilirubin/creatinine
	Proven IFD vs no fungal infection
	96
	14
	APACHE II score
	1.271 (1.074-1.503)
	0.005
	0.928 (0.858-0.985)

	Severity-adjusted log(C0/D): APACHE + CRP/bilirubin/creatinine
	Proven IFD vs no fungal infection
	96
	14
	log(CRP + 1)
	3.481 (1.371-8.841)
	0.009
	0.928 (0.858-0.985)

	Severity-adjusted log(C0/D): APACHE + CRP/bilirubin/creatinine
	Proven IFD vs no fungal infection
	96
	14
	log(total bilirubin)
	1.834 (0.789-4.263)
	0.159
	0.928 (0.858-0.985)

	Severity-adjusted log(C0/D): APACHE + CRP/bilirubin/creatinine
	Proven IFD vs no fungal infection
	96
	14
	log(serum creatinine)
	3.693 (1.188-11.478)
	0.024
	0.928 (0.858-0.985)

	INR/RRT exploratory log(C0/D)
	Proven IFD vs no fungal infection
	98
	12
	log(C0/D ratio)
	3.666 (1.579-8.516)
	0.003
	0.844 (0.692-0.957)

	INR/RRT exploratory log(C0/D)
	Proven IFD vs no fungal infection
	98
	12
	INR
	2.284 (1.035-5.038)
	0.041
	0.844 (0.692-0.957)

	INR/RRT exploratory log(C0/D)
	Proven IFD vs no fungal infection
	98
	12
	Prediagnostic RRT
	14.321 (1.825-112.387)
	0.011
	0.844 (0.692-0.957)

	Univariable log(C0/D), proven vs all non-proven
	Proven IFD vs all non-proven
	164
	25
	log(C0/D ratio)
	4.729 (2.505-8.927)
	<0.001
	0.799 (0.687-0.911)

	Severity-adjusted log(C0/D), proven vs all non-proven
	Proven IFD vs all non-proven
	110
	14
	log(C0/D ratio)
	4.895 (1.731-13.839)
	0.003
	0.920 (0.843-0.975)

	Severity-adjusted log(C0/D), proven vs all non-proven
	Proven IFD vs all non-proven
	110
	14
	APACHE II score
	1.242 (1.068-1.444)
	0.005
	0.920 (0.843-0.975)

	Severity-adjusted log(C0/D), proven vs all non-proven
	Proven IFD vs all non-proven
	110
	14
	log(CRP + 1)
	3.132 (1.291-7.595)
	0.012
	0.920 (0.843-0.975)

	Severity-adjusted log(C0/D), proven vs all non-proven
	Proven IFD vs all non-proven
	110
	14
	log(total bilirubin)
	1.839 (0.813-4.164)
	0.144
	0.920 (0.843-0.975)

	Severity-adjusted log(C0/D), proven vs all non-proven
	Proven IFD vs all non-proven
	110
	14
	log(serum creatinine)
	4.139 (1.368-12.529)
	0.012
	0.920 (0.843-0.975)


Note: ORs are from logistic regression models for the specified endpoint. CIs are 95% confidence intervals. Model AUC values are apparent same-cohort estimates with bootstrap 95% CIs. Complete-case analyses are exploratory and may be affected by selection, sparse events, and overfitting. APACHE II, Acute Physiology and Chronic Health Evaluation II; AUC, area under the receiver operating characteristic curve; C0/D, trough concentration-to-dose ratio; CRP, C-reactive protein; IFD, invasive fungal disease; INR, international normalized ratio; RRT, renal replacement therapy.


Supplementary Table S4. Exploratory binary logistic regression models
	Model
	Outcome contrast
	Variable
	aOR (95% CI)
	P

	Model 1
	Proven IFD vs non-proven outcome
	log(C0/D ratio)
	2.02 (0.81–5.06)
	0.131

	
	
	Age, per year
	1.02 (0.95–1.09)
	0.622

	
	
	APACHE II score, per point
	1.09 (0.97–1.23)
	0.162

	
	
	MMF dose, per 100 mg/day
	0.77 (0.60–1.00)
	0.048

	Model 2
	Proven IFD vs non-proven outcome
	log(C0/D ratio)
	2.64 (1.15–6.05)
	0.022

	
	
	Age, per year
	1.11 (1.01–1.21)
	0.023

	
	
	INR
	4.72 (1.71–13.06)
	0.003

	Model 3
	Proven IFD vs non-proven outcome
	log(C0/D ratio)
	3.45 (1.36–8.73)
	0.009

	
	
	Age, per year
	1.11 (1.01–1.21)
	0.031

	
	
	INR
	3.94 (1.40–11.14)
	0.010

	
	
	Prediagnostic RRT
	23.47 (1.92–286.99)
	0.013

	Alternative exposure model using tacrolimus trough
	Proven IFD vs non-proven outcome
	Tacrolimus trough, per 1 ng/mL
	1.07 (0.82–1.39)
	0.604

	
	
	Age, per year
	1.12 (1.03–1.22)
	0.009

	
	
	INR
	5.57 (2.11–14.70)
	0.001


Note: The binary outcome was defined as proven IFD versus non-proven outcome (no fungal infection plus probable/possible IFD). The primary exploratory exposure was the log-transformed tacrolimus concentration-to-dose ratio [log(C0/D)], and tacrolimus trough concentration was evaluated in a comparator model. RRT was coded as any prediagnostic renal replacement therapy. Because re-operation did not occur and steroid pulse therapy was extremely rare in the currently analyzable dataset, these variables were not entered into regression models. MMF effect size is reported per 100 mg/day for interpretability.

Supplementary Table S5. Exploratory apparent discrimination and Youden cutoffs for single markers.
	Endpoint
	Marker
	N
	Events
	AUC (95% CI)
	Youden cutoff
	Sensitivity
	Specificity
	Direction / note

	Proven vs no fungal infection
	Tacrolimus C0/D ratio
	146
	25
	0.802 (0.682-0.903)
	6.560
	0.640
	0.909
	Exploratory Youden cutoff; not externally validated

	Proven vs no fungal infection
	Tacrolimus trough
	146
	25
	0.703 (0.551-0.836)
	13.100
	0.600
	0.926
	Exploratory Youden cutoff; not externally validated

	Proven vs no fungal infection
	APACHE II score
	110
	15
	0.691 (0.568-0.821)
	15.000
	0.933
	0.379
	Exploratory Youden cutoff; not externally validated

	Proven vs no fungal infection
	CRP
	133
	24
	0.748 (0.661-0.827)
	6.310
	0.958
	0.532
	Exploratory Youden cutoff; not externally validated

	Proven vs no fungal infection
	Total bilirubin
	145
	25
	0.648 (0.511-0.781)
	--
	--
	--
	higher risk

	Proven vs no fungal infection
	Serum creatinine
	145
	25
	0.647 (0.504-0.778)
	--
	--
	--
	higher risk

	Proven vs no fungal infection
	INR
	98
	12
	0.818 (0.711-0.919)
	--
	--
	--
	higher risk

	Proven vs no fungal infection
	Albumin, reversed
	145
	25
	0.576 (0.461-0.689)
	--
	--
	--
	lower value = higher risk

	Proven vs all non-proven
	Tacrolimus C0/D ratio
	164
	25
	0.799 (0.687-0.911)
	6.560
	0.640
	0.914
	Exploratory Youden cutoff; not externally validated

	Proven vs all non-proven
	Tacrolimus trough
	164
	25
	0.703 (0.542-0.859)
	13.100
	0.600
	0.921
	Exploratory Youden cutoff; not externally validated

	Proven vs all non-proven
	APACHE II score
	126
	15
	0.680 (0.557-0.800)
	15.000
	0.933
	0.360
	Exploratory Youden cutoff; not externally validated

	Proven vs all non-proven
	CRP
	149
	24
	0.747 (0.676-0.828)
	6.310
	0.958
	0.512
	Exploratory Youden cutoff; not externally validated

	Proven vs all non-proven
	Total bilirubin
	163
	25
	0.655 (0.525-0.774)
	--
	--
	--
	higher risk

	Proven vs all non-proven
	Serum creatinine
	163
	25
	0.644 (0.499-0.775)
	--
	--
	--
	higher risk

	Proven vs all non-proven
	INR
	114
	12
	0.806 (0.689-0.916)
	--
	--
	--
	higher risk

	Proven vs all non-proven
	Albumin, reversed
	163
	25
	0.582 (0.468-0.712)
	--
	--
	--
	lower value = higher risk


Note: AUCs are apparent same-cohort estimates with bootstrap 95% CIs. Youden cutoffs were derived and evaluated in the same cohort and are not externally validated; they are provided for descriptive context only. Albumin was analyzed in the reverse direction so that lower values represented higher risk.


Supplementary Table S6. Incremental apparent AUC analyses for clinical severity models.
	Endpoint
	Comparison
	N
	Events
	Extended model AUC
	Reference model AUC
	Delta AUC (95% CI)
	Note

	Proven vs no fungal infection
	Clinical panel + log(C0/D) minus clinical panel
	96
	14
	0.928
	0.902
	0.026 (-0.034 to 0.087)
	paired bootstrap CI; apparent model performance

	Proven vs no fungal infection
	Clinical panel + tac trough minus clinical panel
	96
	14
	0.901
	0.902
	-0.001 (-0.038 to 0.042)
	paired bootstrap CI; apparent model performance

	Proven vs no fungal infection
	Clinical panel + log(C0/D) minus clinical panel + tac trough
	96
	14
	0.928
	0.901
	0.027 (-0.024 to 0.095)
	paired bootstrap CI; apparent model performance

	Proven vs all non-proven
	Clinical panel + log(C0/D) minus clinical panel
	110
	14
	0.920
	0.898
	0.022 (-0.044 to 0.075)
	paired bootstrap CI; apparent model performance

	Proven vs all non-proven
	Clinical panel + tac trough minus clinical panel
	110
	14
	0.899
	0.898
	0.001 (-0.050 to 0.048)
	paired bootstrap CI; apparent model performance

	Proven vs all non-proven
	Clinical panel + log(C0/D) minus clinical panel + tac trough
	110
	14
	0.920
	0.899
	0.021 (-0.028 to 0.079)
	paired bootstrap CI; apparent model performance


Note: The clinical severity panel included APACHE II score, log(CRP + 1), log(total bilirubin), and log(serum creatinine). Delta AUC values and CIs were obtained by paired bootstrap resampling and represent apparent same-cohort performance. No model was externally validated. AUC, area under the receiver operating characteristic curve; C0/D, trough concentration-to-dose ratio.

