APPENDIX D — SUPPLEMENTARY ANALYSES
D.1 Independence Assumption (Section 2.4.2)
Table D1.  vs  — FLChain test set (n = 1,564)
	Metric
	Value

	Mean 
	4.44 × 10⁻²

	Mean 
	1.40 × 10⁻²

	 / Total
	28.8%

	Pearson r
	0.624 (p ≈ 0)

	Spearman ρ
	0.386 (p ≈ 0)



Table D2. Variance component percentiles
	Percentile
	
	

	25th
	7.15 × 10⁻³
	1.21 × 10⁻³

	50th
	1.17 × 10⁻²
	3.81 × 10⁻³

	75th
	1.96 × 10⁻²
	1.08 × 10⁻²

	95th
	7.30 × 10⁻²
	6.10 × 10⁻²



D.2 κ Threshold Sensitivity (Section 2.6.3)
Table D3. Flagged pairs across κ values — FLChain
	κ
	Flagged pairs
	Unique patients
	Unique pairs

	1.5
	16
	5
	6

	2.0
	13
	5
	5

	3.0
	9
	5
	4

	5.0
	5
	4
	2



Table D4. Stable pairs (detected at all κ values)
	Pair
	Patient
	Category
	Patient ∂²η
	Global ∂²η
	Ratio

	age × lambda
	#330
	CC-Low
	0.0282
	0.0016
	17.1×

	age × lambda
	#812
	UC
	0.0106
	0.0016
	6.4×

	kappa × creatinine
	#330
	CC-Low
	0.0347
	−0.0022
	15.6×

	kappa × creatinine
	#38
	CC-High
	−0.0336
	−0.0022
	15.1×

	kappa × creatinine
	#1395
	UW
	0.0336
	−0.0022
	15.1×



Table D5. All flagged pairs at κ = 2.0 (default)
	Patient
	Category
	Pair
	Patient ∂²η
	Global ∂²η
	Ratio

	#330
	CC-Low
	age × lambda
	0.0282
	0.0016
	17.1×

	#330
	CC-Low
	kappa × creatinine
	0.0347
	−0.0022
	15.6×

	#38
	CC-High
	kappa × creatinine
	−0.0336
	−0.0022
	15.1×

	#1395
	UW
	kappa × creatinine
	0.0336
	−0.0022
	15.1×

	#812
	UC
	age × lambda
	0.0106
	0.0016
	6.4×

	#383
	CW
	kappa × creatinine
	0.0107
	−0.0022
	4.8×

	#38
	CC-High
	age × Sex
	0.0722
	0.0188
	3.8×

	#1395
	UW
	age × lambda
	0.0060
	0.0016
	3.6×

	#330
	CC-Low
	mgus × Sex
	−0.0387
	0.0110
	3.5×

	#1395
	UW
	age × Sex
	0.0468
	0.0188
	2.5×

	#1395
	UW
	age × kappa
	−0.0651
	−0.0286
	2.3×

	#38
	CC-High
	age × kappa
	−0.0643
	−0.0286
	2.3×

	#383
	CW
	age × Sex
	0.0397
	0.0188
	2.1×



D.3 SHAP vs ORF-Attribution — Five Patients (Section 3.3.5)
KernelSHAP: 100 background samples, 200 evaluation samples. ORF-attribution: Simpson's rule (Eq. 29), reference = training mean.
Table D6. Summary of SHAP vs ORF-attribution comparison metrics for five representative patients.
	Category
	Patient
	p̂
	Spearman ρ
	Direction
	Gap

	CC-Low
	#330
	0.062
	0.314
	5/6
	0.9%

	CC-High
	#38
	0.975
	0.943
	5/6
	5.2%

	CW
	#383
	0.203
	0.200
	3/6
	0.0%

	UC
	#812
	0.499
	0.943
	5/6
	0.0%

	UW
	#1395
	0.500
	0.771
	6/6
	0.0%



Table D7. Patient #330 (CC-Low)
	Feature
	L
	NL
	L+NL
	SHAP
	Rank (L+NL)
	Rank (SHAP)
	Dir

	age
	−1.581
	+0.166
	−1.414
	−0.177
	1
	1
	✓

	Sex
	+0.233
	+0.016
	+0.249
	+0.014
	2
	4
	✓

	lambda
	−0.187
	+0.108
	−0.079
	−0.017
	3
	3
	✓

	kappa
	+0.083
	−0.032
	+0.051
	+0.003
	4
	6
	✓

	creatinine
	+0.017
	+0.017
	+0.034
	−0.005
	5
	5
	✗

	mgus
	−1.411
	+1.394
	−0.016
	−0.020
	6
	2
	✓



Table D8. Patient #38 (CC-High)
	Feature
	L
	NL
	L+NL
	SHAP
	Rank (L+NL)
	Rank (SHAP)
	Dir

	lambda
	+2.566
	−0.095
	+2.472
	+0.233
	1
	2
	✓

	age
	+3.127
	−1.048
	+2.079
	+0.266
	2
	1
	✓

	kappa
	+2.175
	−1.958
	+0.217
	+0.174
	3
	3
	✓

	creatinine
	−0.116
	+0.229
	+0.114
	+0.030
	4
	4
	✓

	Sex
	+0.233
	−0.203
	+0.029
	+0.010
	5
	5
	✓

	mgus
	+0.020
	+0.005
	+0.025
	−0.000
	6
	6
	✗



Table D9. Patient #383 (CW)
	Feature
	L
	NL
	L+NL
	SHAP
	Rank (L+NL)
	Rank (SHAP)
	Dir

	age
	+0.328
	+0.005
	+0.333
	−0.001
	1
	5
	✗

	Sex
	−0.189
	+0.048
	−0.142
	−0.036
	2
	1
	✓

	kappa
	−0.026
	−0.002
	−0.028
	−0.005
	3
	4
	✓

	creatinine
	+0.017
	+0.007
	+0.024
	−0.008
	4
	3
	✗

	lambda
	−0.022
	+0.002
	−0.020
	−0.012
	5
	2
	✓

	mgus
	+0.020
	−0.001
	+0.019
	−0.000
	6
	6
	✗



Table D10. Patient #812 (UC)
	Feature
	L
	NL
	L+NL
	SHAP
	Rank (L+NL)
	Rank (SHAP)
	Dir

	age
	+1.219
	+0.112
	+1.331
	+0.226
	1
	1
	✓

	Sex
	+0.233
	+0.064
	+0.296
	+0.042
	2
	2
	✓

	lambda
	−0.076
	−0.002
	−0.078
	−0.020
	3
	3
	✓

	kappa
	−0.031
	+0.005
	−0.026
	−0.003
	4
	5
	✓

	creatinine
	+0.017
	−0.001
	+0.016
	−0.010
	5
	4
	✗

	mgus
	+0.020
	−0.006
	+0.015
	+0.000
	6
	6
	✓



Table D11. Patient #1395 (UW)
	Feature
	L
	NL
	L+NL
	SHAP
	Rank (L+NL)
	Rank (SHAP)
	Dir

	age
	+1.219
	+0.060
	+1.279
	+0.219
	1
	1
	✓

	creatinine
	+0.083
	+0.114
	+0.197
	+0.023
	2
	4
	✓

	kappa
	+0.168
	−0.009
	+0.158
	+0.031
	3
	3
	✓

	Sex
	−0.189
	+0.051
	−0.138
	−0.040
	4
	2
	✓

	lambda
	+0.048
	−0.004
	+0.044
	+0.003
	5
	5
	✓

	mgus
	+0.020
	−0.003
	+0.017
	+0.000
	6
	6
	✓



D.4 UQ Benchmark — FLChain (Section 3.3.7)
FLARE: logit-space CI (Eq. 15), two-component SE (Eq. 13). LR: Wald CI from Fisher information matrix (C = 1.0). NGBoost: Bernoulli distributional parameters (n_estimators = 300).
Table D12. UQ Benchmark — FLChain test set (n = 1,564)
	Method
	SE Ratio
	% Uncertain
	n
	Error (Uncertain)
	Error (Confident)

	FLARE
	1.59
	9.1%
	142
	44.4%
	15.1%

	LR
	1.42
	9.0%
	140
	47.9%
	14.8%

	NGBoost
	1.26
	100.0%
	1,564
	17.5%
	N/A


SE Ratio = mean SE of misclassified / mean SE of correctly classified (probability space). NGBoost flagged all patients as Uncertain due to wide Bernoulli prediction intervals at moderate event rates (27.8%).

