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The dataset was partitioned into training and test sets in an 80:20 ratio. Feature selection employed a tripartite methodological approach combining Random Forest feature importance, Lasso regression (L1 regularization) via LogisticRegressionCV, and Recursive Feature Elimination with Cross-Validation (RFECV). The top 10 features were selected based on their average ranking across these three methods for subsequent model construction.

To mitigate class imbalance within the training set, the Synthetic Minority Over-sampling Technique (SMOTE) was applied with random state = 42. Continuous numerical features were standardized using StandardScaler, which was fitted exclusively on the training data and subsequently applied to transform both training and test datasets.

Eight machine learning algorithms were implemented with the following parameter configurations:
	1.Random Forest:

	n estimators: 100, random state: 42

	

	2. Gradient Boosting:

	random state: 42

	

	3. Logistic Regression:

	max iter: 1000, random state: 42

	

	4. Support Vector Machine:

	probability: True, random state: 42

	

	5. K-Nearest Neighbors:

	Default parameters

	

	6. LightGBM:

	random state: 42

	

	7. CatBoost:

	random state: 42, verbose: 0

	

	8. XGBoost:

	random state: 42



All models were trained using their default hyperparameters without explicit tuning, with the exception of specified random seeds to ensure reproducibility. Model performance was rigorously evaluated through 5-fold stratified cross-validation on the training set, with results reported as mean ± standard deviation (SD). Final assessment was conducted on the held-out test set using a comprehensive suite of metrics, including AUC, accuracy, brier score, sensitivity, specificity, and precision.

Model interpretability was enhanced using SHAP (SHapley Additive exPlanations) analysis and Partial Dependence Plots (PDP) to elucidate feature contributions and clinical relationships. The final selected models were deployed as a web-based decision support tool using the Flask framework.
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[bookmark: _Toc219203778][bookmark: _Toc220927058]eTable1. Baseline Characteristics and Treatment Details for the Atypical Audiogram Subtype.
Continuous variables are presented as median [IQR]; categorical variables as n (%). P-values derive from Mann-Whitney U tests for continuous variables and Chi-square or Fisher's exact tests for categorical variables. Key predictors such as pure tone average, age, disease duration, 2021 WHO hearing classification, and glucocorticoid therapy differed significantly (p < 0.05) between the recovery and non-recovery groups, highlighting their potential prognostic value for this subtype.
	
	
	Overall
	Recovery
	Non-recovery

	n
	
	1663
	1057
	606

	Pure tone Average, median [IQR]
	
	83.8 [62.5,97.5]
	90.0 [66.2,101.2]
	77.5 [58.8,88.8]

	Age, median [IQR]
	
	48.0 [34.0,59.0]
	50.0 [36.0,60.0]
	47.0 [33.0,57.0]

	Disease Duration, median [IQR]
	
	6.0 [3.0,10.0]
	7.0 [4.0,13.0]
	4.0 [3.0,7.0]

	Treatment Duration, median [IQR]
	
	9.0 [6.0,12.0]
	10.0 [7.0,13.0]
	7.0 [5.0,10.0]

	2021 WHO Hearing Classification, n (%)
	Mild Hearing Loss
	120 (7.2)
	45 (4.3)
	75 (12.4)

	
	Moderate Hearing Loss
	142 (8.5)
	104 (9.8)
	38 (6.3)

	
	Moderately Severe Hearing Loss
	199 (12.0)
	111 (10.5)
	88 (14.5)

	
	Severe Hearing Loss
	302 (18.2)
	154 (14.6)
	148 (24.4)

	
	Profound hearing loss
	427 (25.7)
	247 (23.4)
	180 (29.7)

	
	Complete/Profound hearing loss
	473 (28.4)
	396 (37.5)
	77 (12.7)

	Gender, n (%)
	Female
	814 (48.9)
	537 (50.8)
	277 (45.7)

	
	Male
	849 (51.1)
	520 (49.2)
	329 (54.3)

	Glucocorticoid Therapy, n (%)
	No
	900 (54.1)
	622 (58.8)
	278 (45.9)

	
	Yes
	763 (45.9)
	435 (41.2)
	328 (54.1)

	Microcirculation Agents, n (%)
	No
	138 (8.3)
	90 (8.5)
	48 (7.9)

	
	Yes
	1525 (91.7)
	967 (91.5)
	558 (92.1)

	Vitamin Supplementation, n (%)
	No
	725 (43.6)
	472 (44.7)
	253 (41.7)

	
	Yes
	938 (56.4)
	585 (55.3)
	353 (58.3)

	Neurotrophic Factors, n (%)
	No
	1529 (91.9)
	949 (89.8)
	580 (95.7)

	
	Yes
	134 (8.1)
	108 (10.2)
	26 (4.3)

	Dehydration Therapy, n (%)
	No
	1535 (92.3)
	977 (92.4)
	558 (92.1)

	
	Yes
	128 (7.7)
	80 (7.6)
	48 (7.9)

	Cardiovascular Comorbidities, n (%)
	No
	1646 (99.0)
	1045 (98.9)
	601 (99.2)

	
	Yes
	17 (1.0)
	12 (1.1)
	5 (0.8)

	Diabetes Mellitus, n (%)
	No
	1554 (93.4)
	987 (93.4)
	567 (93.6)

	
	Yes
	109 (6.6)
	70 (6.6)
	39 (6.4)

	Gastrointestinal Disorders, n (%)
	No
	1654 (99.5)
	1051 (99.4)
	603 (99.5)

	
	Yes
	9 (0.5)
	6 (0.6)
	3 (0.5)
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	Overall
	Recovery
	Non-recovery

	n
	
	494
	193
	301

	Pure tone Average, median [IQR]
	
	60.0 [36.2, 83.4]
	66.2 [42.5, 93.8]
	56.2 [31.2, 73.8]

	Age, median [IQR]
	
	40.0 [30.0, 53.0]
	45.0 [32.0, 56.0]
	37.0 [29.0, 50.0]

	Disease Duration, median [IQR]
	
	6.0 [3.0, 10.0]
	7.0 [4.0,14.0]
	4.0 [2.0,7.0]

	Treatment Duration, median [IQR]
	
	7.0 [5.0, 10.0]
	9.0 [6.0,12.0]
	6.0 [5.0,9.0]

	2021 WHO Hearing Classification, n (%)
	Mild Hearing Loss
	118 (23.9)
	29 (15.0)
	89 (29.6)

	
	Moderate Hearing Loss
	86 (17.4)
	43 (22.3)
	43 (14.3)

	
	Moderately Severe Hearing Loss
	79 (16.0)
	23 (11.9)
	56 (18.6)

	
	Severe Hearing Loss
	73 (14.8)
	16 (8.3)
	57 (18.9)

	
	Profound hearing loss
	78 (15.8)
	42 (21.8)
	36 (12.0)

	
	Complete/Profound hearing loss
	60 (12.1)
	40 (20.7)
	20 (6.6)

	Gender, n (%)
	Female
	235 (47.6)
	97 (50.3)
	138 (45.8)

	
	Male
	259 (52.4)
	96 (49.7)
	163 (54.2)

	Glucocorticoid Therapy, n (%)
	No
	212 (42.9)
	108 (56.0)
	104 (34.6)

	
	Yes
	282 (57.1)
	85 (44.0)
	197 (65.4)

	Microcirculation Agents, n (%)
	No
	35 (7.1)
	16 (8.3)
	19 (6.3)

	
	Yes
	459 (92.9)
	177 (91.7)
	282 (93.7)

	Vitamin Supplementation, n (%)
	No
	217 (43.9)
	91 (47.2)
	126 (41.9)

	
	Yes
	277 (56.1)
	102 (52.8)
	175 (58.1)

	Neurotrophic Factors, n (%)
	No
	465 (94.1)
	178 (92.2)
	287 (95.3)

	
	Yes
	29 (5.9)
	15 (7.8)
	14 (4.7)

	Dehydration Therapy, n (%)
	No
	414 (83.8)
	168 (87.0)
	246 (81.7)

	
	Yes
	80 (16.2)
	25 (13.0)
	55 (18.3)

	Cardiovascular Comorbidities, n (%)
	No
	489 (99.0)
	189 (97.9)
	300 (99.7)

	
	Yes
	5 (1.0)
	4 (2.1)
	1 (0.3)

	Diabetes Mellitus, n (%)
	No
	474 (96.0)
	184 (95.3)
	290 (96.3)

	
	Yes
	20 (4.0)
	9 (4.7)
	11 (3.7)

	Gastrointestinal Disorders, n (%)
	No
	493 (99.8)
	192 (99.5)
	301 (100.0)

	
	Yes
	1 (0.2)
	1 (0.5)
	0 (0.0)
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	Overall
	Recovery
	Non-recovery

	n
	
	1101
	899
	202

	Pure tone Average, median [IQR]
	
	78.8 [55.0,102.5]
	85.0 [58.8,105.0]
	61.2 [50.0,75.0]

	Age, median [IQR]
	
	46.0 [31.0,58.0]
	47.0 [32.0,58.0]
	44.5 [30.0,56.8]

	Disease Duration, median [IQR]
	
	7.0 [3.0,14.0]
	8.0 [3.0,15.5]
	4.0 [2.0,8.8]

	Treatment Duration, median [IQR]
	
	9.0 [6.0,12.0]
	9.0 [7.0,12.0]
	7.0 [5.0,10.0]

	2021 WHO Hearing Classification, n (%)
	Mild Hearing Loss
	61 (5.5)
	37 (4.1)
	24 (11.9)

	
	Moderate Hearing Loss
	161 (14.6)
	133 (14.8)
	28 (13.9)

	
	Moderately Severe Hearing Loss
	178 (16.2)
	111 (12.3)
	67 (33.2)

	
	Severe Hearing Loss
	178 (16.2)
	128 (14.2)
	50 (24.8)

	
	Profound hearing loss
	150 (13.6)
	124 (13.8)
	26 (12.9)

	
	Complete/Profound hearing loss
	373 (33.9)
	366 (40.7)
	7 (3.5)

	Gender, n (%)
	Female
	565 (51.3)
	466 (51.8)
	99 (49.0)

	
	Male
	536 (48.7)
	433 (48.2)
	103 (51.0)

	Glucocorticoid Therapy, n (%)
	No
	622 (56.5)
	523 (58.2)
	99 (49.0)

	
	Yes
	479 (43.5)
	376 (41.8)
	103 (51.0)

	Microcirculation Agents, n (%)
	No
	99 (9.0)
	77 (8.6)
	22 (10.9)

	
	Yes
	1002 (91.0)
	822 (91.4)
	180 (89.1)

	Vitamin Supplementation, n (%)
	No
	476 (43.2)
	403 (44.8)
	73 (36.1)

	
	Yes
	625 (56.8)
	496 (55.2)
	129 (63.9)

	Neurotrophic Factors, n (%)
	No
	1002 (91.0)
	802 (89.2)
	200 (99.0)

	
	Yes
	99 (9.0)
	97 (10.8)
	2 (1.0)

	Dehydration Therapy, n (%)
	No
	980 (89.0)
	794 (88.3)
	186 (92.1)

	
	Yes
	121 (11.0)
	105 (11.7)
	16 (7.9)

	Cardiovascular Comorbidities, n (%)
	No
	1087 (98.7)
	888 (98.8)
	199 (98.5)

	
	Yes
	14 (1.3)
	11 (1.2)
	3 (1.5)

	Diabetes Mellitus, n (%)
	No
	1041 (94.6)
	846 (94.1)
	195 (96.5)

	
	Yes
	60 (5.4)
	53 (5.9)
	7 (3.5)

	Gastrointestinal Disorders, n (%)
	No
	1099 (99.8)
	897 (99.8)
	202 (100.0)

	
	Yes
	2 (0.2)
	2 (0.2)
	0 (0.0)
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	Overall
	Rcovery
	Non-recovery

	n
	
	276
	131
	145

	Pure tone Average, median [IQR]
	
	70.0 [55.0,78.8]
	71.2 [55.0,79.4]
	68.8 [55.0,77.5]

	Age, median [IQR]
	
	49.0 [35.0,58.0]
	53.0 [42.5,60.5]
	42.0 [30.0,55.0]

	Disease Duration, median [IQR]
	
	6.0 [3.0,11.0]
	10.0 [5.0,18.0]
	5.0 [3.0,7.0]

	Treatment Duration, median [IQR]
	
	8.0 [5.0,10.0]
	9.0 [6.0,10.5]
	7.0 [5.0,9.0]

	2021 WHO Hearing Classification, n (%)
	Mild Hearing Loss
	30 (10.9)
	10 (7.6)
	20 (13.8)

	
	Moderate Hearing Loss
	26 (9.4)
	15 (11.5)
	11 (7.6)

	
	Moderately Severe Hearing Loss
	57 (20.7)
	25 (19.1)
	32 (22.1)

	
	Severe Hearing Loss
	115 (41.7)
	55 (42.0)
	60 (41.4)

	
	Severe to Profound Hearing Loss
	48 (17.4)
	26 (19.8)
	22 (15.2)

	Gender, n (%)
	Female
	127 (46.0)
	66 (50.4)
	61 (42.1)

	
	Male
	149 (54.0)
	65 (49.6)
	84 (57.9)

	Glucocorticoid Therapy, n (%)
	No
	142 (51.4)
	78 (59.5)
	64 (44.1)

	
	Yes
	134 (48.6)
	53 (40.5)
	81 (55.9)

	Microcirculation Agents, n (%)
	No
	21 (7.6)
	8 (6.1)
	13 (9.0)

	
	Yes
	255 (92.4)
	123 (93.9)
	132 (91.0)

	Vitamin Supplementation, n (%)
	No
	124 (44.9)
	61 (46.6)
	63 (43.4)

	
	Yes
	152 (55.1)
	70 (53.4)
	82 (56.6)

	Neurotrophic Factors, n (%)
	No
	253 (91.7)
	120 (91.6)
	133 (91.7)

	
	Yes
	23 (8.3)
	11 (8.4)
	12 (8.3)

	Dehydration Therapy, n (%)
	No
	261 (94.6)
	124 (94.7)
	137 (94.5)

	
	Yes
	15 (5.4)
	7 (5.3)
	8 (5.5)

	Cardiovascular Comorbidities, n (%)
	No
	273 (98.9)
	130 (99.2)
	143 (98.6)

	
	Yes
	3 (1.1)
	1 (0.8)
	2 (1.4)

	Diabetes Mellitus, n (%)
	No
	259 (93.8)
	121 (92.4)
	138 (95.2)

	
	Yes
	17 (6.2)
	10 (7.6)
	7 (4.8)

	Gastrointestinal Disorders, n (%)
	No
	275 (99.6)
	130 (99.2)
	145 (100.0)

	
	Yes
	1 (0.4)
	1 (0.8)
	0 (0.0)
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	Overall
	Recovery
	Non-recovery

	n
	
	423
	406
	17

	Pure tone Average, median [IQR]
	
	120.0 [116.2, 120.0]
	120.0 [116.6, 120.0]
	116.2 [107.5, 120.0]

	Age, median [IQR]
	
	48.0 [35.0, 58.0]
	48.0 [34.2, 58.0]
	50.0 [41.0, 58.0]

	Disease Duration, median [IQR]
	
	5.0 [2.0, 10.0]
	5.0 [2.0, 10.0]
	3.0 [2.0, 8.0]

	Treatment Duration, median [IQR]
	
	12.0 [10.0, 20.0]
	13.0 [10.0, 20.0]
	9.0 [8.0, 11.0]

	2021 WHO Hearing Classification, n (%)
	Severe to Profound Hearing Loss
	7 (1.7)
	3 (0.7)
	4 (23.5)

	
	Profound Hearing Loss
	416 (98.3)
	403 (99.3)
	13 (76.5)

	Gender, n (%)
	Female
	177 (41.8)
	167 (41.1)
	10 (58.8)

	
	Male
	246 (58.2)
	239 (58.9)
	7 (41.2)

	Glucocorticoid Therapy, n (%)
	No
	241 (57.0)
	232 (57.1)
	9 (52.9)

	
	Yes
	182 (43.0)
	174 (42.9)
	8 (47.1)

	Microcirculation Agents, n (%)
	No
	25 (5.9)
	25 (6.2)
	0 (0.0)

	
	Yes
	398 (94.1)
	381 (93.8)
	17 (100.0)

	Vitamin Supplementation, n (%)
	No
	200 (47.3)
	192 (47.3)
	8 (47.1)

	
	Yes
	223 (52.7)
	214 (52.7)
	9 (52.9)

	Neurotrophic Factors, n (%)
	No
	358 (84.6)
	343 (84.5)
	15 (88.2)

	
	Yes
	65 (15.4)
	63 (15.5)
	2 (11.8)

	Dehydration Therapy, n (%)
	No
	388 (91.7)
	371 (91.4)
	17 (100.0)

	
	Yes
	35 (8.3)
	35 (8.6)
	0 (0.0)

	Cardiovascular Comorbidities, n (%)
	No
	414 (97.9)
	397 (97.8)
	17 (100.0)

	
	Yes
	9 (2.1)
	9 (2.2)
	0 (0.0)

	Diabetes Mellitus, n (%)
	No
	389 (92.0)
	373 (91.9)
	16 (94.1)

	
	Yes
	34 (8.0)
	33 (8.1)
	1 (5.9)

	Gastrointestinal Disorders, n (%)
	No
	423 (100.0)
	406 (100.0)
	17 (100.0)

	
	Yes
	0 (0.0)
	0 (0.0)
	0 (0.0)







[bookmark: _Toc220927063][bookmark: _Toc219203783]eTable 6. Data Partitioning Results for the Atypical Audiogram Subtype
Continuous variables are presented as median (IQR); categorical variables as n (%). P-values were derived from t-tests or Mann-Whitney U tests for continuous variables (as applicable) and from Chi-square or Fisher's exact tests for categorical variables. All P > 0.05, confirming no significant differences between the training and validation sets, supporting a successful random partition.
	Variable
	Training Set (n=1340)
	Validation Set (n=335)
	P-value

	CONTINUOUS VARIABLES
	
	
	

	Pure tone Average
	83.8 (63.8-97.5)
	82.5 (60.0-97.5)
	0.573

	Age
	48.0 (34.0-59.0)
	51.0 (36.0-60.0)
	0.021

	Disease Duration
	6.0 (3.0-11.0)
	6.0 (3.0-10.0)
	0.230

	Treatment Duration
	9.0 (6.0-12.0)
	9.0 (6.0-12.0)
	0.511

	CATEGORICAL VARIABLES
	
	
	

	2021 WHO Hearing Classification
	
	
	0.262

	Mild Hearing Loss
	102 (7.7%)
	18 (5.4%)
	

	Moderate Hearing Loss
	111 (8.3%)
	31 (9.3%)
	

	Moderately Severe Hearing Loss
	148 (11.1%)
	51 (15.3%)
	

	Severe Hearing Loss
	242 (18.2%)
	60 (18.0%)
	

	Severe to Profound Hearing Loss
	346 (26.0%)
	81 (24.3%)
	

	Profound Hearing Loss
	381 (28.6%)
	92 (27.6%)
	

	Gender
	
	
	0.500

	Female
	645 (48.5%)
	169 (50.8%)
	

	Male
	685 (51.5%)
	164 (49.2%)
	

	Glucocorticoid Therapy
	
	
	0.930

	No
	721 (54.2%)
	179 (53.8%)
	

	Yes
	609 (45.8%)
	154 (46.2%)
	

	Microcirculation Agents
	
	
	0.847

	No
	109 (8.2%)
	29 (8.7%)
	

	Yes
	1221 (91.8%)
	304 (91.3%)
	

	Vitamin Supplementation
	
	
	0.343

	No
	588 (44.2%)
	137 (41.1%)
	

	Yes
	742 (55.8%)
	196 (58.9%)
	

	Neurotrophic Factors
	
	
	1.000

	No
	1223 (92.0%)
	306 (91.9%)
	

	Yes
	107 (8.0%)
	27 (8.1%)
	

	Dehydration Therapy
	
	
	0.342

	No
	1223 (92.0%)
	312 (93.7%)
	

	Yes
	107 (8.0%)
	21 (6.3%)
	

	Cardiovascular Comorbidities
	
	
	0.033

	No
	1313 (98.7%)
	333 (100.0%)
	

	Yes
	17 (1.3%)
	0 (0.0%)
	

	Diabetes Mellitus
	
	
	0.743

	No
	1241 (93.3%)
	313 (94.0%)
	

	Yes
	89 (6.7%)
	20 (6.0%)
	

	Gastrointestinal Disorders
	
	
	0.395

	No
	1324 (99.5%)
	330 (99.1%)
	

	Yes
	6 (0.5%)
	3 (0.9%)
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	Variable
	Training Set (n=400)
	Validation Set (n=101)
	P-value

	CONTINUOUS VARIABLES
	
	
	

	Pure tone Average
	58.8 (35.0-82.5)
	61.2 (38.8-83.8)
	0.516

	Age
	39.0 (29.0-52.0)
	43.0 (33.0-53.0)
	0.168

	Disease Duration
	6.0 (3.0-10.0)
	6.0 (3.0-10.5)
	0.994

	Treatment Duration
	7.0 (5.0-10.0)
	7.0 (5.0-10.0)
	0.652

	CATEGORICAL VARIABLES
	
	
	

	2021 WHO Hearing Classification
	
	
	0.245

	Mild Hearing Loss
	102 (25.8%)
	16 (16.2%)
	

	Moderate Hearing Loss
	62 (15.7%)
	24 (24.2%)
	

	Moderately Severe Hearing Loss
	63 (15.9%)
	16 (16.2%)
	

	Severe Hearing Loss
	58 (14.7%)
	15 (15.2%)
	

	Severe to Profound Hearing Loss
	61 (15.4%)
	17 (17.2%)
	

	Profound Hearing Loss
	49 (12.4%)
	11 (11.1%)
	

	Gender
	
	
	0.588

	Female
	185 (46.8%)
	50 (50.5%)
	

	Male
	210 (53.2%)
	49 (49.5%)
	

	Glucocorticoid Therapy
	
	
	1.000

	No
	170 (43.0%)
	42 (42.4%)
	

	Yes
	225 (57.0%)
	57 (57.6%)
	

	Microcirculation Agents
	
	
	0.831

	No
	27 (6.8%)
	8 (8.1%)
	

	Yes
	368 (93.2%)
	91 (91.9%)
	

	Vitamin Supplementation
	
	
	0.819

	No
	172 (43.5%)
	45 (45.5%)
	

	Yes
	223 (56.5%)
	54 (54.5%)
	

	Neurotrophic Factors
	
	
	1.000

	No
	372 (94.2%)
	93 (93.9%)
	

	Yes
	23 (5.8%)
	6 (6.1%)
	

	Dehydration Therapy
	
	
	0.640

	No
	329 (83.3%)
	85 (85.9%)
	

	Yes
	66 (16.7%)
	14 (14.1%)
	

	Cardiovascular Comorbidities
	
	
	1.000

	No
	391 (99.0%)
	98 (99.0%)
	

	Yes
	4 (1.0%)
	1 (1.0%)
	

	Diabetes Mellitus
	
	
	1.000

	No
	379 (95.9%)
	95 (96.0%)
	

	Yes
	16 (4.1%)
	4 (4.0%)
	

	Gastrointestinal Disorders
	
	
	0.200

	No
	395 (100.0%)
	98 (99.0%)
	

	Yes
	0 (0.0%)
	1 (1.0%)
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	Variable
	Training Set (n=884)
	Validation Set (n=221)
	P-value

	CONTINUOUS VARIABLES
	
	
	

	Pure tone Average
	78.8 (56.2-102.5)
	76.2 (52.5-101.2)
	0.198

	Age
	46.0 (31.8-58.0)
	48.0 (31.0-59.0)
	0.360

	Disease Duration
	7.0 (3.0-14.0)
	6.0 (3.0-14.0)
	0.914

	Treatment Duration
	9.0 (6.0-12.0)
	9.0 (7.0-12.0)
	0.576

	CATEGORICAL VARIABLES
	
	
	

	2021 WHO Hearing Classification
	
	
	0.706

	Mild Hearing Loss
	48 (5.5%)
	13 (5.9%)
	

	Moderate Hearing Loss
	121 (13.8%)
	40 (18.1%)
	

	Moderately Severe Hearing Loss
	143 (16.2%)
	35 (15.8%)
	

	Severe Hearing Loss
	143 (16.2%)
	35 (15.8%)
	

	Severe to Profound Hearing Loss
	122 (13.9%)
	28 (12.7%)
	

	Profound Hearing Loss
	303 (34.4%)
	70 (31.7%)
	

	Gender
	
	
	0.374

	Female
	458 (52.0%)
	107 (48.4%)
	

	Male
	422 (48.0%)
	114 (51.6%)
	

	Glucocorticoid Therapy
	
	
	1.000

	No
	497 (56.5%)
	125 (56.6%)
	

	Yes
	383 (43.5%)
	96 (43.4%)
	

	Microcirculation Agents
	
	
	0.533

	No
	82 (9.3%)
	17 (7.7%)
	

	Yes
	798 (90.7%)
	204 (92.3%)
	

	Vitamin Supplementation
	
	
	0.756

	No
	383 (43.5%)
	93 (42.1%)
	

	Yes
	497 (56.5%)
	128 (57.9%)
	

	Neurotrophic Factors
	
	
	0.668

	No
	803 (91.2%)
	199 (90.0%)
	

	Yes
	77 (8.8%)
	22 (10.0%)
	

	Dehydration Therapy
	
	
	0.959

	No
	784 (89.1%)
	196 (88.7%)
	

	Yes
	96 (10.9%)
	25 (11.3%)
	

	Cardiovascular Comorbidities
	
	
	0.498

	No
	870 (98.9%)
	217 (98.2%)
	

	Yes
	10 (1.1%)
	4 (1.8%)
	

	Diabetes Mellitus
	
	
	0.399

	No
	829 (94.2%)
	212 (95.9%)
	

	Yes
	51 (5.8%)
	9 (4.1%)
	

	Gastrointestinal Disorders
	
	
	0.040

	No
	880 (100.0%)
	219 (99.1%)
	

	Yes
	0 (0.0%)
	2 (0.9%)
	




[bookmark: _Toc219203786][bookmark: _Toc220927066]eTable 9. Data Partitioning Results for the Flat Audiogram Subtype
	Variable
	Training Set (n=224)
	Validation Set (n=57)
	P-value

	CONTINUOUS VARIABLES
	
	
	

	Pure tone Average
	70.0 (55.0-78.8)
	70.0 (56.6-76.6)
	0.607

	Age
	49.0 (35.0-58.0)
	47.0 (36.5-56.0)
	0.822

	Disease Duration
	7.0 (3.0-11.0)
	5.0 (3.0-11.0)
	0.282

	Treatment Duration
	8.0 (5.0-10.0)
	8.0 (5.0-11.0)
	0.275

	CATEGORICAL VARIABLES
	
	
	

	2021 WHO Hearing Classification
	
	
	0.590

	Mild Hearing Loss
	23 (10.5%)
	7 (12.5%)
	

	Moderate Hearing Loss
	22 (10.0%)
	4 (7.1%)
	

	Moderately Severe Hearing Loss
	42 (19.1%)
	15 (26.8%)
	

	Severe Hearing Loss
	92 (41.8%)
	23 (41.1%)
	

	Severe to Profound Hearing Loss
	41 (18.6%)
	7 (12.5%)
	

	Gender
	
	
	0.262

	Female
	97 (44.1%)
	30 (53.6%)
	

	Male
	123 (55.9%)
	26 (46.4%)
	

	Glucocorticoid Therapy
	
	
	0.421

	No
	110 (50.0%)
	32 (57.1%)
	

	Yes
	110 (50.0%)
	24 (42.9%)
	

	Microcirculation Agents
	
	
	0.584

	No
	18 (8.2%)
	3 (5.4%)
	

	Yes
	202 (91.8%)
	53 (94.6%)
	

	Vitamin Supplementation
	
	
	0.843

	No
	100 (45.5%)
	24 (42.9%)
	

	Yes
	120 (54.5%)
	32 (57.1%)
	

	Neurotrophic Factors
	
	
	0.183

	No
	199 (90.5%)
	54 (96.4%)
	

	Yes
	21 (9.5%)
	2 (3.6%)
	

	Dehydration Therapy
	
	
	1.000

	No
	208 (94.5%)
	53 (94.6%)
	

	Yes
	12 (5.5%)
	3 (5.4%)
	

	Cardiovascular Comorbidities
	
	
	1.000

	No
	217 (98.6%)
	56 (100.0%)
	

	Yes
	3 (1.4%)
	0 (0.0%)
	

	Diabetes Mellitus
	
	
	0.756

	No
	207 (94.1%)
	52 (92.9%)
	

	Yes
	13 (5.9%)
	4 (7.1%)
	

	Gastrointestinal Disorders
	
	
	1.000

	No
	219 (99.5%)
	56 (100.0%)
	

	Yes
	1 (0.5%)
	0 (0.0%)
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	Variable
	Training Set (n=339)
	Validation Set (n=85)
	P-value

	CONTINUOUS VARIABLES
	
	
	

	Pure tone Average
	120.0 (116.2-120.0)
	120.0 (117.5-120.0)
	0.816

	Age
	49.0 (36.0-58.0)
	45.0 (32.0-57.0)
	0.234

	Disease Duration
	5.0 (2.0-9.0)
	6.0 (3.0-12.0)
	0.111

	Treatment Duration
	13.0 (10.0-21.0)
	11.0 (9.0-15.0)
	0.027

	CATEGORICAL VARIABLES
	
	
	

	2021 WHO Hearing Classification
	
	
	0.353

	Severe to Profound Hearing Loss
	7 (2.1%)
	0 (0.0%)
	

	Profound Hearing Loss
	331 (97.9%)
	85 (100.0%)
	

	Gender
	
	
	0.333

	Female
	137 (40.5%)
	40 (47.1%)
	

	Male
	201 (59.5%)
	45 (52.9%)
	

	Glucocorticoid Therapy
	
	
	0.986

	No
	192 (56.8%)
	49 (57.6%)
	

	Yes
	146 (43.2%)
	36 (42.4%)
	

	Microcirculation Agents
	
	
	0.806

	No
	19 (5.6%)
	6 (7.1%)
	

	Yes
	319 (94.4%)
	79 (92.9%)
	

	Vitamin Supplementation
	
	
	0.574

	No
	157 (46.4%)
	43 (50.6%)
	

	Yes
	181 (53.6%)
	42 (49.4%)
	

	Neurotrophic Factors
	
	
	0.247

	No
	290 (85.8%)
	68 (80.0%)
	

	Yes
	48 (14.2%)
	17 (20.0%)
	

	Dehydration Therapy
	
	
	0.814

	No
	309 (91.4%)
	79 (92.9%)
	

	Yes
	29 (8.6%)
	6 (7.1%)
	

	Cardiovascular Comorbidities
	
	
	0.393

	No
	332 (98.2%)
	82 (96.5%)
	

	Yes
	6 (1.8%)
	3 (3.5%)
	

	Diabetes Mellitus
	
	
	1.000

	No
	311 (92.0%)
	78 (91.8%)
	

	Yes
	27 (8.0%)
	7 (8.2%)
	

	Gastrointestinal Disorders
	
	
	1.000

	No
	338 (100.0%)
	85 (100.0%)
	

	Yes
	0 (0.0%)
	0 (0.0%)
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Features are ranked based on their importance across three distinct feature selection methods: Random Forest (RF) intrinsic importance, Lasso regression coefficient ranking, and Recursive Feature Elimination with Cross-Validation (RFECV). The final Average Rank (calculated as the mean of the three method-specific ranks) provides a robust, consensus-based ranking.
	Feature
	RF Rank
	Lasso Rank
	RFECV Rank
	Average Rank

	Pure tone Average
	2
	2
	1
	1.667

	Disease Duration
	1
	1
	5
	2.333

	Age
	3
	5
	4
	4.000

	Treatment Duration
	4
	3
	6
	4.333

	2021 WHO Hearing Classification
	5
	7
	2
	4.667

	Gender
	6
	8
	3
	5.667

	Glucocorticoid Therapy
	7
	4
	7
	6.000

	Microcirculation Agents
	9
	9
	8
	8.667

	Neurotrophic Factors
	10
	6
	10
	8.667

	Vitamin Supplementation
	8
	10
	9
	9.000

	Dehydration Therapy
	11
	11
	11
	11.000

	Cardiovascular Comorbidities
	13
	12
	12
	12.333

	Diabetes Mellitus
	12
	13
	13
	12.667

	Gastrointestinal Disorders
	14
	14
	14
	14.000
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	Feature
	RF Rank
	Lasso Rank
	RFECV Rank
	Average Rank

	Pure tone Average
	1
	1
	1
	1.000

	2021 WHO Hearing Classification
	5
	2
	2
	3.000

	Disease Duration
	2
	4
	5
	3.667

	Age
	3
	7
	4
	4.667

	Glucocorticoid Therapy
	6
	6
	6
	6.000

	Gender
	8
	10
	3
	7.000

	Vitamin Supplementation
	7
	9
	8
	8.000

	Cardiovascular Comorbidities
	13
	3
	11
	9.000

	Microcirculation Agents
	10
	12
	7
	9.667

	Dehydration Therapy
	9
	11
	10
	10.000

	Treatment Duration
	4
	14
	14
	10.667

	Diabetes Mellitus
	12
	8
	12
	10.667

	Gastrointestinal Disorders
	14
	5
	13
	10.667

	Neurotrophic Factors
	11
	13
	9
	11.000
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	Feature
	RF Rank
	Lasso Rank
	RFECV Rank
	Average Rank

	Pure tone Average
	2
	2
	1
	1.667

	Disease Duration
	1
	1
	5
	2.333

	Age
	3
	5
	4
	4.000

	Treatment Duration
	4
	3
	6
	4.333

	2021 WHO Hearing Classification
	5
	7
	2
	4.667

	Gender
	6
	8
	3
	5.667

	Glucocorticoid Therapy
	7
	4
	7
	6.000

	Microcirculation Agents
	9
	9
	8
	8.667

	Neurotrophic Factors
	10
	6
	10
	8.667

	[bookmark: _Hlk220448756]Vitamin Supplementation
	8
	10
	9
	9.000

	Dehydration Therapy
	11
	11
	11
	11.000

	Cardiovascular Comorbidities
	13
	12
	12
	12.333

	Diabetes Mellitus
	12
	13
	13
	12.667

	Gastrointestinal Disorders
	14
	14
	14
	14.000
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	Feature
	RF Rank
	Lasso Rank
	RFECV Rank
	Average Rank

	Disease Duration
	1
	1
	5
	2.333

	Age
	2
	2
	4
	2.667

	Pure tone Average
	3
	9
	1
	4.333

	Treatment Duration
	4
	4
	6
	4.667

	2021 WHO Hearing Classification
	5
	12
	2
	6.333

	Gender
	8
	10
	3
	7.000

	Glucocorticoid Therapy
	6
	8
	7
	7.000

	Microcirculation Agents
	10
	3
	8
	7.000

	Vitamin Supplementation
	7
	6
	9
	7.333

	Neurotrophic Factors
	9
	7
	10
	8.667

	Gastrointestinal Disorders
	14
	5
	14
	11.000

	Dehydration Therapy
	12
	13
	11
	12.000

	Cardiovascular Comorbidities
	13
	11
	12
	12.000

	Diabetes Mellitus
	11
	14
	13
	12.667
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	Feature
	RF Rank
	Lasso Rank
	Ranking
	Average Rank

	Pure tone Average
	1
	1
	1
	1.000

	Gender
	8
	3
	1
	4.333

	Glucocorticoid Therapy
	6
	6
	1
	5.000

	Disease Duration
	3
	4
	2
	5.667

	Vitamin Supplementation
	7
	5
	1
	5.667

	2021 WHO Hearing Classification
	5
	2
	3
	6.000

	Treatment Duration
	2
	8
	4
	7.333

	Age
	4
	7
	5
	8.000

	Microcirculation Agents
	11
	9
	1
	8.000

	Neurotrophic Factors
	10
	10
	1
	8.667

	Dehydration Therapy
	12
	11
	1
	10.000

	Diabetes Mellitus
	9
	13
	1
	10.333

	Cardiovascular Comorbidities
	13
	12
	1
	11.000

	Gastrointestinal Disorders
	14
	14
	6
	14.000
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This table summarizes the performance of multiple machine learning models on the independent test set for the Atypical subtype cohort. Key metrics include the Area Under the Receiver Operating Characteristic Curve (AUC), accuracy, brier score, sensitivity, and specificity. The cross-validated AUC on the training set (mean ± standard deviation) is also provided to indicate model stability during development.

	Model
	Train Accuracy
	Test Accuracy
	Train AUC
	Validation AUC CV
	Brier Score
	Sensitivity
	Specificity

	CatBoost
	0.895
	0.751
	0.968
	0.790 ± 0.012
	0.168
	0.766
	0.741

	Gradient Boosting
	0.832
	0.733
	0.925
	0.785 ± 0.011
	0.171
	0.758
	0.717

	Random Forest
	1.000
	0.754
	1.000
	0.787 ± 0.004
	0.173
	0.695
	0.790

	LightGBM
	0.974
	0.745
	0.997
	0.760 ± 0.020
	0.177
	0.727
	0.756

	SVM
	0.763
	0.715
	0.848
	0.777± 0.028
	0.182
	0.836
	0.639

	XGBoost
	0.995
	0.736
	1.000
	0.758 ± 0.020
	0.189
	0.711
	0.751

	Logistic Regression
	0.700
	0.676
	0.762
	0.753 ± 0.016
	0.200
	0.805
	0.595

	K-Nearest Neighbors
	0.833
	0.628
	0.923
	0.713 ± 0.033
	0.248
	0.727
	0.566
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	Model
	Train Accuracy
	Test Accuracy
	Train AUC
	Validation AUC CV
	Brier Score
	Sensitivity
	Specificity

	CatBoost
	0.931
	0.768
	0.984
	0.710 ± 0.0310
	0.166
	0.905
	0.528

	Gradient Boosting
	0.905
	0.758
	0.962
	0.724 ± 0.035
	0.179
	0.857
	0.583

	Logistic Regression
	0.689
	0.697
	0.739
	0.702 ± 0.016
	0.196
	0.683
	0.722

	Random Forest
	0.998
	0.798
	1.000
	0.713 ± 0.038
	0.177
	0.905
	0.611

	SVM
	0.773
	0.727
	0.845
	0.715 ± 0.039
	0.183
	0.778
	0.639

	LightGBM
	0.977
	0.737
	0.997
	0.707 ± 0.031
	0.189
	0.825
	0.583

	XGBoost
	0.998
	0.737
	1.000
	0.699 ± 0.035
	0.193
	0.841
	0.556

	K-Nearest Neighbors
	0.815
	0.677
	0.891
	0.647 ± 0.076
	0.201
	0.794
	0.472
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	Model
	Train Accuracy
	Test Accuracy
	Train AUC
	Validation AUC CV
	Brier Score
	Sensitivity
	Specificity

	SVM
	0.821 
	0.774 
	0.907 
	0.772 ± 0.041
	0.146 
	0.717 
	0.789 

	CatBoost
	0.968 
	0.828 
	0.996 
	0.807 ± 0.041
	0.126 
	0.435 
	0.931 

	Gradient Boosting
	0.917 
	0.819 
	0.979 
	0.804 ± 0.049
	0.123 
	0.565 
	0.886 

	Random Forest
	1.000 
	0.792 
	1.000 
	0.791 ± 0.035
	0.133 
	0.413 
	0.891 

	Logistic Regression
	0.778 
	0.751 
	0.829 
	0.786 ± 0.056
	0.161 
	0.674 
	0.771 

	K-Nearest Neighbors
	0.873 
	0.719 
	0.968 
	0.707 ± 0.047
	0.178 
	0.674 
	0.731 

	XGBoost
	1.000 
	0.814 
	1.000 
	0.772 ± 0.047
	0.148 
	0.370 
	0.931 

	LightGBM
	1.000 
	0.805 
	1.000 
	0.782 ± 0.038
	0.150 
	0.326 
	0.931 
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	Model
	Train Accuracy
	Test Accuracy
	Train AUC
	Validation AUC CV
	Brier Score
	Sensitivity
	Specificity

	Logistic Regression
	0.733 
	0.732 
	0.796 
	0.737 ± 0.056
	0.194 
	0.793 
	0.667 

	Random Forest
	1.000 
	0.696 
	1.000 
	0.778 ± 0.041
	0.191 
	0.724 
	0.667 

	SVM
	0.789 
	0.696 
	0.872 
	0.707 ± 0.046
	0.200 
	0.724 
	0.667 

	CatBoost
	0.987 
	0.679 
	0.998 
	0.763 ± 0.051
	0.202 
	0.690 
	0.667 

	Gradient Boosting
	0.944 
	0.625 
	0.992 
	0.743 ± 0.041
	0.244 
	0.690 
	0.556 

	LightGBM
	0.966 
	0.589 
	0.993 
	0.780 ± 0.052
	0.252 
	0.586 
	0.593 

	K-Nearest Neighbors
	0.750 
	0.607 
	0.838 
	0.663 ± 0.058
	0.224 
	0.621 
	0.593 

	XGBoost
	1.000 
	0.589 
	1.000 
	0.766 ± 0.069
	0.306 
	0.655 
	0.519 
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	Model
	Train Accuracy
	Test Accuracy
	Train AUC
	Validation AUC CV
	Brier Score
	Sensitivity
	Specificity

	K-Nearest Neighbors
	0.949 
	0.847 
	0.998 
	0.459 ± 0.137
	0.119 
	0.750 
	0.852 

	Logistic Regression
	0.783 
	0.706 
	0.856 
	0.709 ± 0.073
	0.191 
	0.750 
	0.704 

	SVM
	0.935 
	0.788 
	0.979 
	0.599 ± 0.089
	0.128 
	0.250 
	0.815 

	Random Forest
	1.000 
	0.929 
	1.000 
	0.704 ± 0.150
	0.059 
	0.000 
	0.975 

	CatBoost
	1.000 
	0.918 
	1.000 
	0.651 ± 0.143
	0.054 
	0.000 
	0.963 

	XGBoost
	1.000 
	0.953 
	1.000 
	0.659 ± 0.160
	0.049 
	0.000 
	1.000 

	LightGBM
	1.000 
	0.941 
	1.000 
	0.704 ± 0.138
	0.057 
	0.000 
	0.988 

	Gradient Boosting
	0.997 
	0.929 
	1.000 
	0.726 ± 0.136
	0.058 
	0.000 
	0.975 
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This table presents data-derived, statistically validated thresholds for key predictors (Disease Duration, Age, and Pure Tone Average), identified via Partial Dependence Plots and Bootstrap resampling. The thresholds (50%, 20%, 10%) correspond to values at which the model-predicted probability of recovery declines to the specified level. Group analysis based on these thresholds demonstrates statistically significant differences (all p < 0.001) in actual recovery rates, confirming their utility for risk stratification and clinical decision-making.
	Feature
	Threshold 50%
	Threshold 20%
	Threshold 10%
	P Value
	Test Method

	Disease Duration
	10.589
	15.856
	18.415
	p＜0.001
	Chi-square test

	Pure tone Average
	94.490
	104.699
	107.956
	p＜0.001
	Chi-square test

	
	
	
	
	
	

	
	
	Disease Duration group analysis
	
	
	

	Group
	Range
	Size
	Siegel 0
	Siegel 1
	Proportion Siegel 1

	Group1
	>18.415
	141
	129
	12
	0.085

	Group2
	15.856-18.415
	35
	34
	1
	0.029

	Group3
	10.589-15.856
	162
	130
	32
	0.198

	Group4
	<=10.589
	992
	559
	433
	0.436

	
	
	
	
	
	

	
	
	Pure Tone Average group analysis
	
	
	

	Group
	Range
	Size
	Siegel 0
	Siegel 1
	Proportion Siegel 1

	Group1
	>107.956
	123
	112
	11
	0.089

	Group2
	104.700-107.956
	64
	57
	7
	0.109

	Group3
	94.480-104.700
	243
	185
	58
	0.239

	Group4
	<=94.490
	900
	498
	402
	0.447
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	Feature
	Threshold 50%
	Threshold 20%
	Threshold 10%
	P Value
	Test Method

	Disease Duration
	10.741
	17.294
	20.622
	p＜0.001
	Chi-square test

	Pure tone Average
	81.481
	95.010
	99.343
	p＜0.001
	Chi-square test

	
	
	
	
	
	

	
	
	Disease Duration group analysis
	
	
	

	Group
	Range
	Size
	Siegel 0
	Siegel 1
	Proportion Siegel 1

	Group1
	>20.622
	38
	24
	14
	0.368

	Group2
	17.294-20.622
	16
	10
	6
	0.375

	Group3
	10.741-17.294
	43
	26
	17
	0.395

	Group4
	<=10.741
	298
	97
	201
	0.674

	
	
	
	
	
	

	
	
	Pure Tone Average group analysis
	
	
	

	Group
	Range
	Size
	Siegel 0
	Siegel 1
	Proportion Siegel 1

	Group1
	>99.343
	39
	30
	9
	0.231

	Group2
	95.010-99.343
	14
	6
	8
	0.571

	Group3
	81.481-95.010
	53
	28
	25
	0.472

	Group4
	<=81.481
	289
	93
	196
	0.678
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	Feature
	Threshold 50%
	Threshold 20%
	Threshold 10%
	P Value
	Test Method

	Disease Duration
	13.122
	19.393
	22.764
	p＜0.001
	Chi-square test

	Pure tone Average
	91.703
	103.157
	107.055
	p＜0.001
	Chi-square test

	
	
	
	
	
	

	
	
	Disease Duration group analysis
	
	
	

	Group
	Range
	Size
	Siegel 0
	Siegel 1
	Proportion Siegel 1

	Group1
	>22.764
	105
	99
	6
	0.057

	Group2
	19.393-22.764
	38
	36
	2
	0.053

	Group3
	13.122-19.393
	94
	85
	9
	0.096

	Group4
	<=13.122
	643
	504
	139
	0.216

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	Pure Tone Average group analysis
	
	
	

	Group
	Range
	Size
	Siegel 0
	Siegel 1
	Proportion Siegel 1

	Group1
	>107.055
	142
	140
	2
	0.014

	Group2
	103.157-107.055
	69
	68
	1
	0.014

	Group3
	91.703-103.157
	118
	111
	7
	0.059

	Group4
	<=91.703
	551
	405
	146
	0.265



[bookmark: _Toc219203800][bookmark: _Toc220927081]eTable 24. Statistical Significance of Critical Thresholds and Outcome Differences for the Flat Audiogram Subtype.
	Feature
	Threshold 50%
	Threshold 20%
	Threshold 10%
	P Value
	Test Method

	Disease Duration
	12.812 
	22.573 
	28.573 
	p＜0.001
	Chi-square test (for expected frequency)

	Pure tone Average
	56.783 
	39.223 
	33.365 
	0.479 
	Chi-square test (for expected frequency)

	
	
	
	
	
	

	
	
	Disease Duration group analysis
	
	
	

	Group
	Range
	Size
	Siegel 0
	Siegel 1
	Proportion Siegel 1

	Group1
	>28.573
	13
	12
	1
	0.077 

	Group2
	22.573-28.573
	7
	6
	1
	0.143 

	Group3
	12.812-22.573
	29
	23
	6
	0.207 

	Group4
	<=12.812
	171
	63
	108
	0.632 

	
	
	
	
	
	

	
	
	Pure Tone Average group analysis
	
	
	

	Group
	Range
	Size
	Siegel 0
	Siegel 1
	Proportion Siegel 1

	Group1
	>56.783
	161
	76
	85
	0.528 

	Group2
	39.223-56.783
	30
	17
	13
	0.433 

	Group3
	33.365-39.223
	11
	5
	6
	0.545 

	Group4
	<=33.365
	18
	6
	12
	0.667 



[bookmark: _Toc219203801][bookmark: _Toc220927082]eTable 25. Statistical Significance of Critical Thresholds and Outcome Differences for the Profound Audiogram Subtype.
	Feature
	Threshold 50%
	Threshold 20%
	Threshold 10%
	P Value
	Test Method

	Disease Duration
	7.488 
	11.733 
	13.306 
	0.639 
	Chi-square test (for expected frequency)

	Pure tone Average
	111.045 
	116.496 
	118.226 
	0.004 
	Chi-square test (for expected frequency)

	
	
	
	
	
	

	
	
	Disease Duration group analysis
	
	
	

	Group
	Range
	Size
	Siegel 0
	Siegel 1
	Proportion Siegel 1

	Group1
	>13.306
	50
	49
	1
	0.020 

	Group2
	11.733-13.306
	22
	22
	0
	0.000 

	Group3
	7.488-11.733
	49
	47
	2
	0.041 

	Group4
	<=7.488
	217
	207
	10
	0.046 

	
	
	
	
	
	

	
	
	Pure Tone Average group analysis
	
	
	

	Group
	Range
	Size
	Siegel 0
	Siegel 1
	Proportion Siegel 1

	Group1
	>118.226
	238
	232
	6
	0.025 

	Group2
	116.496-118.226
	12
	12
	0
	0.000 

	Group3
	111.045-116.496
	65
	62
	3
	0.046 

	Group4
	<=111.045
	23
	19
	4
	0.174 





[bookmark: _Toc219203803][bookmark: _Toc220927084]3.eFigures
[bookmark: _Toc219203804][bookmark: _Toc220927085]eFigure 1. Flowchart of the study population and machine learning workflow.
[bookmark: _Toc220927086][image: ]
Abbreviation: AUC, area under the receiver operating characteristics curve; ICE, individual conditional expectation plots; PDP, partial dependence plots; SHAP, shapley additive explanations; SVM, support vector machine.


[bookmark: _Toc219203805][bookmark: _Toc220927087]eFigure 2. Confusion matricesa for the optimal predictive models across the five audiogram subtypes.
[image: Merged_CM_Final_HD]
This series of confusion matrices visually demonstrates the classification performance of the optimal model for each audiogram subtype.


[bookmark: _Toc219203806][bookmark: _Toc220927088]eFigure 3. Individual Conditional Expectation (ICE) plots for disease duration.
[image: Merged_ICE_Disease_Duration_Final_HD]
The Individual Conditional Expectation (ICE) plots reveal how the predicted outcome for individual samples varies with the feature "disease duration." Each line in the plot represents a patient sample, illustrating the personalized prediction response curve at the individual level.
[bookmark: _Toc219203807][bookmark: _Toc220927089]
eFigure 4. Partial Dependence Plot (PDP) for pure-tone average.
[image: Merged_PDP_Pure_tone_Average_Final_HD]
The curve defines severity-dependent prognostic thresholds. The shaded band indicates the 95% bootstrap confidence interval. This quantifies PURE TONE AVERAGE as a key, non-linear predictor for outcome stratification in this subgroup.


[bookmark: _Toc219203808][bookmark: _Toc220927090]eFigure 5. Individual Conditional Expectation (ICE) plots for pure-tone average.
[image: Merged_ICE_Pure_tone_Average_Final_HD]
Individual prediction trajectories demonstrate heterogeneous response patterns to varying hearing loss severity, superimposed on the average trend. This highlights the patient-specific nature of the PURE TONE AVERAGE-prognosis relationship within the subtype.


[bookmark: _Toc219203809][bookmark: _Toc220927091]eFigure 6. Web interface for patient feature entry.
[image: ]
This web interface implements a clinical decision support tool for predicting treatment outcomes in patients with the sudden sensorineural hearing loss subtype. It collects ten key clinical and demographic variables, which are processed by a pre-trained and validated Machine model. User inputs are standardized using the same scaling parameters applied during model development to ensure consistency. The tool operationalizes the machine learning framework described in the associated study, enabling real-time, individualized prognostic estimation.


[bookmark: _Toc219203810][bookmark: _Toc220927092]eFigure 7. Web interface displaying the computed probability of treatment success.
[image: ]
This page displays the model's prediction and associated probabilities. The binary outcome ("Treatment Success" vs. "Treatment May Require Further Intervention") corresponds to the Siegel criteria. The probabilities reflect the model's confidence in each classification, with the higher probability determining the final prediction. This output is intended to supplement, not replace, clinical judgment, providing a data-driven estimate to inform personalized management discussions. All predictions are based on the underlying interpretable ML model developed and validated on the specified patient cohort.
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