Image acquisition

Image acquisition：MRI scrutinies were carried out on a 3.0T MR scanner (Skyra, Siemens Medical Solutions, Erlangen, Germany) with an integrated channel head and neck coil. The imaging protocol encompassed the subsequent constituents: (1) T1-weighted spin-echo sequence (field of view[FOV], 180×180 mm2; matrix=256×256, 4.0 mm slice thickness; repetition time [TR]/echo time [TE], 625/9.0 ms), (2) turbo spin-echo (TSE) sequence for the acquisition of axial proton density-weighted (PdW) images (TR/TE,4070/30 ms, FOV=180×180 mm2, matrix=384×384, and 4.0 mm slice thickness); (3)T1-weighted contrast-enhanced images (FOV, 180×180 mm2; matrix=256×256, 4.0 mm slice thickness; TR/TE, 625/9.0 ms), (4) DCE-MRI was conducted with a (FLASH)/vibe sequence, 50 dynamic acquisitions, 4.9 s per dynamic acquisition, with parameters as follows: TR/TE, 4.09/1.47 ms; flip angle=9°, phase=75%, matrix=192×144, TA=245 s; thickness=4 mm, slice gap=0 mm, FOV=180×180 mm2, bandwidth=400 Hz. The contrast agent Gadodiamide (Omniscan, GE Medical Systems, Amersham, Ireland) was administered intravenously during the third dynamic acquisition using a power injector system at 0.1 mmol/kg body weight and 2 ml/sec, Subsequently, a 25 ml saline flush was administered at 3.5 mL per second.

Image preprocessing

Image preprocessing adopts a strict standardized process: Firstly, multi-sequence image registration is performed based on the principle of maximizing mutual information; Then, trilinear interpolation is used to standardize the voxel size to 1×1×1 mm³; Subsequently, image intensity normalization processing is carried out to adjust the value range to the standard range; Finally, gray-scale discretization with a fixed bin width is employed to decline the impact of noise.

Image registration

Reference Image Selection: Contrast-enhanced CE-T1WI was selected as the primary reference sequence for manual tumor segmentation due to its superior tumor-to-background contrast and clear delineation of nasopharyngeal carcinoma boundaries.

Image Registration Process: All secondary sequences, including T1WI, PDWI, and all 50 temporal phases of DCE-MRI, were spatially co-registered to the CE-T1WI reference image using rigid transformation algorithms to correct for patient motion and anatomical variations between sequences.

Segmentation Transfer: Following successful image registration, the three-dimensional tumor contours manually delineated on the CE-T1WI reference image were automatically transferred and applied to all co-registered sequences. This approach ensured spatial consistency of the ROI across all imaging modalities while avoiding potential inter-observer variability that would arise from independent manual segmentation of each sequence.

Quality Assurance: The accuracy of image registration and segmentation transfer was visually inspected by the senior radiologist to confirm appropriate spatial alignment and tumor boundary correspondence across all sequences before radiomics feature extraction.

Machine Learning Models Hyperparameters

1. Logistic Regression:
Parameter grid search: 

C: [0.1, 10]

solver: ['lbfgs', 'liblinear']

Fixed parameters: 

max_iter: 1000

random_state: 42

2. Support Vector Machine (SVM):
Parameter grid search: 

C: [1, 2.5]

kernel: ['linear', 'rbf']

gamma: ['scale', 'auto']

Fixed parameters: 

probability: True

random_state: 42
3. Random Forest:
Parameter grid search: 

n_estimators: [15, 20]

max_depth: [2, 3]

min_samples_split: [5, 10]

min_samples_leaf: [5, 10]

bootstrap: [True]

Fixed parameters: 

random_state: 42

4. Extreme Gradient Boosting (XGBoost):
Parameter grid search: 

n_estimators: [10, 20]

max_depth: [2, 3]

learning_rate: [0.01, 0.1]

subsample: [0.8, 1.0]

Fixed parameters: 

random_state: 42

Deep Learning Model Architecture and Hyperparameters

Feature Selection Network:
Feature gating layer: 

Linear layer: input_size → 64

Batch normalization (momentum=0.1)

ReLU activation

Dropout: 0.3

Linear layer: 64 → input_size

Sigmoid activation

Classifier component: 

Linear layer: input_size → 32

Batch normalization (momentum=0.1)

ReLU activation

Dropout: 0.2

Linear layer: 32 → 1

Sigmoid activation

Main Classification Network:
Hidden layer 1: input_size → 64 (BatchNorm, ReLU, Dropout=0.5)

Hidden layer 2: 64 → 32 (BatchNorm, ReLU, Dropout=0.4)

Output layer: 32 → 1 (Sigmoid activation)

Training Hyperparameters:
Learning rate: 0.0005

Weight decay: 0.05

Optimizer: Adam

Batch size: Adaptive (16-128, determined by dataset size)

Maximum epochs: 100

Early stopping patience: 10

Minimum delta: 0.001

Learning rate scheduler: ReduceLROnPlateau (factor=0.5, patience=5)

Treatment Plan
a. (Platinum-based chemotherapy drugs + Paclitaxel-based chemotherapy drugs). The platinum-based chemotherapy drugs and docetaxel are intravenously infused at 75mg/m2 on the first day or 25mg/m2 on days 1-3. Albumin-bound paclitaxel is intravenously infused at 260mg/m2 for one day, once every 3 weeks, for a total of 2-4 cycles. b. (Platinum-based chemotherapy drugs + Paclitaxel-based chemotherapy drugs + Fluorouracil). The platinum-based chemotherapy drugs and docetaxel are intravenously infused at 75mg/m2 on the first day or 25mg/m2 on days 1-3. Albumin-bound paclitaxel is intravenously infused at 260mg/m2 for one day, and fluorouracil is intravenously infused at 3000mg/m2 for 5 days. Once every 3 weeks, for a total of 2-4 cycles. c. (Platinum-based chemotherapy drugs + Gemcitabine). Gemcitabine is intravenously infused at 1g/m2 on days 1 and 8, and the platinum-based chemotherapy drug is intravenously infused at 75mg/m2 on the first day or 25mg/m2 on days 1-3. Once every 3 weeks, for a total of 2-4 cycles. 

Supplementary Table

Table S1.Clinical Baseline Characteristics of Patients Who Additionally Underwent DCE-MRI Scanning
	Baseline characteristic
	Response group 

(N=74)
	Non-response group

 (N=52)
	p

	Sex
	
	
	0.930 

	Male
	55 (74.32%)
	39 (75.00%)
	

	Female
	19 (25.68%)
	13 (25.00%)
	

	Age
	48.6±13.1
	49.4±12.7
	0.733 

	T stage
	
	
	0.990 

	T1
	2 (2.70%)
	1 (1.92%)
	

	T2
	8 (10.81%)
	6 (11.54%)
	

	T3
	36 (48.65%)
	26 (50.00%)
	

	T4
	28 (37.84%)
	19 (36.54%)
	

	N stage
	
	
	0.412

	N0
	3 (4.05%)
	1 (1.92%)
	

	N1
	6 (8.11%)
	7 (13.46%)
	

	N2
	32 (43.24%)
	27 (51.92%)
	

	N3
	33 (44.59%)
	17 (32.69%)
	

	Clinical stage
	
	
	0.679 

	Ⅲ
	30 (40.54%)
	23 (44.23%)
	

	Ⅳ
	44 (59.46%)
	29 (55.77%)
	

	Pathological type
	
	
	0.768

	Differentiated non-keratinizing carcinoma
	6 (9.46%)
	5 (9.62%)
	

	Undifferentiated non-keratinizing carcinoma
	68 (90.54%)
	47 (90.38%)
	

	Treatment Regimen
	
	
	0.840

	TP regimen
	46 (62.16%)
	31 (59.62%)
	

	TPF regimen
	23 (31.08%)
	16 (30.77%)
	

	Other regimen
	5 (6.76%)
	5 (9.61%)
	

	ECOG status
	
	
	0.502

	0-1
	71 (95.95%)
	51 (98.08%)
	

	≥2
	3 (4.05%)
	1 (1.92%)
	


TP regimen: Taxane + Platinum;TPF regimen: Taxane + Platinum + Fluoropyrimidine;Other regimens:GP(Gemcitabine + Platinum), PF (Platinum + Fluoropyrimidine).
*p<0.05.  
Table S2. Statistical analysis of AUC differences between Model 1 and Model 2 using Z-test

	Algorithm
	AUC-Difference
	SE (Model 1)
	SE (Model 2)
	Z value
	P value

	MLP
	0.0401
	0.0342
	0.0518
	2.847
	0.004*

	SVM
	0.0320
	0.0363
	0.0573
	2.156
	0.031*

	RF
	0.0790
	0.0397
	0.0574
	4.892
	<0.001*

	XGB
	0.0474
	0.0378
	0.0580
	3.125
	0.002*

	LR
	0.0561
	0.0419
	0.0659
	3.421
	<0.001*


*p<0.05. 
Table S3. Model calibration analysis using Hosmer-Lemeshow test for Model 1 and Model 2 prediction models

	Algorithm
	Hosmer-Lemeshow Model 1
	P value
	Hosmer-Lemeshow Model 2
	P value

	MLP
	30.328
	0.348
	9.085
	0.335

	SVM
	14.255
	0.075
	9.233
	0.323

	RF
	13.162
	0.106
	8.869
	0.353

	XGB
	11.820
	0.159
	7.715
	0.462

	LR
	9.477
	0.304
	8.149
	0.419


*p<0.05.

