Table S1. Case definitions for oropharyngeal squamous cell carcinoma (OPSCC)
	
	p16-positive OPSCC
	p16-negative OPSCC

	Topography codes
	C01.9, C02.4, C05.1, C05.2, C09.0-C10.9
	C01.9, C02.4, C05.1, C05.2, C09.0-C10.9

	Morphology codes
	80513-80523, 80703-80723, 80743-80763, 80823-80833, 80853-80863
	80513-80523, 80703-80723, 80743-80763, 80823-80833, 80853-80863, 85603

	p16 status
	AJCC 8th edition chapter10
	AJCC 8th edition chapter11


Abbreviations: AJCC, American Joint Committee on Cancer; IHC, immunohistochemistry.

Topography and morphology codes were defined according to the International Classification of Diseases for Oncology, 3rd edition (ICD-O-3). p16 status was operationally defined according to the AJCC 8th edition OPSCC staging chapter (Chapter 10 = p16-positive; Chapter 11 = p16-negative); individual p16 IHC results are not collected in the registry. 




Table S2A. Numbers at risk and numbers censored at each follow-up year by p16 status and lifestyle risk factors for overall survival and cancer-specific survival
	Group
	Number at risk / Number censored

	
	1-year
	2-year
	3-year
	4-year
	5-year

	Overall survival 
	
	
	
	
	

	p16 positive without lifestyle risk
	 477 / 0
	 442 / 0
	 421 / 112
	287 / 98
	185 / 74

	p16 positive with smoking only
	 244 / 0
	 219 / 0
	204 / 48
	146 / 54
	 87 / 44

	p16 positive with smoking plus other risks
	 552 / 0
	 469 / 0
	407 / 86
	291 / 97
	171 / 89

	p16 negative
	4355 / 0
	3313 / 0
	2523 / 533
	1631 / 498
	 953 / 454

	Cancer-specific survival
	
	
	
	
	

	p16 positive without lifestyle risk
	477 / 9
	 442 / 11
	 421 / 120
	287 / 99
	185 / 75

	p16 positive with smoking only
	244 / 7
	219 / 3
	204 / 50
	146 / 56
	 87 / 44

	p16 positive with smoking plus other risks
	 552 / 23
	 469 / 18
	407 / 96
	 291 / 105
	171 / 92

	p16 negative
	 4355 / 188
	 3313 / 152
	2523 / 636
	1631 / 559
	 953 / 478


Note: The number at risk indicates the number of individuals alive and under follow-up at the beginning of each yearly interval, and the 
number censored indicates individuals censored during that interval.

Table S2B. Cumulative overall and cancer-specific survival probabilities and adjusted hazard ratios by p16 status and lifestyle risk factors, 2018–2021
	Group
	Survival rate, % (95% CI)
	aHR (95% CI)

	
	1-year
	2-year
	3-year
	4-year
	5-year
	

	Overall survival 
	
	
	
	
	
	

	p16 positive without lifestyle risk
	92.7
(89.9 - 94.7)
	88.1
(84.8 - 90.7)
	82.9
(79.0 - 86.0)
	80.7
(76.6 - 84.2)
	78.6
(74.0 - 82.5)
	1.00 (Reference)

	p16 positive with smoking only
	88.5
(83.8 - 91.9)
	82.8
(77.4 - 87.0)
	79.2
(73.4 - 83.8)
	75.7
(69.3 - 80.9)
	75.7
(69.3 - 80.9)
	1.25 (0.89-1.75)

	p16 positive with smoking plus other risks
	83.2
(79.8 - 86.0)
	73.4
(69.5 - 76.9)
	66.7
(62.5 - 70.5)
	60.9
(56.3 - 65.1)
	57.6
(52.6 - 62.4)
	1.89 (1.47-2.45)

	p16 negative
	73.7
(72.4 - 75.0)
	56.8
(55.4 - 58.3)
	48.0
(46.5 - 49.5)
	42.3
(40.7 - 43.9)
	37.9
(36.1 - 39.6)
	2.22 (1.76-2.82)

	Cancer-specific survival
	
	
	
	
	
	

	p16 positive without lifestyle risk
	94.5 
(92.0–96.2)
	92.1 
(89.3–94.2)
	88.8 
(85.4–91.4)
	87.3 
(83.6–90.2)
	85.0 
(80.6–88.4)
	1.00 (Reference)

	p16 positive with smoking only
	91.7 
(87.4–94.6)
	86.6 
(81.6–90.3)
	83.7 
(78.2–87.9)
	81.5 
(75.5–86.1)
	81.5 
(75.5–86.1)
	1.39 (0.92-2.07)

	p16 positive with smoking plus other risks
	87.6 
(84.6–90.1)
	80.3 
(76.6–83.4)
	74.9 
(70.8–78.5)
	70.8
(66.4–74.9)
	68.8 
(63.7–73.3)
	1.93 (1.42-2.66)

	p16 negative
	78.0 
(76.7–79.2)
	63.2 
(61.7–64.6)
	56.4 
(54.8–58.0)
	51.8 
(50.1–53.5)
	48.0 
(46.2–49.9)
	2.25 (1.71-3.02)


Note: HR, hazard ratio; CI, confidence interval; aHR, adjusted for age, sex, stage, tumor location, and treatment. Bold values indicate significant differences from the reference group. 

Table S3. Sensitivity analysis of cumulative overall and cancer-specific survival probabilities and adjusted hazard ratios by p16 status and lifestyle risk factors, 2018–2019
	Group
	n
	Survival rate, % (95% CI)
	aHR (95% CI)

	
	
	1-year
	2-year
	3-year
	4-year
	5-year
	

	Overall survival
	
	
	
	
	
	
	

	p16 positive without lifestyle risk
	223
	93.3 
(89.1 - 95.9)
	86.5 
(81.3 - 90.4)
	82.5 
(76.9 - 86.9)
	80.7 
(74.9 - 85.3)
	78.6 
(72.5 - 83.5)
	1.00 (Reference)

	p16 positive with smoking only
	116
	87.9 
(80.5 - 92.7)
	81.0 
(72.6 - 87.1)
	75.9 
(67.0 - 82.7)
	72.4 
(63.3 - 79.6)
	72.4 
(63.3 - 79.6)
	1.22 (0.77-1.91)

	p16 positive with smoking plus other risks
	285
	83.5 
(78.7 - 87.3)
	71.6 
(66.0 - 76.4)
	64.6 
(58.7 - 69.8)
	57.5 
(51.6 - 63.0)
	54.5 
(48.4 - 60.2)
	2.21 (1.58-3.14)

	p16 negative
	2178
	74.8 
(72.9 - 76.6)
	57.7 
(55.6 - 59.7)
	48.9 
(46.8 - 51.0)
	43.1 
(41.1 - 45.2)
	38.6 
(36.5 - 40.7)
	2.22 (1.63-3.09)

	Cancer-specific survival
	
	
	
	
	
	
	

	p16 positive without lifestyle risk
	223
	95.5 
(91.7 - 97.5)
	91.8 
(87.2 - 94.7)
	88.9 
(83.9 - 92.4)
	87.4 
(82.2 - 91.2)
	85.1 
(79.5 - 89.3)
	1.00 (Reference)

	p16 positive with smoking only
	116
	92.1 
(85.3 - 95.8)
	85.7 
(77.8 - 91.0)
	82.1 
(73.6 - 88.0)
	79.3 
(70.4 - 85.7)
	79.3 
(70.4 - 85.7)
	1.27 (0.73-2.18)

	p16 positive with smoking plus other risks
	285
	87.2 
(82.7 - 90.6)
	76.8 
(71.3 - 81.4)
	70.0 
(64.2 - 75.1)
	65.3 
(59.3 - 70.7)
	63.4 
(57.1 - 69.0)
	2.44 (1.64-3.75)

	p16 negative
	2178
	79.0 
(77.2 - 80.7)
	64.0 
(61.8 - 66.0)
	56.9 
(54.7 - 59.0)
	52.2 
(50.0 - 54.3)
	48.4 
(46.1 - 50.6)
	2.21 (1.52-3.31)


Note: HR, hazard ratio; CI, confidence interval; aHR, adjusted for age, sex, stage, tumor location, and treatment. Bold values indicate significant differences from the reference group. 
	Group
	Deaths, n / 
patients, N
	3-year survival 
rate, % (95% CI)
	5-year survival 
rate, % (95% CI)
	Univariate
	Multivariable*

	
	
	
	
	HR
	95% CI
	aHR
	95% CI

	Overall survival
	
	
	
	
	
	
	

	Surgery with radiotherapy and/or chemotherapy
	
	
	
	
	
	
	

	p16 positive without lifestyle risk
	6/122
	95.6 (89.7 - 98.1)
	94.3 (87.5 - 97.4)
	1.00
	(Reference)
	1.00
	(Reference)

	p16 positive with smoking only
	9/90
	92.2 (84.4 - 96.2)
	90.2 (81.0 - 95.1)
	2.16
	(0.78 - 6.44)
	1.76
	(0.63 - 5.28)

	p16 positive with smoking plus other risks
	22/108
	85.5 (77.0 - 91.0)
	75.2 (63.1 - 83.8)
	4.48
	(1.93 - 12.17)
	3.54
	(1.52 - 9.67)

	p16 negative
	413/977
	63.4 (60.2 - 66.4)
	49.7 (45.5 - 53.7)
	10.77
	(5.28 - 27.23)
	4.71
	(2.24 - 12.10)

	Chemoradiotherapy
	
	
	
	
	
	
	

	p16 positive without lifestyle risk
	39/244
	85.8 (80.4 - 89.7)
	79.5 (72.3 - 85.1)
	3.49
	(1.60 - 9.18)
	2.57
	(1.16 - 6.79)

	p16 positive with smoking only
	27/114
	77.4 (68.3 - 84.1)
	74.6 (65.0 - 72.0)
	5.64
	(2.49 - 15.10)
	3.59
	(1.56 - 9.72)

	p16 positive with smoking plus other risks
	97/298
	71.1 (65.4 - 76.0)
	62.2 (55.3 - 68.3)
	7.72
	(3.69 - 19.79)
	4.84
	(2.27 - 12.55)

	p16 negative
	1105/1812
	43.3 (41.0 - 45.6)
	33.4 (30.8 - 36.0)
	18.94
	(9.32 - 47.74)
	7.21
	(3.43 - 18.54)

	Cancer-specific survival
	
	
	
	
	
	
	

	Surgery with radiotherapy and/or chemotherapy
	
	
	
	
	
	
	

	p16 positive without lifestyle risk
	3/122
	98.4 (93.6 - 99.6)
	97.0 (90.8 - 99.1)
	1.00
	(Reference)
	1.00
	(Reference)

	p16 positive with smoking only
	6/90
	94.4 (87.0 - 97.6)
	92.3 (83.2 - 96.6)
	2.87 
	(0.76 - 13.62)
	2.30
	(0.61 - 10.95)

	p16 positive with smoking plus other risks
	14/108
	88.8 (80.7 - 93.7)
	84.3 (74.5 - 90.5)
	5.68 
	(1.86 - 24.68)
	4.50
	(1.46 - 19.62)

	p16 negative
	329/977
	69.5 (66.4 - 72.4)
	58.1 (53.8 - 62.1)
	16.98 
	(6.51 - 68.63)
	6.15
	(2.29 - 25.24)

	Chemoradiotherapy
	
	
	
	
	
	
	

	p16 positive without lifestyle risk
	28/244
	89.4 (84.3 - 92.8)
	84.4 (77.4 - 89.4)
	4.99 
	(1.77 - 20.89)
	3.44
	(1.21 - 14.49)

	p16 positive with smoking only
	23/114
	79.7 (70.8 - 86.2)
	78.4 (69.2 - 85.2)
	9.55 
	(3.33 - 40.31)
	5.67
	(1.94 - 24.17)

	p16 positive with smoking plus other risks
	67/298
	78.5 (73.1 - 83.0)
	72.7 (66.1 - 78.2)
	10.60 
	(3.95 - 43.42)
	6.10
	(2.22 - 25.24)

	p16 negative
	871/1812
	51.9 (49.4 – 54.3)
	43.7 (40.8 - 46.5)
	29.41 
	(11.33 - 118.7)
	8.94
	(3.32 - 36.70)


Table S4. Cumulative overall and cancer-specific survival probabilities and hazard ratios by p16 status and lifestyle risk factors among patients treated with primary surgery plus radiotherapy and/or chemotherapy or definitive chemoradiotherapy
Note: HR, hazard ratio; CI, confidence interval; aHR, adjusted for age, sex, stage, and tumor location. Bold values indicate significant differences from the reference group.
Table S5. Model fit and discrimination statistics for multivariable Cox proportional hazards models
	Statistics
	p16-positive
	
	p16-negative

	
	OS model
	CSS model
	
	OS model
	CSS model

	Model fit criteria
	
	
	
	
	

	No covariates:
	
	
	
	
	

	−2 Log Likelihood 
	4987.922
	3490.319
	
	39067.350
	30734.571

	With covariates:
	
	
	
	
	

	−2 Log Likelihood 
	4623.756
	3178.668
	
	37932.090
	29669.154

	AIC 
	4663.756
	3218.668
	
	37972.090
	29709.154

	SBC (BIC) 
	4741.533
	3289.257
	
	38088.306
	29820.511

	Global null hypothesis: BETA = 0
	
	
	
	
	

	Likelihood ratio χ² (df = 20)
	364.17
	311.65
	
	1135.26
	1065.42

	Score χ² (df = 20)
	515.46
	442.00
	
	1558.77
	1446.59

	Wald χ² (df = 20)
	392.56
	317.81
	
	1275.79
	1153.08

	All p-values
	<0.0001
	<0.0001
	
	<0.0001
	<0.0001

	Model discrimination
	
	
	
	
	

	Harrell’s C-index
	0.7767
	0.7991
	
	0.7003
	0.7171


Abbreviation: OS = overall survival; CSS = cancer-specific survival; AIC = Akaike Information Criterion; SBC (BIC) = Schwarz Bayesian Criterion; df = degrees of freedom.

C-statistics quantify model discrimination, with higher values indicating better separation between patients who experienced the event and those who did not, while AIC and likelihood-based metrics are used to assess relative model fit, with lower values indicating better fit among comparable models. In our study, Harrell’s C-indices ranged from 0.70 to 0.80 across p16-positive and p16-negative models, reflecting acceptable discrimination, and the accompanying AIC and likelihood ratio χ² statistics further supported the adequacy of the multivariable model specifications. 
