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Abstract
    Background. The proxy-marker for human papillomavirus (HPV), p16, is included in the new AJCC8th/UICC8th staging system, but due to incongruence between p16-status and HPV-infection, single biomarker evaluation could lead to misallocation of patients. We established nomograms for overall- (OS) and progression-free survival (PFS) in patients with oropharyngeal squamous cell carcinoma (OPSCC) and known HPV-DNA and p16-status, and validated the models in cohorts from high and low prevalent HPV-countries.
    Methods. Consecutive OPSCC patients treated in Denmark, 2000-2014 formed the development cohort. The validation cohorts were from Sweden, Germany, and the UK. We developed nomograms by applying a backward selection procedure for selection of variables, and assessed model performance. 
   Results. In the development cohort 1,313 patients, and in the validation cohorts 344 German, 503 Swedish, and 463 British patients, were included. For the OS nomogram, age, gender, combined HPV-DNA and p16-status, smoking, T-, N-, and M-status, and UICC-8 staging were selected, and for the PFS nomogram the same variables except UICC-8 staging. The nomograms performed well in discrimination and calibration.
    Conclusion. Our nomograms are reliable prognostic methods in patients with OPSCC. Combining HPV-DNA and p16 is essential for correct prognostication. The nomograms are available at www.orograms.org. 

Introduction
    In most parts of the Western world, the main risk factor for oropharyngeal squamous cell carcinoma (OPSCC) is now infection with high-risk human papillomavirus (HPV); while, a smaller proportion is related to a high consumption of alcohol and smoking tobacco (Mellin et al, 2000a; Wittekindt et al, 2011; Schache et al, 2016; Carlander et al, 2017). Patients with HPV-associated OPSCCs have improved survival probably related to a different mutational profile (Hayes et al, 2015; Lawrence et al, 2015), immune response (Nasman et al, 2013; Nordfors et al, 2013a; Saber et al, 2016), and clinical features (Marur et al, 2010). 
    p16-overexpression is a proxy marker for HPV-driven carcinogenesis which is the main prognostic factor in patients with OPSCC. Consequently, p16 was included in the newly proposed American Joint Committee on Cancer/Union for International Cancer Control (AJCC-8/UICC-8) staging system. However, an estimated 10-20% of all OPSCCs are p16-positive, but HPV-negative, due to alternative cellular events leading to p16-overexpression (Wang et al, 2013; Mirghani et al, 2016) being most apparent in oropharyngeal non-tonsillar, non-base of tongue cancer (Marklund et al, 2012). Hence, it may be suboptimal to stratify patients based on evaluation of a single biomarker (i.e. p16 alone) due to the risk of misclassification of tumours and thereby misallocation of patients with an undesired prognosis (Chung et al, 2014; Seiwert, 2014). The combination of HPV-DNA and p16-status has shown better prognostication (Garnaes et al, 2016). Available nomograms so far for patients with OPSCC do not include combined HPV-DNA and p16 status, and models have not been externally validated across areas with high and low HPV-prevalence (Rios Velazquez et al, 2014; Fakhry et al, 2017). 
    A nomogram is a graphical illustration of a statistical model for calculating the cumulative effect of several variables on a particular outcome, and nomograms have been developed to predict clinical end-points for patients with several types of malignancies. In this study we aimed to identify OPSCC- and patient-related factors associated with OS and PFS, and to construct and externally validate predictive nomograms. Moreover, this is the first study addressing patients treated for an OPSCC encompassing high and low HPV-prevalent countries in validation cohorts, and incorporating the newly published AJCC-8/UICC-8 staging system refining prognostication by employing both HPV-DNA and p16 status. 

Materials and Methods
Patient cohorts and determination of p16 overexpression and presence of HPV DNA
The development cohort. Consecutive patients diagnosed with OPSCC and treated with curative intent in Eastern Denmark between 2000-2014 were included in the development cohort (Garnaes et al, 2014, 2015; Carlander et al, 2017). Using the unique resident-code from the Danish Civil Registration System, we linked the Danish Head and Neck Cancer Group (DAHANCA) (Danish Head and Neck Cancer Group (DAHANCA)) database and the Danish Pathology Data Registry (DPDR), (Bjerregaard & Larsen, 2011) to identify patients. Patient characteristics were retrieved from these databases as well as from medical records. Curative radiotherapy regimens consisted of 66-68 GY, divided into 33-34 fractions given 6 days a week. From 2007, stage III-IV (UICC 7th) patients were offered concurrent chemotherapy (primarily weekly cisplatin 40mg/sqm), if tolerated, whilst a minority were treated with cetuximab. 
    An expert head and neck pathologist re-validated a hematoxylin-eosin (H&E)-stained section of each tumour. p16-staining was considered positive if there was a strong and diffuse nuclear and cytoplasmic reaction in more than 70% of the tumour cells (Grønhøj Larsen et al, 2014). Immunohistochemistry for p16 was done using the Ventana Benchmark Ultra autostainer with the UltraView detection kit and the p16 monoclonal antibody E6H4 ready-to-use with CC1 as a pretreatment (Roche, Tuscon, USA). 
     DNA was isolated from two to four 10-μm sections using the DSP DNA Mini Kit and the QIAsymphony SP kit (Qiagen, Hilden Germany), according to the manufacturers’ instructions.  HPV DNA PCR was done using the general primers GP5+/6+ and Platinum Taq DNA polymerase (Invitrogen, Naerum, Denmark). All GP5+/6+ PCR negative samples were subject to a GAPDH (housekeeping gene) PCR to confirm DNA quality. HPV DNA amplicons were run on the QIAxcel Advanced System using the QX DNA Screening Gel (Qiagen, Hilden, Germany) according to the manufacturer’s instructions. The expected amplicon sizes were approximately 150 base pairs (bp) for GP5+/6+ and 200 bp for GAPDH. Negative samples were resolved on a 2.5% agarose gel stained with ethidium bromide to compare the sensitivity of the current assay with the standard. Approximately 50% of all samples were analysed by HPV PCR and the HPV+ cases were subsequently sequenced for HPV typing (Carlander et al, 2017). The remaining samples were analysed by HPV-PCR (Garnaes et al, 2014, 2015). The GP5+/GP6+ primers used (De Roda Husman et al, 1995) are known to amplify at least 37 mucosal HPV types (Schmitt et al, 2008), namely 14 high-risk HPV types 16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, 66, and 68, and 23 low-risk HPV types 6, 11, 26, 34, 40, 42, 43, 44, 53, 54, 55, 57, 61, 70, 71, 72, 73, 81, 82/MM4, 82/IS39, 83, 84, and 89. The specific HPV types can then be identified by e.g. sequencing of the resulting amplicons(Carlander et al, 2017).

The validation cohorts. Three independent cohorts formed the external validation cohorts. The populations consisted of patients with OPSCC treated with curative intent at Karolinska University Hospital (Stockholm, Sweden; 2005-2012), Giessen University Hospital (Giessen, Germany; 2000-2009), and The Predictr Consortium, United Kingdom (UK) (2001-2012).
    The Swedish cohort was classified using p16 immunohistochemistry (clone JC8, dilution 1:100, Santa Cruz Biotechnology, CA, USA or clone E6H4, DakoCytomation A/S, Carpinteria, CA, USA) and  high-risk HPV-DNA detection by a bead-based multiplex assay on a Magpix instrument (LUMINEX Inc, Austin, TX, USA) (Nordfors et al, 2013b). The Magpix instrument is known to amplify the 27 HPV types: HPV 6, 11, 16, 18, 26, 30, 31, 33, 35, 39, 42, 43, 44, 45, 51, 52, 53, 56, 58, 59, 66, 67, 68, 69, 70, 73 and 82.
    The German cohort was classified using p16 immunohistochemistry (CINtec histology, Roche mtm laboratories) and high-risk HPV-DNA detection by PCR followed by bead-based hybridisation (Luminex Technology, Multimetrix, Progen, Heidelberg, Germany) (Wagner et al, 2017). This assay detects the following 24 HPV types: 16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, 68, 73, and 82), three putative high-risk types (26, 53, and 66), and six low-risk types (6, 11, 42, 43, 44, and 70).
    The UK cohort was classified using p16 immunohistochemistry (CINtec histology, Roche mtm laboratories) and high risk HPV DNA in situ hybridisation (Inform HPV III, Ventana Medical Systems Inc) (Schache et al, 2016). INFORM HPV III Family 16 probe B detects HPV-16, -18, -31, -33, -35, -39, -45, -51, -52, -56, -58, and 66. 
    Overexpression of p16 (>70% positive staining) was classified similar to the Danish cohort for all three validations cohorts. Treatment modality for the validation cohorts are presented in more detail in Table 1.

Statistics 
Covariates available for adjustment are described in Table 1. Age was included as a continuous variable in the analyses, and the remaining variables were included as categorical variables. Overall survival (OS) was defined as the time from diagnosis of OPSCC to death from any cause. Progression was based on a biopsy or relevant imaging and progression-free survival (PFS) was defined as the time from diagnosis of OPSCC to time of progression at any site or death from any cause. Patients were censored at the last date of follow-up, or administratively censored five years after diagnosis. Kaplan-Meier curves were used to illustrate survival differences and significant differences were assessed with log-rank tests. 
    To evaluate which covariates influenced survival, we fitted multivariate Cox regression analyses with all factors in Table 1 except treatment included (full model), ties were handled with the method suggested by Efron. Subsequently, we simplified the full models using a stepwise backward elimination procedure with Akaike’s Information Criteria as stopping criteria (final model) using the R package rms and the function fastbw (Harrell, 2001). All models are multivariable, i.e. factors are mutually adjusted, and thus the effect estimates can not be interpreted marginally. In a subanalysis, we evaluated the effect of fitting a spline for age in the development model. This sub analysis was for the non-linear part of the spline non-significant; e.g. OS (p=0.92) and PFS (p=0.85). 
To test whether the assumption of proportional hazards was violated, we tested for trends in the scaled Schoenfeld residuals of the final models (Grambsch & Therneau, 1994). None of the final models violated the proportional hazards assumption. Based on the final models, nomograms were constructed to predict overall survival and progression-free survival at 1, 3, and 5 years after diagnosis. We only considered complete cases (e.g. patients were excluded from the analysis in the case of missing information from one or more variables). p values less than 5% were considered significant and all analyses were performed in R version 3.0.3 (R Development Core Team, 2016).
Validation and calibration of multivariate cox regression models
We conducted external validation by applying our nomograms to the patient cohorts from Sweden, UK, and Germany. We assessed nomogram model performance by examining overall accuracy (Brier score), (BRIER, 1950) calibration plots, (Hosmer et al, 1997) and discrimination (Harrell’s C index) (Harrell et al, 1996). In addition, we fitted a Weibull calibration model as suggested by van Houwelingen and Putter in which shifts in baseline cumulative hazard (obtained from the final Cox-models), the effect of the prognostic index (the linear predictor in the Cox-model) and the shape of the cumulative baseline hazard were tested (Houwelingen & Putter, 2012). A smoothed version of the cumulative baseline hazard was used in the calibration model, where smoothing was done by linear interpolation.

Results
Population demographics
The development cohort consisted of 1,313 patients with a total of 457 deaths (35%) during follow-up (Table 1). The majority of patients were males (72%), with a median age of 59.8 years at diagnosis, and had most frequently HPV+/p16+ tumors (58%). Patients typically presented with tumours in advanced nodal stage (78% with N+), with small primary tumours (68% T1 or T2), and in early UICC8 stage (65% UICC8 stage I or II). OS was for the HPV+/p16+ patients 95% (95% CI 93-96%) after 1 year, 86% (95% CI 84-89%) after 3 years, and 80% (95% CI 77–83%) after 5 years follow-up, and for the HPV-/p16- patients 71% (95% CI 65-74%) after 1 year, 46% (95% CI 41-51%) after 3 years, and 34% (95% CI 29-39%) after 5 years (Figure 1, Table 2). Demographic information and treatment modality for the validation cohorts is shown in Table 1. 

Overall survival
Five-year OS for the HPV+/p16+ patients in the Swedish cohort were 81% (95% CI 77–85%) and for the HPV-/p16- patients 40% (95% CI 31-52%); for the German cohort 81% (95% CI 72–91%) and 35% (95% CI 30-42%); and in UK cohort were 82% (95% CI 77–87%) and 42% (95% CI 34-52%) (Figure 1, Table 2, Suppl. Table S1).
   The backwards elimination procedure left the model for overall survival unchanged, i.e. the model included age, gender, combined HPV and p16 status, smoking, T-, N-, and M-classification, and UICC-8 staging (Table 3). The OS nomogram was used to predict the probability of death due to any cause at 1-, 3-, and 5 years after diagnosis (Figure 2). 
     Figure 3 shows the calibration plots for internal and external validation at 1- , 3-, and 5 years. The calibration model showed that the log cumulative baseline hazard was shifted by -0.51 (95% CI: -0.75 to – 0.26) in the Swedish cohort, -0.35 (95% CI: -0.64 to -0.05) in the German cohort and -0.34 (95% CI: -0.62 to -0.07) in the UK cohort. The parameter regressing the log cumulative baseline hazard in the development cohort on the log cumulative baseline hazard in the German cohort was 0.83 (95% CI: 0.72-0.93) corresponding to a less steep increase in the German cohort. For the Swedish and the UK cohort the corresponding numbers were 0.91 (95% CI: 0.78-1.05) and 1.00 (95% CI: 0.85-1.15), respectively. Finally, the specification of the linear predictor for all three cohorts appeared correct with confidence intervals all including unity. 
      Harrell’s C index for the OS nomogram was 0.787 (95% CI 0.753-0.817), 0.772 (95% CI 0.747-0.817), and 0.766 (95% CI 0.746-0.788) for 1-, 3-, and 5- years, respectively. Similarly, external validation after 1-, 3- and 5- years, gave C-indexes for the Swedish cohort of 0.836 (95% CI 0.775-0.881), 0.793 (95% CI 0.749-0.833), and 0.780 (95% CI 0.743-0.815); for the German cohort 0.712 (95% CI 0.655-0.764), 0.722 (95% CI 0.683-0.759), and 0.707 (95% CI 0.671-0.741); and for the UK cohort of 0.815 (95% CI 0.775-0.864), 0.797 (95% CI 0.755-0.832), and 0.791 (95% CI 0.751-0.822). Brier plots for OS are presented in Suppl. Fig. S1 and histograms of the linear predictor plots shown in Suppl. Fig. S2. 

Progression-free survival
In total, 540 (41%) patients in the development cohort experienced disease progression or death, with 187 (24%) patients in the HPV+/p16+ subgroup vs. 274 (66%) patients in the HPV-/p16- subgroup (p < 0.001). Crude cumulative incidence of progression or death in the development cohort was at 5 years 28% (95% CI 25–32%) for the HPV+/p16+ patient group and 71% (95% CI 66–75%) for the HPV-/p16- patient group (Figure 4). In the validation cohorts, 208 (61%) of 344 patients in the German, 162 (32%) of 503 in the Swedish, and 158 (34%) of 463 in the UK cohort developed disease progression or death. Follow-up times are given in Suppl. Table S1. In the multivariable model, the AIC backward selection procedure led to exclusion of the variable UICC-8 staging and inclusion of the covariates age, gender, combined HPV and p16 status, smoking, T-, N-, and M-classification (Table 4). 

    The nomogram for prediction of progression-free survival at 1-, 3- and 5 years is shown in Figure 5. Harrell’s C index of the development cohort was 0.733 (95% CI 0.703-0.760), 0.728 (95% CI 0.704-0.750), and 0.725 (95% CI 0.703-0.747) at 1, 3, and 5 years. External validation of the nomogram for progression-free survival after 1-, 3- and 5- years, gave C-indexes of 0.805 (95% CI 0.745-0.852), 0.763 (95% CI 0.722-0.802) and 0.764 (95% CI 0.724-0.801), respectively, for the Swedish cohort; 0.714 (95% CI 0.663-0.761), 0.711 (95% CI 0.671-0.748), and 0.704 (95% CI 0.667-0.738), respectively, for the German cohort; and 0.797 (95% CI 0.739-0.842), 0.778 (95% CI 0.735-0.812), and 0.771 (95% CI 0.731-0.805), respectively, for the UK cohort. The parameter regressing the log cumulative baseline hazard in the development cohort on the log cumulative baseline hazard in the German cohort was 0.88 (95% CI: 0.69-1.07), in the Swedish cohort 1.16 (95% CI: 0.97-1.36) and the UK cohort 1.20 (95% CI: 0.99-1.40). The specification of the model for all cohorts appeared correct with confidence intervals all including unity. Calibration plots for internal and external validation of PFS are shown in Figure 6, Brier plots in Suppl. Fig. S3 and histograms of the linear predictor plots in Suppl. Fig. S4. 



Discussion
This study presents multinational-validated nomograms for OS and PFS for patients with OPSCC. One of the main findings includes the identification of combined HPV-DNA and p16-status as an important and independent predictor for OS and PFS. The nomograms performed well in external validation across areas with high and low HPV-prevalence. These models may facilitate discussions in clinical settings and aid in identifying lower-risk patients that could be candidates for de-escalation therapy, as well as higher-risk patients eligible for treatment-escalation trials. The online nomogram (www.orograms.org) can be used for more precise calculations than drawing lines on the nomogram.
   The significance of the double biomarker can be exemplified in a typical patient case of a male, 60 years of age, non-smoker, and classified as T2N2M0, UICC-8 stage II. If the tumour is HPV+/p16+, the 3- and -5 year OS-estimates are 90% and 84%, respectively. However, if the tumour is HPV-/p16+, the 3- and -5 year OS-estimates fall to 72% and 60%, respectively. Similar reductions are seen in PFS-estimates when comparing HPV+/p16+ with HPV-/p16+ tumors. Although, these numbers are estimates, they underline the importance of evaluating patient-prognosis using the combined biomarker of HPV and p16.
   Notably, HPV+/p16+ patients with T1-T2 and N1 tumours could be considered candidates for de-escalation therapy, as their survival is similar to the background population(Grønhøj Larsen et al, 2016), and this might avoid some of the morbidity associated with therapy. Our models also encourage studies to better understand whether HPV+/p16+ patients with N2 and N3 tumours are eligible for de-escalation as well. Notably, at least nine de-escalation treatment trials are on-going or finishing(Masterson et al, 2014). Our nomograms are likely to be applicable to these and future trials, as we report similar 5-year survival or progression rates as in North America, (Agoston et al, 2010; Ang et al, 2010; Fakhry et al, 2014) Western, (Hafkamp et al, 2008; Preuss et al, 2008; Junor et al, 2012) Southern, (Rittà et al, 2009) and Northern Europe, (Mellin et al, 2000b; Dahlstrand et al, 2005) Australia, (Hong et al, 2010) and China (Zhao et al, 2009). 
    One of the strengths in this study is the joint use of HPV and p16 for scoring tumours. Other advantages are the large sizes of the development and validation cohorts all from areas with universal, tax-financed health care systems diminishing selection bias. In a previous smaller study in a region with very low HPV-prevalence (< 20%), the development cohort was not from a population-based, non-selected setting when constructing nomograms for OS and PFS in OPSCC patients (Rios Velazquez et al, 2014). A recently published nomogram from the US, also with smaller cohorts, mainly included patients from private hospitals, and did not include the important double biomarker of HPV and p16 (Fakhry et al, 2017). This study also had difficulties in showing the significance of p16 alone for e.g. progression-free survival. 
    In this study, we chose overall survival instead of disease-specific survival as a primary endpoint because it represents the cumulative effect of competing diseases, treatment-morbidity, and age on patient survival. As disease progression is associated with significantly poorer outcome and consequently a decrease in quality of life, we developed a nomogram with PFS as the endpoint. The PFS nomogram therefore complements the overall survival nomogram well. 
    Although our training cohort is population based and selection-bias is minimized, the nomograms have limitations. With respect to accuracy, the CIs at the various predicted probabilities of recurrence should be considered if using these nomograms in clinical settings. The final models performed well in calibration and discrimination, but the level (risk of outcomes) is – as expected – not identical across cohorts. This is most evident in the German cohort, and this risk should be taken into account when using the models. The German cohort might perform worse due to several factors; partly a significant lower HPV-prevalence, higher smoking, higher share of patients who experience progression, and a greater share of patients in advanced stage (e.g. stage 3 and 4). Although this is adjusted for, it should be considered whether these nomograms are best suitable in HPV-high risk areas. A possible other bias in this model is the number of censored patients as observed in the crude survival analysis. The Danish, UK and Swedish centres have approximately 60-70% censorship opposed to the German with merely 45% censored patients. 
These nomograms are only applicable for patients who underwent evaluation at multidisciplinary head and neck cancer centres, as performance of the nomograms is likely to be worse for patients who do not attend multidisciplinary evaluation. 
     p16 overexpression is a standard surrogate biomarker for high-risk HPV-associated OPSCC(Lewis JR, 2012; Chernock et al, 2013; Grønhøj Larsen et al, 2014). But notably, p16 overexpression is also present in a number of non-HPV-driven tumours probably related to RAS and BRAF mutations (Romagosa et al, 2011) although not in KRAS (Prigge et al, 2014). Other head and neck carcinomas have proven to be HPV-/p16+ likely related to misconfigurations in the p16-Rb-cyclin-D1 pathway inducing cell cycle activation in HPV-negative carcinomas (Albers et al, 2017). 
         The prevalence of HPV-associated OPSCC ultimately depends on the sensitivity and specificity detection method employed, and using different methods between cohorts as in this study, might lead to discordant results in HPV/p16 testing. All four centers employed different p16 and HPV-testing tools, which is a potential shortcoming. All methods cover the most relevant HR-HPV types (HPV 16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, and 66). However, the Ventana in situ method (UK cohort) is highly sensitive but less specific opposed to amplification of HPV DNA by general primers (GP5+/6+) with presumed high sensitivity and specificity (Danish, Swedish, and German cohort), and the subsequent detection of the PCR products with type-specific probes, e.g. bead-based multiplex, might differ. A limitation of this study is also the use of different p16-antibodies across centres potentially leading to a discrepancy in p16-positivity. Notably, more than 90% of all tumours in this study are examined with the use of the same antibody (clone E6H4). Preferably, a subset of tumours should be tested with all methods to uncover potential shortcomings. 

    In conclusion, we developed and validated nomograms for OPSCC patients and known HPV-DNA and p16 status. The nomograms are applicable for both high and low HPV-areas. Combining HPV-DNA and p16-status is essential for accurate prognostication. Future work might focus on validating our results and incorporating additional prognostic factors including nomograms specific for salvage treatment for relapsed disease as well as including outcome measures which have shown to influence outcome (i.e. weight loss, education, and anaemia) and outcomes such as histopathological evaluations.

Tables 
Table 1 Patient characteristic in the four cohorts 
	Variable 
	Eastern Denmark
	Giessen, Germany
	Karolinska, Sweden
	The Predictr Consortium, UK

	Number of patients
	1313 
	344 
	503 
	463 

	Overall survival (median [IQR])
	3.62 [1.85, 5.00]
	3.97 [1.18, 5.00]
	5.00 [3.33, 5.00]
	3.77 [1.73, 5.00]

	Overall survival (%)
	
	
	
	

	Censored
	888 (63.8)
	164 (45.7)
	389 (71.9)
	420 (62.6)

	Events
	503 
	195 ( 54.3)
	151 ( 27.9)
	177 (26.4)

	NA
	0 (0.0)
	0 (0.0)
	1 (0.2)
	74 (11.0)

	Progression free survial (median [IQR])
	2.74 [1.12, 5.00]
	2.48 [0.77, 5.00]
	5.00 [2.46, 5.00]
	3.59 [1.43, 5.00]

	Progression free survival (%)
	
	
	
	

	Censored
	794 (57.1)
	139 (38.7)
	364 ( 67.3)
	397 (59.2)

	Events
	545 (39.2)
	220 (61.3)
	174 (32.2)
	203 (30.3)

	NA
	52 (3.7)
	0 (0.0)
	3 (0.6)
	71 (10.6)

	Smoking (%) 
	
	
	
	

	Current 
	509 (38.8) 
	265 (77.0) 
	178 (35.4) 
	183 (39.5) 

	Former 
	532 (40.5) 
	40 (11.6) 
	164 (32.6) 
	156 (33.7) 

	Never 
	272 (20.7) 
	39 (11.3) 
	161 (32.0) 
	124 (26.8) 

	Male (%) 
	947 (72.1) 
	265 (77.0) 
	373 (74.2) 
	340 (73.4) 

	Age at diagnosis (median [IQR]) 
	59.81 [53.93, 66.38] 
	58.89 [52.69, 64.97] 
	60.00 [53.00, 67.00] 
	56.00 [50.00, 63.00] 

	HPV-DNA and p16 status (%) 
	
	
	
	

	HPV-/p16- 
	411 (31.3) 
	233 (67.7) 
	85 (16.9) 
	141 (30.5) 

	HPV-/p16+ 
	84 (6.4) 
	23 (6.7) 
	27 (5.4) 
	31 (6.7) 

	HPV+/p16- 
	59 (4.5) 
	21 (6.1) 
	36 (7.2) 
	18 (3.9) 

	HPV+/p16+ 
	759 (57.8) 
	67 (19.5) 
	355 (70.6) 
	273 (59.0) 

	T (%) 
	
	
	
	

	T1 
	278 (21.2) 
	75 (21.8) 
	124 (24.7) 
	85 (18.4) 

	T2 
	614 (46.8) 
	98 (28.5) 
	178 (35.4) 
	184 (39.7) 

	T3 
	296 (22.5) 
	84 (24.4) 
	101 (20.1) 
	100 (21.6) 

	T4 
	125 (9.5) 
	87 (25.3) 
	100 (19.9) 
	94 (20.3) 

	N (%) 
	
	
	
	

	N0 
	282 (21.5) 
	95 (27.6) 
	101 (20.1) 
	116 (25.1) 

	N1 
	686 (52.2) 
	47 (13.7) 
	94 (18.7) 
	77 (16.6) 

	N2 
	206 (15.7) 
	187 (54.4) 
	287 (57.1) 
	252 (54.4) 

	N3 
	139 (10.6) 
	15 (4.4) 
	21 (4.2) 
	18 (3.9) 

	M1 (%) 
	15 (1.1) 
	31 (9.0) 
	4 (0.8) 
	3 (0.6) 

	Treatment (%) 
	
	
	
	

	RT
	698 (53.2) 
	19 (5.5) 
	292 (58.1) 
	47 (10.2) 

	RT+C
	585 (44.6) 
	121 (35.2) 
	201 (40.0) 
	154 (33.3) 

	Surgery + RT/C
	10 (0.8) 
	138 (40.1) 
	0 (0.0) 
	229 (49.5) 

	Surgery
	20 (1.5) 
	52 (15.1) 
	0 (0.0) 
	33 (7.1) 

	Unspecified curative treatment
	0 (0.0) 
	14 (4.1) 
	10 (2.0) 
	0 (0.0) 

	UICC8 (%) 
	
	
	
	

	I 
	587 (44.7) 
	58 (16.9) 
	97 (19.3) 
	66 (14.3) 

	II 
	260 (19.8) 
	63 (18.3) 
	222 (44.1) 
	224 (48.4) 

	III 
	206 (15.7) 
	50 (14.5) 
	105 (20.9) 
	87 (18.8) 

	IV 
	260 (19.8) 
	173 (50.3) 
	79 (15.7) 
	86 (18.6) 


RT: Radiation-therapy; C: chemotherapy








Table 2 Overall survival estimates HPV+/p16+ and HPV-/p16- patients 
	
	Eastern Denmark
	Karolinska, Sweden
	Giessen, Germany
	The Predictr Consortium, UK

	OS
	HPV+/p16+
	HPV+/p16+
	HPV+/p16+
	HPV+/p16+

	1-year
	95% (93%-96%)
	96% (94%-98%)
	91% (84%-98%)
	97% (95%-99%)

	3-year
	86% (84%-89%)
	88% (85%-91%)
	84% (75%-93%)
	87% (83%-91%)

	5-year
	80% (77%-83%)
	81% (77%-85%)
	81% (72%-91%)
	82% (77%-87%)

	
	
	
	
	

	OS
	HPV-/p16-
	HPV-/p16-
	HPV-/p16-
	HPV-/p16-

	1-year
	71% (67%-75%)
	69% (60%-80%)
	76% (71%-82%)
	74% (67%-82%)

	3-year
	46% (41%-51%)
	48% (39%-60%)
	47% (41%-54%)
	52% (44%-62%)

	5-year
	34% (29%-39%)
	38% (29%-49%)
	35% (30%-42%)
	42% (34%-52%)

	Censored cases
	n=888 (63.8%)
	n= 389 (71.9%)
	n= 164 (45.7%)
	n=420 (62.6%)



OS: Overall survival















Table 3 Final model for overall survival in the development cohort (no covariates were removed from the full model)

	
	HR
	2.5%
	97.5%
	P

	Age
	1.03
	1.02
	1.04
	<0.01

	Gender; female (ref)
	
	
	
	

	Gender; male
	1.19
	0.96
	1.47
	0.12

	HPV-/p16- (ref)
	
	
	
	

	HPV-/p16+
	1.01
	0.63
	1.64
	0.96

	HPV+/p16-
	0.75
	0.51
	1.10
	0.14

	HPV+/p16+
	0.39
	0.26
	0.58
	<0.01

	Smoking, Current (ref)
	
	
	
	

	Smoking, Former
	0.62
	0.49
	0.77
	<0.01

	Smoking Never
	0.54
	0.38
	0.77
	<0.01

	UICC8 I (ref)
	
	
	
	

	UICC8 II
	0.97
	0.66
	1.44
	0.88

	UICC8 III
	1.46
	0.92
	2.31
	0.11

	UICC8 IV
	1.27
	0.63
	2.56
	0.51

	T1 (ref)
	
	
	
	

	T2
	1.39
	1.02
	1.87
	0.03

	T3
	1.89
	1.34
	2.67
	<0.01

	T4
	2.72
	1.79
	4.14
	<0.01

	N0 (ref)
	
	
	
	

	N1
	1.08
	0.81
	1.43
	0.59

	N2
	1.40
	0.94
	2.08
	0.10

	N3
	1.98
	1.29
	3.04
	<0.01

	M0 (ref)
	
	
	
	

	M1
	2.28
	1.28
	4.08
	0.01












Table 4 Final model for progression-free survival in the development cohort (UICC-8 staging was removed from the full model)

	
	HR
	2.5%
	97.5%
	P

	Age
	1.01
	1.01
	1.02
	<0.01

	Gender, female (ref)
	
	
	
	

	Gender, male
	1.24
	1.02
	1.51
	0.03

	HPV-/p16- (ref)
	
	
	
	

	HPV-/p16+
	0.91
	0.65
	1.26
	0.57

	HPV+/p16-
	0.75
	0.52
	1.09
	0.13

	HPV+/p16+
	0.41
	0.33
	0.52
	<0.01

	Smoking, Current (ref)
	
	
	
	

	Smoking, former
	0.64
	0.52
	0.78
	<0.01

	Smoking, never
	0.63
	0.47
	0.85
	<0.01

	T1 (ref)
	
	
	
	

	T2
	1.43
	1.09
	1.87
	0.01

	T3
	1.81
	1.36
	2.41
	<0.01

	T4
	3.10
	2.27
	4.25
	<0.01

	N0 (ref)
	
	
	
	

	N1
	1.17
	0.92
	1.50
	0.20

	N2
	1.61
	1.24
	2.09
	<0.01

	N3
	2.02
	1.53
	2.66
	<0.01

	M0 (ref)
	
	
	
	

	M1
	1.79
	1.02
	3.13
	0.04















Figures
Figure 1 Kaplan-Meier curves depicting overall survival probability for HPV+/p16+ patients vs. HPV-/p16- patients. 


Figure 2 Predictive nomogram for overall survival. The nomogram is used by totalling the points identified on the top scale for each independent covariate. The total points scale is used to identify the probability of 1-, 3-, and 5-year survival.

Figure 3 Calibration for 1-year (top row), 3-year (middle row), and 5-year overall survival. DK: Denmark (development cohort). 

Figure 4 Kaplan-Meier curves depicting progression-free survival probability for HPV+/p16+ patients vs. HPV-/p16- patients. 

Figure 5 Predictive nomogram for progression-free survival. The nomogram is used by totalling the points identified on the top scale for each independent covariate. The total points scale is used to identify the probability of 1-, 3-, and 5-year survival.

Figure 6 Calibration for 1-year (top row), 3-year (middle row), and 5-year progression-free survival. DK: Denmark (development cohort) (PFS: Progression-free-survival)









References 

Agoston ES, Robinson SJ, Mehra KK, Birch C, Semmel D, Mirkovic J, Haddad RI, Posner MR, Kindelberger D, Krane JF, Brodsky J, Crum CP (2010) Polymerase chain reaction detection of HPV in squamous carcinoma of the oropharynx. Am J Clin Pathol 134: 36–41.
Albers AE, Qian X, Kaufmann AM, Coordes A (2017) Meta analysis: HPV and p16 pattern determines survival in patients with HNSCC and identifies potential new biologic subtype. Sci Rep 7: 16715, doi:10.1038/s41598-017-16918-w.
Ang KK, Harris J, Wheeler R, Weber R, Rosenthal DI, Nguyen-Tan PF, Westra WH, Chung CH, Jordan RC, Lu C, Kim H, Axelrod R, Silverman CC, Redmond KP, Gillison ML, Nguyen-Tân PF, Westra WH, Chung CH, Jordan RC, Lu C, Kim H, Axelrod R, Silverman CC, Redmond KP, Gillison ML (2010) Human papillomavirus and survival of patients with oropharyngeal cancer. N Engl J Med 363: 24–35, doi:10.1056/NEJMoa0912217.
Bjerregaard B, Larsen OB (2011) The Danish Pathology Register. Scand J Public Health 39: 72–74, doi:10.1177/1403494810393563.
BRIER GW (1950) Verification of forecasts expressed in terms of probability. Mon Weather Rev 78: 1–3, doi:10.1175/1520-0493(1950)078<0001:VOFEIT>2.0.CO;2.
Carlander A-LF, Grønhøj Larsen C, Jensen DH, Garnæs E, Kiss K, Andersen L, Olsen CH, Franzmann M, Høgdall E, Kjær SK, Norrild B, Specht L, Andersen E, van Overeem Hansen T, Nielsen FC, von Buchwald C (2017) Continuing rise in oropharyngeal cancer in a high HPV prevalence area: A Danish population-based study from 2011 to 2014. Eur J Cancer 70: 75–82, doi:10.1016/j.ejca.2016.10.015.
Chernock RD, Wang X, Gao G, Jr JSL, Zhang Q, Thorstad WL, El-Mofty SK (2013) Detection and significance of human papillomavirus, CDKN2A(p16) and CDKN1A(p21) expression in squamous cell carcinoma of the larynx. Mod Pathol 26: 223–231.
Chung CH, Zhang Q, Kong CS, Harris J, Fertig EJ, Harari PM, Wang D, Redmond KP, Shenouda G, Trotti A, Raben D, Gillison ML, Jordan RC, Le Q-T (2014) p16 protein expression and human papillomavirus status as prognostic biomarkers of nonoropharyngeal head and neck squamous cell carcinoma. J Clin Oncol 32: 3930–3938, doi:10.1200/JCO.2013.54.5228.
Dahlstrand HM, Lindquist D, Bjornestal L, Ohlsson A, Dalianis T, Munck-Wikland E, Elmberger G (2005) P16(INK4a) correlates to human papillomavirus presence, response to radiotherapy and clinical outcome in tonsillar carcinoma. Anticancer Res 25: 4375–4383.
Danish Head and Neck Cancer Group (DAHANCA).
Fakhry C, Zhang Q, Nguyen-Tan PF, Rosenthal D, El-Naggar A, Garden AS, Soulieres D, Trotti A, Avizonis V, Ridge JA, Harris J, Le Q-T, Gillison M (2014) Human papillomavirus and overall survival after progression of oropharyngeal squamous cell carcinoma. J Clin Oncol 32: 3365–3373, doi:10.1200/JCO.2014.55.1937.
Fakhry C, Zhang Q, Nguyen-Tân PF, Rosenthal DI, Weber RS, Lambert L, Trotti AM, Barrett WL, Thorstad WL, Jones CU, Yom SS, Wong SJ, Ridge JA, Rao SSD, Bonner JA, Vigneault E, Raben D, Kudrimoti MR, Harris J, Le Q-T, Gillison ML (2017) Development and Validation of Nomograms Predictive of Overall and Progression-Free Survival in Patients With Oropharyngeal Cancer. J Clin Oncol JCO.2016.72.074, doi:10.1200/JCO.2016.72.0748.
Garnaes E, Frederiksen K, Kiss K, Andersen L, Therkildsen MH, Franzmann MB, Specht L, Andersen E, Norrild B, Kjaer SK, von Buchwald C (2016) Double positivity for HPV DNA/p16 in tonsillar and base of tongue cancer improves prognostication: Insights from a large population-based study. Int J Cancer doi:10.1002/ijc.30389.
Garnaes E, Kiss K, Andersen L, Therkildsen MH, Franzmann MB, Filtenborg-Barnkob B, Hoegdall E, Krenk L, Josiassen M, Lajer CB, Specht L, Frederiksen K, Friis-Hansen L, Nielsen FC, Kjaer SK, Norrild B, von Buchwald C (2014) A high and increasing HPV prevalence in tonsillar cancers in Eastern Denmark, 2000-2010: The largest registry-based study to date. Int J Cancer doi:10.1002/ijc.29254.
Garnaes E, Kiss K, Andersen L, Therkildsen MH, Franzmann MB, Filtenborg-Barnkob B, Hoegdall E, Lajer CB, Andersen E, Specht L, Joenson L, Frederiksen K, Friis-Hansen L, Nielsen FC, Kjaer SK, Norrild B, von Buchwald C (2015) Increasing incidence of base of tongue cancers from 2000 to 2010 due to HPV: the largest demographic study of 210 Danish patients. Br J Cancer 113: 131–134, doi:10.1038/bjc.2015.198.
Grambsch PM, Therneau TM (1994) Proportional hazards tests and diagnostics based on weighted residuals. Biometrika 81: 515–526, doi:10.1093/biomet/81.3.515.
Grønhøj Larsen C, Gyldenløve M, Jensen DH, Therkildsen MH, Kiss K, Norrild B, Konge L, von Buchwald C (2014) Correlation between human papillomavirus and p16 overexpression in oropharyngeal tumours: a systematic review. Br J Cancer 110: 1587–1594, doi:10.1038/bjc.2014.42.
Grønhøj Larsen C, Jensen DH, Carlander A-LF, Kiss K, Andersen L, Olsen CH, Andersen E, Garnæs E, Cilius F, Specht L, von Buchwald C (2016) Novel nomograms for survival and progression in HPV+ and HPV- oropharyngeal cancer: a population-based study of 1,542 consecutive patients. Oncotarget doi:10.18632/oncotarget.12335.
Hafkamp HC, Manni JJ, Haesevoets A, Voogd AC, Schepers M, Bot FJ, Hopman AH, Ramaekers FC, Speel EJ (2008) Marked differences in survival rate between smokers and nonsmokers with HPV 16-associated tonsillar carcinomas. Int J cancerJournal Int du cancer 122: 2656–2664.
Harrell FE (2001) Regression modeling strategies. With applications to linear models, logistic regression, and survival analysis.
Harrell FE, Lee KL, Mark DB (1996) Multivariable prognostic models: issues in developing models, evaluating assumptions and adequacy, and measuring and reducing errors. Stat Med 15: 361–387, doi:10.1002/(SICI)1097-0258(19960229)15:4<361::AID-SIM168>3.0.CO;2-4.
Hayes DN, Van Waes C, Seiwert TY (2015) Genetic Landscape of Human Papillomavirus-Associated Head and Neck Cancer and Comparison to Tobacco-Related Tumors. J Clin Oncol 33: 3227–3234, doi:10.1200/JCO.2015.62.1086.
Hong AM, Dobbins TA, Lee CS, Jones D, Harnett GB, Armstrong BK, Clark JR, Milross CG, Kim J, O’Brien CJ, Rose BR (2010) Human papillomavirus predicts outcome in oropharyngeal cancer in patients treated primarily with surgery or radiation therapy. Br J Cancer 103: 1510–1517.
Hosmer DW, Hosmer T, Le Cessie S, Lemeshow S (1997) A comparison of goodness-of-fit tests for the logistic regression model. Stat Med 16: 965–980.
Houwelingen JC van., Putter H (2012) Dynamic prediction in clinical survival analysis.
Junor E, Kerr G, Oniscu A, Campbell S, Kouzeli I, Gourley C, Cuschieri K (2012) Benefit of chemotherapy as part of treatment for HPV DNA-positive but p16-negative squamous cell carcinoma of the oropharynx. Br J Cancer 106: 358–365.
Lawrence MS, Sougnez C, Lichtenstein L, Cibulskis K, Lander E, Gabriel SB, Getz G, Ally A, Balasundaram M, Birol I, Bowlby R, Brooks D, Butterfield YSN, Carlsen R, Cheng D, Chu A, Dhalla N, Guin R, Holt RA, Jones SJM, Lee D, Li HI, Marra MA, Mayo M, Moore RA, Mungall AJ, Gordon Robertson A, Schein JE, Sipahimalani P, Tam A, Thiessen N, Wong T, Protopopov A, Santoso N, Lee S, Parfenov M, Zhang J, Mahadeshwar HS, Tang J, Ren X, Seth S, Haseley P, Zeng D, Yang L, Xu AW, Song X, Pantazi A, Bristow CA, Hadjipanayis A, Seidman J, Chin L, Park PJ, Kucherlapati R, Akbani R, Casasent T, Liu W, Lu Y, Mills G, Motter T, Weinstein J, Diao L, Wang J, Hong Fan Y, Liu J, Wang K, Todd Auman J, Balu S, Bodenheimer T, Buda E, Neil Hayes D, Hoadley KA, Hoyle AP, Jefferys SR, Jones CD, Kimes PK, Liu Y, Marron JS, Meng S, Mieczkowski PA, Mose LE, Parker JS, Perou CM, Prins JF, Roach J, Shi Y, Simons J V., Singh D, Soloway MG, Tan D, Veluvolu U, Walter V, Waring S, Wilkerson MD, Wu J, Zhao N, Cherniack AD, Hammerman PS, Tward AD, Sekhar Pedamallu C, Saksena G, Jung J, Ojesina AI, Carter SL, Zack TI, Schumacher SE, Beroukhim R, Freeman SS, Meyerson M, Cho J, Noble MS, DiCara D, Zhang H, Heiman DI, Gehlenborg N, Voet D, Lin P, Frazer S, Stojanov P, Liu Y, Zou L, Kim J, Muzny D, Doddapaneni H, Kovar C, Reid J, Morton D, Han Y, Hale W, Chao H, Chang K, Drummond JA, Gibbs RA, Kakkar N, Wheeler D, Xi L, Ciriello G, Ladanyi M, Lee W, Ramirez R, Sander C, Shen R, Sinha R, Weinhold N, Taylor BS, Arman Aksoy B, Dresdner G, Gao J, Gross B, Jacobsen A, Reva B, Schultz N, Onur Sumer S, Sun Y, Chan TA, Morris LG, Stuart J, Benz S, Ng S, Benz C, Yau C, Baylin SB, Cope L, Danilova L, Herman JG, Bootwalla M, Maglinte DT, Laird PW, Triche T, Weisenberger DJ, Van Den Berg DJ, Agrawal N, Bishop J, Boutros PC, Bruce JP, Averett Byers L, Califano J, Carey TE, Chen Z, Cheng H, Chiosea SI, Cohen E, Diergaarde B, Marie Egloff A, El-Naggar AK, Ferris RL, Frederick MJ, Grandis JR, Guo Y, Haddad RI, Harris T, Hui ABY, Jack Lee J, Lippman SM, Liu F-F, McHugh JB, Myers J, Kwok Shing Ng P, Perez-Ordonez B, Pickering CR, Prystowsky M, Romkes M, Saleh AD, Sartor MA, Seethala R, Seiwert TY, Si H, Van Waes C, Waggott DM, Wiznerowicz M, Yarbrough WG, Zhang J, Zuo Z, Burnett K, Crain D, Gardner J, Lau K, Mallery D, Morris S, Paulauskis J, Penny R, Shelton C, Shelton T, Sherman M, Yena P, Black AD, Bowen J, Frick J, Gastier-Foster JM, Harper HA, Leraas K, Lichtenberg TM, Ramirez NC, Wise L, Zmuda E, Baboud J, Jensen MA, Kahn AB, Pihl TD, Pot DA, Srinivasan D, Walton JS, Wan Y, Burton RA, Davidsen T, Demchok JA, Eley G, Ferguson ML, Mills Shaw KR, Ozenberger BA, Sheth M, Sofia HJ, Tarnuzzer R, Wang Z, Yang L, Claude Zenklusen J, Saller C, Tarvin K, Chen C, Bollag R, Weinberger P, Golusiński W, Golusiński P, Ibbs M, Korski K, Mackiewicz A, Suchorska W, Szybiak B, Curley E, Beard C, Mitchell C, Sandusky G, Ahn J, Khan Z, Irish J, Waldron J, William WN, Egea S, Gomez-Fernandez C, Herbert L, Bradford CR, Chepeha DB, Haddad AS, Jones TR, Komarck CM, Malakh M, Moyer JS, Nguyen A, Peterson LA, Prince ME, Rozek LS, Taylor EG, Walline HM, Wolf GT, Boice L, Chera BS, Funkhouser WK, Gulley ML, Hackman TG, Hayward MC, Huang M, Kimryn Rathmell W, Salazar AH, Shockley WW, Shores CG, Thorne L, Weissler MC, Wrenn S, Zanation AM, Brown BT, Pham M (2015) Comprehensive genomic characterization of head and neck squamous cell carcinomas. Nature 517: 576–582, doi:10.1038/nature14129.
Lewis JR J (2012) p16 Immunohistochemistry as a standalone test for risk stratification in oropharyngeal squamous cell carcinoma. Head Neck Pathol 6 Suppl 1: S75-82.
Marklund L, Nasman A, Ramqvist T, Dalianis T, Munck-Wikland E, Hammarstedt L (2012) Prevalence of human papillomavirus and survival in oropharyngeal cancer other than tonsil or base of tongue cancer. Cancer Med 1: 82–88.
Marur S, D’Souza G, Westra WH, Forastiere AA (2010) HPV-associated head and neck cancer: a virus-related cancer epidemic. Lancet Oncol 11: 781–789.
Masterson L, Moualed D, Liu ZW, Howard JEF, Dwivedi RC, Tysome JR, Benson R, Sterling JC, Sudhoff H, Jani P, Goon PKC (2014) De-escalation treatment protocols for human papillomavirus-associated oropharyngeal squamous cell carcinoma: a systematic review and meta-analysis of current clinical trials. Eur J Cancer 50: 2636–2648, doi:10.1016/j.ejca.2014.07.001.
Mellin H, Friesland S, Lewensohn R, Dalianis T, Munck-Wikland E (2000a) Human papillomavirus (HPV) DNA in tonsillar cancer: clinical correlates, risk of relapse, and survival. Int J cancer 89: 300–304.
Mellin H, Friesland S, Lewensohn R, Dalianis T, Munck-Wikland E (2000b) Human papillomavirus (HPV) DNA in tonsillar cancer: clinical correlates, risk of relapse, and survival. Int J Cancer 89: 300–304, doi:10.1002/1097-0215(20000520)89:3<300::AID-IJC14>3.0.CO;2-G [pii].
Mirghani H, Casiraghi O, Guerlain J, Amen F, He M-X, Ma X-J, Luo Y, Mourareau C, Drusch F, Lakdhar A Ben, Melkane A, St Guily L, Badoual C, Scoazec JY, Borget I, Aupérin A, Dalstein V, Vielh P (2016) Diagnosis of HPV driven oropharyngeal cancers: Comparing p16 based algorithms with the RNAscope HPV-test. Oral Oncol 62: 101–108, doi:10.1016/j.oraloncology.2016.10.009.
Nasman A, Andersson E, Nordfors C, Grun N, Johansson H, Munck-Wikland E, Massucci G, Dalianis T, Ramqvist T (2013) MHC class I expression in HPV positive and negative tonsillar squamous cell carcinoma in correlation to clinical outcome. Int J cancerJournal Int du cancer 132: 72–81.
Nordfors C, Grün N, Tertipis N, Ährlund-Richter A, Haeggblom L, Sivars L, Du J, Nyberg T, Marklund L, Munck-Wikland E, Näsman A, Ramqvist T, Dalianis T (2013a) CD8+ and CD4+ tumour infiltrating lymphocytes in relation to human papillomavirus status and clinical outcome in tonsillar and base of tongue squamous cell carcinoma. Eur J Cancer 49: 2522–2530, doi:10.1016/j.ejca.2013.03.019.
Nordfors C, Grün N, Tertipis N, Ährlund-Richter A, Haeggblom L, Sivars L, Du J, Nyberg T, Marklund L, Munck-Wikland E, Näsman A, Ramqvist T, Dalianis T (2013b) CD8+ and CD4+ tumour infiltrating lymphocytes in relation to human papillomavirus status and clinical outcome in tonsillar and base of tongue squamous cell carcinoma. Eur J Cancer 49: 2522–2530, doi:10.1016/j.ejca.2013.03.019.
Preuss SF, Weinell A, Molitor M, Stenner M, Semrau R, Drebber U, Weissenborn SJ, Speel EJM, Wittekindt C, Guntinas-Lichius O, Hoffmann TK, Eslick GD, Klussmann JP (2008) Nuclear survivin expression is associated with HPV-independent carcinogenesis and is an indicator of poor prognosis in oropharyngeal cancer. Br J Cancer 98: 627–632, doi:10.1038/sj.bjc.6604192.
Prigge E-S, Urban K, Stiegler S, Müller M, Kloor M, Mai S, Ottstadt M, Lohr F, Wenz F, Wagner S, Wittekindt C, Klussmann JP, Hampl M, von Knebel Doeberitz M, Reuschenbach M (2014) No evidence of oncogenic KRAS mutations in squamous cell carcinomas of the anogenital tract and head and neck region independent of human papillomavirus and p16(INK4a) status. Hum Pathol 45: 2347–2354, doi:10.1016/j.humpath.2014.08.001.
R Development Core Team (2016) R: A Language and Environment for Statistical Computing. R Found Stat Comput Vienna Austria 0: {ISBN} 3-900051-07-0, doi:10.1038/sj.hdy.6800737.
Rios Velazquez E, Hoebers F, Aerts HJWL, Rietbergen MM, Brakenhoff RH, Leemans RC, Speel EJ, Straetmans J, Kremer B, Lambin P (2014) Externally validated HPV-based prognostic nomogram for oropharyngeal carcinoma patients yields more accurate predictions than TNM staging. Radiother Oncol 113: 324–330, doi:10.1016/j.radonc.2014.09.005.
Rittà M, De Andrea M, Mondini M, Mazibrada J, Giordano C, Pecorari G, Garzaro M, Landolfo V, Schena M, Chiusa L, Landolfo S (2009) Cell cycle and viral and immunologic profiles of head and neck squamous cell carcinoma as predictable variables of tumor progression. Head Neck 31: 318–327, doi:10.1002/hed.20977.
De Roda Husman AM, Walboomers JMM, Van den Brule AJC, Meijer CJLM, Snijders PJF (1995) The use of general primers GP5 and GP6 elongated at their 3’ ends with adjacent highly conserved sequences improves human papillomavirus detection by PCR. J Gen Virol 76: 1057–1062, doi:10.1099/0022-1317-76-4-1057.
Romagosa C, Simonetti S, López-Vicente L, Mazo A, Lleonart ME, Castellvi J, Ramon y Cajal S (2011) p16Ink4a overexpression in cancer: a tumor suppressor gene associated with senescence and high-grade tumors. Oncogene 30: 2087–2097, doi:10.1038/onc.2010.614.
Saber CN, Grønhøj Larsen C, Dalianis T, von Buchwald C (2016) Immune cells and prognosis in HPV-associated oropharyngeal squamous cell carcinomas: Review of the literature. Oral Oncol 58: 8–13, doi:http://dx.doi.org/10.1016/j.oraloncology.2016.04.004.
Schache AG, Powell NG, Cuschieri KS, Robinson M, Leary S, Mehanna H, Rapozo D, Long A, Cubie H, Junor E, Monaghan H, Harrington KJ, Nutting CM, Schick U, Lau AS, Upile N, Sheard J, Brougham K, West CML, Oguejiofor K, Thomas S, Ness AR, Pring M, Thomas GJ, King E V, McCance DJ, James JA, Moran M, Sloan P, Shaw RJ, Evans M, Jones TM (2016) HPV-Related Oropharynx Cancer in the United Kingdom: An Evolution in the Understanding of Disease Etiology. Cancer Res 76: 6598–6606, doi:10.1158/0008-5472.CAN-16-0633.
Schmitt M, Dondog B, Waterboer T, Pawlita M (2008) Homogeneous amplification of genital human alpha papillomaviruses by PCR using novel broad-spectrum GP5+ and GP6+ primers. J Clin Microbiol 46: 1050–1059, doi:10.1128/JCM.02227-07.
Seiwert TY (2014) Ties that bind: p16 as a prognostic biomarker and the need for high-accuracy human papillomavirus testing. J Clin Oncol 32: 3914–3916, doi:10.1200/JCO.2014.57.9268.
Wagner S, Wittekindt C, Sharma SJ, Wuerdemann N, Jüttner T, Reuschenbach M, Prigge E-S, von Knebel Doeberitz M, Gattenlöhner S, Burkhardt E, Pons-Kühnemann J, Klussmann JP (2017) Human papillomavirus association is the most important predictor for surgically treated patients with oropharyngeal cancer. Br J Cancer 116: 1604–1611, doi:10.1038/bjc.2017.132.
Wang H, Sun R, Lin H, Hu WH (2013) P16INK4A as a surrogate biomarker for human papillomavirus-associated oropharyngeal carcinoma: Consideration of some aspects. Cancer Sci 104: 1553–1559, doi:10.1111/cas.12287.
Wittekindt C, Wagner S, Klussmann JP (2011) HPV-associated head and neck cancer. The basics of molecular and translational research. HNO 59: 885–892.
Zhao D, Xu Q, Chen X, Fan M (2009) Human papillomavirus as an independent predictor in oral squamous cell cancer. Int J Oral Sci 1: 119–125, doi:10.4248/IJOS.09015.




2

