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A bs t r ac t Background From the Department of Epidemiology, Johns Hopkins Bloomberg School of Public Health (G.D.); the Departments of Pediatrics (R.V.), Otolaryngology–Head and Neck Surgery (C.F., W.M.K.), and Pathology (W.H.W.), Johns Hopkins Hospital; and the Division of Viral Oncology, Sidney Kimmel Comprehensive Cancer Center at Johns Hopkins University (M.L.G.) — all in Baltimore; the Division of Cancer Prevention, National Cancer Institute, Bethesda, MD (A.R.K.); and the Infection and Cancer Control Program, German Cancer Research Center, Heidelberg, Germany (M.P.). Address reprint requests to Dr. Gillison at Johns Hopkins University, Cancer Research Bldg. I, Rm. 3M 54A, 1650 Orleans St., Baltimore, MD 21231, or to [email protected]. N Engl J Med 2007;356:1944-56. Copyright © 2007 Massachusetts Medical Society.



Substantial molecular evidence suggests a role for human papillomavirus (HPV) in the pathogenesis of oropharyngeal squamous-cell carcinoma, but epidemiologic data have been inconsistent. Methods



We performed a hospital-based, case–control study of 100 patients with newly diagnosed oropharyngeal cancer and 200 control patients without cancer to evaluate associations between HPV infection and oropharyngeal cancer. Multivariate logisticregression models were used for case–control comparisons. Results



A high lifetime number of vaginal-sex partners (26 or more) was associated with oropharyngeal cancer (odds ratio, 3.1; 95% confidence interval [CI], 1.5 to 6.5), as was a high lifetime number of oral-sex partners (6 or more) (odds ratio, 3.4; 95% CI, 1.3 to 8.8). The degree of association increased with the number of vaginal-sex and oral-sex partners (P values for trend, 0.002 and 0.009, respectively). Oropharyngeal cancer was significantly associated with oral HPV type 16 (HPV-16) infection (odds ratio, 14.6; 95% CI, 6.3 to 36.6), oral infection with any of 37 types of HPV (odds ratio, 12.3; 95% CI, 5.4 to 26.4), and seropositivity for the HPV-16 L1 capsid protein (odds ratio, 32.2; 95% CI, 14.6 to 71.3). HPV-16 DNA was detected in 72% (95% CI, 62 to 81) of 100 paraffin-embedded tumor specimens, and 64% of patients with cancer were seropositive for the HPV-16 oncoprotein E6, E7, or both. HPV-16 L1 seropositivity was highly associated with oropharyngeal cancer among subjects with a history of heavy tobacco and alcohol use (odds ratio, 19.4; 95% CI, 3.3 to 113.9) and among those without such a history (odds ratio, 33.6; 95% CI, 13.3 to 84.8). The association was similarly increased among subjects with oral HPV-16 infection, regardless of their tobacco and alcohol use. By contrast, tobacco and alcohol use increased the association with oropharyngeal cancer primarily among subjects without exposure to HPV-16. Conclusions



Oral HPV infection is strongly associated with oropharyngeal cancer among subjects with or without the established risk factors of tobacco and alcohol use.
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Human Papillomavirus as a Cause of Oropharyngeal Cancer



I



nfection with sexually transmitted human papillomavirus (HPV) is a cause of virtually all cervical cancers.1 Molecular evidence also provides support for a role for HPV, particularly HPV-16, in the pathogenesis of a subgroup of squamous-cell carcinomas of the head and neck.2 Genomic DNA of oncogenic HPV is detected in approximately 26% of all squamous-cell carcinomas of the head and neck worldwide,3 but the molecular evidence is most rigorous and consistent for oropharyngeal squamous-cell carcinoma, in which viral integration and the expression of viral oncogenes (E6 and E7) have been shown.4 The epidemiologic evidence of a causal role for HPV in a subgroup of squamous-cell carcinomas of the head and neck is less rigorous than the molecular evidence. The example of the relationship between HPV and cervical cancer5 indicates that high-risk sexual behavior and exposure to and infection with HPV will increase the risk of other cancers caused by HPV.6 Although each of these three factors has been found to increase the risk of squamous-cell carcinomas of the head and neck,7-14 no single study has shown an association of all three with the development of oropharyngeal cancer. In this study, we focused exclusively on oropharyngeal cancer, for which the molecular evidence of a causal role for HPV is compelling. Strong epidemiologic data would provide additional support for a causal association between HPV and oropharyngeal cancers and might guide future cancer-prevention programs involving vaccination to prevent oral HPV infection or screening to detect it.



Me thods Patients



Our case–control study was nested within a longitudinal cohort study of patients with newly diagnosed squamous-cell carcinomas of the head and neck in the outpatient otolaryngology clinic of the Johns Hopkins Hospital in Baltimore from 2000 through 2005. Eligible case patients included those with a confirmed diagnosis of oropharyngeal squamous-cell carcinoma. The control group consisted of patients without a history of cancer who were seen for benign conditions between 2000 and 2005 in the same clinic from which the case patients were enrolled



(Table 1). Subsequent to enrollment of a case, eligible control patients within the same sex and 5-year age categories were approached until two control patients were individually matched to each case patient. The study protocol was approved by the institutional review board of the Johns Hopkins Hospital. Written, informed consent was ob tained from all patients. Data Collection



Specimens were collected from case patients before therapy and from control patients at enrollment. Oral-mucosal specimens were collected with the use of a saline oral rinse and 5 to 10 strokes of a cytology brush (Oral CDx, CDx Laboratories) on the posterior oropharyngeal wall. Serum samples were collected and stored at −80°C. For case patients, formalin-fixed, paraffin-embedded tumor specimens and, if possible, snap-frozen fresh tumor specimens were obtained for the detection of HPV. All patients completed an audio, computerassisted self-administered interview that obtained information about demographic characteristics, oral hygiene, medical history, family history of cancer, lifetime sexual behaviors, and lifetime history of marijuana, tobacco, and alcohol use (see the Supplementary Appendix, available with the full text of this article at www.nejm.org). Laboratory Studies



In Situ Hybridization for HPV-16 Detection



We looked for HPV-16 in formalin-fixed and paraffin-embedded tumors from all case subjects, using in situ hybridization–catalyzed signal ampli fication for biotinylated probes (Dako GenPoint).15 The HPV-16-positive status of a tumor was defined as specific staining of tumor-cell nuclei for HPV-16. DNA Purification and Analysis



DNA from oral specimens16 and fresh-frozen tumors17 from a subgroup of case subjects was purified as previously described. The tumor specimens were microdissected to ensure that more than 70% of the sample was DNA from the tumor. We analyzed purified DNA for 37 types of HPV by means of a multiplex polymerase-chainreaction (PCR) assay targeted to the L1 region of the viral genome, using PGMY09/11 L1 primer pools and primers for β-globin, followed by hybridization to a linear probe array (Roche Molec
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Table 1. Explanatory Variables for Patients with Oropharyngeal Cancer and Control Patients.* Patients with Oropharyngeal Cancer (N = 100)



Explanatory Variable



Control Patients (N = 200)



Unadjusted Odds Ratio (95% CI)†



number (percent) Demographic characteristics Sex Female



14 (14)



28 (14)



Male



86 (86)



172 (86)



1.0
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