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Abstract
High risk human papillomavirus (HPV) is an established cause of head and neck carcinomas
arising in the oropharynx. The presence of HPV has also been reported in some carcinomas arising
in sinonasal tract, but little is known about their overall incidence or their clinicopathologic
profile. The surgical pathology archives of The Johns Hopkins Hospital were searched for all
carcinomas arising in the sinonasal tract from 1995 to 2011, and tissue microarrays were
constructed. P16 immunohistochemistry and DNA in situ hybridization for high-risk types of HPV
were performed. Demographic and clinical outcomes data were extracted from patient medical
records. Of 161 sinonasal carcinomas, 34 (21%) were positive for high risk HPV DNA, including
type 16 (82%), type 31/33 (12%), and type 18 (6%). HPV-positive carcinomas consisted of 28
squamous cell carcinomas and variants (15 non- or partially-keratinizing, 4 papillary, 5
adenosquamous, 4 basaloid), 1 small cell carcinoma, 1 sinonasal undifferentiated carcinoma, and 4
carcinomas that were difficult to classify but exhibited adenoid cystic carcinoma-like features.
Immunohistochemistry for p16 was positive in 59/161 (37%) cases, and p16 expression strongly
correlated with the presence of HPV DNA: 33 of 34 (97%) HPV positive tumors exhibited high
p16 expression, whereas only 26 of 127 (20%) HPV negative tumors were p16 positive (p < .
0001). The HPV-related carcinomas occurred in 19 men and 15 women ranging in age from 33 to
87 years (mean 54). A trend toward improved survival was observed in the HPV-positive group
(hazard ratio=0.58, 95% confidence interval [0.26, 1.28]). The presence of high risk HPV in 21%
of sinonasal carcinomas confirms HPV as an important oncologic agent of carcinomas arising in
the sinonasal tract. While non-keratinizing squamous cell carcinoma is the most common
histologic type, there is a wide morphologic spectrum of HPV-related disease that includes a
variant that resembles adenoid cystic carcinoma. The distinctiveness of these HPV-related
carcinomas of the sinonasal tract with respect to risk factors, clinical behavior, and response to
therapy remains to be clarified.
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Introduction
Carcinomas of the sinonasal tract affect approximately 0.5 to 1.0 patients per 100,000 per
year.(1,2) This group of malignancies is diverse, and includes tumors arising from the
surface epithelium as well as the seromucinous glands.(3) The causative factors for the
development sinonasal cancer are not well understood.(3) Wood dust and other occupational
exposures are recognized risk factors, but only for a rare subtype, intestinal-type
adenocarcinoma.(4–7) Cigarette smoking, an important risk factor for carcinomas of most
head and neck locations, has only a weak association with sinonasal carcinomas.(8–10)

High risk types of human papillomavirus (HPV) are now well established as major etiologic
factors of head and neck cancer.(11) HPV-related squamous cell carcinomas arise
predominantly in the oropharynx where they account for up to 80% of cases.(12) Numerous
studies have also identified HPV in tumors of the sinonasal tract, but widely disparate
detection rates - ranging from 0 to 100% - have shrouded its role as a cancer causing agent
at this site.(13–26) These inconsistencies in HPV detection reflect dissimilar detection
assays and divergent study populations that have included both neoplastic and non-
neoplastic processes with a particular focus on Schneiderian papillomas. Based on these
widely disparate findings, the World Health Organization International Agency for Research
on Cancer has acknowledged that the evidence establishing HPV as a causative agent for
carcinomas of the sinonasal tract is currently inadequate.(27) The purpose of this study was:
1) to determine the prevalence of high-risk HPV in primary sinonasal carcinomas using a
highly sensitive and specific DNA in-situ hybridization based approach combined with p16
immunohistochemistry; and 2) to define the histologic spectrum of HPV-related sinonasal
carcinomas.

Methods
Cases

This study was approved by Institutional Review Board of The Johns Hopkins Medical
Institutions. The surgical pathology archives of The Johns Hopkins Hospital were searched
for all cases of primary carcinomas diagnosed from 1995 to 2011. Esthesioneuroblastomas
and carcinomas arising from the nasopharynx, skin, or odontogenic apparatus and involving
the sinonasal tract secondarily were excluded. Hematoxylin and eosin-stained sections were
reviewed and the tumors were classified according to their histologic, and in some cases,
immunohistochemical features. Pertinent clinical information was obtained from The Johns
Hopkins Hospital’s electronic medical records. Additional death information was obtained
from the publicly available United States Social Security Administration Death Index.

Tissue microarrays
Tissue microarrays (TMAs) were constructed from the tissue blocks of 140 primary
sinonasal carcinomas. Two to three cores 1 mm in diameter were taken from each donor
block to address tumor heterogeneity. Twenty-one additional cases that were too scant to
include on the TMAs were tested on whole slides.

Immunohistochemistry
All sinonasal carcinomas were evaluated by immunohistochemistry for expression of the
CDK-inhibitor p16, a biomarker of HPV E7 oncoprotein activity. Five-micrometer sections
of formalin-fixed and paraffin embedded tissues were deparaffinized. Antigen retrieval was
performed using heat induced (92°C for 30 minutes) epitope retrieval with 10mM citrate
buffer. Sections were incubated with a mouse monoclonal antibody against p16 (MTM
Laboratories, Heidelberg, Germany) which was visualized using the Ultra view polymer
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detection kit (Ventana Medical Systems Inc., Tucson, AZ) on a Ventana Benchmark XT
autostainer (Ventana). P16 expression was scored as positive if strong and diffuse nuclear
and cytoplasmic staining was detected in ≥70% of the tumor.(12)

DNA In situ hybridization
Five-micrometer sections from the formalin-fixed paraffin-embedded tumor blocks were
evaluated for the presence of HPV DNA by in situ hybridization. Two different detection
methods were used. Type-specific assays for type 16, 18, and 31/33 were performed using
the in situ hybridization-catalyzed signal amplification method for biotinylated probes
(DAKO GenPoint, Carpinteria, CA). Briefly, the 5-mm tissue sections underwent
deparaffinization, heat-induced target retrieval in citrate buffer, and digestion using
Proteinase K (Roche Diagnostics, Indianapolis, IN). Slides were subsequently hybridized
with biotinylated HPV type-specific probes for types 16, 18, and 31/33 (DAKO, Carpintera,
CA). Signal amplification was performed by consecutive application of a streptavidin-HRP
complex and AQ2 biotinyl tyramide. Visualization of hybridization signals was performed
by incubation with the chromogenic substrate diaminobenzidine.

For broader high-risk HPV detection, we also used the Ventana Inform HPV III Family 16
Probe (B) kit (Ventana Medical Systems, Tucson, AZ). For this assay, slides were
conditioned using Ventana cell conditioner #2 and ISH-protease 3. Hybridization utilized
the HPV III Family16 probe set that captures HPV genotypes 16, 18, 33, 35, 45, 51, 52, 56,
and 66. Signals were detected using the in situ hybridization iView Blue Plus Detection Kit,
which is an indirect biotin-streptavidin system that detects fluorescein-labeled probes. The
kit uses an alkaline phosphatase enzyme and NBT/BCIP substrate chromogen reaction that
provides an intense blue, permanent color as well as a red counter stain. All reagents are
provided prediluted and ready-to-use on BenchMark Series automated slide stainers
(Ventana Medical Systems, Tucson, AZ).

For both detection assays, punctate hybridization signals localized to the tumor cell nuclei
defined an HPV-positive tumor (Figure 1D). HPV positive controls were cases of HPV-16,
HPV-18, and HPV-31/33 positive oropharyngeal cancers, as well as the HPV16-positive
SiHa and CaSki cell lines.

Statistical Analysis
The Kaplan-Meier method was used to estimate the survival rate among the HPV positive
and HPV negative patients, and log-rank test was used to compare the survival between
them. Univariate and multivariable Cox regression models were applied to evaluate the
association of HPV status and survival. All tests were two-sided, and p value < 0.05 was
considered to indicate statistical significance. The analysis was carried out using statistical
software SAS version 9.3 (Cary, NC).

Results
The results are summarized in Table 1. High risk HPV was identified in 34 of 161 (21%)
cases. Each case was positive with one of the type-specific probes: 28 type 16, 4 type 31/33,
2 type 18. Twenty-nine cases, all of which were positive with one of the type specific
probes, were positive for the high risk probe cocktail. Immunohistochemistry for p16 was
positive in 59/161 (37%) cases overall, and p16 expression was strongly associated with the
presence of HPV DNA: 33 of 34 HPV positive tumors exhibited high p16 expression,
whereas only 26 of 127 HPV negative tumors were p16 positive (97% versus 20%, p < .
0001).
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By histologic type, HPV was detected in 28 of 91 (31%) squamous cell carcinomas, 1 of 6
(17%) small cell carcinomas, 1 of 16 (6%) sinonasal undifferentiated carcinomas, and 4/4
(100%) peculiar carcinomas that were difficult to classify. HPV was not detected in any of
the salivary type carcinomas (n=34), sinonasal adenocarcinomas (n=7), or NUT midline
carcinomas (n=3). The presence of HPV was not uniform across all forms of squamous cell
carcinomas. HPV was not detected in conventional keratinizing squamous cell carcinoma (0
of 25) or in the spindle cell variant (0 of 3); but it was detected in non-keratinizing or
partially keratinizing squamous cell carcinoma (15 of 44, 34%) (Figure 1), the basaloid
squamous cell variant, (4 of 8, 50%), the papillary variant (4 of 5, 80%) (Figure 2A), and
adenosquamous cell carcinoma (5 of 6, 83%) (Figure 2B). Of the 16 squamous cell
carcinomas arising in association with a Schneiderian papilloma, only 1 (6%) was HPV-
positive. The positive case arose one year following the reported diagnosis of Schneiderian
papilloma; however, the papilloma itself was not available for review or HPV testing.
Although p16 immunoreactivity was frequent in the small cell carcinomas (4 of 6, 67%) and
SNUCs (4 of 16, 25%), only 1 (17%) small cell carcinoma (Figure 2C) and 1 (6%) SNUC
(Figure 2D) were positive for HPV positive by in situ hybridization.

Nine of the HPV-related carcinomas exhibited ductal differentiation. As mentioned above,
five of them had distinct zones of overt squamous and glandular differentiation, and were
therefore classified as adenosquamous carcinoma (Figure 2B). Each adenosquamous
carcinoma had well-formed ducts and mucin (intraluminal and intracellular) as demonstrated
by a mucicarmine stain. Like the HPV-positive squamous cell carcinomas, the squamous
components of the HPV-positive adenosquamous carcinomas were non-keratinizing or
partially keratinizing. They were not mucoepidermoid carcinomas because the glandular
component was generally separate from squamous areas and most cases (4 of 5) contained
squamous cell carcinoma in situ.

The four remaining HPV-related carcinomas with ductal differentiation had peculiar
histologic features and were difficult to subtype by current classification schemes (Figure 3).
They were morphologically most suggestive of salivary gland carcinomas, particularly solid
variant of adenoid cystic carcinoma, which was the original diagnosis for three of these
cases. These four carcinomas shared a basaloid appearance with a predominantly solid
growth pattern. Each case exhibited ductal differentiation but also a myoepithelial
phenotype with expression of 2 or more myoepithelial immunohistochemical stains (i.e.,
S100, calponin, actin, and p63). Unlike true adenoid cystic carcinomas, however, three of
these HPV-related carcinomas were associated with in situ squamous cell carcinoma of the
overlying epithelium. While these cases had some morphologic overlap with basaloid
squamous cell carcinoma, they were distinguished from this variant by the absence of
squamous differentiation in the invasive tumor and their biphasic nature (ducts and
abluminal myoepithelial cells). Immunostains for p63 were particularly helpful in making
this distinction since this marker was expressed in an abluminal distribution in the four
unusual carcinomas, not diffusely as is uniformly seen in basaloid squamous cell carcinoma.
(28,29) HPV types 31/33 were detected in 2 of the carcinomas, and type 16 was detected in
the other 2 cases.

Clinically, the HPV-positive carcinomas occurred in 19 men and 15 women (male:female
ratio 1.3:1). The male:female ratio was similar to that of the HPV-negative carcinomas
(1.2:1). Patients with HPV-positive carcinomas ranged in age from 33 to 87 years (mean
54), while patients with HPV-negative carcinomas ranged in age from 26 to 93 years (mean
59). The median follow-up was 3.5 years (range, 0.12 years to 15 years). For patients with
HPV-negative carcinomas of any type, median survival time was 6.7 years (95% confidence
interval [4.0, NA]), and 5-year and 10-year survival rates were 58.7% (95% CI [47.6%,
68.2%]) and 46.2% (95% CI [34.7%, 57.0%]), respectively. Median survival among patients
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with HPV positive carcinomas of any type was not reached, and their 5-year and 10-year
survival was 71.2% (95% CI [45.6%, 86.3%]) and 61.0% (95% CI [31.8%, 80.8%]),
respectively. The hazard rate among the patients with any HPV negative carcinoma was
72% higher than the patients with HPV positive carcinoma (hazard ratio =1.72 with 95% CI
[0.78, 3.82]), and after adjusting for age and gender, the hazard ratio was 1.34 (95% CI
[0.60, 3.02]) (Figure 4A). When restricted to squamous cell carcinomas, median survival for
the HPV-negative cases was 5.5 years (95% confidence interval [2.7, NA]), and 5-year and
10-year survival rates were 50.6% (95% CI [35%, 64.3%]) and 42.7% (95% CI [27.6%,
57.0%]), respectively. Median survival among patients with HPV positive squamous cell
carcinomas was not reached, and their 5-year and 10-year survival was 69.7% (95% CI
[40.7%, 86.5%]) and 55.7% (95% CI [22.5%, 79.5%]), respectively. The hazard rate among
the patients with HPV negative squamous cell carcinomas was 80% higher than those with
HPV positive squamous cell carcinomas (hazard ratio =1.80 with 95% CI [0.74, 4.38]), and
after adjusting for age and gender, the hazard ratio was 1.17 (95% CI [0.48, 2.89]). (Figure
4B).

Discussion
Efforts to understand, prevent, and treat cancers of the sinonasal tracts have been blocked by
a failure to recognize relevant etiologic agents. Unlike other areas of the head and neck (e.g.
oral cavity and larynx) where tumorigenesis is largely attributed to the carcinogenic effects
of tobacco use, cigarette smoking is not strongly associated with carcinomas arising in the
sinonasal tract. Exposure to wood dust has been established as a causative agent, but this
link is restricted to a subset of sinonasal adenocarcinomas and does not account for the vast
majority carcinomas encountered in the sinonasal tract.(4–7) The frequent detection of
human papillomavirus (HPV) has generally evoked “guilt by association”, but the mere
detection of HPV in sinonasal cancers has not proven an active role in carcinogenesis.
Highly sensitive PCR-based assays are able to detect trace amounts of HPV in various
benign and malignant sinonasal lesions, but they have been unable to separate the incidental
presence of virus (e.g. passenger virus and viral contaminants) from cancer causing HPV
infection which requires nuclear transcription of the HPV genome and subsequent viral-
induced alterations in cellular pathways.(14–20,22,24–26) Accordingly, the causes of
sinonasal carcinomas continue to elude recognition, and the role of HPV has been
particularly elusive.

A growing experience with HPV-related squamous cell carcinomas of the oropharynx has
provided new insights into HPV-related tumorigenesis and improved methods for HPV
detection. Integration of HPV DNA, expression of HPV E6/E7 mRNA transcripts, and
disruption of critical regulatory host pathways (e.g. p53 and Retinoblastoma pathway) are
sequential, coupled and compulsory steps that provide multiple targets for HPV detection.
As one example, Rb inactivation by the viral oncoprotein E7 induces overexpression of p16
such that immunohistochemical detection of p16 serves as a reliable surrogate marker for
high risk HPV in oropharyngeal cancers.(30) In the oropharynx, the dual presence of HPV
DNA as visualized by HPV DNA in situ hybridization, together with high levels of p16
protein expression as detected by immunohistochemistry, is taken as compelling evidence
for biologically active HPV.(31,32) In the sinonasal tract, p16 overexpression has likewise
been correlated with the presence of high risk HPV.(19) Using an approach that combined
direct visualization of high risk HPV DNA and p16 overexpression, we were able to
establish the presence of biologically active HPV in 21% of sinonasal carcinomas. Although
this rate does not approach that noted in the oropharynx where HPV is detected in up to 80%
of oropharyngeal carcinomas,(12) our findings strongly suggest that high risk HPV is the
most significant causative factor currently recognized for carcinomas arising in the sinonasal
tract.
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By tumor type, squamous cell carcinomas were most likely to be HPV-related. Confirming
the findings of El-Mofty et al.,(19) we noted that about one-third of all sinonasal squamous
cell carcinomas are both high risk HPV and p16 positive, and that HPV positivity
consistently localizes to the non-keratinized and basaloid subgroups. Thus, the strong
association between HPV and the non-keratinizing and basaloid phenotype that has been so
well documented in the oropharynx is preserved in the sinonasal tract.(33) Although these
non-keratinizing carcinomas of the sinonasal tract are sometimes designated as Schneiderian
carcinomas, high risk HPV infection does not appear to represent a compulsory step in the
carcinomatous transformation of a Schneiderian papilloma as has been so widely suspected.
(17,18,26,34) Only 1 of 16 (6%) carcinomas arising in association with Schneiderian
papillomas was HPV-positive.

Our comprehensive analysis of all types of sinonasal carcinomas revealed that the presence
of high risk HPV is not entirely restricted to non-keratinizing squamous cell carcinoma, but
it can be detected in other histologic patterns and other tumor types. Like the oropharynx,
high risk HPV can sometimes be detected in specific variants of sinonasal squamous cell
carcinomas including the papillary,(21) basaloid squamous,(35) and adenosquamous
variants.(36) Furthermore, the finding of high risk HPV in a small cell carcinoma of the
sinonasal tract parallels the experience in the oropharynx where small cell carcinomas are
also sometimes HPV-related.(37) One novel association that does not have a counterpart in
the oropharynx is a form of HPV-related carcinoma with features of a salivary gland
neoplasm. These tumors usually carry a diagnosis of solid variant of adenoid cystic
carcinoma, but they may in fact represent a unique type of HPV-related carcinoma that is
restricted to the sinonasal tract. In their analysis of adenoid cystic carcinomas of the head
and neck, Boland et al. were able to detect HPV in only 2 of 27 (7%) cases. Evocatively, the
2 HPV-positive tumors demonstrated solid growth and were located in the sinonasal tract.
(38)

In the oropharynx, HPV-related squamous cell carcinoma has emerged as a distinct type of
head and neck cancer with its own unique epidemiologic, demographic, histopathologic, and
clinical profile.(39) It is not yet clear whether HPV-positivity likewise confers a distinctive
set of epidemiologic and clinical characteristics for carcinomas of the sinonasal tract. High
risk sexual practices (e.g. high lifetime number of sexual partners) have been associated with
HPV-related carcinomas of the oropharynx.(40,41) Behavioral factors linking HPV
transmission and cancer development have yet to be clarified for carcinomas of the sinonasal
tract, but the detection of HPV in these tumors suggests that there may be important risk
factors for HPV infection which have not been elucidated. HPV-related carcinoma of the
oropharynx predominates in men,(42) but we found only a slight male predilection for HPV-
related carcinomas of the sinonasal tract. In the oropharynx, HPV-related carcinomas are
consistently diagnosed in patients in their 40s through 60s.(42) In the sinonasal tract, HPV-
related carcinomas most frequently arise in patients who are in their 50s (mean 54 years),
but they can occur across a very broad age range of ages (range, 33 to 87 years). In the
oropharynx, HPV positivity is associated with improved clinical outcomes.(11,43,44) In the
sinonasal tract, we also noted a trend towards improved clinical outcomes for patients with
HPV positive carcinomas. However, the ability to fully appreciate the effect of HPV status
on clinical outcomes in our retrospective analysis was limited by a nonuniform group of
patients in regards to tumor type, tumor stage and mode of therapy. The value of HPV status
as a prognostic indicator will require a comparison of a larger cohort of patients with similar
demographic and clinicopathologic backgrounds.

In summary, this study draws attention to the sinonasal tract as a second anatomic subsite of
the head and neck where carcinomas are often HPV-associated. High risk HPV is most
commonly detected in non-keratinizing squamous cell carcinomas, but it can be detected in
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other types of sinonasal carcinomas including a salivary gland-like carcinoma that resembles
the solid variant of adenoid cystic carcinoma. The identification of HPV-related sinonasal
carcinomas sets the stage for prospective studies to determine whether HPV-positivity
confers distinct biological and clinical characteristics and provides new opportunities for the
development of targeted therapies for this patient population.
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Figure 1.
HPV-related sinonasal carcinomas. A–B. Most of the HPV-related sinonasal squamous cell
carcinomas were morphologically identical to HPV-related oropharyngeal carcinomas,
exhibiting little or no keratinization, tumor infiltration by lymphocytes, and limited
desmoplastic stromal reaction (Hematoxylin and eosin, X100 (A) and X200 (B)). C. All but
one of the HPV-positive cases was diffusely positive for p16 in a nuclear and cytoplasmic
distribution (p16 immunohistochemistry, X200). D. HPV positivity was defined by the
presence of dot-like in situ hybridization signals in tumor nuclei (High risk HPV in situ
hybridization, X400).
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Figure 2.
HPV-related sinonasal carcinomas. Histologic variants of HPV-related sinonasal carcinomas
included: A. Five papillary squamous cell carcinomas (Hematoxylin and eosin, X100); B.
Five adenosquamous carcinomas (Hematoxylin and eosin, and mucicarmine (inset), X200);
C. One small cell carcinoma (Hematoxylin and eosin, X200); and D. One sinonasal
undifferentiated carcinoma (Hematoxylin and eosin, X200).
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Figure 3.
HPV-related sinonasal carcinomas. A. Four HPV-associated carcinomas exhibited features
of salivary gland carcinomas, particularly adenoid cystic carcinoma. Although these tumors
were predominantly solid (right), they also showed cribriform areas with duct formation
(left) (Hematoxylin and eosin, X400). B. The tumors were strongly immunoreactive to p16
(p16 immunohistochemistry, X400), and punctate hybridization signals were seen in tumor
nuclei on HPV in situ hybridization (inset, high-risk HPV in situ hybridization, X400).
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Figure 4.
Kaplan-Meier plots showing the 15-year survival curves of all types of HPV positive and
HPV negative sinonasal carcinomas (A), and squamous cell carcinomas only (B).
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