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Abstract Objective Patients with head and neck squa-

mous cell carcinoma (SCC) often present with cervical

lymph node metastasis. Occasionally the primary tumor

site remains unknown even after thorough investigation.

Management of such cases is problematic and may result

in over-treatment and consequent increased morbidity.

High risk HPV has been advocated recently as an

important etiologic factor for a subset of head and neck

SCC. These are believed to have a special predilection

for the oropharyngeal tonsils and are characterized by

nonkeratinizing basaloid morphology, and a strong

reactivity to p16 immunostain. Identifying HPV-related

SCC in the lymph nodes may thus provide a means for

localizing the primary tumor site. Design Ninety-three

cases of SCC metastatic to the neck from known primary

tumors were classified morphologically into conventional

keratinizing SCC (KSCC) and non-keratinizing SCC

(NKCa). In situ hybridization (ISH) for high risk HPV as

well as immunostaining for p16 were performed on all

metastsatic and primary tumors. Results Of the 93 cases

of metastatic carcinomas 32 were oropharyngeal, 35 oral,

and 26 arose in the laryx/hypopharynx. Twenty-three

cases were found to be HPV+ by ISH, of which 22/23

had oropharyngeal origin (P \ 0.0001), with 95.7%

sensitivity and 85.7% specificity. Twenty-one of these

HPV+ oropharyngeal tumors were NKCa (P \ 0.0001).

The remaining case showed overlapping NKCa/KSCC

hybrid morphology. All NKCa were HPV+ and stained

diffusely and strongly with p16 antibodies. Conclusion

We have demonstrated that HPV status of the lymph

node metastasis can be assessed not only by ISH and

p16 immunoreactivity but also histomorphologically. In

addition, a positive microscopic identification of HPV-

related carcinoma is a reliable predictor of oropharyngeal

origin.
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Introduction

In most cases of squamous cell carcinoma of the upper

aerodigestive tract (UADT), metastasis to the cervical

lymph nodes is a relatively late event occurring often after

the primary tumors are well established and clinically

identifiable. However, in up to 10% of cases, patients with

cervical metastasis will reveal no evidence of a primary

carcinoma even after thorough clinical and radiographic

examination, and multiple targeted endoscopic biopsies

[1, 2]. The management of this group of patients is prob-

lematic and commonly involves wide field irradiation that

includes the entire pharyngeal axis and larynx with

impending serious morbidity [3–6]. It is therefore of

importance to exert all possible efforts to identify the pri-

mary tumor site in order to target it for therapy.

S. K. El-Mofty (&)

Department of Pathology and Immunology, Division

of Anatomic and Molecular Pathology, Washington University

School of Medicine, Campus Box 8118, 660 S Euclid Ave.,

St. Louis, MO 63110, USA

e-mail: elmofty@wustl.edu

M. Q. Zhang

Department of Pathology and Laboratory Medicine,

University of Kentucky, Lexington, KY, USA

R. M. Davila

Department of Pathology, Missouri Baptist Medical Center,

St Louis, MO, USA

Head and Neck Pathol (2008) 2:163–168

DOI 10.1007/s12105-008-0066-1



Clinical observations by us as well as others, have

indicated that a subset of oropharyngeal squamous cell

carcinomas of the tonsils and base of tongue, have a pro-

pensity for early metastasis [7]. In addition, it is observed

that in several cases of cervical metastasis with occult

primary tumor, the subsequent emerging tumor is most

commonly located in the oropharynx [8].

About twenty years ago, high risk HPV (HR-HPV) was

identified in squamous cell carcinoma of the head and neck

[9]. A multitude of studies using a variety of techniques

including ISH, PCR, and Southern blots have since been

able to demonstrate the presence of HPV DNA in some

UADT carcinomas, most commonly in the oropharynx, and

specifically in the tonsils and base of tongue [9–16]. We

and others have shown that HPV related squamous cell

carcinoma of the oropharynx is microscopically and

molecularly distinct [10, 12, 13, 15, 16]. The tumors are

morphologically characterized by a non-keratinizing ba-

saloid cell morphology, high mitotic activity, and comedo

type necrosis. The tumor cells also have a characteristic

immunophenotype distinguished by a strong and diffuse

reactivity to p16INK4a (p16) antibodies, a negative or

weak staining for p53 protein and high Ki67 staining scores

[10, 12]. Identification of HPV by ISH and p16 immuno-

staining in SCC metastatic to cervical lymph nodes was

shown to be a reliable way to establish origin from the

oropharynx [17].

The purpose of this study is first, to ascertain the utility

of using microscopic features in identifying HPV-related

cervical metastasis, and second, to determine the reliability

of predicting the site of the primary carcinoma of such

metastasis.

Materials and Methods

Identification of HPV-related Carcinoma in Lymph

Node Metastasis

Ninety-three cases of squamous cell carcinoma of the head

and neck with known primary tumor sites and lymph node

metastasis accessioned during a five year period were

retrieved from departmental files. Routine sections of the

primary tumors and the positive lymph nodes were exam-

ined with light microscopy and the tumors were classified

according to their microscopic features into two groups:

Non-keratinizing SCC carcinoma (NKCa) and conven-

tional keratinizing squamous cell carcinoma (KSCC).

HPV-related NKCa was described previously [10, 12] and

is characterized by relatively monomorphic, ovoid and

spindle shaped basaloid cells with hyperchromatic nuclei,

inconspicuous cytoplasm and indistinct cell borders. The

tumor cells form sheets, cords and nests, with rather well

defined margins and occasional peripheral palisading.

Comedo type necrosis and excessive mitosis are charac-

teristic features (Fig. 1a, b). Each primary tumor and its

metastasis were phenotypically identical in all cases. For

confirmation of HPV-relationship, additional sections from

the lymph nodes and the primary tumors were used to

identify high risk HPV by ISH, and p16 immunostaining.

ISH for HPV

ISH was performed on formalin fixed paraffin embedded

sections using ISH I View Blue Plus Detection Kit (Ven-

tana Medical System, Inc., Tucson, AZ.) according to the

manufacturer’s instructions. The probes used hybridized

with high risk HPV (HR-HPV) genotypes including type

16, 18, 33, 35, 45, 51, 52, 56, and 66. Ventana Red

Counterstain II (Ventana Medical System, Inc., Tucson,

AZ) was used. Positive staining was identified as blue

nuclear dots.

Immunohistochemistry for p16

Immunoperoxidase staining was done on 4-mm cut tissue

sections using the DAKO LSAB2 horseradish peroxidase

system (DAKO Corp., Carpinteria, California) following

the manufacturer’s instructions. Antigen retrieval was done

by microwave heating for 10 minutes in 10 mM citrate

buffer (pH 6.0); p16 monoclonal antibodies 1:40 were used

(Novocastro Labs Ltd., United Kingdom). Staining was

considered strong and diffuse when the nuclei and cyto-

plasm of [80% of the cells were positive. Other patterns of

staining were designated focal and weak or negative.

Results

Identification of HPV: Related Carcinomas in Cervical

Lymph Nodes

Of the 93 metastatic carcinomas, 32 cases originated in the

oropharynx, 35 in the oral cavity, and 26 in the larynx/

hypopharynx. The age range of the patients was 34–

80 years. The oropharyngeal tumors originated exclusively

from the palatine tonsils and base of tongue. The latter

were commonly centered on the lingual tonsils. A male

dominance was observed in all cases. The male to female

ratio was 4:1 for the oral tumors, 7:1 for larynx/hypo-

pharynx, and 9:1 for the oropharyngeal tumors. The

distribution of the morphologic subtypes for each primary

tumor site is shown in Table 1. Of the 32 oropharyngeal

carcinomas, 21 (66%) were non-keratinizing (Fig. 1a, b),

six were keratinizing (Fig. 1c) and five tumors showed

overlapping morphology. In these hybrid cases, the
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basaloid epithelial cell of the non-keratinizing carcinomas

showed focal areas of maturation throughout the tumor. In

these areas the cells had keratinocytic rather than basal cell

appearance with more prominent cytoplasm, distinct cell

membrane and intercellular bridges (Fig. 2).

All of the 35 carcinomas of the oral cavity were of the

keratinizing type and none had hybrid morphology. Car-

cinomas of the larynx and hypopharynx were also

predominantly keratinizing type (24/26), two were hybrid

type, and none were non-keratinizing.

HPV was identified by ISH in 23 of the 93 metastatic

lymph nodes (24.7%) (Fig. 3). In 22 of the 23 HPV posi-

tive lymph nodes (95.6%) the tumors originated in the

oropharynx (P \ 0.0001), with 95.7% sensitivity, 85.7%

specificity as determined by the Chi-square and Fisher’s

Exact tests. Only one HPV positive case was from non-

oropharyngeal site; it arose in the larynx/hypopharynx.

Of the 23 HPV positive carcinomas, 21 (91.3%) were

non-keratinizing (P \ 0.0001), and 2 showed hybrid fea-

tures (Table 2). Twenty-one of the HPV positive NKCa

were oropharyngeal in origin. In contrast, of the 70 HPV

negative lesions 65 (92.8%) were predominantly kerati-

nizing type and overwhelmingly non-oropharyngeal in

Fig. 1 (a) HPV-related non-keratinizing carcinoma (NKCa) of

oropharyngeal tonsil. Basaloid small cells with dark basophilic

nuclei, inconspicuous cytoplasm and indistinct cell borders. Areas

of necrosis are seen. (b) Higher magnification of a showing mitotic

figures. (c) Conventional keratinizing SCC showing characteristic

‘‘keratin pearls’’. The cells are keratinocytic with abundant

eosinophilic cytoplasm, prominent cell borders and intercellular

bridges

Table 1 Distribution of 93 cases of neck metastasis by site and

histologic type of primary tumors

Primary site Histologic types

(Number of cases) KSCC NK Ca(%) Hybrid

Oral cavity (35) 35 0 (0%) 0

Larynx/Hypopharynx (26) 24 0 (0%) 2

Oropharynx (32) 6 21(65%) 5

Fig. 2 Hybrid NKCa/KSCC with overlapping morphology. Basaloid

cells showing a trend towards differentiation to a keratinizing

phenotype, at the periphery of the cell nests and trabeculae
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origin (Table 2). The remaining 5 cases showed hybrid

morphology. Ten HPV negative carcinomas were derived

from the oropharynx. Of these, 6 were keratinizing carci-

nomas and four showed hybrid morphology (Table 2).

The results of p16 immunostaining are shown in

Table 3. All of the 23 HPV positive tumors reacted

strongly and diffusely with the antibodies (Fig. 4), while

only five of the 70 HPV negative cases stained positively.

Four of these five were oropharyngeal and one originated

in the larynx/hypopharynx. All five tumors showed hybrid

morphology. Their staining pattern was focal and weak in 3

cases and diffuse and strong in two. Table 4 summarizes

the HPV status and sites of origin of all 7 tumors with

hybrid morphology.

Discussion

As stated above, metastasis to the cervical lymph nodes in

the absence of a known primary tumor is a challenging

patient management problem. A variety of techniques are

routinely used, often unsuccessfully, in the search for the

primary tumor site. These include imaging procedures such

as MRI, CT and PET scans, as well as systematic biopsies

of suspect regions and directed biopsies of endoscopically

inconspicuous areas. Identification of the source of

metastasis can lead to targeted treatment with reduced

morbidity and more favorable outcome [18]. An alternate

more direct and less invasive strategy is to identify tumor

markers in the metastatic cells that can be used as a guide

in determining the origin of the metastatic disease. Since

the discovery that HR-HPV, particularly type 16, is asso-

ciated with a subset of head and neck squamous cell

carcinomas, it has been recognized that these HPV related

tumors have distinct clinical and pathologic features [9–13,

15, 16, 19]. In particular, these tumors are site specific and

overwhelmingly centered on the palatine and lingual ton-

sils [10, 12]. As stated above, these tumors are also

characterized by a distinct non-keratinizing morphology

and strong reactivity to p16 immunostain. In this study we

Fig. 3 ISH for HR-HPV. Positive staining is seen as blue nuclear

dots in several cells of NKCa of an oropharyngeal tonsil

Table 2 Microscopic features of HPV + and HPV- metastasis from

different anatomic sites

Primary site HPV+ HPV-

K NK Hyb K NK Hyb

Oral 0 0 0 35 0 0

Larynx/hypopharynx 0 0 1 24 0 1

Oropharynx 0 21 1 6 0 4

K = keratinizing SCC, NK = non-keratinizing SCC, Hyb = hybrid

carcinoma

Table 3 p16 Immunostain of HPV positive and negative metastatic

carcinomas

Primary site HPV+ HPV-

p16+ p16- p16+ p16-

Oral cavity 0 0 0 35

Larynx/hypopharynx 1 0 1* 24

Oropharynx 22 0 4** 6

* Focal weak staining and hybrid morphology

** Two with focal weak and two diffuse and strong. All four had

hybrid morphology

Fig. 4 Strong and diffuse reactivity to p16 antibodies in NKCa

Table 4 HPV status and site of tumors with hybrid morphology

(7 cases)

HPV negative (5) HPV positive (2)

Oropharynx Larynx/

hypopharynx

Oropharynx Larynx/

hypopharynx

4 1 1 1
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have attempted first, to show that HPV related tumors in

metastatic lymph nodes can be identified microscopically

by their characteristic morphology, and second, to deter-

mine the reliability of predicting the primary tumor sites of

these morphologically distinct metastatic carcinomas.

It should be emphasized that HPV-related NKCa differs

from basaloid squamous carcinoma (BSC) of the upper

aerodigestive tract (UADT), microscopically, clinically

and molecularly. BSC, as originally defined by Wain et al.

[20] is characterized by having biphasic morphologic fea-

tures; a basaloid pattern which is intimately associated with

keratinizing squamous cell carcinoma. Additional features

that distinguish BSC include small gland like cystic spaces,

stromal hyalinization and intercellular hyaline deposits.

BSC of the UADT arise more commonly in the hypo-

pharynx. The majority of BSC, Unlike NKCa show high

labeling scores for p53 [21]. HPV has not been detected in

BSC either by PCR or ISH techniques [22, 23]. More

significantly HPV-related squamous cell carcinoma of the

oropharynx is more responsive to therapeutic modalities

and shows better prognosis [12].

The non-keratinizing morphology, which is the hallmark

of HPV positive carcinomas, was evident in 21/93 lymph

nodes as well as in their primary tumors. A few cases, 7/93

(7.5%) showed hybrid morphology. These will be further

discussed below. All non-keratinizing carcinomas and two

hybrid tumors were HPV positive by ISH (Table 2). None

of the keratinizing tumors was positive for HPV.

p16 immunoreactivity is considered a surrogate marker

for HPV positive carcinomas of the anogenital tract as well

as those of the upper aerodigestive tract [10–12, 24–

26].The paradoxical over-expression of cell cycle inhibi-

tory protein in actively replicating neoplastic cells is

thought to result from feedback control, secondary to

deregulation of the tumor suppressor protein Rb. The latter

is functionally inactivated by HPV oncoprotein E7

[25, 27]. p16 reactivity was diffuse and strong in all HPV

positive tumors (Fig. 4). Five HPV negative carcinomas

also reacted positively for p16 (Table 3). In these five HPV

negative cases, p16 staining was focal and weak in three

and diffuse and strong in two. All five cases showed hybrid

morphology. As shown in Table 4, the two HPV-positive

carcinomas with overlapping morphology, one was oro-

pharyngeal and the other was from the larynx/

hypopharynx. The five HPV negative hybrid carcinomas

were predominantly (4 cases) oropharyngeal. Only one

case was laryngeal/hypopharyngeal in origin.

The relationship between the ISH negative, p16 positive

hybrid carcinomas to HPV infection is currently unknown.

However, because these tumors are predominantly (4/5)

oropharyngeal, a site with high prevalence of HPV carci-

nomas, it is conceivable that these tumors are HPV related.

Using a more sensitive technique like PCR it may be

possible to identify the viral genome in these cases. In a

recent study, about 6% of ISH negative tumors were found

to be HPV positive by PCR techniques [17]. Alternatively,

the virus may have been shed at a later stage of progression

of the tumor. Such an event could be facilitated by an

unintegrated episomal status of the virus which has been

documented in HPV positive tonsillar carcinomas [28, 29].

Of the 23 HPV positive metastatic carcinomas, 22 were

oropharyngeal, 21 were nonkeratinizing, and one had

hybrid morphology. The predictive value of HPV-related

cervical metastasis for an oropharyngeal primary tumor is

highly significant with a P-value of 0.0001, a sensitivity of

95.7%, and specificity of 85.7%.

In this study, we have demonstrated that HPV positive

metastasis can be identified not only by ISH for HR-HPV

and p16 immunoreactivity but also by their strong corre-

lation to a distinct non-keratinizing morphology, with a

high degree of statistical significance. We have also shown

that identification, in cervical metastasis, of NKCa is a

reliable predictor of a primary source, in the oropharyngeal

palatine or lingual tonsils. Based on these observations we

recommend that in cases of metastatic cervical lymph

nodes, with occult primary carcinoma, HPV status of the

metastasis may be simply determined by identifying non-

keratinizing morphology in routine light microscopic sec-

tions. In ambiguous or hybrid cases with overlapping

keratinizing and non-keratinizing morphology, p16

immunostaining and/or ISH for high risk HPV may be

used. If a viral relationship is identified in the cervical

metastasis a primary oropharyngeal carcinoma is strongly

suspected and must be confirmed. An ipsilateral palatine

tonsillectomy may be performed and microscopically

examined by frozen sections. If the palatine tonsil is neg-

ative for carcinoma a lingual tonsillectomy may follow. In

the event that both of the pharyngeal tonsils biopsies are

negative, it is recommended that individual institutional

protocol, for managing cervical metastasis with unknown

primary carcinoma, should be implemented.

We have recently shown that HPV positive carcinomas

in metastatic cervical lymph nodes could also be reliably

identified, in fine needle aspiration (FNA) biopsies, by

characteristic non-keratinizing cytologic features [30].
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