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Abstract Lymph node involvement is prognostically the

most determinant clinical factor for patients with head and

neck squamous cell carcinomas (HNSCCs). Ultrasound of

the neck and fine-needle aspiration (FNA) cytology is one

of the first diagnostic procedures and the most accurate

diagnostic staging tool for the neck. Patients with HPV-

positive oropharyngeal carcinomas (OPSCC) show a sig-

nificantly better prognosis when compared with HPV-

negative OPSCC. P16 overexpression is accepted as sur-

rogate marker for HPV-positive in OPSCC. These HPV/

p16-positive OPSCC are localized either in the palatal

tonsils or the base of tongue and frequently present with

lymph node metastases. We analyzed the correlation and

reliability of p16 expression of the FNA of the lymph node

metastasis with the immunohistochemical expression of

p16 of the same lymph node metastasis and its corre-

sponding primary tumor, as it could be of importance for

determining the localization and different prognosis of the

primary tumor. 54 HNSCC patients were evaluated, p16

expression of the primary tumors and their lymph node

metastases correlated precisely. In 25 of the 54 HNSCC

patients, a FNA of the lymph node metastases was taken

before the treatment. The positive cytological and

immunohistochemical p16 staining correlated exactly. Of

the 17 histologically p16-negative lymph node metastases

15 FNA were p16-negative, whereas two samples were

p16-positive. In our view, a cytological p16 analysis of

cervical lymph node metastasis can facilitate the correct

localization of the primary tumor and discriminate reliably

HPV-positive OPSCC from HPV-negative HNSCC with

their significantly diverse prognosis.
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Introduction

Patients with head and neck squamous cell carcinoma

(HNSCC) frequently present with cervical lymph node

metastases. Lymph node involvement is the determinant

clinical prognostic factor for patients with HNSCC. The

5-year-survival rate of lymph node positive, advanced-

stage HNSCC falls below 50 %. Ultrasound (US) of the

neck and fine-needle aspiration (FNA) cytology of the

suspicious lymph nodes is one of the first diagnostic pro-

cedures in a clinical examination for a thorough work up of

the neck. US and FNA represent the most accurate diag-

nostic tools for a precise neck staging. These methods are

easily available, quickly performed, safe, and cost effec-

tive. The hit rate for a correct diagnosis is high and can

surpass the rate of conventional radiologic techniques such

as computer tomography (CT) or magnetic resonance

imaging (MRI) [1].

Cancer statistics report an increasing incidence of

oropharyngeal squamous cell carcinoma (OPSCC) [2–4].

This subgroup of HPV 16- or 18-positive OPSCC is

characterized by distinct molecular characteristics such as
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an over expression of p16 suggested to be specific for

HPV-positive OPSCC [5, 6]. Patients with HPV-positive or

p16-positive OPSCC show a significantly improved prog-

nosis when compared with patients with HPV- or p16-

negative OPSCC [7]. Compared with negative HNSCC,

these HPV/p16-positive OPSCC frequently present with

lymph node metastases [8, 9]. HPV/p16-positive OPSCC

are mainly localized in the palatal tonsils or at the base of

the tongue [10]. These tumors can sometimes only be

detected by panendoscopy with blind biopsy of the base of

the tongue or diagnostic tonsillectomy since primary

tumors, in contrast to the advanced lymph node status, can

be small and hardly detectable by clinical examination

alone.

A strong correlation between the cytological and histo-

logical p16 expression of lymph nodes and their primary

tumors could be of decisive importance for determining the

localization of the primary tumor. Furthermore, the prog-

nostic information of the FNA could be improved if the

predictive value of p16 obtained from the lymph node was

high. This would allow correctly distinguishing this bio-

logically and prognostically different subtype of HPV/p16-

positive OPSCC from the majority of nicotine- and alco-

hol-associated HNSCC.

The aim of this study was to (1) analyze the correlation

of p16 expression in HNSCC primary tumors and their

lymph node metastases, (2) evaluate the feasibility of

immunocytochemical (ICC) p16 staining in FNA samples

of HNSCC lymph node metastasis, and (3) compare the

lymph node IHC with the matching lymph node ICC p16

expression.

Materials and methods

Patient data and specimen characteristics

At the University Hospital in Basel a tissue microarray

(TMA) of HNSCC samples of previously untreated patients

with HNSCC with complete medical history and follow-up

data was constructed [11]. Exclusion criteria for integration

were second primary cancer after initial curative therapy,

no curative treatment, incomplete clinical data, and biopsy

too small to be punched for TMA integration. Therefore,

out of more than 600 patients treated in Basel from 1988 to

2003, 365 primary tumor specimens remained to be inte-

grated into the TMA. Of 54 included patients, archival

paraffin embedded tissue blocks of a clearly corresponding

lymph node metastasis was available for additional inte-

gration in the TMA. Finally, for 25 of these 54 patients an

archival FNA of the lymph node metastasis was available.

Two fine-needle aspiration probes per patient were taken

for the initial diagnosis of cancer; one single slide per

patient was integrated in our study.

Immunohistochemical p16 analysis

Four-micrometer sections of TMA blocks were transferred

to an adhesive coated slide system (Instrumedics, Hack-

ensack, New Jersey) supporting the cohesion of 0.6 mm

array elements on glass. Standard indirect immunoperoxi-

dase procedures were used for immunohistochemistry

(ABC-Elite, Vector Laboratories, Burlingame, CA) on an

automated stainer (BondVR System, Menarini Diagnos-

tics). A monoclonal antibody was used for p16 detection

(Clone E6h4, MTM Laboratories AG, Heidelberg, Ger-

many). Optimal staining could be achieved after pretreat-

ment with microwave oven (100 �C 20 min. BondVR

buffer, dilution 1/400). Nuclei were counterstained with

hematoxylin. The primary antibody was omitted as a

negative control. P16 protein expression was scored semi-

quantitatively blinded to clinical parameters.

Immunocytochemical p16 analysis in lymphatic FNA

FNA material was smeared on glass slides. Slides were wet

fixed and stained with Papanicolaou stain for diagnosis.

Papanicolaou stained slides that had adequate amount of

representative material were de-stained. Immunocyto-

chemistry was performed utilizing the Leica BOND Max

automated stainer (Leica, Nunningen, Switzerland). Slides

were pre-treated in citrate buffer for 10 min at 95 �C. The

antibody p16 of the CINtec� Cytology kit (Ref 9521, mtm

laboratories, Heidelberg, Germany) was used as a primary

antibody at a dilution of 1/100. Staining was visualized by

diaminobenzidine. Immunocytochemical staining for p16

was regarded as positive if a strong cytoplasmic reaction

was observed. The number of stained cells was estimated

semi-quantitatively.

Statistical section

Concordance between p16 expression in matched primary

tumor and lymph node metastases as well as between

histological and cytological expression in both primary

tumor and lymph node metastases was assessed using the

Kappa statistic (j) and 95 % confidence intervals (CI).

Level of agreement was interpreted according to the fol-

lowing values of j: [0.8–1.0 excellent, [0.6–0.8 sub-

stantial,[0.4–0.6 moderate,[0.2–0.4 fair, and 0–0.2 slight

[12]. Percent agreement, namely the number of concordant

over total number of cases was additionally evaluated.

Analysis was performed using SAS V9.2 (The SAS Insti-

tute, Cary, NC).
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Results

Patients and clinico pathological parameters

Fifty-four patients were treated with a complete resection

of the primary tumor and a neck dissection. Three patients

had no lymph node metastasis, 18 were diagnosed with a

stage pN1, three were pN2a, 21 were pN2b, and eight were

pN2c, and one single patient pN3. Eighteen of the patients

had a stage III carcinoma, the remaining 36 a stage IV

tumor. The distribution of the most important clinico

pathological parameters is shown in Table 1.

Immunohistological p16 expression in the primary

tumor and lymph node metastases

Thirteen of 54 primary tumors were p16-positive, eight of

these were localized in the palatal tonsil, four in the base of

the tongue, and one only in the supraglottic larynx.

Metastases in 14 neck specimens were positive for p16

expression. Ten of 13 p16-positive primary tumors showed

correlating p16-positive lymph nodes while one positive

primary had p16-negative lymph node metastases and two

negative primaries had p16-positive lymph node metasta-

ses. Correlation of the histological p16 expression in the

primary tumor and the neck specimens corresponded pre-

cisely; the j value (95 % CI) of 0.85 represents an excel-

lent matching. The values for sensitivity and specificity

were 95.1 and 92.4 %. Results are shown in Table 2.

Correlation of immunocytochemical

and immunohistochemical p16 expression in matched

lymph node metastases

In 25 of the 54 HNSCC patients, a FNA of the lymph node

metastases was taken before treatment. All eight neck

metastases stained immunohistologically p16-positive

showed a cytological p16 staining. Of the 17 histologically

p16-negative lymph node metastases 15 showed negative

p16 cytology, whereas two cytological samples were

positive. Again, the j value (95 % CI) of 0.83 represents an

excellent correlation. The values for sensitivity and speci-

ficity were 88.2 and 100 %. Results are shown in Table 3.

Correlation of immunocytochemical p16 expression

in lymph node metastases with immunohistological p16

expression in matched primary tumors

All eight primary tumors stained immunohistologically

p16-positive showed p16 staining in the FNA sample. Of

the 17 histologically p16-negative primary tumors 15

showed negative p16 cytology and two cytological samples

were p16-positive. These results, with a j value (95 % CI)

of 0.75, represent a substantial correlation. Results are

shown in Table 4.

Discussion

A correct staging of the neck is of decisive importance for

HNSCC patients as lymph node metastases bear the most

selective prognostic pretreatment information. Small

HNSCC including the stages I and II have a good prognosis

while the 5-year-survival rate of advanced stage HNSCC,

mainly with involvement of lymph node metastases, lies

under 50 %. Furthermore, the lymph node involvement is

one of the important treatment selection criteria: while

small stage tumors without lymph node involvement are

treated by a single modality, surgery or radiotherapy only,

advanced tumors with lymph node metastases are treated

by combined modalities. Although CT, MRI, and PET-CT

lead to significant improvements in the correct clinical

neck staging, radiologic imaging depends on the special-

ist’s interpretation and bears limitations [13]. Gold stan-

dard for a detection of a true positive cervical lymph node

metastasis is a tissue specimen confirming neoplastic cells.

The most reliable clinical information about a precise neck

staging is achieved by US-controlled FNA of the suspi-

cious lymph nodes [1]. The advantages of this technique

including availability, minimal discomfort for the patient,

lack of radiation exposure, and low costs are on the other

hand faced with its main challenges, such as dependence

on the performers’ and cytologists’ experience as well as

the difficulty to reliably detect the deeply localized retro-

pharyngeal lymph nodes. In our institution, we benefit from

an excellent cooperation of a highly experienced team of

ultrasonographers and cytologists. To our knowledge, we

present the first study evaluating p16 expression in the

FNA of a lymph node metastasis with the immunohisto-

chemical p16 expression of the corresponding lymph node

metastasis and primary HNSCC. Our results are based on

aspirated material smeared on glass slides, wet fixed with

ethanol in a bedside technique, and stained for diagnosis

with Papanicolaou, whereas others report cytological p16

examinations of paraffin-fixed material examined by rou-

tine histology [14] or analyzed p16 by in situ hybridization

(ISH) [15, 16] or by fluorescence in situ hybridization [17]

or PCR [18].

The HPV-positive OPSCC are primarily located in the

palatine and lingual tonsils [19]. A biopsy of these primary

tumors is frequently connected with discomfort for the

patient and requires an examination under general anes-

thesia. Interestingly, a majority of these HPV-associated

OPSCC are reported to present with cervical lymph node

metastases [8, 9]. The tumors causing the cervical lym-

phadenopathy can again be proven by a conventional FNA.
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Table 1 Clinico pathological parameters in the 54 patients with head neck squamous cell carcinoma

Number Age Sex Localization cT cN Stage IHC PT IHC LN ICC LN

1 63 M Hypopharynx 2 2b 4 0 0 0

2 51 M Hypopharynx 3 2b 4 0 0 0

3 57 M Hypopharynx 3 1 3 0 0 0

4 53 M Larynx glottic 2 2c 4 0 0 0

5 73 M Larynx transglottic 4 2b 4 0 0 0

6 62 M Oral cavity 2 2b 4 0 0 0

7 63 M Oral cavity 4 2c 4 0 0 0

8 46 M Oral cavity 3 2a 4 0 0 0

9 67 F Oral cavity 3 1 3 0 0 0

10 62 M Oral cavity 2 2b 4 0 0 0

11 65 M Oral cavity 2 1 3 0 0 0

12 42 M Soft palate 4 1 4 0 0 0

13 66 F Tonsil 2 3 4 0 0 0

14 50 M Tonsil 3 2b 4 0 0 0

15 56 M Tonsil 3 2b 4 0 0 10

16 60 F Tonsil 4 2c 4 0 0 10

17 51 M Back wall of oropharynx 1 1 3 0 0 9

18 41 M Base of tongue 1 2b 4 0 0 9

19 64 F Base of tongue 2 1 3 0 0 9

20 72 M Base of tongue 2 1 3 0 0 9

21 53 F Hypopharynx 2 1 3 0 0 9

22 83 M Hypopharynx 4 0 4 0 0 9

23 47 M Hypopharynx 2 2b 4 0 0 9

24 63 M Oral cavity 4 1 4 0 0 9

25 60 M Oral cavity 4 2b 4 0 0 9

26 70 F Oral cavity 1 2b 4 0 0 9

27 52 F Oral cavity 3 1 3 0 0 9

28 29 M Oral cavity 3 1 3 0 0 9

29 65 M Oral cavity 2 1 3 0 0 9

30 59 M Oral cavity 2 2b 4 0 0 9

31 42 M Oral cavity 2 1 3 0 0 9

32 55 M Oral cavity 2 1 3 0 0 9

33 59 M Oral cavity 3 0 3 0 0 9

34 42 M Oral cavity 4 2b 4 0 0 9

35 37 M Oral cavity 3 2c 4 0 0 9

36 54 F Oral cavity 3 0 3 0 0 9

37 54 M Oral cavity 3 2b 4 0 0 9

38 59 M Oral cavity 4 2b 4 0 0 9

39 61 F Oral cavity 4 2b 4 0 0 9

40 74 M Tonsil 1 2a 4 0 80 9

41 70 M Base of tongue 2 2c 4 0 100 9

42 58 F Tonsil 1 2b 4 10 100 50

43 40 M Base of tongue 2 2b 4 30 0 0

44 57 F Tonsil 2 2b 4 40 10 30

45 55 M Base of tongue 3 2b 4 80 100 80

46 64 M Base of tongue 2 1 3 100 75 9

47 63 M Larynx supraglottic 4 2c 4 100 90 30

48 60 M Tonsil 1 1 3 100 90 90
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As the prognosis of HPV-positive OPSCC can differ sig-

nificantly from the HPV-negative HNSCC, information

about HPV status of the cytological aspirate is desirable.

The verification of HPV-positive in OSPCC can be

made by several techniques, such as ISH or PCR. As it

correlates precisely to HPV-positive, overexpression of

p16 is suggested as a surrogate marker for HPV 16/18

infection [5, 6]. Several studies have reported a significant

impact of p16 expression on survival of OPSCC [7, 9, 19,

20]. These results could be confirmed by two large

Table 2 Agreement in histologic p16 expression between matched primary tumor and lymph node metastases in patients with HNSCC

Histology: lymph node Percent concordance j (95 % CI)

Negative Positive Total

Histology: primary tumor

Negative 39 (72.2 %) 2 (3.7 %) 41

Positive 1 (1.9 %) 12 (22.2 %) 13 94.4 % 0.85 (0.7–1.0)

Total 40 14 54

Predictive values: sensitivity 95.1 %, specificity 92.4 %

Table 3 Agreement in p16 expression between histologically and cytologically examined matched lymph node metastases in patients with

HNSCC

Cytology: lymph node Percent concordance j (95 % CI)

Negative Positive Total

Histology: lymph node

Negative 15 (60 %) 2 (8 %) 17

Positive 0 (0 %) 8 (32 %) 8 92 % 0.83 (0.6–1.0)

Total 15 10 25

Predictive values: sensitivity 88.2 %, specificity 100 %

Table 4 Agreement in p16 expression between histologically examined primary tumors and matched cytologically examined lymph node

metastases in patients with HNSCC

Cytology: lymph node Percent concordance j (95 % CI)

Negative Positive Total

Histology: primary tumor

Negative 14 (56 %) 2 (8 %) 16

Positive 1 (4 %) 8 (32 %) 9 88 % 0.75 (0.5–1.0)

Total 15 10 25

Table 1 continued

Number Age Sex Localization cT cN Stage IHC PT IHC LN ICC LN

49 53 F Tonsil 2 2b 4 100 100 30

50 54 M Tonsil 1 2a 4 100 100 30

51 61 M Base of tongue 2 2c 4 100 100 50

52 56 M Tonsil 2 1 3 100 100 9

53 68 M Tonsil 2 1 3 100 100 9

54 50 M Tonsil 4 2c 4 100 100 9

cT clinical classification of the primary tumor (PT), cN clinical classification of the cervical lymph node (LN) metastases, IHC immunohisto-

chemistry, ICC immunocytochemistry
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multimodal analyses of outcome parameters in OPSCC by

Granata [21] and Ang [22], who reported a strong differ-

entiation of OPSCC risk groups by HPV 16 ISH as well as

p16 expression, the latter being unspecific for HPV 16 and

thus discriminating OPSCC independently of the HPV

type.

Ideally, this risk stratifying information should be

available before treatment, with minimal technical effort

and least discomfort for the patient, which can be achieved

by one single small tissue aspirate of a FNA.

We therefore analyzed the p16 expression in 54 HNSCC

primary tumors and the matched neck dissection specimens

by IHC and correlated these results with matched pretreat-

ment archival FNA by ICC p16 expression. On the histo-

logical level, results of p16 expression in the primary and its

cervical lymph node metastases matched precisely [j (95 %

CI) 0.85 (0.7–1.0)]; results for sensitivity and specificity

were 95.1 and 92.4 %. This correlation confirmed histo-

logical results reported by Begum et al. [16]. The reliability

of an HPV-related cytological analysis in archival slides

had been assessed by Umudum et al. [15]. They showed

precisely matching results on HPV DNA ISH in lymph node

metastasis aspirates compared with the matching primary

OPSCC. ISH is an elaborate and expensive technique

available only at a limited number of centers. We therefore

chose the evaluation of the ICC p16 protein staining out of

four reasons: first, p16 is an accepted surrogate marker for

HPV 16-positive [5, 6], second, p16 staining is technically

easily performed, third, the interpretation of p16 staining is

simple, as 5 % or more cytoplasmatic stained tumor cells

are determined to be a positive result and fourth, a p16

immunostaining is much less expensive than ISH. The

histological analyses of the neck dissection specimens

revealed 8 p16-positive and 17 p16-negative lymph node

metastases. All histologically positive lymph nodes were

confirmed by a positive p16 ICC. Of the 17 p16-negative

biopsies, 15 cytology specimens correlated but two speci-

mens showed false positive results. The percent concor-

dance reached 92 % [j (95 % CI) 0.83 (0.6–1.0)] and

results for sensitivity and specificity were 88.2 and 100 %.

The same results were found in the analyses for the p16

expression in the primary HNSCC and the matching

cytology aspirates. Again the percent concordance was

highly significant. Interestingly, the two false positive ICC

slides showed the weakest p16 staining of all aspirates with

10 % positive cells only. All other positive slides showed a

strong and clear p16 staining result with at least 30 %

positive tumor cells. We considered whether the archival

cytological aspirates are more delicate concerning the

interpretation of minimally positive tumor samples and

whether the cut-off value for p16-positive in cytology

smears should be analyzed and determined apart from the

histological cut-off applied, which is generally accepted to

be 5 % of positive tumor cells. This value is based on a

tissue section evaluating hundreds of tumor cells. As

cytological aspirates include significantly less tumor cells

for evaluation, the precise percentage of p16-positive cells

to be reliable for p16-positive of the tumor as a whole

becomes debatable. With an elevation of the cut-off for p16-

positive to [10 % positive tumor cells in the aspirates a

100 % correct correlation of the FNA with the histological

evaluations could be achieved.

All but one of the p16-positive tumors was located in

either the palatal or the lingual tonsil. The single p16-

positive carcinoma outside the oropharynx was classified as

supraglottic laryngeal carcinoma. This classification was

made on the basis of the radiological (CT) and clinical

examination. At the reevaluation of the archival histolog-

ical slide, this advanced tumor deeply infiltrated the base of

the tongue, leaving its correct origin open for interpreta-

tion, as it could just as well be classified as OPSCC of the

lingual tonsil infiltrating the supraglottic tissue. Even more,

as the p16-positive HNSCC are in the vast majority of

oropharyngeal tonsillar origin, the ICC of p16 could opti-

mize the precise determination of tumor localization apart

from the precise clinical staging and thorough radiological

workup. Including this additional information all OPSCC

were correctly localized in the oropharynx by the histo-

logical p16 staining of the neck metastases, which corre-

lated precisely with their primary tumors.

Our results suggest that p16-positive of histologically

examined neck metastases correlate to the matching pri-

mary tumor. Furthermore, cytological p16 staining con-

cordance with the matching lymph node metastasis as well

as the primary OPSCC is high and reliable even in archival

aspirates. In our view, a cytological analysis of cervical

lymph node metastasis bears relevant additional informa-

tion to the proof of the metastatic origin of the lymph node

itself: in addition to the clinical examination and thorough

radiologic workup it can facilitate the correct localization

of the primary tumor and can help to discriminate biolog-

ically different types of OPSCC with their significantly

diverse prognosis. Patients with OPSCC without the con-

ventional risk factors, namely smoking and alcohol con-

sumption, and a p16-positive FNA could currently at least

benefit from the improved prognostic information.
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