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a b s t r a c t 

Previous studies describe a correlation between HPV-positivity and non-smoking in TSCC; p16 INK4A -expression 
as surrogate-marker for HPV-DNA/RNA-positivity is discussed controversially. In the present study, these pa- 
rameters are assessed prospectively. HPV-status of sputum and tonsillar-swabs was analyzed to determine their 
validity as surrogate-marker for tissue-HPV-status. 

TSCC- ( n = 52) and non-neoplastic tonsillar tissue ( n = 163) were analyzed. HPV-DNA- and HPV-RNA-status 
of total sputum, cellular fraction and supernatants, tonsillar-swabs and -tissue was determined by (RT)-PCR. 
Immunohistochemistry determined p16 INK4A -expression. 

23/163 (14.2%) non-neoplastic tonsils were HPV-DNA-positive; five patients (3 HPV16, 2 HPV11) had active 
HPV-infections (HPV-RNA-positive), in all biomaterials. 140/163 (85.9%) patients were either HPV-DNA-positive 
or HPV-DNA-negative in all samples. 21/52 (40.4%) TSCC-tonsils were HPV-DNA-positive; 17 patients were HPV- 
RNA-positive (14 HPV16; 4 HPV18). 40/52 (76.9%) TSCC-patients were congruent in all biomaterials. p16 INK4A - 
expression alone would have misclassified the HPV-status of 14/52 (26.2%) TSCC-patients. 

This prospective study confirms the discrepancy between HPV-status and p16 INK4A -expression and the sig- 
nificant correlation between non-smoking and HPV-DNA-positivity. HPV-sputum- and/or swab-results do not 
consistently match tissue-results, possibly having (detrimental) consequences if those were used to assess tissue- 
HPV-status. In the 5 patients with active HPV infection in the non-neoplasitic tonsils, tonsillectomy likely pre- 
vented subsequent development of TSCC. 
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Infection with human papillomaviruses (HPV) are causing anogen-
tal, specifically cervical cancers [1–3] and a subset of head and neck
quamous cell carcinoma (HNSCC). In the head and neck, specifically
CC of the tonsils (TSCC), located in the anatomical region of the
ropharynx, are often characterized by infection with predominantly
PV16 [4–8] . TSCC harboring active HPV infection, characterized by
PV-DNA and -RNA expression, are considered to be truly HPV-driven

9] with HPV prevalence rates in this tumor entity between 30% and
0% of cases dependent on the geographical region the patients live in
10–12] . 
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HPV-driven HNSCC, especially TSCC, show significantly better sur-
ival times compared to HPV-negative TSCC [ 10 , 13 ]. This has generated
normous scientific and clinical interest in HPV-driven carcinomas. As
 consequence, HPV status in oropharyngeal carcinomas has been in-
luded in the 8th edition of the TNM classification (AJCC/UICC) to re-
ect the favorable prognosis of HPV-positive TSCC [14] . On the other
and, numerous clinical studies have been initiated to test whether the
ame outcome can be achieved with de-escalated therapy in HPV-driven
arcinomas [15] . The first two studies turned out to be negative and
ere recently published [16] . 

In contrast to cervical cancers with well-established precursor lesions
CIN I-III), similar precursor lesions are not known for TSCC [1] . The
echanisms leading to HPV-initiated carcinogenesis require the mucosa
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o be infected before clinically evident lesions can be detected. Thus,
PV initially infects neoplasia-free, clinically healthy mucosa, in the
rea of the upper aerodigestive tract as well as other anatomical sites.
herefore, clinically normal tissue of the tonsils is of particular interest
ecause its HPV status provides information on the epidemiology of HPV
n neoplasia-free tissues of the oral cavity and oropharynx. Moreover,
recise HPV prevalence rates of clinically normal mucosa or tonsils can
elp to better understand HPV‘s natural history and the progression from
PV presence to carcinogenesis. HPV prevalence rates in non-neoplastic

onsils are reported to be between 0% and 12.5%. Negative HPV detec-
ion studies have been reported from non-neoplastic tonsils in children
17] , children and adults [18–20] and adults only [21] , while positive
PV detection studies come predominantly from children and adults

22–24] . 
Gargle and sputum samples are currently evaluated to determine

hether HPV diagnostics on these minimally- or non-invasively ob-
ained materials can provide reliable information regarding the HPV sta-
us of the tonsillar tissue [ 25 , 26 ]. Such a non-invasive surrogate method
or detection of HPV infection could be suitable for developing screen-
ng programs, possibly to identify individuals who could particularly
enefit from HPV vaccination or should be monitored more closely to
revent carcinogenesis. However, data obtained from tonsillar tissue,
onsillar brushes, gargle or sputum samples from the same subjects are
urrently not promising [24–26] , regardless of whether neoplastic or
on-neoplastic tissues have been examined. Franceschi and colleagues
24] conclude that brushes taken from non-malignant tonsillar tissues
re not suitable for detecting precancerous lesions. Concordance rates
n mouthwashes and tissue samples from the same patients with TSCC
f only 58% were reported [24] . In addition, the same authors analyzed
onsillar swabs as well and found concordance rates between swabs and
issue samples of 65% only. 

All these studies have the disadvantage of analyzing material of pa-
ients having either benign [24] or malignant lesions [27] or have en-
olled only small numbers of patients with benign lesions with limited
nformation about the HPV-status of these benign tissues [27] . More-
ver, the vast majority of studies reviewed were performed in a retro-
pective setting while data from prospective studies are scarce. 

Therefore, the aim of the present prospective study was to analyze
he HPV-status of intraoperatively obtained tonsillar tissue specimens
nd swabs, and sputum samples of patients with either TSCC, tonsillar
yperplasia, or chronic or recurrent tonsillitis. The non-neoplastic and
alignant tonsillar entities have been tested for HPV-DNA- and -RNA in

rder to compare their HPV prevalence rates and to possibly draw con-
lusions on aspects of their natural history. Tonsillar swabs and sputum
amples from the same patients were analyzed to determine the valid-
ty of these biomaterials as surrogate markers for tissue HPV status. In
ddition, p16 INK4A -expression was determined in all tissue samples to
urther investigate the validity of this protein as a surrogate marker for
PV infection, a still highly controversial topic. 

atients and methods 

tudy design 

In a prospective setting, patients with tonsillar squamous cell car-
inoma (TSCC) or non-neoplastic tonsillar lesions, namely tonsillar hy-
erplasia (H) or chronic or recurrent tonsillitis (CRT), were enrolled
hen treated at the ENT Departments of the University Hospitals of Kiel
nd Rostock and the ENT Department of the Asklepios Klinik Hamburg-
arburg and Klinikum Oldenburg (all Germany). Smoking habit and age
ere documented. Each patient was asked to deliver 2 sputum samples
irectly preoperatively, which were immediately taken to the laborato-
ies of the respective institution. For subsequent DNA and RNA isolation
rom the sputum, the first sputum sample was supplemented with 2 ml
ucleic acid stabilizer (AmpTec, Hamburg, Germany). The second sam-
le was centrifuged for 10 min (Heraeus Megafuge 1.0 or equivalent, at
2 
00 g) to separate the cellular fraction. The resulting supernatant was
upplemented with 2 ml of nucleic acid stabilizer and the cellular frac-
ion was dissolved in 1.5 ml of the stabilizer. All samples were stored at
oom temperature until nucleic acid extraction, which was performed in
aboratories in Kiel. Intraoperatively, patient material was extracted in
ifferent ways depending on the diagnosis: In CRT-and H-patients pala-
ine tonsils of both sides were swabbed and resected; in TSCC-patients
nly the affected tonsil was swabbed and resected. From each tonsil
ligible for analysis, 2 tonsillar swabs were taken with the Buccalyse
wabs (Isohelix, Harrietsham, United Kingdom). One swab was used to
xtract DNA, the other swab was transferred into 700 μl of the above-
entioned stabilizer (AmpTec, Hamburg, Germany) to extract RNA. All

wabs were stored at room temperature until nucleic acid extraction in
iel. Tissue specimens (approx. 1 cm 

3 ) of each tonsil was shock frozen
n liquid nitrogen and stored at − 80 °C until nucleic acid extraction in
iel. A second, adjacent piece of tissue was kept in formaldehyde for

mmunohistochemistry. 

ucleic acid extraction 

DNA and RNA from all sputum samples and RNA from the tonsil-
ar swabs was extracted using the ExpressArt Mag RNA + DNAready kit
AmpTec, Hamburg, Germany), according to the manufactures protocol.
NA of the tonsillar swabs was isolated using the Buccalyse DNA Release
it (Isohelix, Harrietsham, United Kingdom), according to the manu-
actures protocol. To isolate DNA and RNA from the tissues samples,
0–30 mg tissues were transferred into a Precellys R ○ ceramic-Kit 1,4 mm
ube (VWR International, Darmstadt, Germany), containing 600 μl RLT-
uffer [part of the AllPrep DNA/RNA Mini Kit (qiagen, Hilden, Ger-
any)]. The tubes were transferred in to the Precellys R ○ tissue homog-

nizer and were homogenized using the program 1 ×5000 for 30 s. Af-
erwards the lysates were centrifuged in an Eppendorf centrifuge 5417R
t maximum speed for 3 min at 4 °C. DNA and RNA was isolated from
he supernatants using the AllPrep DNA/RNA mini kit (qiagen, Hilden,
ermany) according to the manufacture’s protocol. All RNA samples
ere stored at − 80 °C and all DNA sample at − 20 °C until further analy-

is. Nucleic acid quantity and quality were assessed using the Nanodrop
000 (peqlab, Erlangen, Germany) and the Tapestation 2200 (Agilent,
öblingen, Germany), respectively. 

DNA synthesis 

RNA (200 ng) was transcribed into cDNA (TR-cDNA synthesis kit;
mpTec, Hamburg, Germany) under the following reaction conditions:
0 min at 16 °C, 30 min at 42 °C, 5 min at 85 °C followed by 5 min storage
n ice. To analyze cDNA integrity a PCR from each sample using 18S
NA primers (Promolgene; Berlin, Germany) according to the manufac-

urer’s protocol was performed. 

PV detection 

HPV-DNA detection was performed by PCR amplifying 50 ng per
ample using the primers GP5 + /GP6 + , as described previously [28] .
or all (RT)-PCR reactions the Quanta Biosciences Perfecta PCR mix,
tilizing the AccuStart TM Taq DNA-Polymerase, was used. PCR condi-
ions were as follows: initial denaturation: 15 min 95 °C, followed by 40
ycles of 1 min 95 °C, 1 min 40 °C and 1 min 72 °C, and a final elongation:
 min 72 °C. DNA integrity was analyzed using genomic primers for the
ousekeeping gene ß2-microglobin (B2M; Promolgene) according to the
anufacturer’s protocol; in brief, initial denaturation 10 min 95 °C; fol-

owed by 40 cycles:20 s 95 °C, 20 s 60 °C and 20 s 72 °C. Additionally, a
ositive control (a synthetic oligonucleotide of the HPV L1 gene, covered
y the GP5 + /GP6 + primers; Eurofins; Ebersberg Germany) was ampli-
ed in the GP5 + /GP6 + PCRs. Amplification products were sequenced by
anger sequencing and alignments were obtained from the GenBank on-
ine BLAST server ( http://blast.ncbi.nlm.nih.gov/Blast.cgi ). HPV-RNA

http://blast.ncbi.nlm.nih.gov/Blast.cgi
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Table 1 

Patient characteristics. 

Pathology n Age Sex Smoking habit HPV DNA tonsillar tissue 

mean std median min max male female active never former N/A positive negative 

CRT 107 24.05 10.78 23.17 3.48 57.80 42 (39.3) 65 (60.7) 40 (37.4) 66 (61.7) 1 (0.9) 12 (11.2) 95 (88.8) 

H 56 29.30 21.47 29.34 2.07 70.05 37 (66.1) 19 (33.9) 23 (41.1) 31 (55.4) 1 (1.8) 1 (1.8) 11 (19.6) 45 (80.4) 

TSCC 52 63.04 8.99 62.95 40.37 82.63 41 (78.8) 11 (21.2) 19 (36.5) 9 (17.3) 22 (42.3) 2 (3.8) 21 (40.4) 31 (59.6) 

std: standard deviation, N/A no information available, numbers in parenthesis are percentage among disease type. 
The entire patient population ( n = 215 patients) was comprised of patients with non-neoplastic chronic or recurrent tonsillitis (CRT; n = 107), tonsillar hyperplasia 
(H; n = 56) and patients with tonsillar squamous cell carcinoma (TSCC; n = 52). 
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etection was performed by RT-PCR, using 10 ng cDNA, generated as
escribed above, and HPV-type specific E6/E7 primers [29] under fol-
owing PCR conditions: initial denaturation: 10 min 95 °C followed by
0 cycles:15 s 95 °C, 45 s 60 °C. 

mmunohistochemistry for p16 INK4A 

Immunostaining of FFPE tonsillar tissue specimens (2- 𝜇m sections)
or p16 INK4A -expression was performed and evaluated according to
laes and coworkers [30] . Depending on these criteria the results were
lassified as negative ( < 5% positive cells), weak (5–30%), moderate
31–75%), and strong ( > 75%), respectively. However, in accordance
ith previous own data [10] and those by others [ 30 , 31 ] only tissues
ith strong ( > 75%), diffuse immunohistochemical staining were con-

idered positive. In addition, all tissues were stained for H&E to confirm
he presence of cancerous tissue and tonsillar crypts, respectively. 

moking history of the patients 

Smoking habit was classified as never smoker, active smoker and for-
er smoker, with the latter having stopped tobacco consumption at least
 years prior to diagnosis. This classification has led to significant re-
ults published by our group [ 10 , 13 ]. In addition, information provided
y patients regarding their substance abuse must be interpreted with
aution and the meaning of pack years has become variable as cigarette
acks, at least in Germany, contain between 10 and 40 cigarettes per
ack. 

tatistical analyses 

Fisher’s exact test (SPSS 20.0 software) followed by Bonferroni
osttest, where appropriate was performed to correlate the patients’
moking habit and the tonsillar HPV-DNA-status, smoking habit and
onsillar p16 INK4A -expression as well as the correlation between tonsil-
ar HPV-DNA-status and p16 INK4A -expression. Student’s t -test was per-
ormed to analyze age related differences between 2 groups and one-way
NOVA followed by Bonferroni posttest was used to analyze age related
ifferences when 3 or more groups were analyzed. p -values ≤ 0.05 were
onsidered statistically significant. 

esults 

atient demographics 

The patient characteristics are presented in Table 1 . A total of 215
atients were enrolled in the study. Patients in the participating depart-
ents were treated for non-neoplastic chronic or recurrent tonsillitis in
07 cases [(CRT); 65 (60.7%) female 42 (39.3%) male; 24.05 ± 10.78
ears (range: 3.48–57.80 years)]. Of the CRT-patients, 66 (61.7%) had
ever smoked and 40 (37.4%) were actively smoking at time of diag-
osis; in one case (0.9%), the patient had stopped two years prior to
iagnosis. Another 56 patients were diagnosed having tonsillar hyper-
lasia [(H); 19 (33.9%) female and 37 (66.1%) male; 29.30 ± 21.47
3 
ears (range: 2.07–70.05 years)]. 31 (55.4%) patients never smoked and
3 (31.1%) actively smoked at time of diagnosis; in 1 case (1.8%) the
atient had stopped smoking 2 years prior to diagnosis and in another
ase (1.8%) no data regarding smoking habit were available. The third
roup, 52 patients, was treated for tonsillar cancer [(TSCC); 11 (21.2%)
emale and 41 (78.8%) male; 63.04 ± 8.99 years (range 40.37–82.63
ears)]. Nine of these patients (17.2%) were never smoker, 19 (36.5%)
ere active smokers at time of diagnosis, and 22 (42.3%) had given up

moking at least two years before diagnosis; in two (3.8%) cases, data
egarding smoking habit were missing. 

PV-status in tonsillar tissue 

The HPV-DNA status of the patients’ tonsillar tissue is also shown
n Table 1 . The tonsils of 12/107 (11.2%) CRT-patients were HPV-DNA
ositive (8 = HPV11; 1 = HPV16; 3 = HPV6). An active HPV infection, as
onfirmed by detection of HPV-RNA, was detected in one patient with
PV16 and 2/8 patients with HPV11 infection, so that 2.8% of all and
5% of HPV-DNA-positive CRT-patients had active HPV infection. In
he group of H-patients, 11/56 (19.6%) HPV-positive tonsils were de-
ected (3 = HPV11; 4 = HPV16; 2 = HPV18; 2 = HPV6). Active HPV infec-
ion was found in 2 (both HPV16), i.e. 3.57% of all and 18.2% of HPV-
ositive H-patients. Patients with HPV positive CRT or H were signif-
cantly older than patients with HPV-negative non-neoplastic disease
HPV-positive CRT: 33.0 ± 8.9 years, HPV-negative CRT: 22.9 ± 10.5
ears; p = 0.001 and HPV-positive H: 43.8 ± 13.6 years, HPV-negative
: 26.5 ± 21.7 years; p = 0.035). Of the 52 TSCC-patients, 31 (59.6%)
ere HPV-DNA-negative and 21 (40.4%) HPV-DNA-positive, with no
ge-related differences observed (HPV-positives: 62.3 ± 9.3 years; HPV-
egatives: 63.6 ± 8.9 years; p = 0.612). Of the 21 HPV-DNA-positive tis-
ues, 14 were HPV16, all but one were also HPV-RNA-positive and 7
ere HPV18, with 4 being HPV-RNA-positive. Thus, no active HPV in-

ection was detected in only 4 (19%) of the 21 HPV-DNA-positive TSCC
ases (active HPV infection in 32.69% of all and 80.95% of the HPV-
ositive cases). Therefore, the prevalence in the TSCC population exam-
ned is 40.4% HPV infection and 32.7% active HPV infection. 

PV-status and p16 INK4A -expression in tonsillar tissues 

p16 INK4A -immunohistochemistry was performed and compared with
he results of the tissue HPV status. Of the 52 TSCC-patients 31 (59.6%)
ere HPV-DNA negative of which 4 (7.7%) were p16 INK4A -positive
 Table 2 , cases 1–4). 21/52 TSCC cases (40.6%) were HPV-DNA pos-
tive. Of these 6 (11.5%) were HPV-RNA positive but p16 INK4A -negative
 Table 2 , case 5–10). Further 4 (19%) of the 21 HPV-DNA positive TSCC-
atients were HPV-RNA-negative but p16 INK4A -positive ( Table 2 , case
1–14). Overall correlation between HPV-status and p16 INK4A -expresson
f the TSCC-patients is summarized in Table 3 . p16 INK4A –expression was
lso analyzed in the non-neoplastic tonsils. Applying the mentioned al-
orithm classifying only tissue with strong ( > 75%) diffuse immunohis-
ochemical staining as p16 INK4A -positive, resulted in 100% p16 INK4A -
egative non-neoplastic cases. To make comparison to the literature on
16 INK4A –expression in non-neoplastic tonsillar tissue [32] possible, tis-
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Table 2 

Correlation between HPV-DNA, HPV-RNA 

and p16 INK4A expression in tonsillar tissue 
from TSCC patients. 

Case HPV-DNA HPV-RNA p16 NK4A 

1 – – + 
2 – – + 
3 – – + 
4 – – + 
5 16 + –

6 16 + –

7 16 + –

8 16 + –

9 16 + –

10 18 + –

11 18 – + 
12 18 – + 
13 16 – + 
14 18 – + 

In 14 of the 52 TSCC tonsils HPV-DNA, HPV- 
RNA and p16 INK4A -staining did not show 

concordant results. Results of the remain- 
ing 38 patients were congruent in respect to 
their HPV-DNA, HPV-RNA and p16 INK4A ex- 
pression. p16 INK4A -staining was scored pos- 
itive ( + ) when more than 75% of the cells 
were stained [30] . In case of HPV-DNA pos- 
itivity the HPV-type is given. 

Table 3 

Correlation between smoking habit and HPV-DNA expression in 
tonsillar tissue. 

Pathology Smoking habit HPV DNA p -value 

positive negative 

CRT active 0 (0.0) 40 (42.5) 0.001 

never 12 (100) 54 (57.5) 

H active 2 (20.0) 21 (47.7) > 0.05 

Never 8 (80.0) 23 (52.3) 

TSCC Active 1 (5.0) 18 (60.0) < 0.0001 

never 8 (40.0) 1 (3.3) 

former 11 (55.0) 11 (36.7) 

numbers in parenthesis are percentage. 
The patient population ( n = 215 patients) was comprised of pa- 
tients with non-neoplastic chronic or recurrent tonsillitis (CRT; 
n = 107; 1 HPV-negative former smoker was excluded), tonsillar 
hyperplasia (H; n = 56; 1 HPV-positive former smoker was ex- 
cluded; for 1 HPV-negative patient no information was available) 
and patients with tonsillar squamous cell carcinoma (TSCC; n = 52; 
for 1 HPV-negative and 1 HPV-positive patient no information was 
available). p-values were calculated by Fisher’s Exact test. 
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ues with moderate (31–75%) positive cells were considered p16 INK4A -
ositive as well. This altered algorithm did not change the result ob-
ained in the H-patients. However, in 20/107 CRT-patients (18.7%)
oderate p16 INK4A –expression was detected, but did not correlate with
PV-expression in the tissues ( Table 3 ). Overall correlation between
PV-status and p16 INK4A -expresson of the CT and H-patients is also
iven in Table 3 . 

PV, p16 INK4A and smoking 

The correlation between smoking habit of the patients and HPV-
NA-status of the patients’ tonsillar tissue dependent on their disease is

hown in Table 3 . In TSCC and CRT-patients there is a significant correla-
ion between a negative smoking history and a positive HPV-DNA status
hich was not the case in patients with tonsillar hyperplasia. However,
 (72.7%) of the 11 HPV-positive patients with tonsillar hyperplasia are
ever smokers. Similarly, but only in the TSCC-patients a significant
4 
orrelation between a negative smoking history and a high ( > 75% of
tained tumor cells) p16 INK4A -expression was seen. 

PV-infection in different biomaterials 

Tonsillar tissue, sputum (total, supernatant, and cellular fraction)
nd swabs of the tonsillar tissue were analyzed for HPV-positivity in
ach patient. Noteworthy, when comparing HPV-status in tonsillar tis-
ue, sputum or tonsillar swabs revealed HPV-infection of all affected
iomaterials in a single patient were always infected with the same HPV-
ype. 

PV-infection of different biomaterials of the TSCC-patients 

Correlating the HPV-status of tonsillar tissue with the HPV-status of
he sputum and the tonsillar swabs of the TSCC-patients showed that
n 13/21 (61.9%) of the HPV-DNA-positive TSCC-patients all examined
iomaterial had congruent results. In 8/21 (38.1%) of patients with
PV-DNA positive tissue samples these results were not corroborated by

he results of the sputum and/or swab samples. These 8 discordant cases
re depicted in detail in Table 4 (cases 1–8). Among these 8 patients with
PV-DNA positive tissue samples there is a fair correlation between the

issue and the swab results; only 2/8 swabs are HPV-negative. In 27/31
87.1%) of the TSCC-patients with HPV-DNA- and RNA-negative tonsils
ll other analyzed biomaterials were also HPV-DNA and RNA-negative.
he remaining 4/31 (12.9%) TSCC-patients with HPV-DNA and RNA-
egative tissue samples ( Table 4 , cases 9–12) had HPV-positive sputum
nd / or tonsillar swab samples. These 4 cases were reanalyzed by re-
xtracting DNA and RNA of the tissues and RT-PCR was performed us-
ng HPV16 and HPV18 specific primers. Again, no HPV-DNA or –RNA
ould be detected in these tissues, despite positive signals for the posi-
ive controls. The discordance between tissue and sputum was 50%. In
ne patient with HPV-DNA positive but -RNA negative tissue all other
iomaterials were HPV-DNA and -RNA positive ( Table 4 , case 8). A fur-
her patient is positive for HPV-DNA and -RNA in all biomaterials except
or the tissue specimens ( Tab 4 , case 9). In 2/17 HPV-positive sputum
amples HPV-DNA could be detected in the cell free supernatant, the
orresponding cellular fractions, were HPV-DNA negative. 

PV-infection in different biomaterials with non-neoplastic tonsillar lesions 

Other than in cases with TSCC of patients with non-neoplastic lesions
he palatal tonsils of both sides were removed and analyzed and tonsil-
ar swabs were taken from both sides. Amongst the CRT-patients 12/107
11.2%) had HPV-DNA-positive tissue samples. Three of these 12 pa-
ients were also HPV-RNA-positive, not only in their tissues but also in
ll biomaterials analyzed. Of the remaining 9/12 patients with HPV-
NA-positive but HPV-RNA-negative samples 5 patients had congruent

esults in all biomaterials. The discordant results of the remaining 4/12
RT-patients with HPV-positive tissue samples are shown in Table 5
case 1–4). In 89/95 (93.7%) CRT-patients with HPV-negative tissue
amples these results were confirmed in patients’ sputum and swab sam-
les. The remaining 6/95 (6.3%) CRT-patients with HPV-negative tissue
amples had HPV-positive swabs and/or sputum samples and are de-
icted in Table 5 (case 5–10). Among the H-patients with HPV-positive
onsillar tissues 8/11 (72.3%) showed congruent results in their swabs
nd sputum samples. 2 of these 8 patients were HPV-RNA positive,
ot only in their tissues but also in all other biomaterial analyzed. In
/11 (27.3%) H-patients with HPV-positive tissue samples the results
ould not be confirmed in their swabs and/or sputum samples ( Table 5 ,
ases 11–13). Among the H-patients with HPV-negative tissue samples
n 40/45 (88.9%) patients’ swabs and sputum samples were also nega-
ive. The results of the remaining 5/45 (11.1%) H-patients are depicted
n Table 5 (case 14–18); showing positive swab results in all cases and
n 1 case (case 14) also a positive sputum result. 
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Table 4 

HPV-DNA and -RNA results in the different biomaterial of TSCC patients. 

Tonsillar tissue Tonsillar swab Sputum Cellular fraction Supernatant 

Case Smoking HPV DNA HPV RNA HPV DNA HPV RNA HPV DNA HPV RNA HPV DNA HPV RNA HPV DNA 

1 never 16 + 16 + – - - - –

2 former ∗ 16 + 16 – 16 – 16 – –

3 never 16 + 16 + 16 – – - 16 

4 former ∗ 16 + 16 + 16 – – - 16 

5 former ∗ 18 – 18 – – - - - - 

6 former ∗ 18 – – - – – - – - 

7 never 16 – – - – - - – - 

8 never 18 – 18 + 18 + 18 + - 

9 active – – 18 + 18 + 18 + - 

10 active – – 16 – 16 – 16 – - 

11 former ∗ – – 16 – 16 – 16 – - 

12 active – – 16 – – - – - - 

∗ stopped smoking at least 2 years prior to diagnosisThe results regarding HPV-DNA and –RNA-status of tonsillar tissue, the total 
sputum, the supernatant and the cellular fraction of the sputum and the tonsillar swabs of those 12 / 52 TSCC patients are depicted 
where the results between the biomaterials where not congruent. Results of the remaining 40 TSCC-patient were concordant in all 
biomaterials analyzed. Differences between tissue DNA status and the other biomaterials are indicated by bold characters. In case of 
HPV-positivity the HPV-type is given. Smoking habit of the patients is also shown. 

Table 5 

Discordant HPV DNA and -RNA results in patients with chronic or recurrent tonsillitis (CRT) and 
tonsillar hyperplasia (H). 

Tonsillar tissue Tonsillar swab Sputum 

∗ 

Case Smoking Pathology Right Left Right Left Total sputum Cellular fraction 

1 never CRT 6 6 – – 6 6 

2 never CRT 6 6 6 6 – –

3 never CRT 11 11 – 11 11 11 

4 never CRT 11 11 11 11 – –

5 former ∗∗ CRT – – 6 6 6 6 

6 active CRT – – 6 6 6 6 

7 active CRT – – 6 6 6 6 

8 active CRT – – 6 6 6 6 

9 active CRT – – 11 11 11 11 

10 active CRT – – 11 11 11 11 

11 active H 11 11 11 – 11 11 

12 active H 18 18 18 18 – –

13 former ∗∗ H 6 6 6 6 – –

14 active H – – 11 11 11 11 

15 active H – – 6 6 – –

16 active H – – 11 11 – –

17 active H – – 11 11 – –

18 never H – – 18 18 – –

∗ all supernatants were HPV-DNA negative; data not shown. 
∗∗ stopped smoking at least 2 years prior to diagnosisIn patients with CRT and H both palatine 

tonsils were removed and swabs were also taken from both tonsils. Here those cases (10/107 CRT 
and 8/56 H) are shown, where differences between the tissue HPV-status, the sputum and swab results 
were detected. Results of the remaining 97 CRT and 48 H patient were concordant in all biomaterials 
analyzed. In case of HPV-positivity the HPV-type is given. All cases depicted here were consistently 
HPV-RNA-negative, hence only the HPV-DNA results are shown. 
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iscussion 

The present study is unique in several aspects: Malignant and non-
eoplastic lesions of palatal tonsils have been investigated in a prospec-
ive setting, with different patient biomaterials (tissue, swabs and spu-
um). All samples were analyzed not only for HPV DNA but also viral
NA, which was also performed in the swabs and sputum samples. In
ddition to the total sputum, the cellular fraction and the supernatant
ere tested separately for HPV. The findings obtained in this study are

orrespondingly diverse and are addressed in detail below. The high
uality and validity of the results of the present study are based on the
act that if HPV was detected, the same HPV genotype has always been
erified in different biomaterials of the same patients. 

The immunohistochemically confirmed overexpression of the cellu-
ar protein p16 INK4A is considered a surrogate marker for active HPV
5 
nfection in HNSCC, which is based on a negative feedback mechanism
y viral oncogene intervention in the cell cycle [ 8 , 33 ]. At least since
he inclusion of p16 INK4A -immunochemistry in the 8th edition of the
NM Classification (AJCC/UICC) for the determination of HPV status

n oropharyngeal carcinoma [14] , p16 INK4A -analysis has become part
f clinical routine. One aim of the study was to test the quality of
16 INK4A -expression in tonsillar tissue specimens as a surrogate marker
or active HPV infection and to investigate to what extent other ap-
roaches such as HPV detection in tonsillar swabs or sputum might be
etter suited as surrogate markers for the true HPV status of tonsillar
issue. Along with other groups we have repeatedly demonstrated, that
16 INK4A -expression and HPV DNA/RNA detection show clear discrep-
ncies [ 9 , 10 , 13 , 33 ]. Again, this was confirmed by the present study.
ased on the p16 INK4A -analysis alone, 14/52 (26.2%) TSCC-patients
ould have been falsely classified as HPV positive or negative, with
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ossible (adverse) effects on therapy planning and outcome. In addi-
ion, p16 INK4A -expression was correlated with patients’ smoking habit.
he correlation between strong p16 INK4A -expression and negative smok-

ng history of the TSCC patients adds to the controversial data. Similar
o the here presented data, Mazul and coworkers found a significant
orrelation between strong p16 INK4A -staining and a negative smoking
istory [34] , while no correlation between these parameters was seen
y Pitak-Arnnop and coworkers [35] . Unfortunately, the present study’s
im to establish sputum and tonsillar swabs as surrogate marker did not
ead to a promising avenue. At least in our TSCC cohort, HPV sputum
nd/or swab results show similar high rates of discrepancies as seen for
16 INK4A -staining with possibly similar (adverse) consequences if spu-
um and/or tonsillar swabs were used to determine the HPV status of
he tonsillar tissue itself. 

HPV-DNA prevalence in malignant tonsillar samples examined in the
resent study were 40.4%. 81% of these, were active infections and
ere thus, as expected, in the range of data shown previously for our
 8 , 10 , 13 , 33 ] and other comparable patient cohorts [ 5–7 , 12 ]. It is all
he more remarkable, that of the 163 non-neoplastic tonsillar samples,
ot only 23 (14.2%) showed HPV-DNA infection (7 of them with high
isk-HPV genotypes), but 5 of them [3.0% (3 HPV16, 2 HPV11)] carried
ctive infections, based on RNA detected. 

Viral activity was proven by the presence of viral RNA, since
16 INK4A -immunohistochemistry in non-neoplastic tonsillar samples
howed - if at all - moderate staining (solely in CRT) in 18.7% and this
id not correlate with HPV status. Despite the very low rate of active
PV infection in the non-neoplastic specimens investigated, this result

s nonetheless very interesting. The question arises what information
hese cases can provide within the context of the hitherto poorly un-
erstood transition of the natural history of HPV in the oral cavity and
ropharynx to carcinogenesis. In particular, will these 3 HPV16 posi-
ive non-neoplastic cases progress to carcinoma and has tonsillectomy
pared these patients from this? This notion is supported by studies on
SCC-patients and healthy volunteers, who carry 2–3% virus-specific
ntibodies and these antibodies can sometimes be measured decades
efore the appearance of a tumor [36,37] . Moreover, a nation-wide co-
ort study in Sweden comparing cancer incidence in a tonsillectomy
ohort ( n = 225.718) with Sweden´s general population detected a re-
uced risk of tonsillar cancer but unrelated to other oropharyngeal or
ther head and neck cancers [34] which could be another argument for
onsillectomy potentially preventing TSCC. 

Tables 4 and 5 show the discordant HPV DNA/RNA results in the
ifferent biomaterials of the respective patients. Case 3 and 4 as well as
ases 8 and 9 in Table 4 are particularly noteworthy. The detection of
PV16 DNA in the supernatant of the sputum only, but not in the cell

raction of case 3 and 4, shows that HPV DNA can not only be localized
xtracellularly, but is also technically detectable in the cell free super-
atant. It can therefore be concluded that not every HPV DNA detection
n the total sputum is equivalent to the detection of a cellular infection.
iven that in these cases tissues and swabs are HPV DNA/RNA positive,
n experimental error cannot fully be excluded despite the accuracy of
he methods used. Case 8 and 9 of Table 4 are positive for HPV RNA
n all biomaterials with the exception of the tissue samples themselves
espite repeated DNA/RNA extraction and analysis. In these cases, the
issue result is unlikely to be false negative and these patients possibly
ave active HPV infection at a different site of the upper aerodigestive
ract. 

Based on our results sputum- or swab-based screening tests do not
eem suitable to identify individuals at increased risk for HNSCC nor as
 screening instrument during surveillance following HNSCC therapy.
his is in line with data from Martin-Gomez and co-workers [25] and
ipson and co-workers [26] who also addressed this topic, but either
sed gargle instead of sputum and did not test for RNA [25] or per-
ormed a meta-analysis summarizing existing data [26] . Therefore, at
resent the situation remains that HPV-associated diseases of the head
6 
nd neck only become evident and can be diagnosed when clinical symp-
oms and the tumor itself became apparent. 

HPV-positive patients with non-neoplastic tonsils are significantly
lder than HPV-negative patients. This can most likely be attributed to
bservations from natural history studies, describing a continuous but
ith age increasing HPV detection rate in the oral cavity [ 38 , 39 ]. This

s often explained by the increasing number of sexual partners with age
38] . We would like to refer to our recently published article on this
opic, in which we discuss this correlation and its significance for the
atural history of HPV and HPV-associated carcinogenesis in detail [40] .
n the present study there is no age difference between HPV-positive
nd –negative TSCC patients. This phenomenon, which we have repeat-
dly seen in our analyses [ 8 , 10 , 13 , 33 ] contradicts a large part of the
S-American literature [ 5 , 38 , 39 , 41 ]. The often significant age differ-
nces are explained by the fact that carcinogenesis initiated by the in-
redients of tobacco smoke and/or alcohol takes longer, thus, patients
eing older at cancer diagnosis. However, there is increasing evidence
hat the observation that HPV-positive patients are significantly younger
han HPV-negative patients [ 5 , 38 , 39 , 41 ] is not consistent in the litera-
ure, as different studies report no significant age-related differences
etween HPV-positive and HPV-negative patients, not only in European
 10 , 42 , 43 ] but also in US-American study populations [44] . 

The well-established correlation of smoking and HPV negative and
on-smoking and HPV positive tissue samples [ 10 , 13 , 19 , 39 , 45 ] is con-
rmed by the present study, both in TSCC and CRT cases. Among the
-cases, 8 of 11 HPV-positive patients are also non-smokers. It can be
ssumed that the association between smoking behavior and HPV status
s based on the interaction between HPV and two proteins, SLPI and An-
exin A2, both of which are increasingly expressed in smokers [46] . The
uthors currently analyze these parameters in this study population. 

In summary, neither p16 INK4A -immunohistochemistry integrated
nto the TNM classification nor any other analytical procedure per-
ormed in the present study can be recommended as a surrogate for
he true HPV status of the tonsillar tissue. The most reliable detection
ethod of active HPV infections, which are responsible for neoplastic le-

ions, is the detection of viral RNA. All investigated HPV-positive TSCC
atients are infected with high-risk HPV genotypes and the infections
re active with few exceptions, while the majority of patients with non-
eoplastic tonsillar disease are infected with low-risk HPV genotypes
hile infections are predominantly inactive. However, three percent of
on-neoplastic tonsillar tissues show active mostly high-risk HPV infec-
ion. Future studies should try to answer the question, how the latter
nfections mark a potential transformation of oral HPV natural history
o carcinogenesis and whether tonsillectomy may protect against (HPV-
riven) TSCC. 
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