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Abstract
Objectives: Using commercial assays for high-risk (HR) HPV E6/E7 mRNA we sought to determine the accuracy of testing fine needle aspirates (FNA) of neck 
cervical lymph nodes and tumor tissue from patients with metastatic oropharyngeal squamous cell carcinomas (OPSCC).

Materials and Methods: Tumor tissue which was stained for p16 antigens and FNA from patients with OPSCC in tonsils (n=40), base of tongue (n=30) and other 
sites of the oropharynx (n=6) were tested for HR HPV E6/E7 mRNA using Aptima assays (Hologic). These samples were also tested for HR HPV DNA using cobas 
4800 (Roche) and/or Cervista (Hologic) assays. FNA sample adequacy was determined by qPCR for β-actin. 

Results: HR HPV mRNA and DNA were detected in 68.4% and 71.4% of FNA samples, respectively, and 96.4% were HPV genotype 16. 81% of tumor tissue 
samples were positive for p16 staining. 82.2% of FNA samples from patients with p16 positive tumors were positive for HPV mRNA compared to 82.4% for HPV 
DNA. Agreement between FNA testing for HPV and p16 stained tumors was 84.2% (k=0.59) for mRNA compared to 81.4% (k=0.49) for DNA. For all specimens, 
agreement was 94.3% (k=0.86) between Aptima mRNA and cobas DNA and 94.3% (k=0.77) between the cobas and Cervista DNA assays. A subset of 35 paraffin-
embedded primary tumors were extracted and tested in the HPV assays and an equal number of cases were positive for mRNA, DNA and p16. The FNA adequacy 
rate was 92%. 

Conclusion: The excellent performance of the Aptima HPV E6/E7 mRNA assays indicate that commercial tests should be validated and used for these purposes. 
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Background
Head and neck squamous cell carcinomas (HNSCC) may 

be associated with high-risk human papillomavirus (HR-HPV), 
predominantly genotype 16 and mainly present in oropharyngeal 
squamous cell carcinomas (OPSCC) involving the tonsils, base of tongue 
(BOT) and other sites [1]. During HR-HPV oncogenesis, transcription 
of viral oncoproteins E6 and E7 interfere with p53 and retinoblastoma 
(pRb) tumor suppressor pathways, a consequence of which includes 
the overexpression of p16 antigen [2]. The p16 immunohistochemical 
(IHC) test has been useful as a surrogate marker for transcriptionally-
active HPV [3,4]. HPV can be detected in SCC tissue using HPV in-situ 
hybridization (HPV-ISH), and commercial ISH assays have been used 
for detecting HPV DNA (DNA ISH) or mRNA (RNA ISH) [5]. RNA 
ISH appears to correlate more accurately with transcriptionally active 
HR-HPV [6-8]. Laboratory-developed tests (LDT) for HPV DNA and 
mRNA using PCR technology have been used on fresh, frozen and 
formalin-fixed paraffin-embedded (FFPE) tumor tissue [3]. 

Some patients have metastatic spread of their HNSCC to regional 
lymph nodes which may be the first clinical manifestation of disease 
[9]. Fine needle aspiration (FNA) of cervical lymph nodes has become 
a convenient sample for cytological and virological testing. Previous 
studies demonstrated that fixed and embedded FNA tested by p16 
IHC and/or HPV-ISH (DNA) enabled differentiation of OPSCC from 
non-OPSCC tumors [10-15]. Both LDT’s and commercial assays for 

the detection of HR-HPV DNA have been used on FNA samples. An 
LDT PCR has used MY09/11 primers [16], whereas the commercial 
DNA assays used Hybrid Capture (HC2, Qiagen) [17,18]; Cervista 
(Hologic) [19-21]; cobas PCR (Roche) [22,23] and the PCR genotyping 
INNO-LIPA Extra System Kit (Innogenetics) [24]. Accuracy of HPV 
testing of FNA compared results to the presence of p16 and HR HPV 
or HPV16 DNA in tumors using ISH. Commercial non-ISH DNA 
HPV assays are approved for use on genital samples for the diagnosis 
of cervical cancer and cancer precursors, but not for FNA or tumor 
tissue. The advantages and disadvantages of HPV and/or surrogate 
marker detection for HNSCC diagnosis have been reviewed [5,25-
28] and research approaches to the clinical diagnosis of HPV-related 
OPSCC have been proposed [29]. These excellent reviews agree that the 
goal should be to diagnose OPSCC driven by transcriptionally-active 
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The cobas 4800 software interpreted for each sample the outcomes and 
reported the results as negative, HPV 16, HPV 18 or other HR-HPV. 

Cervista HPV DNA assays

Cervista HPV 16/18 and Cervista HPV-HR assays (Hologic, 
Madison, WI, USA) were conducted according to the manufacturer’s 
instructions. One ml of an FNA sample from 35 patients were tested 
for HR HPV by both Cervista and cobas assays. The Cervista assays 
use Invader Chemistry signal amplification for the detection of specific 
nucleic acid sequences. The assay contains positive and negative 
controls. Sample DNA was extracted using a Genfind DNA Extraction 
Kit (Hologic). For the HR-HPV test 14 genotypes were detected by 3 
separate reactions for (a) genotypes 51, 56 and 66; (b) genotypes 18, 39, 
45, 59, 68 and (c) genotypes 16, 31, 33, 35, 52 and 58. For the Cervista 
HPV 16/18 assay, 2 oligonucleotide mixtures were used that contained 
probes specific for the L1, E6 and E7 genomic regions of genotypes 
16 or 18. A fold over zero (FOZ) ratio, which is a measurement of the 
fluorescent signal of the sample divided by a no target control, greater 
than 1.525 was considered positive. 

β-actin specimen adequacy assay

FNA samples from 9 patients who had p16-positive tumors but 
HPV-negative FNA samples, as well as 3 positive controls, were tested 
for β-actin DNA as a quantitative internal control for the amount 
of specimen collected in each sample type. DNA from 250 ul of the 
FNA samples in PreservCyt were extracted with Qiagen MinElute spin 
columns using a modified protocol from the AmpliLute Liquid Media 
Extraction Kit (Roche, Pleasanton, CA, USA), followed by qPCR using 
previously published β-actin primers [32].

Processing of tumor tissue for HPV testing

FFPE blocks of tumor tissue from 35 patients (22 tonsillar, 11 
base of tongue and 2 with soft palate tumors) were available to be 
retrieved and processed at the end of the study. Following strict 
procedures, the use of a new disposable blade was implemented, and a 
thorough wipe down of the microtome area with RNAseZap/DNAZap 
decontamination solutions between blocks was performed. Non-tissue 
paraffin blocks were used as a sentinel for contamination. Four curls 
of 25 microns were cut and placed into a 15 ml conical tube. The curls 
were incubated in 2.9 ml of Aptima STM for 30 minutes at 60°C with 
intermittent shaking to partially dissolve the paraffin wax, followed by 
5-minute incubation on ice. The STM was removed from each tube and 
pipetted into an empty Aptima STM tube [33]. Samples were tested 
according to the HPV kit package inserts and p16 positive and negative 
samples were included as external controls. 

Statistical analysis

Overall agreement between assay results and specimen types, and 
chance-adjusted agreement (kappa), were calculated. 

Results  
HPV mRNA and DNA were detected in 68.4%(52/76) and 

71.4%(50/70) of FNA samples respectively, and 82.2%(51/62) of FNA 
samples from the patients with p16 positive tumors were positive for 
mRNA compared to 82.4%(47/57) for DNA by cobas testing (Table 
1-all 76 patients).

Supplementary Table 1 summarizes the results of testing FNA 
samples for the presence of HR-HPV mRNA and DNA from 40 patients 
with primary tonsillar tumors which were tested for p16 and HR-

HPV by testing tumor tissue or FNA with relevant assays. The tests 
should be sensitive and specific, with appropriate time to results, of low 
complexity and cost, and easily incorporated into a diagnostic setting. 

The Aptima HPV assay detects E6 and E7 mRNA from 14 HR-
HPV genotypes, and its companion genotyping test (Aptima 16 18/45) 
detects E6/E7 mRNA from HPV 16 or a combination of HPV 18 and 
45 genotypes. Both are transcription-mediated amplification (TMA) 
assays approved for use on genital samples for the diagnosis of cervical 
pre-cancer and cancer [30,31]. The objective of the current study was to 
enroll patients with OPSCC attending a regional referral clinic to test their 
FNA with Aptima HPV mRNA assays, and to compare the results to HPV 
DNA testing of FNA and p16 staining of tumors, which were extracted to 
measure HPV DNA and mRNA with the same commercial assays. 

Materials and methods
Specimens and cases

We enrolled 69 males and 7 females with OPSCC, age range 40-
80 (median 57 years). A total of 40 had primary tonsillar tumors, 30 
base of tongue (BOT) tumors and 6 had tumors at other oropharyngeal 
primary sites (1 vallecular, 1 pharyngeal wall and 4 soft palate). Patients 
with oropharyngeal squamous cell carcinoma with regional metastatic 
spread to cervical lymph nodes were enrolled from July 2012 to July 
2015 at the Juravinski Cancer Center Head and Neck Clinic (Hamilton, 
Ontario, Canada). Each participant had the study explained and signed 
an informed consent approved by the Hamilton Integrated Research 
Ethics Board (HIREB). Primary cancer tumors were identified and p16 
IHC was performed on tumor tissues using a commercial kit (CINtec 
Histology Kit, Roche MTM Laboratories, Mannheim, Germany). 
Tumors were considered positive for p16 if ≥70% of tumor cells 
demonstrated strong diffuse nuclear and cytoplasmic staining [26]. All 
p16-stained slides were blinded and reread by a study pathologist co-
investigator. 

FNA of the cervical lymph node was collected by a Head and 
Neck surgeon for HPV testing using several passes with a syringe and 
22-gauge needle. The syringe was emptied directly into a vial containing 
4 ml of PreservCyt (Hologic) liquid-based media and an additional 1 
ml was added when received in the laboratory. FNA samples were not 
tested by p16 IHC. 

Aptima HPV testing for mRNA

Within 24-48 hours of receipt in the laboratory, 1 ml of each 
FNA sample was transferred to an Aptima tube containing specimen 
transport media (STM), and was tested with the Aptima HPV assay 
on TIGRIS DTS or Panther systems according to the manufacturer’s 
instructions. The assay contains positive and negative controls. Assay 
results were interpreted based on the signal-to-cutoff ratio (S/CO) and 
values ≥0.5 were considered positive. Specimens positive by AHPV 
testing were genotyped in the Aptima HPV 16 18/45 assay which 
contains positive and negative calibrators. 

cobas PCR DNA testing

One ml of the FNA sample was transferred into an empty 13 ml 
Sarstedt screw-capped round bottomed tube for cobas HPV testing on 
the cobas 4800 (Roche). Testing was performed at the Newfoundland 
and Labrador Public Health Laboratory in St. John’s, NL. The cobas 
assay identified genotypes 16 and 18, while simultaneously detecting 12 
other HR-HPV genotypes 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, 66 and 68 
collectively. Positive and negative controls are performed in the assay. 
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HPV nucleic acids. Testing the FNA samples identified 67.5%(27/40) 
positive for HR HPV mRNA and 72.2% (26/36) positive for HR HPV 
DNA. The tumor p16 positivity rate was 77.5%(31/40). Testing of FNA 
from the 31 patients with p16-positive tumors with the Aptima HPV 
mRNA assay detected 83.9%(26/31) and the cobas DNA test detected 
85.7%(24/28). For the 9 patients with p16-negative tumors, FNA 
testing detected 1 as positive for mRNA and 2 for DNA. FNA samples 
from 3 patients with p16-positive tumors were negative for both HPV 
nucleic acids (patients 8, 58, 38). The Aptima HPV assay identified 27 
FNA samples as HPV positive (26 samples were identified further as 
HPV 16 and one sample as other than types 16, 18 or 45 positive). The 
cobas HPV assay identified 26 FNA samples as genotype 16 and one 
sample as other than types 16 or 18. 

Supplementary Table 2 summarizes testing of the 30 patients 
with BOT tumors. Testing FNA samples identified 73.3% (22/30) 
with mRNA and 75% (21/28) with DNA. The tumor p16 positivity 
rate was 93.3% (28/30). FNA positivity rates for the 28 BOT patients 
with p16-positive tumors were 78.6% (22/28) for mRNA and 77.1% 
(20/26) for DNA. Both the mRNA Aptima assay and the DNA cobas 
test performed on FNA were negative in 6 patients (7, 39, 72, 88, 25, 
82) who had p16-positive tumors. Two patients at the bottom of the 
table with p16-negative tumors had a negative mRNA result and 1 had 
a positive DNA test on FNA. As in the patients with tonsillar tumors, 
the majority of BOT cases were genotype 16 infections. 

Supplementary Table 3 shows the results of testing the FNA from 
patients with other primary tumor sites. Three (50%) had p16-positive 
tumors and both HPV mRNA and DNA were detected in FNA samples. 
Three patients with soft palate tumors had p16-negative tumor tissue 
and their FNA samples were negative for HPV mRNA and DNA. 

We were able to retrieve FFPE tumor blocks (20 tonsillar, 13 
BOT and 2 others) from 35 of the 76 enrolled patients and they were 
processed for detection of extracted HPV mRNA and DNA. The results 
were almost identical for HPV mRNA or DNA and p16 IHC testing. 
Both the Aptima HPV mRNA and the cobas HPV DNA test identified 
96.5% (28/29) of the tumors that were p16 IHC positive (Table 2). 
The HPV assays were positive on a p16-negative tumor from patient 
91 and were negative on a tumor which was p16-positive (patient 
35). Comparing the Aptima HPV and cobas HPV assays performed 
on FNA, the Aptima mRNA assay detected 75.9% (22/29) compared 
to the cobas DNA test which detected 78.6% (22/28) of patients with 

p16-positive tumors. Aptima mRNA and cobas DNA were found in the 
FNA from patient 91 with a tumor negative by staining p16 but positive 
for HPV mRNA and DNA. Patient 63 had a positive cobas HPV DNA 
test of FNA with all other testing negative.  

Table 1 compares agreements between HPV testing of FNA for the 
larger group of p16-tested OPSCC tumors (n=76), and in the smaller 
group (n=35) tested by p16 and with Aptima mRNA and cobas DNA 
assays. FNA testing with the mRNA assay and p16 testing of tumors had 
a percent overall agreement of 84.2 (k=0.59). Agreement of the cobas 
HPV DNA results for testing FNA showed a slightly lower percent 
overall agreement of 81.4 (k=0.49) with p16 tested tumors. Similar 
calculations for the smaller group of 35 patients with tumor tissue 
available for both p16 staining and HPV nucleic acid testing showed 
slightly lower agreement values 77.1 (k=0.42) and were identical for 
the Aptima HPV mRNA assay and the cobas HPV DNA test on FNA 
with the 3 tumor measurements (p16, mRNA, DNA) individually 
or together. Negative percent agreement (NPA) with the 3 tumor 
measurements was 83.3% for the FNA tested for mRNA compared to 
66.6% for cobas DNA. 

Table 3 shows agreements between the mRNA Aptima assay and 
the cobas DNA test, and between the cobas and Cervista DNA tests 
on FNA samples. Both comparisons showed strong overall agreement: 
94.3% (k=0.86) and 94.3% (k=0.77), respectively. 

Assuming that FNA samples yielding a positive result in the 
Aptima HPV mRNA assay or in the cobas HPV DNA test were 
adequate specimens, FNA samples which were HPV negative from 
9 patients with p16-positive tumors were retrieved and examined 
for the presence of β-actin as an indicator of nucleic acid adequacy. 
Patient 72 (Supplementary Table 2) qualified but there was insufficient 
volume of FNA for processing. As shown in Table 4, control patients 
86, 87 and 90 at the top of the table had both HPV mRNA and DNA 
in FNA, and contained between 5.37-7.09 log copies/ml of β-actin. 
Patients 88, 8 and 58 with HPV-negative FNA results were judged to be 
adequate because they contained 5.13 to 6.91 log copies/ ml of β-actin. 
In contrast, 6 of the FNA samples (patients 7, 25, 39, 82, 38 and 56) 
had lower β-actin levels, ranging from 2.65-4.83 log copies/ml. FNA 
samples from patients with low β-actin levels (7, 25 and 39) also had 
low genomic DNA in the Cervista assay and a fourth (patient 56) was 
also invalid in the cobas DNA test, which is suggestive of inadequate 
amounts of DNA for HPV testing. 

All Patients (n=76) Patients with tumor p16 IHC and HPV testing (n=35)

p16 p16 Tumor mRNA Tumor DNA

    + - Total + - Total + - Total + - Total
  + 51 1 52 22 1 23 22 1 23 22 1 23

FNA - 11 13 24 7 5 12 7 5 12 7 5 12
Aptima HPV mRNA Total 62 14 76 29 6 35 29 6 35 29 6 35

   
PPA=81.0 PPA=73.3 PPA=73.3 PPA=73.3
NPA=92.9 NPA=83.3 NPA=83.3 NPA=83.3

OA= 84.2; k=0.59 OA=77.1; k=0.42 OA=77.1; k=0.42 OA=77.1; k=0.42
    + - Total + - Total + - Total + - Total
  + 47 3 50 22 2 24 22 2 24 22 2 24

FNA - 10 10 20 6 4 10 6 4 10 6 4 10
cobas HPV DNA Total 57 13 70 28 6 34 28 6 34 28 6 34

   
PPA=78.3 PPA=73.3 PPA=73.3 PPA=73.3
NPA=76.9 NPA=66.6 NPA=66.6 NPA=66.6

OA=81.4; k=0.49 OA=76.5; k=0.36 OA=76.5; k=0.36 OA=76.5; k=0.36

Table 1. Positive, negative and overall percent agreements (PPA, NPA, OA) for comparisons of testing of Fine Needle Aspirates (FNA) with APTIMA HPV mRNA and cobas DNA to tumor 
testing (p16, HPV mRNA and DNA).
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  FNA Tumor Tissue

Patient ID mRNAa DNAb p16c mRNAa DNAb

8 - - + + othere +otherd

13 16 16 + 16 16
17 16 16 + 16 16
18 16 16 + 16 16
19 16 16 + 16 16
24 16 16 + 16 16
35 16 16 + - -
37 16 16 + 16 16
44 16 16 + 16 16
45 16 16 + 16 16
50 16 16 + 16 16
51 - 16 + +othere 16
58 - - + + othere +otherd

67 16 16 + 16 16
77 16 16 + 16 16
78 16 16 + 16 16
79 16 16 + 16 16
4 16 16 + 16 16
7 - - + 16 16
32 16 16 + 16 16
33 0.4 + otherd + + othere +16/otherd

39 - - + 16 16
47 16 16 + 16 16
52 16 16 + 16 16
64 16 ISVf + 16 16
72 - - + 16 16
87 16 16 + 16 16
88 - - + 16 16
90 16 16 + 16 16

SUBTOTALS       75.90% 78.60% 100% 96.60% 96.60%
  (22/29) (22/28) (29/29) (28/29) (28/29)
           
           
91 16 16 - 16 16
59 - - - - -
85 - - - - -
63 - 16 - - -
6 - - - - -
66 - - - - -

   TOTALS
65.70% 70.60% 82.80% 82.80% 82.80%
  (23/35) (24/34) (29/35)   (29/35)      (29/35)

Table 2. Detection of HR HPV in fine needle aspirates (FNA) and Formalin-Fixed Paraffin-Embedded (FFPE) tumor blocks from 35 Patients with primary OPSCC. aAptima E6/E7 mRNA 
assays; bcobas 4800 HPV DNA assay; cp16 immunohistochemical stain of formalin-fixed paraffin-embedded tissue; dHPV genotypes 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, 66 or 68; eNon-
HPV 16 or 18/45;   fISV-Insufficient volume.

Discussion
Using commercial assays which are approved for the detection 

of HR HPV in genitourinary samples for the diagnosis of cervical 
cancer and precancerous lesions, we prospectively tested FNA from 76 
patients with OPSCC (40 tonsillar, 30 BOT and 6 other) collected into 
PreservCyt media and found that 68.4% (52/76) contained HR HPV 
mRNA compared to 71.4% (50/70) with HR HPV DNA (Table 1), 
when tested without fixation within 48 hours. Like other commercial 
HPV tests the Aptima assay provided mRNA results the same day or 
within 24 hours. This is the first report on the use of the Aptima HPV 

    APTIMA HPV mRNA Cervista HPV DNA 
    + - TOTAL + - TOTAL

Cobas + 47 3 50 29 0 29
HPV 
DNA - 1 19 20 2 4 6

  TOTAL 48 22 70 31 4 35

   
PPA=92.2 PPA=93.5
NPA=86.4 NPA=100

OA=94.3; k=0.86 OA=94.3; k=0.77

Table 3. Agreement of HPV mRNA to DNA in fine needle aspirates (FNA) of patients with 
oropharyngeal squamous cell carcinomas (OPSCC).
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E6/E7 mRNA assays performed on neck FNA samples. In a subset of 35 
samples, a comparison to the Cervista HPV DNA signal amplification 
test was also conducted. The rates of HPV DNA positivity in our study 
confirm previous retrospective studies using similar commercial DNA 
assays. Kerr et al. [22] studied 36 samples (19 FNA and 17 surgical 
biopsies) collected into SurePath liquid Pap media from 33 patients 
and found 42% of samples were positive for HR HPV DNA in the cobas 
assay. The lower rate in the Kerr study may have been influenced by 
the SurePath media which contains formalin and causes crosslinking 
of proteins and nucleic acids [34], and/or because more than a third 
of the samples were from non-OPSCC sites and approximately one 
half were surgical biopsy samples. Similar to our study, Baldassarri 
[23] rospectively tested 42 FNA samples collected into PreservCyt 
media and found only 50% to be positive in the cobas DNA assay when 
tested within 1 week of collection, and 90% of the positives were from 
patients with OPSCC. The Cervista DNA assays were used by Guo et 
al. [21] to test 64 FNA samples extracted from alcohol-fixed smears 
and reported the HPV DNA positivity rate as 75%. Two other HPV 
DNA testing studies [17,18] used the Hybrid-Capture 2 assay (HC2) 
to test FNA samples from Surepath or Digene/Qiagen transport media 
and HPV DNA positivity rates were 58.3% and 75% respectively. In 
our study genotyping with the Aptima HPV 16 18/45 assay, the cobas 
HPV test and the Cervista HPV 16/18 assay showed strong correlation 
between the test results and 96.4% of the positive samples were of HPV 
genotype 16. Other studies have reported HPV 16 rates of 88% using 
the Cervista HPV 16/18 assay (21) and 92% (22) and 80% (23) using the 
cobas 4800 HPV test. 

To determine the accuracy of HPV testing of FNA, comparisons 
were made to p16 IHC staining of tumors. In our study 77.5% (31/40) 
of tonsillar tumors stained positive for p16 (Supplementary Table 1) 
compared to 93.3% (28/30) of BOT tumors (p=0.1) (Supplementary 
Table 2). To our understanding this observation of p16 positivity rate 
differences according to tumor site has not been reported, and will 
require a greater number of cases to validate. Overall the FNA samples 
from patients with p16-positive tumors contained Aptima HPV 
mRNA in 82.2% (51/62) and cobas HPV DNA in 82.4% (47/57) (Table 
1). HPV positivity rates from patients with p16-positive tumors also 
showed some differences according to tumor sites, where FNA from 
patients with tonsillar tumors had higher rates (mRNA 83.9%, DNA 
89.6%) than in those with BOT tumors (mRNA 78.6%, DNA 77.1%) 
(Supplementary Tables 1 and 2). 

Although two previous studies using the cobas DNA test [23] or 
the HC2 assay [17] reported perfect correlation between HR HPV 
DNA positivity in FNA with p16 expression in tumors, other studies 
[18,21,22] agree with our results, whereby not all of the patients with 
p16-positive tumors had HPV-positive FNA. This is expected as 
some squamous cell carcinomas show p16 positivity due to molecular 
changes, such as mutations, that are unrelated to HPV infection. Our 
data also shows a few patients with p16-negative tumors having HPV 
DNA in FNA samples. This could be explained by HPV being present 
in the background mucosal tissue and/or by HPV DNA contamination 
across samples. Stringent laboratory techniques were employed to 
reduce the possibility of contamination in our study.  

We observed that FNA samples from 9 patients with p16-positive 
tumors were negative for both HPV mRNA and DNA suggesting that 
the FNA samples might have been inadequate. Performing an assay 
for the presence of β-actin cellular DNA and examining the Cervista 
controls for low genomic DNA or a recorded “invalid” result in the 
cobas HPV DNA test identified 6 FNA samples as inadequate (Table 4). 
Adequacy of archived and fresh FNA samples for molecular testing has 
ranged from 44-87% in previous studies using the internal control of 
the Cervista HPV DNA assay [19-21]. The presence of HR HPV mRNA 
and/ or DNA or sufficient β-actin DNA in fresh FNA samples in our 
study showed an adequacy rate of 92%. A few patients in our study with 
adequate amounts of β-actin DNA in FNA samples and with HPV-
positive tumors were negative for HPV in their FNA (patients 8, 88, 
38 and 58). A small proportion of OPSCC cases may not be caused by 
HPV, or the β-actin test can be positive without HPV-infected cells in 
the sample. A sensitive and specific point of care test would be ideal to 
determine adequacy when the FNA is collected.

Previously published studies using commercial HPV assays to 
diagnose HPV-related HNSCC have tested FNA samples and compared 
the results to tumor tissue stained for p16 by IHC and tested for HPV 
by using commercial ISH assays for HPV DNA or HPV16 DNA, ISH 
assays for HPV RNA [6], HPV DNA PCR [26,35-38] or HPV RNA RT-
PCR [4]. These studies, including ours, show some lack of specificity 
of the p16 test. However, this surrogate test is still considered to have 
the best sensitivity as well as many other favourable attributes to be 
considered as the test of choice to screen HNSCC [26], and our data 
confirms this notion. 

ISH tests for mRNA rather than DNA performed on tumors are 
considered to be more relevant for determining the tumorigenic status 

Tumor Site Patient ID
Tumor Tissue FNA

p16 Aptima mRNA Cobas DNA Aptima mRNA cobas DNA Cervista DNA β-actin log c/mL
BOTf 86a + NDb NDb 16 16 NDb 6.87
BOTf 87a + 16 16 16 16 NDb 7.09
BOTf 90a + 16 16 16 16 NDb 5.37

Tonsillar 8 + Otherc Otherd - - NDb 5.19
Tonsillar 38 + NDb NDb - - - 4.83
Tonsillar 56 + NDb NDb - INVe NDb 2.65
Tonsillar 58 + Otherc INVe - - NDb 5.46

BOTf 7 + 16 16 - - Low Genomic 
DNA 3.46

BOTf 25 + NDb NDb - - Low Genomic 
DNA 3.22

BOTf 39 + 16 16 - - Low Genomic 
DNA 3.55

BOTf 82 + NDb NDb - - NDb 3.71
BOTf 88 + 16 INVe - - NDb 6.91

Table 4. Sample adequacy testing profiles of patients with positive IHC p16 tests of the tumour and FNA negative for HPV. aThree control patients with FNA positive for DNA and mRNA; 
bND-Not done; cNon-16 or 18/45 HR HPV genotypes; dHPV genotypes 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, 66 or 68; eINV – Invalid, fBase of Tongue.
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of the SCC [4,7,8,28]. Because ISH tests for HPV DNA and mRNA are 
technically challenging and expensive, we elected to employ a simplified 
extraction of FFPE tumor tissue to test for the presence of HPV mRNA 
and DNA using the Aptima and cobas assays, which is a simplified 
approach for determining the role of HPV in tumor tissue. We did not 
compare the results of liquid phase HPV testing to ISH testing of the 
FFPE sections, which could be considered a study weakness. To our 
knowledge, this is the first report of an extraction procedure compatible 
for testing for HPV mRNA and DNA with the commercial tests which 
yielded almost identical results in the 35 cases we were able to examine. 
This study would have been strengthened if we would have been able to 
process all 76 of the embedded tissue blocks. Agreement between the 
p16 results and the HPV assays was 97.1% and the Aptima HPV mRNA 
and cobas HPV test showed 100% agreement on tumor tissue (Table 2). 
Similarly excellent agreement was shown between the Aptima mRNA 
assay and the cobas and Cervista DNA tests on FNA samples (Table 
3). Showing such a strong correlation between the presence of HPV 
mRNA in both FNA and tumor tissue in our study suggests that the 
majority of our cases may have been transcriptionally active with only 
a few cases lacking a positive mRNA result. This hypothesis could 
be examined by performing tests for other transformation-related 
markers such as pRb, oncoproteins, and/ or antibodies against E6 and 
E7 proteins of HRHPV [39]. 

Some of these novel findings are supportive for the use of 
commercial HPV liquid-phase assays to satisfy the desired criteria 
for testing FNA or fixed or fresh tumor tissue for diagnosing HPV-
related HNSCC. These assays are already incorporated into diagnostic 
laboratories, are cost-effective with same-day results available and 
could easily be validated for FNA or tumor tissue. The Aptima HPV 
E6/E7 mRNA test can be performed on the random access Panther 
instrument which has been shown to be extremely efficient for other 
analytes [40]. Although HPV testing of FNA samples shows great 
promise, more studies including larger numbers of patients with non-
OPSCC head and neck tumors will be needed to enable an accurate 
calculation of specificity. 
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