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Abstract

Background: The rise in human papillomavirus (HPV) infection rates 
over the last few decades in the USA has contributed to a significant 
increase in the overall incidence of patients diagnosed with squamous 
cell carcinoma of the head and neck. These head and neck carcinomas 
develop in the oropharynx, with more than 90% of them caused by 
infection with high-risk HPV type 16. Patients diagnosed with HPV-
induced oropharyngeal squamous cell carcinomas (OPSCCs) have a 
better prognosis and treatment response than those diagnosed with 
head and neck cancers caused by alcohol consumption and tobacco 
use. To identify patients with HPV-positive OPSCC, new guidelines 
recommend positive staining of oropharyngeal tissues for p16 INK4a 
(p16) by immunohistochemistry (IHC). Herein we discuss the test-
ing algorithm that was adopted to address discrepant results between 
p16 IHC and a DNA in situ hybridization (ISH) test used routinely to 
diagnose HPV-positive OPSCC patients.

Methods: A DNA polymerase chain reaction (PCR) test that ampli-
fies HPV16 and HPV18 E7 was developed to aid in the diagnosis of 
HPV-positive OPSCC in a subset of patients. Specimens from these 
patients stained positive for p16 by an IHC test, but negative for high-
risk HPV by a commercial DNA ISH test. Moreover, these results did 
not match the histopathological characteristics of the specimens, nor 
the clinical presentations of the patients.

Results: Of 21 patients’ specimens that were tested for p16 by IHC, 
11 specimens showed concordant results with the high-risk HPV 
16/18 DNA ISH test. Whereas, in eight p16 IHC positive specimens, 
HPV viral DNA was not detected by HPV16/18 DNA ISH, and two 
specimens were not tested by DNA ISH. When these eight p16 IHC 

positive specimens with discrepant p16 IHC and DNA ISH results 
were further tested by DNA PCR, six specimens showed concordance 
with p16 IHC with positive results for HPV16 E7, while two speci-
mens were negative for HPV16 E7 by DNA PCR. All tested speci-
mens were negative for HPV18 E7 by DNA PCR. Thus, the addition 
of the HPV16 and HPV18 E7 DNA PCR test identified a significant 
number of false negative test results by the HPV16/18 DNA ISH test 
and likely several false positive results by p16 IHC.

Conclusions: Inclusion of an HPV16 E7 DNA PCR test improved 
the robustness of HPV-associated OPSCC diagnosis in patients with 
discrepant results from p16 IHC staining and a DNA ISH test, and 
identified patients for proper management with less misclassification.
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lomavirus; Polymerase chain reaction; p16 immunohistochemistry; 
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Introduction

Human papillomavirus (HPV) infection is the most common 
sexually transmitted infection in the USA [1]. Coincident with 
the HPV epidemic there is a steady rise in a subset of head and 
neck cancers arising in the oropharynx comprised of lingual 
and palatine tonsils, the base of the tongue, lateral and poste-
rior pharyngeal walls, and soft palate [2, 3]. In contrast, there 
is a marked decline in head and neck cancers arising in the 
oral cavity, larynx and the hypopharynx caused by alcohol and 
carcinogens in tobacco [4, 5]. Majority of individuals infected 
with HPV are asymptomatic and the infections are cleared 
naturally by the immune system, although men are reportedly 
less likely to clear an infection than women [6-8]. The average 
latency period to develop HPV-positive oropharyngeal squa-
mous cell carcinomas (OPSCCs) is approximately 10 to 30 
years [8]. HPV-positive OPSCCs are more likely to develop in 
younger Caucasian men with a light or no history of tobacco 
use compared to their HPV-negative counterparts [9, 10]. In 
addition, more than 80% of HPV-positive OPSCC patients 
present with advanced stage disease [11]. It is now well estab-
lished that up to 70% of OPSCC in the USA is caused by sexu-
ally transmitted HPV virus due to changes in sexual norms and 
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behavior patterns [12]. While more than 200 HPV types are 
known, only 13 to 15 high-risk HPV types are oncogenic, with 
HPV16 causing more than 90% of these OPSCCs, and to a 
lesser extent several other high-risk types namely 18, 31, 33, 
35, 39, 45, 51, 52, 56, 58, 59, 66, 68, 73 [13, 14].

HPV is a small non-enveloped circular double stranded 
DNA virus that encodes three oncoproteins E5, E6, and E7 
[15]. Following an HPV infection, the viral oncoprotein E6 
causes degradation of the p53 tumor suppressor protein that 
leads to genomic instability [16, 17]. The viral oncoprotein E7 
binds the RB tumor suppressor protein and prevents negative 
feedback control of a cell cycle regulatory protein p16, thereby 
resulting in p16 overexpression [18, 19]. The combined effects 
of genomic instability and uncontrolled cell proliferation lead 
to cellular transformation and malignancy [16, 18]. Because 
p16 overexpression is associated with transcriptionally active 
HPV oncoprotein E7 and functional inactivation of the RB 
protein, overexpressed p16 is often used as a surrogate marker 
of active HPV infection [19].

While it is well recognized that HPV-positive patients 
need to be identified for proper management of these patients, 
no guidelines were available that detailed the methods to be 
used for HPV detection in clinical specimens until recently 
[20, 21]. In 2018, new guidelines published for HPV testing 
in head and neck carcinomas by the College of American Pa-
thologists (CAP) strongly recommend high-risk HPV testing 
on all patients with newly diagnosed OPSCC, to include all 
histologic subtypes [22]. Moreover, these guidelines recom-
mend high-risk HPV testing to be performed on oropharyngeal 
tissue specimens by IHC for the surrogate marker p16 and for 
HPV type-specific testing to be done at the discretion of the 
pathologist [22].

This study describes a polymerase chain reaction (PCR)-
based test that was developed to aid in the diagnosis of HPV-
positive OPSCC caused by high-risk HPV types 16 and 18 re-
sponsible for the majority of cases in the USA. The HPV16 E7 
and HPV18 E7 PCR test was used as an alternative test method 
to increase diagnostic accuracy when discrepant results were 
obtained by p16 immunostaining and HPV DNA in situ hy-
bridization (ISH).

Materials and Methods

Detection of p16 proteins by immunohistochemistry (IHC)

Four microns sections of formalin fixed paraffin embedded 
(FFPE) tissues on positively charged slides were deparaffi-
nized with xylene and rehydrated with graded alcohols. Fol-
lowing antigen retrieval with Tris, pH 8.8 - 9.4 (PT Link, 
Dako, Agilent, Santa Clara, CA), and endogenous peroxide 
block with hydrogen peroxide, tissue sections were incubated 
with mouse monoclonal anti-p16INK4a antibody clone E6H4 
(Roche Diagnostics, Indianapolis, IN). A tissue section incu-
bated with normal mouse immunoglobulin G (IgG) antibody 
and a previously identified strongly p16 immune reactive pa-
tient tissue section were included in each run as negative and 
positive controls respectively. Immune reactive p16 positive 

cells were detected with Envision dual link system polymer 
containing goat anti-mouse secondary antibody conjugated to 
horse radish peroxidase (Dako, Agilent, Santa Clara, CA) and 
substrate 3, 3’-diaminobenzidine as chromogen. The nuclei 
were counterstained with hematoxylin, tissue slides were then 
dehydrated with alcohol, cleared in xylene and mounted. This 
procedure was performed on an automated instrument, Dako 
Autostainer Link 48. Immune reactivity for p16 was evaluated 
by staff pathologists. Tissues were scored as positive, equivo-
cal or negative for p16.

Detection of HPV DNA by ISH

This test was performed by a commercial reference laboratory 
on FFPE tissue specimens. Briefly, probe mixes for HPV 6 and 
11 (ENZ-3285), HPV 16 and 18 (ENZ-3286) were purchased 
(Enzo Life Sciences, Inc., Farmingdale, NY). The 2,4-dini-
trophenyl (DNP) labeled probes hybridized to specific HPV 
target sequences in the tissue sections were detected with an 
anti-DNP antibody; followed by an indirect biotin-streptavi-
din-alkaline phosphatase system (Ventana ISH iViewBlue Plus 
Detection System, catalog number 760-097, Roche, Indian-
apolis, IN) with nitro-blue tetrazolium and 5-bromo-4-chloro-
3-indolylphosphate as substrate and chromogen respectively. 
Tissue sections were counter stained with neutral red. A blue 
colored precipitate detected by light microscopy at sites where 
HPV probes hybridized was interpreted as positive for HPV. 
This procedure was performed on the Ventana BenchMark ful-
ly automated slide stainer (Roche, Indianapolis, IN). Reports 
were received as HPV high risk or HPV low risk detected or 
not detected.

DNA extraction from FFPE tissue specimens

DNA was extracted from FFPE tissues using the QiaAamp 
DNA FFPE tissue kit (Qiagen, Valencia, CA). Briefly, sections 
(4 - 5 µm) of FFPE tissues were cut from each tissue block and 
deparaffinized with CitriSolv (Fisher Scientific, Pittsburgh, 
PA). DNA was then extracted manually according to the manu-
facturer’s instructions using proteinase K digestion overnight. 
Following extraction, DNA concentration and quality were as-
sessed using a Nanodrop spectrophotometer.

Detection of HPV16 E7 DNA, HPV18 E7 DNA, and human 
beta actin by PCR

To detect HPV viral DNA, primers for HPV16 E7 and HPV18 
E7 were multiplexed to yield an amplicon of 220 base pairs for 
HPV16 E7 and an amplicon of 252 base pairs for HPV18 E7, 
by PCR target template amplification. The sequences of the 
HPV primers used are as follows: HPV16 E7 forward primer: 
5' ATG GAG ATA CAC CTA CAT TGC ATG 3'; HPV16 E7 
reverse primer: 5’ TCT ACG TGT GTG CTT TGT ACG C 
3'; HPV18 E7 forward primer: 5' GAG CCC CAA AAT GAA 
ATT CCG G 3'; HPV18 E7 reverse primer: 5' CGG ACA CAC 
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AAA GGA CAG GGT 3'. PCR was performed in a 50 µL re-
action volume, with 25 µL of platinum multiplex PCR master 
mix (Life Technologies, Thermo Fisher Scientific, Wilming-
ton, DE), 10 µL of HPV16 and HPV18 E7 primer mix (each 
primer at 0.5 µM concentration) and 15 µL of extracted DNA 
(25 ng to 500 ng per reaction) and water. The PCR reactions 
were initiated by activation of platinum DNA polymerase at 95 
°C for 2 min, followed by 40 cycles of denature at 95 °C for 30 
s, anneal at 60 °C for 30 s, and extend at 72 °C for 30 s, with 
a final extension at 72 °C for 10 min and hold at 4 °C. Water 
was used as a no template control in each run. Forty cycles 
were performed to produce a sufficient yield of PCR products 
to enable the detection of fewer than 10 copies of HPV E7 
DNA as recommended by ThermoFisher (PCR cycle number 
determination, https://www.thermofisher.com/us). A previous-
ly confirmed HPV16 E7 positive FFPE DNA patient sample 
and pCRII-TOPO vector cloned with HPV18 E7 DNA were 
used as positive controls. To detect human beta actin, PCR was 
performed in a 50 µL reaction volume, with a PCR master mix 
that contained 1.25 units of AmpliTaq Gold DNA polymerase 
(Life Technologies, Thermo Fisher Scientific, Wilmington, 
DE), 1 × PCR buffer, 2.5 mM MgCl2, 200 µM of each deoxy-
nucleotide triphosphate, and 0.2 µM of each beta actin primer 
and genomic DNA (2 ng to 250 ng). The PCR reactions were 
initiated by activation of Amplitaq gold DNA polymerase at 95 
°C for 5 min, followed by 40 cycles of denature at 95 °C for 30 
s, anneal at 57 °C for 30 s, and extend at 72 °C for 30 s, with a 
final extension at 72 °C for 10 min and hold at 4 °C. The fol-
lowing beta actin primer set generated an amplicon of 227 base 
pairs in size. Human beta actin forward primer: 5' TGC TAT 
CCC TGT ACG CCT CT 3'; human beta actin reverse primer: 
5' CTC CTT AAT GTC ACG CAC GA 3'. To size the products, 
the PCR amplified products and a 100 base pairs ladder (Bio 
Rad Laboratories, Hercules, CA) were then electrophoresed on 
a 2% agarose Tris-acetate-EDTA (ethylenediamine tetraacetic 
acid) gel with ethidium bromide and the amplified products 
were viewed for the correct product size on a ultraviolet tran-
silluminator. Images of the gels were acquired using the GE 
ImageQuant LAS4010 instrument.

DNA sequencing of HPV16 E7, HPV18 E7 and human beta 
actin genes

To sequence HPV16 and HPV18 E7 viral DNA and human 
beta actin DNA, PCR amplified products were purified us-
ing DNA clean and concentrator-5 columns (Zymo Research, 
Irvine, CA). Cycle sequencing was then performed on a Ge-
neAmp 9700 PCR instrument using the Big Dye Terminator 
Ready Reaction cycle sequencing kit vs1.1 (Applied Biosys-
tems, Foster City, CA). Each reaction contained purified PCR 
products as template DNA with the same gene specific for-
ward or reverse primer (3.2 pmol per reaction) used for PCR, 
2 µL of ready reaction premix and 1 µL Big Dye sequencing 
buffer in a total reaction volume of 10 µL per reaction. Cycle 
sequencing was then performed with an initial denaturation at 
96 °C for 1 min, followed by 40 cycles of 96 °C for 10 s, 50 °C 
for 10 s and 60 °C for 4 min and hold at 4 °C. Following cy-

cle sequencing the primer extension products were purified by 
ethanol/EDTA precipitation, denatured and the single stranded 
DNA fragments separated by capillary electrophoresis on an 
ABI 3130xl genetic analyzer. The sequenced nucleotides were 
then viewed with the ABI sequencing analysis software ver-
sion 5.2. Basic Local Alignment Search Tool, (BLAST, NCBI, 
NIH) DNA alignment searches were then performed to confirm 
the identity of HPV16 and HPV18 E7 nucleotide sequences in 
the tumor specimens or positive controls [23]. Similar BLAST 
DNA alignment searches were performed with sequenced nu-
cleotides generated for human beta actin to confirm the pres-
ence of beta actin in specimens.

Results

Clinical samples and test algorithm

Male patients with tumors in the head and neck with a clini-
cal presentation suggestive of HPV infection were tested for 
active HPV infection as follows. Following initial histopatho-
logical review of hematoxylin and eosin (H&E)-stained FFPE 
tumor tissue specimens for squamous cell carcinoma morphol-
ogy by a staff pathologist, FFPE tissue sections were tested for 
active HPV infection by IHC staining for the surrogate HPV 
marker p16. A specimen from a tonsil with p16 focal positiv-
ity that did not meet CAP guidelines for positivity and was 
scored p16 negative (Fig. 1) and a specimen from the base 
of the tongue that met CAP guidelines for positivity and was 
scored as p16 positive by the pathologists is shown in Figure 
2. Specimens that tested positive for p16 were then confirmed 
for HPV infection. FFPE tissue blocks were sent out to a com-
mercial reference laboratory to detect the presence of high risk 
(HPV16 and HPV18) or low risk (HPV6 and HPV11) HPV 
types by a proprietary DNA ISH test. Because of discordant 
p16 IHC and DNA ISH test results, specimens were also fur-
ther tested by an inhouse newly developed PCR test to detect 
HPV16 E7 and HPV18 E7 DNA. A representative image of an 
agarose gel electrophoresed with PCR amplified HPV16 E7 in 

Figure 1. Tonsil specimen immunostained for p16. FFPE section from 
a tonsil scored negative for p16, with few focally positive stained cells. 
Magnification bar = 50 µm. FFPE: formalin fixed paraffin embedded.
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a patient sample, with HPV16 and HPV18 positive controls 
and negative FFPE DNA extraction and no template controls 
is shown in Figure 3. During assay validation the presence of 
HPV16 E7 DNA in the HPV PCR amplified positive samples 
was confirmed by direct sequencing for HPV16 E7 in forward 
and reverse directions and the generated nucleotide sequences 
were found to match HPV16 E7 with 100% identity by BLAST 
(NCBI, NIH) searches.

Test results

Table 1 shows the patient and tumor specimen characteris-
tics. A total of 21 patient specimens were tested to date by the 
above outlined diagnostic algorithm. Of the specimens tested, 
18 tested positive for p16 by immunostaining, while one speci-
men from a tonsil, the floor of the mouth and hypopharynx 
tested negative for p16 (Table 2). When the 18 p16 positive 
specimens were tested for the presence of active HPV16/18 
by DNA ISH testing, nine specimens tested positive and eight 
specimens tested negative for high-risk HPV types, with one 
lymph node specimen and a specimen from the floor of the 
mouth not tested, while all specimens tested negative for low-
risk HPV6 and HPV11.

Of the 21 specimens that were tested for HPV16 E7 and 
HPV18 E7 DNA by multiplex PCR (Table 2), 17 specimens 
tested positive for HPV16 E7 DNA and four specimens tested 
negative for HPV16 E7 DNA, while all specimens tested nega-
tive for HPV18 E7 DNA except the positive control plasmid 
with cloned HPV18. All four HPV negative specimens ampli-
fied human beta actin indicating the absence of PCR inhibi-
tors in the extracted DNA from FFPE tissue specimens and 
confirmed true absence of HPV16 and HPV18 DNA in these 
tumor tissues.

Based on our testing algorithm, 11 specimens showed 
concordance with high-risk HPV 16/18 DNA ISH and HPV16 
E7 DNA PCR assay results, with nine specimens testing posi-
tive for HPV and two specimens testing negative for HPV. 
Six specimens had discordant results, testing negative for 
high-risk HPV16/18 by DNA ISH, while testing positive for 
HPV16 by DNA PCR and p16 IHC. The HPV16 E7 positivity 
was confirmed by sequencing all six discordant samples. Three 
specimens had discordant results by p16 IHC and HPV16 by 
DNA PCR.

This study was reviewed by the local institutional review 
board and was exempted from the requirement for informed 
consent.

Discussion

HPV-positive OPSCC patients typically respond well to con-
current platinum-based chemotherapy and radiation treatment 
[24]. However, patients often suffer from treatment-related 
side effects, including acute toxicity with chemotherapy and 
late toxicities such as xerostomia and dysphagia in response 
to high dose radiation [25, 26]. Clinical trials have identified 
a subpopulation of low-risk HPV positive-OPSCC patients in-
cluding those with low volume tumors, minimal smoking his-
tory and less bulky cervical lymphadenopathy [20, 26]. This 
subgroup of patients may benefit from reduced dose radiation 
therapy that would reduce late toxicities and improve overall 
nutritional status [20, 27]. Thus, the importance of identify-

Table 1.  Patient and Tumor Specimen Characteristics

Age range (years) 52 - 86
Sex Male
Racea (number of patients)
  White 10
  Black 8
  Unknown 3
Anatomic site (number of specimens)
  Oropharynx 17
  Lymph node 2
  Floor of mouth 1
  Hypopharynx 1
Histology Squamous cell carcinoma

aSelf identified.

Figure 2. Base of the tongue specimen immunostained for p16. FFPE 
section from the base of the tongue scored positive for p16, with great-
er than 70% of nuclei and cytoplasm of tumor cells stained positive. 
Magnification bar = 50 µm. FFPE: formalin fixed paraffin embedded.

Figure 3. Gel electrophoresis of HPV16 E7 and HPV18 E7 PCR am-
plicons. Indicated samples were electrophoresed with a 100 base pair 
amplicon sizing ladder on a 2% agarose gel containing ethidium bro-
mide. HPV: human papillomavirus; PCR: polymerase chain reaction.
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ing HPV-positive OPSCC patients who have a clinically and 
molecularly distinct disease with better overall survival than 
HPV-negative patients is apparent from the new guidelines re-
leased by CAP for diagnosing HPV-positive OPSCC [22].

The eighth edition of the American Joint Committee on 
Cancer (AJCC) cancer staging manual, with TNM classifica-
tion from the AJCC and the Union for International Cancer 
Control (UICC) has incorporated HPV into the staging system 
for oropharyngeal cancers [28, 29]. The staging of patients 
with OPSCC is now highly dependent on the HPV status, 
and those with HPV-positive OPSCC are often down-staged 
compared to their HPV-negative OPSCC counterparts [28, 
29]. Furthermore, the pathologic staging differs from clinical 
staging by including the metastatic node count after a neck 
dissection [28]. Interestingly, the eighth edition AJCC staging 
system is based on a study conducted by O’Sullivan et al and 
the International Collaboration on Oropharyngeal Cancer Net-
work for Staging (ICON-S), which determined HPV positivity 
by HPV-DNA ISH or by p16 IHC [30]. That the new guide-
lines released by CAP for diagnosing HPV positive OPSCC 
strongly recommend testing oropharyngeal tissue specimens 
for high-risk HPV by testing for the surrogate marker p16 by 
IHC is not surprising given the wide availability of IHC test-
ing in most pathology laboratories, in addition to the cost ef-
fectiveness and ease of set up of IHC tests when compared to 
molecular-based technologies.

In the absence of published guidelines for HPV testing of 
head and neck cancers until recently, routine testing for HPV-
positive head and neck cancers at our medical center includ-
ed testing for the surrogate marker p16 by immunostaining. 
These results were then confirmed by DNA ISH for high-risk 
HPV16/18 in a commercial reference laboratory. However, this 
testing resulted in patients with clinical presentations strongly 
suggestive of HPV-related OPSCC who tested positive for 
p16 but tested negative for high-risk HPV16/18 by DNA ISH. 
While DNA ISH maintains the tissue specimen morphology 
that is essential for histopathological interpretation, the sensi-

tivity of the proprietary ISH test even with signal amplification 
appeared to be low. Furthermore, interpretation is also report-
ed to be challenging in ISH tests when episomal DNA masks 
few integrated forms of HPV present in the same cell [31]. 
To rule out false negative HPV16 and HPV18 cases by ISH, 
a new PCR test was established to detect HPV16 and HPV18 
E7 DNA in FFPE tissues. HPV E7 was selected as the PCR 
target because of its role as the most potent HPV oncogene that 
is integrated, whereas E5 is lost during genomic integration 
[32]. Although several Food and Drug Administration (FDA)-
approved commercial tests are available for detecting high-
risk HPV in cervical specimens, currently no FDA-approved 
tests are available for detecting high-risk HPV in OPSCC [33]. 
While the detection of HPV E7 RNA would be more indica-
tive of a persistent infection associated with a carcinoma rather 
than a transient infection, a DNA test was developed instead of 
an RNA test due to the unreliability of extracting high quality 
RNA from FFPE tissues.

In the cases tested, two specimens that tested positive for 
p16 by IHC were negative for active HPV 16/18 when tested 
by HPV DNA ISH and by HPV DNA PCR. Both specimens 
were from the base of tongue. Since the presence of PCR in-
hibitors was ruled out, these results suggest that patients were 
either infected with one of the rarer high-risk HPV types that 
was not tested for, or that p16 IHC was false positive due to the 
subjective nature of scoring prior to the published guidelines. 
The current guidelines for p16 IHC positive scoring require 
tumors scored as positive for p16 to stain positive in greater 
than 70% of the nuclei and the cytoplasm of carcinoma cells 
in the tissue section [22]. Another review of discrepant tissue 
sections for p16 IHC positivity based on the new guidelines 
confirmed the previous subjective nature of positive scoring 
when two samples with focal staining failed to meet the cri-
teria for positivity set by the new guidelines. A false positive 
rate of up to 7.3% has been previously reported for p16 IHC 
staining [34]. In addition, p16 expression and p16-positive 
IHC staining are not specific for HPV infections, since muta-

Table 2.  Results of p16 Immunostaining, High-Risk (HPV16/18) DNA ISH, and DNA PCR for HPV16 E7 for Each Patient Specimen 
Tested

Specimen p16 IHC HPV16/18 ISH HPV16 E7 PCR Resultsa

Base of tongue + + + 3
Base of tongue + - + 4
Base of tongue + - - 2
Tonsil + - + 1
Tonsil - - - 1
Tonsil + + + 5
Tonsil + - + 1
Hypopharynx - - - 1
Lymph node + + + 1
Lymph node + NDb + 1
Floor of mouth - NDb + 1

aNumber of specimens tested with similar results. bTest not done. DNA: deoxyribonucleic acid; IHC: immunohistochemistry; HPV: human papilloma-
virus; ISH: in situ hybridization; PCR: polymerase chain reaction.
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tions in the RB gene would lead to a similar increase in p16 
expression [35]. Interestingly, in a large Dutch cohort of oro-
pharyngeal cancer involving 1,204 patients from two medical 
centers, where tumor samples underwent p16 IHC staining 
and positive specimens were additionally tested for high-risk 
HPV-DNA by PCR, a subset of patients were identified as p16-
positive and HPV DNA negative [35, 36]. Thus, if based solely 
on p16 status 12% of these Dutch patients would be incorrectly 
classified as having HPV-positive cancers [36, 37]. Based on 
the high sensitivity of our PCR test able to detect fewer than 
10 copies of HPV viral DNA, six specimens from tumors lo-
cated in the oropharynx that were p16 positive but negative 
for HPV by DNA ISH were identified as HPV16 positive by 
PCR. These results have direct clinical implications for these 
HPV-positive patients since they are down-staged with better 
prognosis, require proper counseling and follow-up surveil-
lance imaging based on their HPV-positive status. While the 
treatment regimen does not change for HPV-positive patients 
who have a good prognosis with established treatment, they 
can potentially enroll in treatment de-escalation or de-intensi-
fication clinical trials that consider reduction in radiation dose 
following induction chemotherapy, radiotherapy alone, mini-
mally invasive surgical techniques, or substituting platinum-
based chemotherapy [20, 21, 27, 38]. According to the new 
CAP guidelines, a tumor located on the floor of the mouth that 
tested negative for p16 but was positive for HPV16 by DNA 
PCR, did not require HPV testing due to the lack of evidence to 
support a better prognosis for an HPV-positive primary tumor 
originating at a site other than the oropharynx [22]. Similarly, 
one cervical lymph node metastasis with an HPV positive pri-
mary located in the oropharynx did not require repeat HPV 
testing. No HPV testing was also required for a tumor located 
in the hypopharynx. Furthermore, no testing is required for 
non-oncogenic HPV6 and HPV11.

While the small sample size is a limitation of the study, a 
larger retrospective study found that p16 IHC alone performed 
less well than when the HPV status of the patients were de-
termined by two methods, either HPV-DNA and p16 IHC or 
HPV mRNA [39]. This larger study was performed on HPV-
positive oropharyngeal patients from four hospitals in Cata-
lonia to identify the best HPV detection method that would 
correctly determine the overall survival in patients according 
to the eighth edition AJCC TNM classifier [39].

In summary, we have developed a rapid HPV16 E7 DNA 
PCR test that can be performed in 2 to 3 days with equipment 
that is available in most molecular laboratories and is easy to 
adopt inhouse. The test is sensitive, simpler to evaluate with 
less subjective interpretation than seen in HPV DNA ISH and 
p16 IHC. This test can be used to aid in the diagnosis of the 
most common HPV16 type responsible for OPSCC, in instanc-
es where results are ambiguous and need further clarification 
for diagnostic accuracy.
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