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Abstract
High risk human papillomavirus (HPV) has transformed head and neck oncology in the past several decades. Now that we 
have recognized that HPV-positive oropharyngeal squamous cell carcinoma (OPSCC) is a unique cancer type with distinct 
clinicopathologic features and favorable prognosis, it has become essential to test patients in routine practice. We have pro-
gressed greatly in our knowledge of this disease and gone, over the past two to three decades, from doing testing in highly 
variable amounts and methods to, now, with the help of national and international guidelines and patient staging requirements, 
to a situation where almost all patients with OPSCC are getting accurate classification through at least p16 immunohistochem-
istry. However, we are still struggling with how to accurately test specimens from cervical lymph nodes, and, in particular, 
on fine needle aspiration. In addition, many patients with non-oropharyngeal SCC are getting clinically unnecessary p16 
and/or HPV-specific testing. The trends suggest progressive improvement in practices, but many practical questions still 
remain. On the horizon are myriad non-tissue-based tests, such as HPV serology and plasma DNA, DNA-based testing of 
fine needle aspirate fluid, computerized analysis of digitized pathology and radiology images, and machine learning from 
clinical and pathologic features, that may render pathologists largely obsolete for establishing HPV status for our patients’ 
tumors. This review takes a brief look back in time to where we have been, then characterizes current practices in 2020 and 
lingering questions, and, finally, looks ahead into the possible future of HPV testing in patients with head and neck SCC.
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Introduction

The changes in head and neck oncology by human papil-
lomavirus (HPV) in the past 30 years has been remarka-
ble. It is nothing short of a transformation, a “sea change”, 
where a distinct type of squamous cell carcinoma (SCC) 
has emerged, now with its own diagnostic features, clini-
cal workup, staging, and treatment [1]. We searched for the 
last 100 or more years for a robust and clinically applicable 
biomarker for head and neck SCC and HPV (with its surro-
gate marker p16) emerged. Patients with p16 (HPV) positive 
oropharyngeal (OP) SCC have an almost four fold lower 
likelihood of dying from their disease than patients with p16 

(HPV) negative OPSCC or with non-oropharyngeal SCC. 
The question of testing has shifted from “if” to “how”. It is 
now imperative that pathologists test patients with OPSCC, 
possible OPSCC, and metastatic SCC of unknown primary 
for p16 and sometimes for HPV specifically. This also needs 
to be done consistently and reported clearly [2, 3]. Many pit-
falls and challenges exist, and we pathologists must adjust to 
the ever changing landscape, with the emergence of different 
types of tissue-based HPV tests and even many alternatives 
to tissue-based p16/HPV testing that threaten to take testing 
completely out of pathologists’ hands. How did this all come 
about and what does it mean for us now? This article will 
provide a brief history of p16/HPV positive OPSCC, where 
we are at the current time, and where we might be going in 
the future, with a specific focus on diagnosis and testing in 
clinical practice. * James S. Lewis Jr. 
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A Brief History

High risk HPV as a cause of cancer has been common 
knowledge for over 30 years. zur Hausen first speculated 
on this associated in the medical literature in 1976 [4], and 
he and his team went on to prove this association in the 
early 1980′s. After the association was extended to other 
genitourinary cancers, fast forward to 2000 when Gilli-
son and colleagues published their seminal work on evi-
dence for a causal association between HPV and OPSCC 
[5]. They described what would later be termed by many 
as a head and neck cancer “epidemic” among primarily 
Caucasian men. While cervical cancer still dominates as 
the most common HPV-related cancer worldwide, in the 
United States, OPSCC has now surpassed cervical cancer 
as the most common HPV-related cancer [6]. It constitutes 
approximately 80% of all OPSCC in the United States 
and parts of Europe. This has taken time to develop and 
appears to be related to sexual behavior changes and to 
underlying genetic and environmental factors that we are 
just beginning to understand. It became clear that HPV16 
accounts for the majority of these tumors (90 to 95%), that 
patients have higher socioeconomic status, lower smoking 
exposure with a higher fraction of lifetime nonsmokers, 
and a different biology whereby the vast majority have 
cervical nodal metastases at presentation [7]. The prog-
nostic implications also became much better recognized 
through work such as Ang et al., who published in 2011 
in The New England Journal of Medicine [8] that patients 
in a prospective clinical trial who had p16 or HPV DNA 
positive tumors had three to fivefold lower risk of death 
from disease after treatment. Another story slowly began 
to emerge whereby the presence of HPV DNA alone (from 
classic DNA PCR-based studies), despite being associated 
with OPSCC, was not considered sufficient evidence to 
define these tumors as HPV-associated. Rather, the tumors 
needed to demonstrate transcriptionally-active high risk 
HPV [9]. And a surrogate marker of transcriptionally-
active high risk HPV, p16 protein, emerged [8, 10, 11]. 
Starting out more as an interesting research test for tumor 
cells with active HPV, it was extensively studied in ret-
rospective and prospective studies and even randomized 
controlled trials and shown to be strongly and indepen-
dently prognostic in OPSCC patients. It showed a very 
high (but certainly not perfect) correlation with high risk 
HPV mRNA status, being incredibly sensitive (close to 
100%) and relatively specific (~ 90%) [11].

The next “card to fall” was cancer staging. Many studies 
showed that the 7th edition AJCC staging of OPSCC did 
not predict outcomes effectively, with most “high stage” 
disease patients showing superior survival to Stage I and 
II patients, largely due to the strong emphasis on positive 

nodal status in this older staging system. In what was 
memorably worded, Sturgis et al. in the title of their work 
on this subject ended with “a Staging System in Need of 
Repair” [12]. The 8th edition of the manual truly codified 
HPV-related OPSCC as a distinct entity, with staging now 
completely dependent on testing for p16 (as a surrogate of 
HPV) status [13]. In fact, even metastatic SCC of unknown 
primary in cervical lymph nodes, if in upper jugular nodes 
(level II and III) and p16 positive, is staged using the p16 
positive OPSCC system, on the assumption that the pri-
mary is in the oropharynx [13]. What a dramatic change 
to how we think of head and neck cancer!

HPV testing has been evolving all throughout this time. The 
very association of HPV and OPSCC had been on the basis 
of high risk HPV DNA PCR testing. And from knowledge 
in cervical cancer, we knew that p16 overexpression was a 
strong surrogate marker of the virus. It is a tumor suppressor 
protein that normally inhibits cell division, but is aberrantly 
overexpressed in tumor cells with transcriptionally-active high 
risk HPV because viral proteins cause Rb degradation and 
remove a normal physiologic repression of p16 expression. 
Early adopters of HPV testing, mainly at large academic cent-
ers, were testing for p16 and/or HPV DNA by PCR. Once 
DNA in situ hybridization and RNA-specific tests such as 
in situ hybridization and RTPCR came along, it became very 
clear that DNA PCR was a poor test [9]. DNA in situ hybridi-
zation emerged and could be visualized on the actual slides. 
Over this period, many studies examined p16 overexpression 
with high cutoffs (50, 70, or 75% nuclear and cytoplasmic 
staining) as a terrific prognostic marker with high correlation 
with HPV-specific testing. Due to its wide availability and easy 
application, it emerged as a practical test in routine practice 
[11]. Then, in the past 5 to 10 years, as it has become clear 
that transcriptionally-active high risk HPV is key to the entire 
disease, RNA-based tests have improved and now RNA in situ 
hybridization, which works incredibly well on formalin fixed 
paraffin embedded tissue and even on cytology cell blocks, has 
shown superior patient survival stratification, slightly better 
than p16 immunohistochemistry alone and better than DNA 
in situ hybridization and DNA PCR [9, 14–16]. It is now avail-
able as a large cocktail of 18 high risk types and on automated 
platforms that can be performed in routine clinical laborato-
ries. It is still a somewhat expensive and limited availability 
test, but appears to finally be capable of uniting the features of 
direct testing for HPV and the ability to be applied across all 
modern pathology practices.

The Current Status of p16/HPV Testing

For many years, it was essentially the “wild west” when 
it came to HPV testing in clinical practice. People were 
doing anything from nothing at all to across the board 
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HPV-specific testing on all head and neck cancers, including 
non-oropharyngeal and precursor lesions. Many had called 
for consistency and for formal guidelines. The answer to this 
was the College of American Pathologists (CAP) evidence-
based guidelines that convened in 2014 [3]. With a formal 
evidence-based approach, organizational support, and a 
panel of experts across the field of head and neck oncology, 
after four years of discussion, literature reviews, data gather-
ing, and a consensus conference, the guidelines were pub-
lished in May of 2018. There were 14 recommendations and/
or expert opinions, a written discussion of each, and an algo-
rithm (decision tree) that deals with every possible patient 
with head and neck SCC, including cervical nodal metastasis 
of unknown primary. Within a year, an independent Ameri-
can Society of Clinical Oncology (ASCO) had reviewed 
the guidelines from a clinical perspective and had endorsed 
almost all of the guidelines [2], recommending only minor 
changes to testing approaches. The CAP guidelines publica-
tion is admittedly long and somewhat complicated, but the 
individual guidelines/recommendations/expert opinions are 
very clear [3]. Some of the most important and impactful 
are: (1) Guidelines #1 and 2: Across the board testing of 
all new OPSCC patients for p16 with a 70% nuclear and 
cytoplasmic cutoff (2) Guideline #4: No routine testing for 
non-oropharyngeal SCC patients or for patients with non-
squamous oropharyngeal carcinomas (3) Guideline #7: HPV 
or p16 testing on fine needle aspiration specimens from the 
neck in patients with a known oropharyngeal mass lesion or, 
if in level II/III and no known primary (no specific testing 
modality recommended, but rather the type of testing to be 
validated by each institution on its own) and (4) Guideline 
#9: No routine testing for low risk HPV of any head and 
neck carcinoma.

Yet at this point, many important questions remain. We 
will discuss each of these in turn and look at the evidence 
behind them (Table 1).

Question 1: Can Pathologists Consistently Apply (at 
Least) p16 Testing in Oropharyngeal Primary Tumor 
Specimens?

One of the major problems before the guidelines were pub-
lished and before staging made p16 (± HPV specific testing) 

essentially mandatory for all patients with known or sus-
pected OPSCC was that practices were “all over the map”. 
Some pathologists were doing no testing at all, others sub-
optimal HPV-specific testing alone such as just HPV DNA 
PCR, some doing p16 without stringent cutoffs, and many 
testing all manner of head and neck carcinomas beyond 
just the oropharynx, beyond just high risk HPV, and even 
beyond just SCC. The guidelines should increase consist-
ency in appropriate testing and decrease inappropriate test-
ing. Anecdotally, this appears to be happening yet, even now, 
this author hears of academic practices where p16 immu-
nohistochemistry is performed on all new head and neck 
SCC patients (regardless of primary site) and referral cases 
still come across my desk from primary OPSCC specimens 
where they are not tested at all. But how effectively has prac-
tice changed in the past few years? What instruments might 
help us assess the field? Academic practice reviews and 
large survey instruments should help us to assess practice. 
Two data sources, to date, can provide before and after data 
on HPV testing in practice. None has been reported since 
the CAP guidelines were published. We performed a study 
looking at all of our referral cases at Vanderbilt University 
from one year before the CAP guidelines were published 
and one year after and judged the practice of the outside 
pathologists based strictly on the CAP guidelines (unpub-
lished data). This was quite revealing. For primary OPSCC 
specimens, 66.9% of patients from before publication were 
correctly tested and 90.7% afterwards, a substantial improve-
ment. Most of the “off guidelines” testing was either no test-
ing at all or ordering HPV-specific testing only. Since the 
criteria for p16 immunohistochemistry interpretation that 
were used were usually not stated in the outside reports, this 
study could not assess compliance with the 70% nuclear and 
cytoplasmic reactivity CAP guideline.

The CAP in situ hybridization survey which has been 
applied for years was modified to add questions that help 
to assess compliance with primary OPSCC HPV testing as 
well. The data has yet to be formally analyzed and published, 
but some generalities are expected. In a survey of labora-
tories from 2017, most performed high risk HPV testing 
of some form and almost all of the rest did so selectively 
based on the clinical scenario or upon request. Less than 
5% did not perform testing at all. Based on 2019 data, most 

Table 1  Major questions in HPV testing in head and neck carcinomas

Major questions
 Can pathologists consistently apply (at least) p16 testing in oropharyngeal primary tumor specimens?
 What is the current role for HPV-specific testing in primary tumor specimens?
 What is the most appropriate approach to tissue specimens from neck metastases (needle core and excisional biopsies; neck dissections)?
 What is the best approach to p16/HPV testing in neck cytology specimens?
 Can pathologists avoid p16/HPV testing in non-oropharyngeal carcinomas (other than for diagnostic/definitional purposes)?
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performed a single test, usually p16 immunohistochemis-
try. For p16 immunohistochemistry, most used a > 70% 
nuclear and cytoplasmic staining cutoff, while the fraction 
of staining used otherwise varied significantly, with signifi-
cant minorities using anywhere from only a 10% cutoff all 
the way to 100%. This data, when finally published, will be 
invaluable to help us better understand what pathologists are 
actually doing in daily practice.

In summary, it seems that, at least in the United States, we 
pathologists can relatively consistently apply p16 immuno-
histochemistry to primary tumor OPSCC specimens. Based 
on this unpublished data, the majority of pathologists are 
following the guidelines Still, though, a surprisingly large 
minority are not.

Question 2: What is the Current Role for HPV‑Specific 
Testing in Primary Tumor Specimens?

Since p16 immunohistochemistry is just a prognostic marker 
and surrogate marker of high risk HPV, it leaves “something 
to be desired” as a test for OPSCC patients. There are so 
many HPV-specific testing modalities, and they have various 
pros and cons. It is clear that DNA detection is not sufficient 
as a standalone modality [17], although in certain situations 
such as neck FNAs (see below) it may be a compromise test. 
For tissue, the ideal test is for high risk HPV E6/E7 mRNA, 
often called the “gold standard” [9, 18]. RT-PCR approaches 
[19] and even RNAseq are great at detecting high risk HPV 
E6/E7 mRNA but just are not practical for clinical appli-
cation. For many years, RNA detection in formalin-fixed, 
paraffin-embedded (FFPE) tissue was difficult (nay impossi-
ble) due to degeneration and fragmentation. This has slowly 
changed over time to the point that RNA in situ hybridiza-
tion methods that amplify signals have the ability to detect 
highly fragmented RNA in these specimens.

High risk HPV RNA in situ hybridization is increasingly 
available as a clinical test on automated stainers. This author 
has worked with it for four years for select applications in 
OPSCC and CUP patients, and the CAP in situ hybridiza-
tion survey data mentioned here had a significant minority 
utilizing it either alone or in combination with p16 as their 
HPV-specific test. Of the laboratories who use HPV-specific 
testing in combination with other tests, HPV RNA in situ 
hybridization was more commonly used than DNA in situ 
hybridization or DNA PCR. All of this suggests that HPV 
RNA in situ hybridization is steadily emerging into routine 
clinical practice.

How does it perform as a standalone test for patient sur-
vival prediction compared against p16 immunohistochem-
istry? The data suggests that it is marginally better [16]. For 
example, in a well performed study of 79 OPSCC patients 
in Europe, Schache et al. [9], showed that hazard ratios for 
death of disease were 11.9 for high risk HPV RNA in situ 

hybridization versus 4.4 for p16 positive patients. Both were 
strongly and independently predictive of survival, but HPV 
RNA in situ hybridization was clearly better. Both had a 
sensitivity of 97% for high risk HPV compared to RT-PCR 
(the standard in this study), but specificity of RNA in situ 
hybridization was 93% versus just 82% for p16 alone [9]. 
High quality data from well performed studies using HPV-
specific RNA testing like this is uncommon in the literature, 
and this type of data (survival data specifically) is lacking in 
the higher HPV attributable fraction U.S. population. Other 
indirect sources support this concept, however.

So is it time to switch to HPV RNA in situ hybridization? 
Can everyone start doing it across all of clinical practice [11, 
20]? Maybe not, but we are inching closer, and the feeling is 
that the modest improvement HPV RNA in situ hybridiza-
tion provides over p16 immunohistochemistry alone in cat-
egorizing patients as “favorable” or “unfavorable” prognosis 
is worth it because in each instant, we are dealing with an 
individual patient. When guidelines are revisited in coming 
years, this will be a major question to be addressed.

Question 3: What is the Most Appropriate Approach 
to Tissue Specimens from Neck Metastases (Needle 
core Biopsies, Excisional Biopsies, and Neck 
Dissections)?

Some specimens we receive in surgical pathology for pri-
mary diagnosis in OPSCC patients are tissue from cervical 
nodal metastases. Needle cores are sometimes taken at cent-
ers where FNA service is not present or reliable, when the 
patient has a history of another malignancy that may be in 
the differential diagnosis for their neck mass, or particularly 
when lymphoma is a consideration for the adenopathy. Exci-
sional biopsies or limited neck dissections may be obtained 
as smaller centers, when a cystic neck mass is mistaken to 
be a branchial cleft cyst, or when FNA of the neck mass is 
non-diagnostic. CAP guidelines are that pathologists should 
only routinely test such patients for high risk HPV when 
there is an oropharyngeal mass on imaging or a suspected 
oropharyngeal tumor on clinical examination, when the 
specimen is from level II or III in the neck without a known 
or suspected primary lesion, or when the level of the neck 
is unknown [3]. Current guidelines allow that p16 immuno-
histochemistry is sufficient alone only if the tumor is from 
level II/III and has nonkeratinizing morphology. This latter 
allowance is the most controversial, but it was one that is 
backed by the requirement of three surrogates of high risk 
HPV status in order to forego HPV-specific testing, namely 
neck level, morphology, and positive p16 testing (Fig. 1). 
It obviates HPV-specific testing in at least 70% of these 
patients since the majority of patients’ tumors have all of 
these features. One of the most significant recommended 
modifications by the ASCO panel, however, which reviewed 
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the CAP guidelines in 2019, was to simplify the neck test-
ing to say that all p16 positive SCCs in the neck should then 
undergo HPV-specific testing [2].

The major concern in the neck with p16 immunohisto-
chemistry alone is that ~ 20% of metastatic skin and lung 
SCCs are extensively positive for p16, with > 70% nuclear 
and cytoplasmic staining yet without associated high risk 
HPV [21]. Further, a small fraction of non-oropharyngeal 
SCCs are also p16 diffusely positive without HPV associa-
tion. There is no actual data in the literature on the effec-
tiveness of the algorithmic CAP approach to HPV testing 
in neck tissue specimens versus an across the board p16 
and HPV-specific testing on positive patients approach, but 
hopefully these studies will be performed in the future in 
order to guide practice more effectively.

Question 4: What is the Best Approach to p16/HPV 
Testing in Neck Cytology Specimens?

If tissue-based testing in primary OPSCC specimens is still 
“messy”, and on neck tissue cores and excisional biopsies 
still messier, then testing on cytology specimens from the 
neck is the messiest of all! Cervical nodal FNA specimens 
afford great convenience in OPSCC patients because so 
many patients have nodal disease at presentation (80–85%) 
and it is usually bulky. In clinic FNA without need for anes-
thesia is a quick and easy way to get a diagnosis. Technical 
challenges do occur, though, most importantly problems 
with aspirating cystic and necrotic nodes and getting rep-
resentative, viable material. Recognizing the importance of 
HPV status in OPSCC and CUP patients, CAP guideline #7 
calls for HPV or p16 testing on fine needle aspiration speci-
mens from the neck in patients with a known oropharyngeal 
mass lesion or if the mass is in level II/III and no known pri-
mary is clinically apparent [3]. What test to do is the prob-
lem, so a specific testing modality was not recommended by 
the panel. Instead, the type of testing is to be validated by 
each institution on its own.

p16 immunohistochemistry can be performed on cytol-
ogy material, best applied to cell block. However, it clearly 
doesn’t work in the same way as it does in tissue depending 
on how you fix the cell block. Several well performed studies 
showed that fraction of cells staining and intensity are less 
with various cytologic fixatives. Thus, what cutoff to use was 
unclear with some studies such as Holmes et al. saying “any 
confluent cell staining” [22] and other saying optimal cutoffs 
are 10 to 25% [23]. Then other studies came along showing 
that if you formalin fix the cell block, the situation is much 
better, almost comparable to tissue. Buonacore et al. [24] 
performed a side by side comparison of 25 patients with cer-
vical nodal FNAs for OPSCC and showed that the formalin 
fixed cell blocks stained diffusely while the Cytolyte fixed 
ones averaged only 38% of the cells positive, effectively 

Fig. 1  Core biopsy of a neck mass in a patient with no obvious pri-
mary lesion on clinical examination or computed tomography (CT) 
scanning. Level in the neck not clearly stated in clinical notes. a 
H&E morphology showing a nonkeratinizing squamous cell carci-
noma (10X magnification). b p16 immunohistochemistry showing 
strong, diffuse positive nuclear and cytoplasmic staining (4X magni-
fication) c High risk HPV E6/E7 mRNA in situ hybridization testing, 
performed according to CAP guidelines, showing punctate, granu-
lar, brown staining in the tumor cell cytoplasm (30X magnification). 
(Methods: p16 immunohistochemistry performed using E6H4 clone, 
prediluted, from Ventana Medical Systems, Inc. and HPV in  situ 
hybridization performed using a probe cocktail covering HPV types 
16, 18, 26, 31, 33, 35, 39, 45, 51, 52, 53, 56, 58, 59, 66, 68, 73, and 
82 from Advanced Cell Diagnostics, Inc.)



326 Head and Neck Pathology (2020) 14:321–329

1 3

demonstrating side by side that the reactivity issue can be 
“fixed”/corrected with formalin fixation. HPV RNA in situ 
hybridization works well on cell blocks, independent of fixa-
tion method [23], so some laboratories are doing this with 
(or instead of) p16 immunohistochemistry.

An alternative that many laboratories are adopting is liq-
uid-based HPV DNA testing on FNA fluid. This is highly 
convenient as many laboratories are already performing this 
testing on uterine cervical Papanicolau specimens. Strong 
data supports its use in the head and neck, including many 
studies in the literature using several different platforms for 
DNA detection [25]. Performance is essentially comparable 
to p16 immunohistochemistry on cell blocks, with > 90% 
concordance with corresponding tissue specimens. Most 
often, this requires an additional pass of the needle with the 
liquid set aside for the test. So, both liquid-based HPV test-
ing and p16 both usually require dedicated needle passes, 
and often the cell blocks don’t have adequate viable tumor 
to either be diagnostic or to have reliable sampling for the 
staining. They are more desirable than having to go and 
obtain actual tumor tissue biopsies from the patient for p16/
HPV testing, though, to be sure.

Question 5: Can Pathologists Avoid p16/HPV Testing 
in Non‑Oropharyngeal Carcinomas (Other Than 
for Diagnostic/Definitional Purposes)?

In the complicated flow of life, human beings naturally use 
shortcuts and heuristics. It seems clear that pathologists have 
been hearing of data on high risk HPV in subsets of non-
oropharyngeal SCCs [26] and extrapolating from OPSCC 
to say “well, probably having p16/high risk HPV expression 
in a non-oropharyngeal SCC must be a good thing, too. I 
think I’ll do a p16 stain.” From our unpublished Vanderbilt 
study from 2017, community pathologists ordered p16 or 
HPV specific testing on 45.5% of non-oropharyngeal SCCs 
including 45.2% of oral cavity SCCs and with significant 
fractions at all subsites, including larynx, hypopharynx, 
sinonasal tract and nasopharynx. Within the first year after 
the CAP guidelines, the numbers had actually increased to 
54.7% and 57.1%, respectively, although there seemed to be 
a trend towards lower rates of inappropriate testing in the 
last few months of the study, suggesting a slow uptake in the 
guidelines or perhaps just return to baseline.

Coming back to the impending CAP in situ hybridization 
survey data, of the several hundred respondents, a surpris-
ingly large minority still routinely perform high risk HPV 
testing of some form on non-oropharyngeal primary SCC 
patients, most of them at all anatomic subsites. Anecdotally, 
this author still hears of large academic institutions where 
p16 immunohistochemistry is performed on every new pri-
mary head and neck SCC patient.

While the data from some large studies that transcription-
ally-active high risk HPV, and even p16 overexpression in 
the absence of HPV, in non-oropharyngeal SCCs is prognos-
tic is compelling [26], until a clinical use for the information 
is established, there is no indication for all of this testing. 
Better communication of the guidelines including re-issues 
and social media posts may all improve pathology practice 
over time.

Where Are We Going?

With technology and innovation, change is inevitable. There 
is the specter on the horizon that surgical pathologists will 
no longer be doing any HPV testing on tissue or cytology 
specimens. Why is this? Because many promising alterna-
tives are emerging, such as liquid-based HPV testing of 
the supernatant which is generated in every single cervi-
cal lymph node FNA, high risk HPV serology and circu-
lating tumor cell and/or HPV DNA, computerized analysis 
of medical images, including cross sectional radiology and 
digitized H&E pathology slides, and machine learning from 
clinical and pathologic features in the electronic medical 
record (Table 2).

As previously mentioned, liquid-based HPV testing has 
been common place in gynecology practice for many years 
as part of work up for cervical dysplasia and carcinoma. 
Extensive literature now shows concordance rates with tis-
sue based p16/HPV testing of > 90% when testing is applied 
according to the CAP recommendations (cervical metastatic 
SCC with known or suspected oropharyngeal primary, and 
metastatic SCC of unknown primary in a level II or III—or 
unknown level—lymph node) [25]. Some institutions have 
been performing this testing in routine clinical practice for 
the past several years [25]. Having a dedicated FNA pass put 
into liquid based medium is helpful, but now new data from 
Vanderbilt University (unpublished) is emerging that one 

Table 2  Emerging, potentially 
disruptive alternatives to tissue-
based HPV testing

Liquid-based HPV-specific testing on nodal cytology aspirates and effluent
Blood-based HPV-specific E6/E7 serology
Blood-based HPV DNA detection
Computerized image analysis of cross-sectional radiographic imaging such as CT scans and MRI
Computerized image analysis of digitized pathology slides, both H&E and cytology
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can just use the supernatant from typical cell preparations 
for liquid based HPV testing suggesting that a dedicated pass 
is no longer needed. For those still using cell blocks, there 
may be a shift away from p16 immunohistochemistry. Since 
RNA in situ hybridization can be effectively applied for this 
purpose, some have started use this directly in lieu of p16 
immunohistochemistry.

What is more jolting to the surgical pathologist is the 
number of biospecimen alternatives to tissue for HPV 
status. Data has shown that most patients with HPV16-
related OPSCC develop robust, HPV specific IgG antibody 
responses. These can be detected by serologic testing. In 
some fascinating, long term, time course studies of healthy 
patients, high titer HPV16 specific IgG antibodies can be 
detected in patients up 20 to 30 years before they present 
with clinical disease [27]! And further, if one uses HPV 
serology as a diagnostic test just when the patient presents 
with clinical disease, it has a correlation of > 90% with high 
risk HPV-specific testing on the patient’s tissue, putting it 
close to on par with p16 immunohistochemistry. One limi-
tation of serologic testing, currently, is that it is focused on 
HPV16 and is still suboptimal for other high risk HPV types 
such as 33, 35, etc., which account for ~ 5 to 10% of all HPV 
in OPSCC. But cross reactivity between HPV16 serology 
and these other high risk types helps to some extent. It feels 
like just a matter of time until HPV serology is improved and 
ready for “prime time”. This could become the diagnostic 
gold standard in the near future. HPV DNA in the circulating 

blood has also shown promising performance for diagnosis 
of HPV in OPSCC patients. In a recent study of 103 patients 
with OPSCC and 115 controls who underwent plasma high 
risk HPV detection, at presentation, performance was esti-
mated to be 97% sensitive and 89% specific for tissue HPV 
RNA status [28]. This is a performance comparable to 
HPV serology. These tests are promising, but will have to 
be improved. Once they are “locked down”, they will need 
to be thoroughly validated according to FDA guidelines in 
order to be used as clinical tests.

An even more fascinating and non-invasive testing alter-
native is image analysis of patient tissue images and/or radi-
ology images (Fig. 2). In a very recent example, Leijenaar 
et al. [29], using a cohort of almost 1000 OPSCC patient 
CT scans for modeling and testing, showed a performance 
for patient survival stratification almost identical to p16 
immunohistochemistry on tissue. In an open challenge on an 
MD Anderson OPSCC patient database of CT scan images 
and clinicopathologic features, the winner for predicting 
p16/HPV status (based on primary tumor tissue testing) 
achieved an area under the curve of 0.915 [30]. Needless to 
say, this type of modeling and testing with machine learn-
ing is extremely promising, suggesting that a great deal of 
information about p16/HPV status of a patient’s OPSCC is 
contained in radiology images and patient information in 
the EMR alone.

Image analysis and machine learning on digitized H&E 
tissue images is also promising. In unpublished data on 

Fig. 2  Computerized image analysis of digitized CT scan images. 
The images are analyzed for abnormal (tumor) regions, segmented 
and then normalized, with features such as texture, heterogeneity, 
shape, and many other possible features. Integration of imaging fea-

tures across patients drawn a “classifier” with high likelihood of HPV 
positivity or negativity. (image courtesy of Anant Madabhushi, PhD 
and Cheng Lu, PhD
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BioRxIV, a preprint server for biology from Cold Spring 
Harbor, Kather et al. were able to obtain an AUC for p16 
status prediction in head and neck SCC by image analy-
sis of digitized H&E sections from The Cancer Genome 
Atlas of 0.70 [0.66; 0.74]. This included non-oropharyn-
geal SCC patients as well, so a somewhat “noisy” dataset. 
However, it speaks to the promise of morphologic fea-
tures as a possible predictive feature for p16/HPV status in 
OPSCC patients. Imagine a future where a patient comes 
in with a neck mass or dysphagia, gets a CT scan showing 
a mass in the oropharynx, then gets an FNA for diagno-
sis of SCC, and a blood test or computerized analysis of 
the radiologic images, clinical features, and/or histologic 
slides that says it is an HPV-related tumor. Tissue based 
p16 or HPV specific testing may no longer be needed at 
all.

Summary

There has been a massive shift in head and neck pathology 
over the past several decades so that HPV status in OPSCC 
patients and patients with metastatic SCC of unknown pri-
mary is required information. Pathology-based testing has 
evolved from very inconsistent to more consistent, at least 
for OPSCC, where p16 immunohistochemistry is being per-
formed and properly interpreted for the majority of patients 
in routine clinical practice. Practices will continue to change, 
likely with the adoption of high risk HPV RNA ISH on p16 
positive patients, or perhaps instead of p16 immunohisto-
chemistry. Cervical lymph node testing in routine clinical 
practice, both on tissue and cytology, needs much improve-
ment and standardization still, however. While we continue 
to work on improving tissue-based HPV testing, surgical 
pathologists may soon be replaced by a number of highly 
promising tests, such as liquid-based HPV testing on FNA 
specimens, blood-based serology and HPV DNA testing, 
and even, more disruptively, on artificial intelligence-based 
analysis of standard digitized radiographic and pathologic 
images, and clinical data. When it comes to interesting 
developments, the testing to diagnose HPV-related cancers 
does not disappoint. Stay tuned, as the future promises to be 
even more interesting.
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