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Human papillomavirus (HPV)-related oropharyngeal squamous cell carcinoma has unique biology and better

outcomes. p16 immunostaining is used as a surrogate marker for transcriptionally active HPV. Although diffuse

staining is generally accepted as positive, the significance of partial staining has not been established, nor has

the cutoff for extent of p16 staining that should be used to identify a tumor as HPV-related. From three other

large studies utilizing p16 immunohistochemistry, we identified all cases with partial positive staining. The

p16-stained slides were reviewed by three study pathologists for staining (nuclear and cytoplasmic) extent (in

quartiles), and also for percentage that was confluent (ie, back-to-back cell staining). Tumors were histologi-

cally typed (keratinizing, non-keratinizing, or non-keratinizing with maturation) and tested for high-risk HPV by

RNA in-situ hybridization and reverse-transcriptase PCR. For the 16 cases, there were two 4þ (13%), five

3þ (31%), six 2þ (38%), and three 1þ (19%) p16 staining tumors. Extent of staining ranged from 5 to 90% of cells

positive with 25% or more confluent staining in 4/16 (25%). Of the 16 (31%) cases, 5 were HPV-related on the

basis of RNA in-situ hybridization and reverse-transcriptase PCR. All of these cases had450% p16 staining, 4/5

(80%) had more than 25% confluent staining, and 4/7 (57%) had non-keratinizing histological features. Only one

of the p16 1þ /2þ tumors was HPV RNA-positive (by reverse-transcriptase PCR only and low level). All 1þ /2þ
cases were keratinizing type or undifferentiated. By sensitive detection methods, most partial p16-positive

squamous cell carcinoma cases with 450% staining harbor transcriptionally active HPV, and most HPVþ
tumors have significant amounts of confluent staining. Cases with o50% p16 staining and lacking significant

confluent staining rarely harbor HPV. These results support that greater than 75% p16 staining or, alternatively,

450% staining combined with 425% confluent areas, are suitable cutoffs for defining positivity.
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Introduction

Over the past several decades, a distinct type of
oropharyngeal squamous cell carcinoma has
emerged, which is associated with transcriptionally

active, high-risk (HR) human papillomavirus
(HPV).1–4 These tumors are increasing in incidence
despite the overall decrease in head and neck
squamous cell carcinoma, in what has been termed
a cancer ‘epidemic.’5,6

The molecular characteristics, biology, and clin-
ical behavior of HPV-related oropharyngeal squa-
mous cell carcinomas have been elucidated over the
past several decades as well.3,7 The tumors are more
common in Caucasian men who are younger than
typical head and neck squamous cell carcinoma
patients, have less exposure to cigarette smoke, and
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have higher numbers of sex partners, and greater
oral sex exposure than non-HPV-related cancer
patients.5,8,9 They frequently present with large neck
masses with small, or even frequently clinically
undetectable, primary tumors1,10,11 that tend to
have a non-keratinizing morphology,12 and that are
genetically less complex than non-HPV-related squa-
mous cell carcinomas. Specifically, tumors have less
gross chromosomal aberrations, rarely harbor p53
mutations,13 and have approximately one half the
mutation rate of non-HPV-related squamous cell
carcinoma.14 The most important difference for pa-
tients with these tumors, though, is that their
prognosis is significantly better than for patients
whose tumors are not related to transcriptionally
active HPV.1,15–18

Identification of groups of patients who have this
prognostically favorable HPV-related squamous cell
carcinoma type is becoming increasingly important
in clinical practice19,20 for patient counseling, and in
the near future, will be used as the basis for different
treatment. The identification of HPV in patients’
tumors correlates strongly with improved prog-
nosis.1,11,18,21,22 To clearly distinguish between tu-
mors that are HPV-related and those that are not can
be complicated, however. HPV-specific tests include
DNA-based PCR,21,23 DNA in-situ hybridization,1,18

reverse-transcriptase PCR for E6 and E7 mRNA,20,24

and more recently, RNA in-situ hybridization.25

DNA in-situ hybridization is the most widely
available in clinical practice, but it lacks sensitivity
and also can be difficult to interpret. Tests that
assess for transcriptionally active HPV, such as
reverse-transcriptase PCR or RNA in-situ hybridiza-
tion for HPV mRNA are probably the most sensitive
and specific, but are technically difficult to perform
and have limited availability. As the HPV protein E7
degrades the retinoblastoma protein leading to
aberrant overexpression of p16, p16 immunohisto-
chemistry has also been shown to be a sensitive
surrogate test for the presence of transcriptionally
active HPV particularly in oropharyngeal squamous
cell carcinoma. In addition, p16 immunohistochem-
istry is widely available and easy to interpret. For
HPV identification and risk stratification, many
advocate for p16 immunohistochemistry as a screen-
ing test to be followed by, when positive, an HPV-
specific test, such as DNA in-situ hybridization or
PCR, or potentially both.11,26–30 There is an emerging
view, however, that the strong risk stratification for
patient survival provided by p16 immunohisto-
chemistry in oropharyngeal squamous cell carcino-
ma, combined with simplicity and wide availability,
make it a very suitable single marker for risk
stratification and patient counseling about the
nature of the disease and the expected prognosis.

For p16 to be used alone, or even in combination
with other tests, criteria for positivity need to be
clearly established. Although most oropharyngeal
squamous cell carcinoma are clearly positive (strong
and diffuse immunoreactivity) (Figure 1) or negative

(no immunoreactivity) for p16, a minority of cases
have partial staining,11,31,32 and little direct evidence
exists in the literature to define what cutoff or pattern
correlates with the presence of transcriptionally
active HPV (and favorable biology), and thus should
be considered positive. We examined a small cohort
of partially p16-positive oropharyngeal squamous cell
carcinoma cases from three large databases, character-
ized their extent, intensity, and pattern of p16
staining, and compared these with their morphology
and with tests for HR HPV DNA and E6/E7 mRNA.

Materials and methods

From three larger studies10,11 of over 400 orophar-
yngeal squamous cell carcinoma patients, those
which were noted to have partial p16 staining
(between 0 and 75% of tumor cells) were collected.
The hematoxylin and eosin slides were reviewed by
three study pathologists and histologically typed
using our previously reported typing system11,12 into
keratinizing squamous cell carcinoma (Type 1), non-
keratinizing squamous cell carcinoma with matura-
tion (Type 2), and non-keratinizing squamous cell
carcinoma (Type 3). Others specific variants were
diagnosed on the basis of their published features as
defined by the WHO Classification of Head and
Neck Tumours.33,34 Clinical and pathological infor-
mation on all patients were obtained from electronic
medical records.

p16 Immunohistochemistry

Immunohistochemistry was performed on represen-
tative 4 mm sections cut from formalin-fixed, paraf-
fin-embedded tissue blocks, using a monoclonal
antibody to p16 (MTM Laboratories; monoclonal;
1 : 1 dilution) on a Ventana Benchmark LTautomated
immunostainer (Ventana Medical Systems, Tucson
AZ, USA) according to standard protocols. Detec-
tion involved Ventana’s ultraView Universal
DAB Detection Kit that utilizes a cocktail of
enzyme-labeled secondary antibodies that locate
the bound primary antibody. The complex is then
visualized with hydrogen peroxide substrate and a
3, 30-diaminobenzidine tetrahydrochloride (DAB)
chromogen. No biotin is involved. Antigen retrieval,
standard on the machine, utilized the Ventana
CC1, EDTA-Tris, pH 8.0 solution. A known p16-
expressing head and neck squamous cell carcinoma
case was used as the positive control and sections
of normal tonsil used for negative controls with
each run.

Cases were reviewed independently by the
three study pathologists (JSL, SKM, RDC) without
knowledge of the HPV results, and were classified as
follows: 0¼negative; 1þ ¼ 1–25% of tumor cells
positive; 2þ ¼ 26–50%; 3þ ¼ 51–75%; 4þZ76%.
The amount of staining was also assessed in
increments of 10%. Tumor cells had to have nuclear
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and cytoplasmic staining to be considered positive
and were read for distribution of staining regardless
of its intensity. The discrepant quartile results were
resolved by consensus review, and the actual
percentage assessment by each pathologist averaged.
The pattern of staining was also assessed for
confluence of staining. For confluence, staining in
groups of more than 10 tumor cells was considered
positive, and then, the overall percentage of p16-
positive cells that were in confluent groups assessed
for their proportion to the overall amount of p16-
positive cells (Figure 2). Results for the three
reviewing pathologists were averaged. In addition,
cases were classified individually by each patholo-
gist for intensity of staining as weak, moderate, or
strong, and the final staining intensity category was
again determined by consensus review.

HPV In-Situ Hybridization

DNA in-situ hybridization was performed using
unstained tissue sections using the in-situ hybridi-
zation I View Blue Plus Detection Kit (Ventana
Medical System) according to the manufacturer’s
instructions. The assay utilized the Ventana HPV III
Family 16, Probe B, a cocktail recognizing a cocktail
of HR HPV. Cases were read independently by three
pathologists (JSL, SKM, RDC) without knowledge of
the other test results, and were classified in a binary
manner as either positive or negative. Any blue
nuclear dots were considered positive. Discrepant
cases were resolved by consensus review.

In-situ hybridization for HR HPV E6/E7 RNA was
performed manually using the RNAscope HPV kit
(Advanced Cell Diagnostics, Hayward, CA, USA)
according to the manufacturer’s instructions. Briefly,
4mm formalin-fixed, paraffin-embedded tissue sec-
tions were pretreated with heat and protease before
hybridization with a target probe to the HR HPV
genotype 16 (performed on its own individual slide
and designated ‘16’) and target probes to the other HR
genotypes 18, 31, 33, 35, 52, and 58 (performed as a
cocktail for these 6 types on its own individual slide
and designated ‘high risk’). An HRP-based signal
amplification system was then hybridized to the
target probes followed by color development with
DAB. Positive staining was identified as brown,
punctate dots present in the nucleus and/or cyto-
plasm. Control probes for the bacterial gene DapB
(negative control) and for the housekeeping gene
ubiquitin C (positive control—evidence of adequate
RNA) were also included on each case. Cases were
read by one study pathologist (JSL) without knowl-
edge of the p16 results, and were classified in a binary
manner as either positive or negative. Positive cases
had to have granular cytoplasmic and/or nuclear
brown staining that was above the signal on the DapB-
negative control slide. Negative cases had to have
suitable brown granular cytoplasmic staining on the
ubiquitin-C-stained slide.

Reverse-Transcriptase PCR Detection of HPV E6/E7
mRNA

Reverse-transcriptase PCR was performed using
RNA extracted from unstained slides for E6 and E7
for the most common 13 HR HPV types (16, 18, 31,
33, 35, 39, 45, 52, 56, 58, 59, 66, and 68). Extraction
was with Qiagen miRNeasy formalin-fixed, paraffin-
embedded tissue kits, and resulted in between 0.5
and 5mg of RNA, depending on tumor size. All oligo
primers in the assays were purchased from Sigma-
Aldrich (St Louis, MO, USA). The reverse-transcrip-
tion reaction was done with the High Capacity
cDNA Reverse Transcription Kit (Applied Biosys-
tems). The reverse-transcriptase PCR reaction mix-
ture contained 150ng of RNA, and was incubated at
25 1C for 20min, 37 1C for 60min, and then 85 1C for
5min. Real-time PCR was then performed to
quantify the cDNA product using Power SYBR
Green PCR Master Mix (Applied Biosystems) and
500nM HPV type-specific primers. Each HPV assay
for E6 or E7 from 13 HPV types was individually
performed in a separate well on a 384-well PCR
plate. The PCR protocol was 95 1C for 10min, and
then 36 cycles of amplification (95 1C for 10 s, 58 1C
for 15 s, and 60 1C for 15 s). In addition, GAPDH and
b-actin were included as expression reference con-
trols for real-time PCR data normalization (normal-
ized to the average expression of these two control
genes). Quantitation was expressed as normalized
log2-scale data compared with the detection-thresh-
old PCR cycle number.

Statistical analysis

Correlations between categorical variables were
analyzed using Fisher’s exact tests. For continuous
variables, Mann–Whitney testing was utilized. Ana-
lyses were performed using GraphPad Prism soft-
ware (Prism 5 for Windows; Version 5.03).

Results

There were 16 total cases of oropharyngeal squa-
mous cell carcinoma with partial p16 immunohis-
tochemical staining of tumor cells. The cases were
from 1998 to 2011, and patient demographic
information is presented in Table 1. Results for
p16-staining quantitation, and assessment for con-
fluence, histological typing, and HPV-specific test-
ing are presented in Table 2. There were five p16
1þ , four 2þ , five 3þ , and two 4þ cases (Figure 3).
For simplicity of comparisons, cases were divided
into those that were 1þ and 2þ (focal p16 staining)
versus 3þ and 4þ (extensive p16 staining).

There were no significant differences amongst the
focal and diffuse p16 groups for the clinical or
pathological features. For the p16 diffuse (3þ and 4
þ ) cases, five of seven (72%) were positive for HPV,
all for transcriptionally active HPV, and with all
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cases testable being positive by both RNA in-situ
hybridization (Figure 1) and reverse-transcriptase
PCR. On assessment for confluent staining, four of
the seven (57%) p16 diffuse (3þ or 4þ ) cases
showed greater than 25% of the tumor surface area
showing positive staining in cells in a back-to-back
distribution (ie, more than just minimal confluent
staining). By histological typing, three of seven
(43%) of the diffuse (3þ or 4þ ) cases were non-
keratinizing (Type 3), one of seven (14%) non-
keratinizing with maturation (Type 2), and three of
seven (43%) keratinizing (Type 1).

Both of the two 4þ (475%) p16-staining cases
were HPV-positive. For the five tumors that had 3þ
(50 to 75%) p16 staining, three of them (60%)
harbored transcriptionally active HPV by RNA
in-situ hybridization (Figure 2) and reverse-
transcriptase PCR. These three tumors all had
confluent p16 staining in 60% or more of the tumor,
whereas the two HPV-negative tumors had confluent
staining of only 10 and 20%. Four of the five RNA
in-situ-hybridization-positive cases were HPV type
16. The remaining case was positive for a non-HPV
16 HR type.

For the nine p16 1þ or 2þ cases, only one was
positive for HPV. This was by reverse-transcriptase
PCR, but it showed very low levels of HPV RNA (1.4
times controls versus an average of 5.4 times
controls for the other reverse-transcriptase PCR-
positive cases). This case was a keratinizing (Type
1) squamous cell carcinoma with only 5% p16
staining and less than 5% confluent staining. None
of the p16 1þ or 2þ cases had more than just
minimal confluent p16 staining (all less than 20%).
The histological type for all p16 1þ and 2þ cases
was either keratinizing (Type 1) squamous cell
carcinoma or undifferentiated.

Intensity of the staining was variable, but the 3þ
and 4þ cases had stronger staining (six of seven
classified as strong) than the 1þ and 2þ cases (two
of nine classified as strong; P¼ 0.04). However, when
dividing cases binarily by the presence of HPV RNA,
there was no statistically significant difference in
intensity (4 of 6 cases with HPV RNA were strong
versus 4 of 10 cases without HPV RNA; P¼ 0.61).

Considering the histological typing of the tumors,
the p16 3þ or 4þ cases were more likely to be non-
keratinizing (Type 3) or non-keratinizing with
maturation (Type 2) squamous cell carcinoma as
opposed to keratinizing (Type 1) squamous cell

Table 2 Pathological features and staining results for each case

Case p16 score
quartile

Histo
type

p16 confluent
staining

p16
intensity

ISH for HPV
DNA

ISH for
HPV E6/E7

RNA

RT-PCR for
HPV E6/E7

RNA

E6/E7 mRNA
quantitation

1 1 1 o5 M � � + 1.4
2 1 1 5 M � � � 0
3 1 1 o5 S � � � 0
4 2 Undiff 10 M � � � 0
5 2 Undiff 20 W � � � 0
6 2 1 10 M � � � 0
7 2 1 5 S � � � 0
8 2 1 5 M � � Insuff RNA n.a.
9 2 1 10 M � � � 0
10 3 2 80 S � + + 4.4
11 3 1 60 S + + Insuff RNA n.a.
12 3 1 10 S � � � 0
13 3 1 20 S � � � 0
14 3 3 60 S + + + 5.6
15 4 3 20 M + + + 5.7
16 4 3 80 S � + + 5.7

Abbreviations: ISH, in-situ hybridization; HPV, human papillomavirus; RT-PCR, reverse-transcriptase PCR; Undiff, undifferentiated carcinoma;
Insuff, insufficient; n.a., not applicable; S, strong; M, moderate; W, weak.

Table 1 Clinical features of the cases

Group (no.) All
(16)

p16 1+
or 2+ (9)

p16 3+
or 4+ (7)

P-
valuea

Age–mean; median 61.2; 57.5 61.4; 56.0 60.9; 58.0 0.83

Gender (%)
Male 13 (81) 7 (78) 6 (86)
Female 3 (19) 2 (22) 1 (14) 1.0

Smoking (%)
Yes (current/former) 15 (94) 8 (100) 6 (86)
No (never) 1 (6) 0 (0) 1 (14) 0.47

T-stage (%)
T1/T2 5 (31) 3 (33) 2 (29)
T3/T4 11 (69) 6 (67) 5 (71) 1.0

N-stage (%)
N0 4 (25) 2 (22) 2 (29)
N1, 2, 3 12 (75) 7 (78) 5 (71) 1.0

Treatment type (%)
Definitive XRT 9 (56) 4 (44) 4 (57)
Surgery±XRT 7 (44) 5 (56) 3 (43) 1.0

XRT, radiation therapy.
a
P-value represents p16 1+ or 2+ versus p16 3+ or 4+.
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carcinoma or undifferentiated (P¼ 0.019). All four of
the non-keratinizing (Type 3) and non-keratinizing
with maturation (Type 2) squamous cell carcinoma
cases were positive for transcriptionally active HPV
by RNA in-situ hybridization and reverse-transcrip-
tase PCR.

Discussion

As HPV-related oropharyngeal squamous cell carci-
noma has been identified as a distinct entity among
head and neck squamous cell carcinoma with pro-
gnostic and management implications, it is critical
to identify such cases in routine clinical practice
and to differentiate them from the patients with
non-HPV-related squamous cell carcinoma.7,19,20,26

Currently, there is no consensus on how to do so,
and practices vary greatly from those performing
no testing at all to those who perform p16 immuno-
histochemistry alone to those who use p16 immu-

nohistochemistry followed by one or more HPV-
specific tests on the p16-positive cases. There are
extremely high correlation rates between the HPV-
specific tests, especially those that detect transcrip-
tionally active virus, and p16 immunohistochemis-
try, usually 490%.1,11,15,23,25,27,31,32,35,36 Although
many consider the detection of HR HPV E6/E7
mRNA on fresh tissue to be the gold standard for
establishing a tumor as related to transcriptionally
active HPV,20 for actual risk stratification, the real
standard against which to judge these tests is patient
survival. For risk stratification (as binary categoriza-
tion of patients’ tumors as ‘favorable prognosis’ or
‘unfavorable prognosis’), all of these tests perform
very well and essentially comparably. On the basis
of this and also on practical issues, such as
availability, ease of interpretation, and cost, some
recommend just using p16 immunohistochemistry
alone.11,37,38

One major critique of p16 immunohistochemistry
for risk stratification in oropharyngeal squamous
cell carcinoma is that there are a few equivocal cases
(ie, cases where staining is not clearly positive—
strong and diffuse—or negative).20 This is actually
rather uncommon.11,25,32 p16 is overexpressed in
tumor cells with transcriptionally active HPV
because the viral E7 protein binds to the retinoblas-
toma protein, abrogating its repression of p16
transcription. As such, p16 is extensively over-
expressed in the nucleus and cytoplasm of tumor
cells, resulting in diffuse, strong signals by immu-
nohistochemistry. However, in cases with partial
staining, a specific cutoff to use for the binary
classification of cases has not been clearly estab-
lished or directly evaluated in the literature. There
is a great deal of indirect evidence, however. Most
investigators, because they acknowledge that HPV-
related squamous cell carcinomas should have
extensive p16 expression, have simply applied high
cutoffs, most often 70%.1,27 At this cutoff, numerous
studies have shown p16 positivity to strongly
correlate with improved tumor treatment response
and with favorable survival rates.1,20 Other studies
have used a 50% cutoff11,25 and some 60%,15

whereas many have not used any specific cutoff at
all.24,16,35,36,39 Despite this variation, p16 positivity
has been strongly prognostic in all of the studies.
This is because most positive cases show close to
100% staining for p16; so regardless of the cutoff
applied, the overwhelming majority of cases will be
classified the same. However, approximately 5–15%
of oropharyngeal squamous cell carcinomas will
show only partial p16 immunoreactivity.32 For
example, in a previously study of a large cohort of
p16-positive oropharyngeal squamous cell carcino-
ma, 15 of 189 (8%) had partial staining of less than
75% of tumor cells.11

Very few studies have actually examined partially
p16-positive tumors to see what percentage
or pattern of p16 staining actually correlates with
the presence of transcriptionally active HPV.

Figure 1 Oropharyngeal squamous cell carcinoma with (a)
diffuse positive staining by p16 immunohistochemistry and (b)
positive RNA in-situ hybridization for high risk HPV (HR HPV;
a¼ � 100 magnification; b¼ �200 magnification).
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Schlecht et al31 examined a sizeable cohort of head
and neck squamous cell carcinomas by p16 immu-
nohistochemistry and reverse-transcriptase PCR on
fresh tissue for HR HPV E6/E7 mRNA. Among the 22
oropharyngeal squamous cell carcinoma cases tested
by both assays, they found that only 1 of the 10
tumors with 475% p16 staining was negative
for HPV RNA by reverse-transcriptase PCR, whereas
none of the 12 tumors with less than 75% p16
staining were HPV reverse-transcriptase-PCR-posi-
tive. Notably, their ‘less than 75%’ staining group
must have included cases with 0% staining, because
they simply reported their lowest p16 staining cases
as ‘less than or equal to 25%.’31 As such, it is not
clear how many p16-positive, but with less than
75% staining, were present among those 12 cases.

In the current study, among the several hundred
patients in the larger databases from which they
were drawn, only 16 had p16 immunoreactivity, but
with only partial staining. Of these 16 cases, the
p16 4þ (475% staining) cases and a subset of the
p16 3þ (50 to 75% staining) cases harbored
transcriptionally active HPV by two different HPV
RNA assays, in-situ hybridization and reverse-
transcriptase PCR. The subset of p16 3þ cases that
harbored HPV RNA all had significant amounts
(425%) of confluent staining, where positive tumor
cells were aggregated/back-to-back. The tumors with
less than 50% p16 staining consistently lacked HPV

with only one case being HPV-positive, but by only
one assay and with low expression levels. These
findings validate the 70 or 75% cutoffs commonly
utilized (and recommended) in the literature. They
also show that for the p16 cases with 3þ (50 to
75%) staining, there is a mixture of those with and
without transcriptionally active HPV. An alternative
to the 75% staining cutoff would be to use a 50%
cutoff for positivity and then utilize the amount of
confluent staining to segregate the cases with 3þ
(50 to 75%) staining. A practical alternative may be
to utilize HPV-specific testing for these 50–75%
positive cases. In the current study, the three 3þ
cases with HPV RNA all had 60% or more confluent
staining (Figure 3), whereas the two 3þ cases
lacking HPV RNA both had 20% or less confluent
staining. Also, although there was a trend towards
stronger intensity of staining with higher amounts of
p16 staining, several cases that were considered
moderate intensity harbored HPV RNA. This argues
that the distribution of p16 staining is much more
important than the actual intensity.

There is ongoing debate about what test or
combination of tests to use in routine practice to
risk stratify patients with oropharyngeal squamous
cell carcinoma,19,20,31 and one expects there to be
ongoing research, discussion, and consensus gather-
ing. All of the HPV-specific tests have shown the
ability to identify patient groups with improved

Figure 2 p16 staining differing by amount of confluent positive cells with (a) tumor showing only patchy staining, which is
only minimally (o25%) confluent, and (b) tumor showing significant (425%) confluent staining (both a and b¼ � 100 magnification).
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prognosis and treatment response,1,3,15,16,20,24 and
p16 immunohistochemistry has also consistently
been able to do so.1,10,25,40 Using p16 immunohis-
tochemistry alone appears to be a very useful
approach at this time for risk stratification of
patients in routine practice. The major caveat is
that, although p16 in oropharyngeal squamous cell
carcinoma has extremely high correlation with the
presence of transcriptionally active HPV,20,25 it does
not directly demonstrate HPV in the tumors. For
future treatments that may target HPV specifically,
may attempt to interrupt viral protein-related sig-
naling pathways, or may use vaccination or immune
system modulation, tests that directly demonstrate
the presence of HPV in tumors may be necessary.

Currently, p16 immunohistochemistry is widely
used in practice; so, there is a need to better define
what cutoff to use for positivity. This study directly
addresses this question by assessing a cohort of
partial p16-positive tumors for HPV DNA and E6/E7
mRNA by multiple methods. The results strongly
support using a 70 or 75% cutoff for p16 positivity

when using the E6H4 clone on formalin-fixed,
paraffin-embedded tumor specimens. They also
suggest that the use of a 50% cutoff is justified, if
the pathologist then assesses for confluent staining
for the cases in which there is between 50 and 75%
staining, and limits positivity to those with more
than 25% confluence.
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