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Abstract
HPV-related and HPV-unrelated oropharyngeal squamous cell carcinomas are two distinct entities according to the Union
for International Cancer Control, with a better prognosis conferred to HPV-related oropharyngeal squamous cell carcinomas.
However, variable clinical outcomes are observed among patients with p16 positive oropharyngeal squamous cell
carcinoma, which is a surrogate marker of HPV infection. We aimed to investigate the prognostic value of RNA CISH
against E6 and E7 transcripts (HPV RNA CISH) to predict such variability. We retrospectively included 50 histologically
confirmed p16 positive oropharyngeal squamous cell carcinomas (p16 positive immunostaining was defined by a strong
staining in 70% or more of tumor cells). HPV RNA CISH staining was assessed semi-quantitatively to define two scores:
RNA CISH “low” and RNA CISH “high”. Negative HPV RNA CISH cases were scored as RNA CISH “low”. This series
contained 29 RNA CISH low cases (58%) and 21 RNA CISH high cases (42%). Clinical and pathologic baseline
characteristics were similar between the two groups. RNA CISH high staining was associated with a better overall survival
in both univariate and multivariate analyses (p= 0.033 and p= 0.042, respectively). Other recorded parameters had no
prognostic value. In conclusion, HPV RNA CISH might be an independent prognostic marker in p16 positive oropharyngeal
squamous cell carcinomas and might help guide therapeutics.

It is now established that high risk HPV infection drives
carcinogenesis in a subset of oropharyngeal squamous cell
carcinomas [1–3]. HPV-related oropharyngeal squamous
cell carcinomas have a better prognosis than HPV-unrelated
oropharyngeal squamous cell carcinomas and seem to
be more sensitive to radiotherapy and radiochemotherapy
[3–6]. This has motivated the development of organ sparing
treatment strategies based on radiotherapy, currently
evaluated through ongoing trials, with encouraging results
[7–9]. As a consequence, the recent 8th Edition of the TNM
Classification for Head and Neck Cancer (Union for Inter-
national Cancer Control) separated p16 positive orophar-
yngeal squamous cell carcinomas and p16 negative
oropharyngeal squamous cell carcinomas with two different
stage classifications, acknowledging that HPV-related oro-
pharyngeal squamous cell carcinomas constitute a distinct
entity from HPV-unrelated oropharyngeal squamous cell
carcinomas [10].

Several tools, including p16 immunostaining, are avail-
able to detect high risk HPV in head and neck squamous
cell carcinomas. Among them, many authors showed that
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p16 immunostaining is a performant test in the oropharynx,
with good sensitivity and negative predictive value. In fact,
this cost-effective method is recommended as a surrogate
marker of high risk HPV infection by the College of
American Pathologists and by the Union for International
Cancer Control [10, 11].

Although p16 immunostaining is a surrogate marker of
high risk HPV infection, it may not reflect the heterogeneity
of the HPV-induced oropharyngeal squamous cell carci-
noma group, with variable clinical outcomes in p16 positive
oropharyngeal squamous cell carcinoma populations.
Indeed, some patients with p16-positive oropharyngeal
squamous cell carcinoma experience locoregional treatment
failure and may not respond to deintensification protocols
[12–15]. Although p16 positive oropharyngeal squamous
cell carcinomas have a better prognosis than p16 negative
oropharyngeal squamous cell carcinomas, some clinicians
observe variable clinical outcomes in p16 positive oro-
pharyngeal squamous cell carcinoma populations. E6 and
E7 proteins are encoded by high risk HPV and have
transforming properties by respective disruption of the p53
and pRB signaling pathways [16]. Thus, detection of E6
and E7 transcripts is widely considered as the gold standard
to identify an active HPV infection [17]. As the detection of
E6 and E7 transcripts in oropharyngeal squamous cell car-
cinomas seems to be an independent predictor of superior
overall survival in multivariate analysis [18–22], we hypo-
thesized that different HPV E6 and E7 transcription levels
could explain the variability of clinical courses in the sub-
group of patients with a p16 positive oropharyngeal squa-
mous cell carcinoma. Using a real time nucleic acid
sequence based amplification, Jung et al. observed that
HPV-positive oropharyngeal squamous cell carcinomas
with E6/E7 transcripts had a significantly better overall
survival than HPV-positive oropharyngeal squamous cell
carcinomas with no E6/E7 transcripts [19]. Unfortunately,
such assays cannot be performed easily in routine practice.

Chromogenic in situ hybridization against HPV RNA
(HPV RNA CISH) offers excellent diagnostic performances
to detect high risk HPV in oropharyngeal squamous cell
carcinomas in routine practice on formalin-fixed paraffin-
embedded tissues [21, 23]. RNA molecule is known to be
fragile. However, a recent study reported that RNA CISH
can be used with satisfactory results on formalin-fixed
paraffin-embedded tissues, with respect to positive control
signals (Cyclophilin B gene expression), over time [24]. In
this study, RNA CISH was performed prospectively and
retrospectively on full sections from formalin-fixed paraffin-
embedded blocks (prospective collection) and on tissue
micro arrays (retrospective collection). In the retrospective
analysis, the number of Cyclophilin B signals per cell did
not decrease over time (from 2004 to 2008). In only 3 out of
353 cases (0.9%), no Cyclophilin B signal was identified,

but this was not dependent on the age of the formalin-fixed
paraffin-embedded block. Based on these observations, we
decided to semi-quantitatively evaluate high risk HPV E6
and E7 expression levels using RNA CISH in a series of
p16 positive oropharyngeal squamous cell carcinomas, with
Cyclophilin B as a control probe.

The goal of this study was to determine the clinical
relevance of HPV expression levels scored semi-
quantitatively using RNA CISH by evaluating its prog-
nostic value in a series of 50 patients with p16 positive
oropharyngeal squamous cell carcinoma.

Materials and methods

Cases

This monocentric retrospective study was approved by the
Ethical Committee (Comité-de-Protection-des-Personnes
Ile-de-France-II, n°2015-09-04).

A total of 50 consecutive p16 positive oropharyngeal
squamous cell carcinomas, diagnosed on biopsy or surgical
specimen between 2011 and 2013, were retrieved from the
Georges Pompidou European Hospital database. Inclusion
criteria were: (i) histological confirmation of a newly
diagnosed oropharyngeal squamous cell carcinoma, (ii) p16
positivity assessed by immunohistochemistry, and (iii)
available tumor sample for HPV RNA CISH evaluation.

The following baseline characteristics were collected for
each case: age at diagnosis, sex, T stage, N stage, smoking
history (yes or no) and radiotherapy treatment (yes or no).
Alcohol intake was not included in the analysis, because of
insufficient collected data.

Pathology and immunohistochemistry

For each patient, a representative tumor slide from a
formalin-fixed paraffin-embedded tissue block was selected
to confirm tumor presence and to perform p16 immunos-
taining and HPV RNA CISH assay. All slides were
reviewed by two pathologists (JA and CB).

Immunostaining against p16 protein was performed
using a monoclonal p16 antibody (CINtec MTM; E6H4
clone) and p16 expression was revealed using the
UltraView-Universal-Dab detection kit on a Ventana-
BenchMark Ultra autostainer (Ventana Medical Systems).
Uterine cervix tissue was used as a positive control. A
strong and diffuse cytoplasmic and nuclear staining in
greater than 70% of malignant cells was reported as posi-
tive. An example of positive p16 immunostaining is shown
in Fig. 1.

RNA CISH assay was performed to detect high risk HPV
E6 and E7 transcripts (RNAscope 2.0 BROWN assay kit),
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using the HPV-HR18 probe cocktail (Advanced Cell
Diagnostics Inc.), according to the manufacturer’s instruc-
tions. This cocktail contains probes targeting E6 and
E7 transcripts from 18 high risk HPV genotypes (HPV16,
18, 26, 31, 33, 35, 39, 45, 51, 52, 53, 56, 58, 59, 66, 68,
73, and 82). A case was considered positive in the
presence of a brown punctiform staining in the cytoplasm
of tumor cells. The results were divided into two scores:
RNA CISH “high” and RNA CISH “low”. RNA CISH
“high” score was defined by more than 50% of stained
cancer cells, or by a staining covering more than 80% of the
cell surface (nucleus and cytoplasm) in at least 30% of
cancer cells at ×20 objective. Lower staining and no
staining were pooled in the “low” score group.
Indeed, Dreyer et al. determined that RNA CISH was
not reliable to discriminate between low amounts of E6/E7
transcripts and viral DNA in head and neck squamous
cell carcinomas [25]. Based on this data, and because
we hypothesized that HPV-related oropharyngeal
squamous cell carcinomas with no or low levels of E6/E7
transcripts may have the same prognosis, we decided
to aggregate cases with no or low RNA CISH
expression into the same RNA CISH “low” group [25].
Examples of RNA CISH “high” and “low” scores
are shown in Fig. 2. Positive control probes (Cyclophilin
B housekeeping gene transcript) were used for each
case and negative control probes (Bacillus subtilis dihy-
drodipicolinate reductase bacterial gene transcript) were
used for 22 random cases. Staining with Cyclophilin B
control probes was also assessed as “high” or “low” fol-
lowing the same rules as previously described, for positive
cases. All stainings were blind-read independently by two
pathologists (JA and CB). For divergent cases (less than
10%) a consensus reading on a multipipe microscope was
organized.

Polymerase chain reaction (PCR) for detecting HPV
DNA

DNA was extracted from tumoral formalin-fixed paraffin-
embedded shavings, using the QIAamp DNA minikit

(Quiagen), according to the manufacturer’s instructions.
Genotyping was performed using the INNO-Lipa Geno-
typing Extra Assay (Innogenetics). This assay is based on
the principle of inverse hybridization and uses consensus
SPF10 primers that amplify the L1 region of HPV DNA.
This assay is able to detect 28 HPV genotypes (high
risk: 16, 18, 26, 31, 33, 35, 39, 45, 51, 52, 53, 56, 58, 59,
66, 68, 73, and 82; low risk: 6, 11, 40, 43, 44, 54, 70, 69,
71, and 74).

Follow-up

Clinical endpoint for survival analysis was death. Survival
time, in months, was defined by the delay from the time of
diagnosis until the time of death.

Statistical analysis

Statistical analysis was performed using R software
(R Foundation for Statistical Computing, 3.3.1-R Studio).
Qualitative variables were compared using Fisher’s exact
test. Means were compared using Student t-test. The asso-
ciation between death and variables was evaluated using
univariate and multivariate Cox proportional hazards
regression models (R survival package). Variables with a p
value <0.10 and were selected as covariates for the multi-
variate analysis. Smoking history was also selected as a
covariate because of its potential impact on survival. All
tests were two-tailed and p values <0.05 were considered
statistically significant.

Results

Population and tumors

A total of 50 patients having a p16 positive oropharyngeal
squamous cell carcinoma were included in this study.
Among them, 76% were male. Mean age was 58 (range
from 44 to 93 years). Tumor T stage and N stage were
advanced (T3–T4 and N+) in 63 and 96% of cases,

Fig. 1 p16 positive
oropharyngeal squamous cell
carcinoma (a) showing a diffuse
an intense immunostaining (b)
(low magnification)
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respectively (8th TNM Union for International Cancer
Control classification). A smoking history was present in
72% of cases. The clinical and pathological characteristics
of the patients are summarized in Table 1.

RNA CISH scores and HPV detection by PCR

Among the 50 tumors, 29 (58%) were RNA CISH low
(including 11 cases with negative RNA CISH staining and
18 cases with low positivity), and 21 (42%) were RNA
CISH high. Control Cyclophilin B probes were visualized
in all cases: 22 cases showed a low staining and 28 cases
showed a high staining. To validate further survival ana-
lyses, we demonstrated that all cases with a negative RNA
CISH HPV test displayed a positive Cyclophilin B control.
Moreover, no statistical correlation between the grading of
HPV RNA CISH and Cyclophilin B control stainings was
identified (rho= 0,22, Spearman rank correlation). A
negative control probe (Bacillus subtilis dihydrodipicolinate
reductase) was randomly performed on 22 of the 50 cases
and all tested cases were negative. There were no differ-
ences between RNA CISH “low” and “high” groups
regarding the baseline characteristics (Table 1). Particularly,

Fig. 2 a, b RNA CISH “low”
score stainings in oropharyngeal
squamous cell carcinomas. a
Low magnification and b high
magnification: staining is
observed in less than 50% of
tumor cells and covers less than
80% of cell surface. c, d RNA
CISH “high” score stainings in
oropharyngeal squamous cell
carcinomas. c Low
magnification and d high
magnification: staining is
observed in more than 50% of
tumor cells and it this case,
staining surface exceeds 80% in
more than 30% of tumor cells

Table 1 Baseline clinicopathological characteristics of the study
population, according to RNA CISH score

RNA CISH
“low”

RNA CISH
“high”

p value

Number of patients (%) 29 (58) 21 (42)

Age (years) 0.36

Mean 58 58

Range 48-93 44-73

Sex (n, %) 0.75

Female 7 (24) 6 (29)

Male 22 (76) 15 (71)

T stage (n, %) 1

T1–T2 10 (35) 8 (38)

T3–T4 18 (62) 13 (62)

NA 1 (3)

N stage (n, %) 0.5

Negative 2 (7) 0 (0)

Positive 26 (90) 21 (100)

NA 1 (3)

Smoking history (n, %) 0.66

No 7 (24) 8 (38)

Yes 22 (76) 13 (62)

Radiotherapy (n, %) 0.6359

No 4 (14) 1 (5)

Yes 25 (86) 19 (91)

NA data not available

Table 2 HPV types detected in RNA CISH “high” and RNA CISH
“low” groups

RNA CISH HPV “low” (n= 29) RNA CISH
HPV “high” (n
= 21)

Negative
staining (n= 11)

Low positive
staining (n= 18)

HPV types (PCR)

HPV16 n= 4 (36%) n= 15 (83%) n= 19 (90%)

HPV26 – – n= 1 (5%)

HPV33 – n= 3 (17%) n= 1 (5%)

No HPV
detected

n= 7 (64%) – –
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patients with RNA CISH low tumors and patients with
RNA CISH high tumors received radiotherapy in 86% and
91% of cases, respectively (p= 0.64). HPV types detected
by PCR in RNA CISH high and RNA CISH low groups are
reported in Table 2.

p16 positive oropharyngeal squamous cell
carcinomas with a RNA CISH high score have a
better overall survival

The median follow-up was 49 months (interquatile range
40–61). During follow-up, 13 deaths occurred, including 2
in the RNA CISH high group and 11 in the RNA CISH low
group. In Kaplan–Meier analysis, patients with RNA CISH
high tumors had a better overall survival than patients with
RNA CISH low tumors (p= 0.024, log-rank test, Fig. 3).
The 3-year overall survival rates were 64% (95% IC,
48–85%) in the RNA CISH low group and 94% (95% IC,
84–100%) in the RNA CISH high group (Fig. 3).

In univariate analysis (Cox model), the RNA CISH high
group had a significantly better overall survival than the
RNA CISH low group (Hazard ratio= 0.21, p= 0.033),
and the other factors had no prognostic value, including
smoking history (p= 0.23). However, there was a trend for
a better survival for patients who had received radiotherapy
(p= 0.07). In multivariate analysis, using radiotherapy and

smoking history as covariates, the RNA CISH high group
remained associated with a better overall survival (p=
0.042), with a 76% reduction in the risk of death (adjusted
hazard ratio= 0.24, 95% IC, 6–95%), whereas radiotherapy
and smoking history were not statistically significant (p=
0.21 and 0.47, respectively). The results are reported in
Table 3.

Discussion

As it is reported in the last edition of the TNM Classifica-
tion for Head and Neck Cancer (Union for International
Cancer Control), patients with p16 positive oropharyngeal
squamous cell carcinomas have a better outcome than those
with p16 negative oropharyngeal squamous cell carcinomas
[10]. However, our study highlights that patients with a p16
positive oropharyngeal squamous cell carcinoma may
represent a heterogenous population regarding survival. For
the first time in literature, using an assay available in routine
practice on formalin-fixed paraffin-embedded samples, we
show that RNA CISH targeting E6 and E7 HPV transcripts
might independently predict overall survival in p16 positive
oropharyngeal squamous cell carcinomas.

Based on previous observations suggesting that negative
and low expressions of RNA CISH should be gathered

Fig. 3 Overall survival by RNA CISH score

HPV RNA CISH score identifies two prognostic groups in a p16 positive oropharyngeal squamous cell. . . 1649



within the same group (RNA CISH low group) [25], we
determined, in this series of p16 positive oropharyngeal
squamous cell carcinomas with similar baseline character-
istics, that the RNA CISH high group had a statistically
significant better overall survival than RNA CISH low
group, in both univariate and multivariate analyses. The
clinical characteristics of our population of study was
coherent with previous observations of p16 positive oro-
pharyngeal squamous cell carcinomas, as we observed a
mean age of 58 years, frequent tumor nodal involvement
(96%). Smoking habits tend to differ by populations but
smoking history rate was relatively high in this French
population [2, 26].

P16 immunostaining, with a diffuse and strong staining
in more than 70% of cells, is a surrogate marker of active
HPV infection and is recommended by the College of
American Pathologists in oropharyngeal squamous cell

carcinomas [11]. This threshold has been chosen because
stainings in fewer than 70% of cells or with weak intensity
can be observed in transcriptionally inactive HPV infection
and in conditions not related to HPV infection (chronic
inflammation, regeneration) [27]. However, the p16 positive
oropharyngeal squamous cell carcinomas seem to be het-
erogenous on a biological level. Indeed, Wiest et al. showed
that only a fraction of p16 positive and E6/E7 expressing
oropharyngeal squamous cell carcinomas produce viral-
cellular fusion transcripts regarded as HPV integration,
when occurring in the proximity of genes of potential
interest is suggested to enhance carcinogenesis [16]. In the
present study, we observed four p16 positive oropharyngeal
squamous cell carcinomas with a negative RNA CISH HPV
test but a positive PCR assay (all four cases harbored HPV
type 16), highlighting the possible existence of high risk
HPV infection with no associated transcription. Seven cases
showed p16 positivity but RNA CISH and PCR negative
tests, indicative of HPV unrelated p16 positivity (chronic
inflammation, regeneration). According to Rietbergen et al.,
these HPV unrelated p16 positive cases would harbor p53
mutations more often than HPV-DNA positive cases [28].
In another work, Rietbergen et al. showed that patients with
p16 positive but HPV-DNA negative oropharyngeal squa-
mous cell carcinomas had a clinical course closer to HPV
negative oropharyngeal squamous cell carcinomas than to
HPV positive oropharyngeal squamous cell carcinomas
[29]. The heterogeneity of p16 positive oropharyngeal
squamous cell carcinomas has also been underlined by
Holzinger et al. who reported that an active infection with
high viral load conferred the lowest risk of death in a series
of 199 oropharyngeal squamous cell carcinomas [30].

Several events may modulate E6 and E7 transcript rates
in HPV positive tumors. As mentioned above, variable HPV
viral loads may be observed in oropharyngeal squamous
cell carcinomas and this could modify HPV-induced car-
cinogenesis as described in cervical cancer [30, 31]. Some
epigenetic events could enhance E6 or E7 transcription,
such as a hypomethylation of p97 promoter at the E6
proximal part of the non-coding locus control region present
in the HPV genome [32]. Micro-RNAs (mir-9, miR181, and
miR-375) were also shown to modulate E6 and E7
expression in HPV positive oropharyngeal squamous cell
carcinomas. Additionally, HPV genome methylation has
been described in HPV-related oropharyngeal squamous
cell carcinomas [33–36] and histone modifications due to
tobacco could modulate HPV carcinogenesis [37]. HPV
integration into the host DNA enhances levels of E6 and E7
transcripts in cervical cancers [38]. Nevertheless, this pro-
cess is not elucidated in head and neck squamous cell car-
cinomas and a recent study showed that HPV-induced
oropharyngeal squamous cell carcinomas harbor integrated
(24%) or both integrated and episomal HPV (64%), with no

Table 3 Factors associated to risk of death in p16 positive
oropharyngeal squamous cell carcinomas

Hazard ratio p value Adjusted hazard
ratio

p value

Explanatory variable

RNA CISH

Low Ref Ref

High 0.21
(0.05–0.88)

0.033 0.24 (0.06–0.95) 0.042

Sex

Female Ref

Male 1.24 (0.33–4.6) 0.752

T stagea

T1–T2 Ref

T3–T4 1.687
(0.45–6.28)

0.435

N stagea

N0 Ref

N+ Inf (0-Inf) 1

Smoking history

No Ref Ref

Yes 2.6 (0.5–11.9) 0.231 1.86
(0.34–10.01)

0.47

Radiotherapy

No Ref Ref

Yes 0.29
(0.076–1.12)

0.07 0.41 (0.07–2.31) 0.31

Age (years)

<60

≥60 1.625
(0.56–4.72)

0.371

aTNM classification (Union for International Cancer Control; 8th
edition)
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prognostic difference between these two groups [39].
Finally, as suggested by Ward et al. variable expressions of
E6 and E7 proteins could modify antitumoral immune
responses and participate in HPV-induced oropharyngeal
squamous cell carcinoma heterogeneity. In their study,
Ward et al. showed that, compared to low levels of tumor-
infiltrating lymphocytes, high levels of tumor-infiltrating
lymphocytes in oropharyngeal squamous cell carcinomas
are associated with a better overall survival [40]. Alto-
gether, these data suggest that E6 and E7 expression levels
can vary and are not prone to be regarded as binary vari-
ables. P16 positive oropharyngeal squamous cell carcinoma
seems to represent a heterogenous entity, comprised of
cases with different E6 and E7 transcription levels.

The use of HPV RNA CISH in the diagnosis of an active
HPV infection has been debated because of its high cost,
compared to p16 immunostaining. On the one hand, the
College of American Pathologists guidelines recommend
the use of p16 as a surrogate marker of an active infection,
and additional HPV-specific testing may be performed on
the pathologist’s own free will, in agreement with the
treating clinician or in the context of a clinical trial [11]. On
the other hand, some authors affirm that, even if more
expensive, HPV RNA CISH is a reliable and reproducible
assay, that can be used in routine practice as a standalone
test to detect an active HPV infection [21, 23]. However,
this technique is still emerging and not widely used,
although time-saving [41]. Here, we supply data that sug-
gests, for the first time, that HPV RNA CISH might provide
additional information compared to p16 alone, to precise
prognosis of patients with oropharyngeal squamous cell
carcinoma. However, these results need to be confirmed on
larger series. Moreover, computed assisted evaluation of E6
and E7 transcripts levels might help pathologists in the
quantification of target spots.

In conclusion, we show that patients with p16 positive
oropharyngeal squamous cell carcinoma with a RNA CISH
HPV “high” score might have a better overall survival than
patients with a RNA CISH HPV “low” score. These results,
if confirmed, could better guide therapeutics and increase
our comprehension of HPV biology in oropharyngeal
squamous cell carcinoma carcinogenesis.
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