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Novelty and Impact (71 words)

HPV-driven OPSCC patients have an improved survival. However, a reliable marker
for HPV-driven OPSCC that is applicable in clinical operations is still needed. We
therefore determined sensitivity and specificity of HPV16 serology to diagnose HPV-
driven OPSCC and we found that it can identify HPV-driven OPSCC patients with
very high sensitivity [96% (95%CI 88-98)] and specificity [98% (95%CI 90-100)]. Thus
HPV16 serology represents a powerful and accurate diagnostic marker for HPV-
driven OPSCC.
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Abstract (244 words)

To determine the sensitivity and specificity of HPV16 serology as diagnostic marker for
HPV16-driven oropharyngeal squamous cell carcinoma (OPSCC), 214 HNSCC patients from
Germany and lItaly with fresh-frozen tumor tissues and sera collected before treatment were
included in this study. 120 cancer cases were from the oropharynx and 94 were from head
and neck cancer regions outside the oropharynx (45 oral cavity, 12 hypopharynx and 35
larynx). Serum antibodies to early (E1, E2, E6 and E7) and late (L1) HPV16 proteins were
analyzed by multiplex serology and were compared to tumor HPV RNA status as the gold
standard. A tumor was defined as HPV-driven in the presence of HPV16 DNA and HPV16
transformation-specific RNA transcript patterns (E6*l, E1*E4 and E1C). Of 120 OPSCC, 66
(55%) were HPV16-driven. HPV16 E6 seropositivity was the best predictor of HPV16-driven
OPSCC (diagnostic accuracy 97% [95%CI 92-99%], Cohen’s kappa 0.93 [95%CI 0.8-1.0]).
Of the 66 HPV-driven OPSCC, 63 were HPV16 E6 seropositive, compared to only one
(1.8%) among the 54 non-HPV-driven OPSCC, resulting in a sensitivity of 96% (95%CI 88-
98) and a specificity of 98% (95%CI 90-100). Of 94 HNSCC outside the oropharynx, 6 (6%)
were HPV16-driven. In these patients, HPV16 E6 seropositivity had lower sensitivity (50%,
95%ClI 19-81), but was highly specific (100%, 95%CI 96-100). In conclusion, HPV16 E6
seropositivity appears to be a highly reliable diagnostic marker for HPV16-driven OPSCC
with very high sensitivity and specificity, but might be less sensitive for HPV16-driven

HNSCC outside the oropharynx.
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Introduction

Human papillomavirus (HPV) infection is associated with a subset of oropharyngeal
squamous cell carcinomas (OPSCC),™ and a small proportion of head and neck
squamous cell carcinomas (HNSCC) outside the oropharynx.*® HPV-driven OPSCC
are regarded as distinct tumor entity and are characterized by (i) at least one HPV

6,7,9-13

genome copy per tumor cell,®® (ii) active viral oncogene expression affecting

6'NK%2 and low

the levels of cellular proteins regulating cell cycle (e.g. high levels of p1
levels of pRb) as well as apoptosis (low levels of p53) and (iii) better patient
survival.>""* In contrast, HPV DNA-positive but non-HPV-driven OPSCC harbor
HPV DNA only in low copy numbers with absent or low-level viral transcription, have
no apparent effect on cellular surrogate markers (low levels of p16™“? and high
levels of pRb) and patient survival is similar to that of patients with HPV-negative
tumors."®"" Therefore, documenting biologically active HPV infections rather than
mere HPV DNA detection is necessary to determine accurate HPV-attributable
fractions in all HNSCC. In research studies, detection of active viral oncogene
expression (i.e. HPV mRNA transcripts encoding the viral oncoproteins) is currently
considered the gold-standard for defining HPV-driven head and neck cancers.*>®"
Particularly in studies where only formalin-fixed paraffin-embedded tissue is
available, immunohistochemical detection of overexpressed cellular surrogate marker
p16™K4a or the detection of viral DNA are commonly used to define HPV-positive
tumors, yet none of these markers alone has sufficient sensitivity and specificity.®'"'°
Thus, 'a combination of these markers has been suggested® and can be regarded as

accepted marker combination for diagnosing HPV-driven HNSCC, but in some

studies a lower sensitivity and specificity have also been reported.’® A reliable marker

John Wiley & Sons, Inc.
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for the identification of HPV-driven HNSCC that is applicable in routine clinical

operations is therefore still needed.

Serum antibodies to the HPV oncoproteins E6 and E7 are strongly associated with
HPV-driven OPSCC."®" A recent study showed that high levels of HPV16 E6
antibodies were already present in 35% of European OPSCC patients up to 10+
years prior to diagnosis.’® Besides the strong associations of E6 and/or E7
seropositivity with OPSCC, seropositivity to HPV regulatory proteins E1 and E2 is

also_strongly associated with OPSCC,?*%

while the association of seropositivity to
HPV E4 protein with OPSCC is weaker.??* The seroprevalence of any of the HPV
early proteins (E proteins) in patients with HPV-unrelated tumors and in healthy
individuals is low.?%?>" A small number of studies have investigated serological and
molecular HPV markers in combination and have reported HPV16 E6 and/or E7
seropositivity in 60-100% of HPV-positive OPSCC using HPV16 DNA and/or p16"<4?
as molecular markers for HPV-positivity;>'"?22428.293133 5y two smaller studies
analyzed HPV RNA transcription in the tumors and E6 and E7 serum markers.®>°

Sensitivity and specificity of HPV serology as a marker for HPV-driven tumors using

HPV RNA as gold-standard have so far not yet been determined.

The aim of this study was to determine the prediction accuracy of HPV serology for (i)
HPV16-driven OPSCC and (ii) HPV16-driven HNSCC outside the oropharynx. In

patients from three HNSCC study centers, "3+

we analyzed HPV16 antibody levels
to the oncoproteins E6 and E7 and to the regulatory proteins E1 and E2 in serum of
the patients with molecularly defined tumor HPV status. We calculated sensitivity and
specificity of seropositivity to HPV16 E proteins individually and in combination for the

detection of HPV16-driven OPSCC as well as cancers of the oral cavity, hypopharynx

and larynx.

John Wiley & Sons, Inc.
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Methods

Study population and patient samples

Patients diagnosed with primary HNSCC from three study centers, Padua (ltaly),
Heidelberg and Leipzig (Germany) were included if (i) a fresh-frozen tumor biopsy
with 225% tumor-cell content, (ii) serum samples at time of diagnosis, (iii) valid HPV
DNA status of the tumor tissues and (iv) valid viral RNA pattern analyses on HPV16
DNA-positive tumors were available.""**%* The original study designs allowed
covering a broad range of tumors. In Heidelberg only OPSCC and in Leipzig primarily
HPV DNA-positive HNSCC were collected; we therefore expected a high HPV
seroprevalence in these patients. In contrast, squamous cell carcinomas from all
head and neck regions (except nasopharynx) were collected in Padua. As the HPV-
attributable fraction in HNSCC in this geographical region is relatively low,*® we
expected a low HPV seroprevalence in these patients. Patients with HPV DNA-
positive tumors from other types than HPV16 (n=4) were excluded from this study. In
total, 214 patients (40 from Heidelberg, 76 from Leipzig, and 98 from Padua) fulfilled
the inclusion criteria. The study was approved by the Ethics Committees of (i) the
Medical Faculty of the University of Heidelberg, study codes 70/99 and 176/2002, (ii)
the Medical Faculty of the University of Leipzig, study codes 201-10-12072010 and
202-10-12072010 and (iii) the Clinical Experimentation (CEP) of Treviso, ethic votes
345/AULSS9 and 421/AULSS9. Biopsies were snap-frozen in precooled
isopentane/liquid nitrogen (Heidelberg and Padua) or in TRIzol® (Leipzig) and stored
at -80°C until isolation of nucleic acids. Serum samples were stored at -80°C. Patient
and tumor characteristics were obtained locally from clinical records and combined in

a-central data base.

John Wiley & Sons, Inc.
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Nucleic acid isolation and HPV 16 detection in tumor tissues

Nucleic acids of the tumor tissues were prepared as previously described.'"**% |n

brief, cryosections were homogenized in liquid nitrogen (Heidelberg and Padua) or
tissues were mechanically disintegrated for 80 sec at 4000 rpm in a Peglab MiniLys
(Peqlab, Germany) (Leipzig). Tumor cell content was determined in adjacent
hematoxylin-eosin-stained sections (Heidelberg and Padua). DNA was isolated using
QlAamp DNA Mini Kit (Qiagen, Germany) (Heidelberg), the standard TRIzol®
protocol (Invitrogen, USA) (Leipzig) or MagNA Pure 96 DNA and viral NA Large
Volume Kit (Roche, Germany) (Padua).*®* RNA was isolated using RNeasy Mini Kit
(Qiagen) (Heidelberg and Padua) or Ambion Pure Link™ RNA Mini Kit (Life
Technologies, USA) (Leipzig), always with on-column DNase | digestion (Qiagen).

Molecular HPV markers were analyzed centrally at the German Cancer Research
center (Heidelberg). HPV DNA was determined by BSGP5+/6+ PCR/Multiplex

Papillomavirus Genotyping'"343%37:38

capable of homogeneous amplification of 51
mucosal HPV types and amplimer detection by type-specific hybridization to probes
on xXMAP Luminex beads. Cellular B-globin sequences were co-amplified as internal
DNA quality control.

HPV16 RNA patterns were analyzed in all HPV16 DNA-positive tumors (n=94) by
reverse-transcription quantitative PCR (RT-gPCR)*® (n=82) or by nucleic acid
sequence based amplification (NASBA) and hybridization to splice-specific probes on
Luminex beads''*° (n=12). Briefly, two RT-gPCR reactions quantified the HPV16
transcripts E6*l (2267526), E1*E4 (88073358) and E1C (88072582) as well as
ubiquitin C (ubC) as internal RNA quality control. Viral RNA patterns were defined as

positive when E6*l was upregulated relative to E1*"E4 and/or E1C was present. In

NASBA, HPV16 E6*l and/or E6*ll, E1*"E4, E1C and L1 (3632"5639) transcripts were

John Wiley & Sons, Inc.
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quantified. Transcript ratios were calculated for E6*ll or E6*l over E1*E4, and for
E1C over L1. The cutoffs for viral RNA patterns positivity in both assays were
previously defined on HPV DNA-positive cervical cell samples.***° Presence of viral
RNA patterns has been demonstrated'” to be the best molecular marker among HPV
DNA, viral load and p16™** to define HPV-driven OPSCC and to predict best
improved survival. We therefore used viral RNA patterns as gold-standard, i.e. HPV
DNA-positive and viral RNA patterns-positive tumors were defined as HPV-driven.
HPV DNA-negative or DNA-positive but viral RNA patterns-negative tumors had
similar clinical characteristics, similarly low HPV16 antibody prevalence (Table S1)
and seroreactivity (Figure S1) and were therefore combined to the non-HPV-driven

group (n=142).

HPV16 serology

HPV antibodies were analyzed by bead-based multiplex serology, as described
previously.41 Briefly, bacterially expressed affinity-purified HPV16 proteins E1, E2,
E6, E7 and L1 fused to N-terminal Glutathione S-transferase and bound to
fluorescence—labelled polystyrene beads (Luminex) were exposed to 1:100 diluted
human sera. Bound antibodies were stained by anti-human immunoglobulin and
fluorescent reporter conjugate, and median fluorescence intensity (MFI) was
determined. MFI values were dichotomized as antibody positive or negative®*'*?
using predefined cutoff values,?>?’ i.e. 1000 MFI (E6), 548 MFI (E7), 200 MFI (E1),
679 MFI (E2) and 422 MFI (L1). For quality control, 76/214 serum samples were
randomly selected and re-analyzed independently. Agreement of dichotomized E6

and E2 seropositivity was 100% each, and for E7, E1 and L1 seropositivity, it was

97%, 80% and 96%, respectively.

John Wiley & Sons, Inc.
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Donor identity of tumor tissues and serum samples

DNA samples of patients with discordant results between molecular HPV status in
the tumor tissues and HPV16 serology in their serum were included in a SNP typing
assay™ to proof the donor identity of these samples. DNA was extracted from 50 pl
serum samples using MagNA Pure 96 DNA and viral NA Large Volume Kit (Roche,

Germany).*®

P16"™%*¢ immunostaining

P16™K*? expression was determined and evaluated as described previously.** Due to
limited access to FFPE material, immunostaining was primarily done on HPV-driven
HNSCC. P16™%*2 immunostaining data were available for 122/214 cases, i.e. 65

HPV-driven and 57 non-HPV-driven HNSCC patients.

Statistical evaluation

Patient and tumor characteristics were analyzed in relation to the HPV RNA status of
the tumors (non-HPV-driven and HPV-driven). MFI values were plotted for all HPV16
antibodies by HPV RNA status of the tumor tissues, medians were calculated and
compared using Mann-Whitney non-parametric analysis (GraphPad Prism, version
5.03).

Sensitivity, specificity, diagnostic accuracy and Cohen’s kappa values of HPV16
seropositivity and the respective 95% confidence intervals (95% CI) were calculated
to estimate prediction accuracy of HPV serology (all individual markers and all
possible marker combinations) for HPV-driven HNSCC and by head and neck
regions (OPSCC and HNSCC outside the oropharynx). Diagnostic accuracy was

calculated as a proportion of correctly classified subjects among all subjects.

10
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All statistical tests were performed using SAS software version 9.4 with a level of
significance of 0.05. Cluster analysis (heat map) of HPV serum markers was done

using Multi Experiment Viewer Software (MeV, Version 4.9.0).

Results

Molecular HPV16 status of HNSCC and patient characteristics

The maijority of HPV-driven HNSCC patients came from Heidelberg and Leipzig,
while non-HPV-driven HNSCC patients were mainly from Padua (Table 1). There
were no gender, age and tumor size differences by HPV RNA status. HPV-driven
tumors originated mainly from the oropharynx (92%), in particular from the tonsils
(68%) and the base of tongue (17%), while non-HPV-driven tumors originated mainly
from non-oropharyngeal sites, e.g. oral cavity (31%), larynx (23%) and hypopharynx
(8%). Compared to non-HPV-driven HNSCC patients, HPV-driven HNSCC patients
had more lymph node involvement and advanced clinical stage, were more frequently

6INK4a

non-smokers and current alcohol consumers and had high p1 expression

(Table 1). Of the 120 OPSCC, 66 (55%) were HPV-driven and of 94 HNSCC outside

the oropharynx only 6 (6%) were HPV-driven (Table 1).

HPV16 seropositivity in HNSCC patients by HPV status of the tumor tissues

High antibody levels to all four E proteins and to L1 were found frequently in HPV-
driven HNSCC patients and rarely in non-HPV-driven HNSCC patients (Figure 1).

Of the 72 HPV-driven HNSCC patients, 66 (92%) were E6 seropositive. In detail, 33
(49%; 32 oropharynx and 1 hypopharynx) were seropositive for all E antibodies, and
another 17 (25%; 16 oropharynx and 1 larynx) were seropositive for E6 and two other

E antibodies (Figure 2). Four HPV-driven HNSCC patients (6%; all oropharynx) were

11
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E6 seropositive only, without antibodies to the other E antigens. One HPV-driven
OPSCC patient was E6 seronegative, but was strongly seropositive for the other E
antibodies, i.e. E7 (9768 MFI), E1 (7646 MFI) and E2 (5263 MFI) and we therefore
defined an algorithm termed ‘HPV sero-pattern’ that combined E6 seropositivity
(>1000 MFI) and/or seropositivity to at least three E proteins. Five HPV-driven
HNSCC patients (7%; 2 oropharynx, 1 oral cavity and 2 larynx carcinomas) were
HPV EG6 seronegative, with three being negative for all E antibodies and two being E7
seropositive only (MFI values 549 and 1879). One non-HPV-driven OPSCC patient
was E6 seropositive with strong reactivity to E6 (2571 MFI) as well as to E1 (4527
MFI) (Figures 1 and 2). Serological and molecular HPV results were independently
reproduced for the five HPV sero-pattern negative HPV-driven HNSCC patients, and
donor identity of serum and tumor sample pairs was confirmed by SNP analysis of
extracted DNA.** Donor identity for serum and tumor sample of the HPV EG6
seropositive but non-HPV-driven HNSCC could not be verified by SNP typing due to

insufficient sample volume.

Sensitivity and specificity of HPV16 serology for HPV-driven HNSCC

For each ‘individual antigen, antibody sensitivity for HPV-driven tumors in OPSCC
cases ranged from 97% for any E to 53% for L1, and specificity ranged from 98% for
both E6 and E1 to 57% for L1 (Table 2). The best prediction accuracy was found for
E6 seropositivity (diagnostic accuracy 97% [95% CIl 92-99], Cohen’s kappa 0.93 [0.8-
1.0]). The HPV sero-pattern algorithm had similar predictive values as EG6
seropositivity: sensitivity 97% (95%CI 90-99), specificity 98% (95%CIl 90-100),
diagnostic accuracy 98% (95%CIl 93-99) and Cohen’s kappa 0.95 (0.8-1.0).
Sensitivity in HNSCC cases outside the oropharynx ranged from 83% for any E to

17% for E1, and specificity ranged from 100% for E6 to 74% for any E. Compared to

12
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OPSCC cases, the sensitivity of E6 seropositivity and the HPV sero-pattern was
much . lower in HNSCC cases outside the oropharynx (50% vs. 296%), while
specificity was high in all head and neck regions (98% in OPSCC cases and 100% in

HNSCC cases outside the oropharynx, Table 2).

Antibody seropositivity of all possible E combinations were highly specific (297%), but
sensitivity (46-88%) and diagnostic accuracy (82-94%) were strongly decreased

(Table S2).

HPV16 serology in comparison to molecular and cellular HPV markers

To compare the predictive values of HPV16 serology (E6 seropositivity and HPV
sero-pattern positivity) with p16 immunostaining or the combination of p16
immunostaining and HPV DNA in OPSCC cases and HNSCC cases outside the
oropharynx, assay performance characteristics were calculated based on a subset of
the cohort (n=122) where p16 immunostaining was available. To diagnose HPV-
driven OPSCC cases, sensitivity of E6 seropositivity was 95%, while it was 97% for
high p16, p16/HPV DNA positivity and HPV sero-pattern positivity, respectively.
Specificity was only 65% for high p16 and 83% for p16/HPV DNA positivity, but 100%
for HPV16 E6 and HPV sero-pattern positivity, respectively (Table 3). Sensitivity for
HPV-driven HNSCC cases outside the oropharynx was high for any marker (each
100%), but specificity ranged from 88% for high p16 to 100% for E6 and sero-pattern

positivity, respectively (Table 3).

13
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Discussion

In this study, we determined the predictive accuracy of HPV16 antibodies to the
oncoproteins E6 and E7, the regulatory proteins E1 and E2 and the major capsid
protein L1 in serum of HNSCC patients as diagnostic markers for HPV16-driven
OPSCC and HNSCC outside the oropharynx. To our knowledge, this is the first study
that has comprehensively analyzed the potential of antibodies to HPV16 E proteins
as a diagnostic marker for HNSCC with molecularly defined HPV status including
RNA ‘analyses as gold-standard. To diagnose HPV-driven OPSCC by HPV
seropositivity, HPV16 E6 and the HPV sero-pattern had both very high sensitivity
(both 296%) and specificity (both 98%) as well as high diagnostic accuracy (both
297%) and kappa values (both =0.93). In contrast, the sensitivity to diagnose HNSCC
outside the oropharynx was much lower (both 50%), despite high specificity (both
100%). In comparison to the cellular surrogate marker p16™*@ or its combination
with HPV DNA positivity, E6 seropositivity and HPV sero-pattern had higher
specificity (100% vs. <83%).

HPV16 antibody patterns in HPV-driven and non-HPV-driven HNSCC differed
strongly. Almost all HPV-driven HNSCC patients had high HPV antibody levels to
many E proteins, while in non-HPV-driven HNSCC patients positive antibody
reactions were rare, at low level and only to single E proteins (Figures 1 and 2). In
OPSCC patients, E6 antibodies were most prevalent, followed by E2, E7 and E1
(Table 2). The antibody patterns observed in high frequency among the HPV-driven
OPSCC patients in this study have also been seen in our previous studies in OPSCC
patients with undefined HPV status, albeit with lower prevalence.?*?"?*4? Strongest
associations were previously reported for HPV16 E6 seropositivity with OPSCC

relative to non-tumor controls, or HNSCC cases outside the oropharynx. Associations

14
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for E7, E1 and E2 were still high, but lower than for E6, and associations for L1 were
much . weaker.?%22442 Although seropositivity to many of the E proteins is very
common among the HPV-driven HNSCC patients, their antibody patterns are not
homogeneous (Figure 2). At present, it remains unclear why some seropositive
patients react to less than all of the four E proteins. It remains to be determined by
detailed HPV transcriptome and HPV sequence analysis whether in individual tumors
mutational changes might modify major epitopes and whether specific E proteins are
expressed.

HPV-driven tumors originate mainly in the oropharynx, while HPV-driven HNSCCs
outside the oropharynx are much less frequent.***® Of the six HPV-driven HNSCCs
outside the oropharynx (Table 1), three (one oral cavity and two larynx carcinomas,
two of them small tumors) were E6 seronegative and HPV sero-pattern negative,
indicating that seroconversion in HPV-driven HNSCC outside the oropharynx may
occur less frequently than in HPV-driven OPSCC and may reduce the sensitivity of
HPV serology as marker for HPV-driven HNSCC cases outside the oropharynx.
Intriguingly, the three E6 seropositive HPV-driven HNSCC outside the oropharynx
(one hypopharynx and two larynx carcinomas) were all large tumors extending to
parts of Waldeyer’s ring in the oropharynx (Table 2) suggesting that seroconversion
might be associated with close proximity to the lymphoepithelial structures in the
oropharynx. Of the 142 non-HPV-driven HNSCC patients, 141 were E6 seronegative
and only one was E6 seropositive leading to an excellent specificity (98% for OPSCC
and 100% for HNSCC outside the oropharynx) of HPV serology as diagnostic marker
for HPV-driven HNSCC. The single discordant patient showed high antibody levels to
E6 (2571 MFI) and E1 (4527 MFI) but not to E7 and E2. The low HPV
seroprevalence in non-HPV-driven HNSCC patients in this study is in line with large

studies using the same methodology in control populations, which found an HPV16
15
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E6 antibody prevalence of 0.7%.2” HPV16 seropositivity in the absence of HPV-
driven, HNSCC could be due to the presence of an undetected HPV-driven tumor at
other anatomical sites, since HPV16 E seropositivity has also been described for
cervical, anal, vulvar and penile cancers.?®4"'

Among the limitations of our study is the small number of HPV-driven HNSCC cases
outside the oropharynx that — due to their low prevalence — hindered to accurately
estimate the sensitivity of HPV16 serology for these tumors and thereby results
remained inconclusive. Moreover, the HPV sero-pattern algorithm suggested here for
the first time needs validation in larger cohorts to investigate whether it adds
significant benefits to HPV-driven OPSCC diagnosis, since the inclusion of the non-
E6 proteins is based on a single case. It is known that OPSCC driven by other HPV-
types (non-HPV16) can induce antibody responses52 to E proteins of these types.
However, due to the very small fraction of non-HPV16-driven HNSCC, we did not
attempt to determine whether non-HPV16-driven OPSCC have seropositivity
frequencies as high as HPV16-driven OPSCC and whether HPV serology for these
other types could also represent a reliable marker.

In conclusion, we demonstrated here that HPV serology can identify individuals with
HPV-driven OPSCC with very high sensitivity and specificity and thus represents a
powerful diagnostic marker. However, this study does not allow speculating about the
use of HPV16 E6 antibodies for secondary prevention of HPV-driven OPSCC,
although we have shown that these antibodies can be detected more than 10 years
prior to OPSCC diagnosis.?° In this study, we focused on determining the sensitivity
and specificity of HPV serology as a diagnostic marker for HPV-driven OPSCC, and
we found that HPV serology is highly accurate. Moreover, determining the HPV
status on an OPSCC patient by serology might be an attractive option in clinical

settings, e.g. where OPSCC patients are stratified by HPV status into different
16
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therapeutic regimes. Currently, de-intensification of radiotherapy is discussed for
HPV-driven OPSCC patients and corresponding clinical trials are ongoing.
Nevertheless, further research is needed to determine whether HPV serology as a

diagnostic marker has utility for early detection of HPV-driven OPSCC.
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Figure legends

Figure 1.

Median fluorescence intensities (MFI values) of HPV16 antibodies (E6, E7, E1,

E2 and L1) in patients with HPV- and HPV+ HNSCCs. HPV-, HPV DNA-negative

or HPV16 DNA-positive but HPV16 RNA patterns-negative (non-HPV-driven); HPV+,
HPV16 DNA-positive and HPV16 RNA patterns-positive (HPV-driven); dashed lines,
cutoffs for the respective antibodies; black bars, median MFI. P-values were

calculated using Mann-Whitney test.

Figure 2.

Heat-map of HPV16 E antibodies, as well as DNA and RNA status in HNSCC

patients. Patients were clustered by seropositivity (red) to early antigens (E6, E7, E1
and E2) and grouped according to their molecular HPV status (RNA+ and DNA+) in
the tumor tissues. The HPV sero-pattern algorithm (i.e. E6>1000MFI or seropositive
for three of four early proteins) is displayed as sero+. Seronegativity is displayed in
black. Clustering of HPV16 E6 seropositive and/or HPV RNA+ patients is depicted in

higher magnification.
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Tables

Table 1. Patient and tumor characteristics by HPV RNA status of the HNSCC
tumor tissues studied from three study centers, Heidelberqg (D), Leipzig (D)
and Padua (I).

Total HPV- HPV+
(n=214) (n=142) (n=72)
Characteristics n (%) n (%) n (%) p-value
Study center
Heidelberg (D) 40 (19) 25 (18) 15 (21) <0.001*
Leipzig (D) 76 (36) 23 (16) 53 (74)
Padua (1) 98 (45) 94 (66) 4 (5)
Gender
Male 159 (74) 107 (75) 52 (72) 0.6*
Female 55 (26) 35 (25) 20 (28)
Age, years
Median (range) 63 (39-95) 63 (40-95) 62 (39-85) 0.5"
Head and neck region
Oral cavity 45 (21) 44 (31) 1(1) <0.001*
Oropharynx 120 (56) 54 (38) 66 (92)
Hypopharynx 12 (6) 11 (8) 1(1)
Larynx 37 (17) 33 (23) 4 (6)
Oropharynx-subsite (n=120)
Tonsil 70 (58) 25 (46) 45 (68) 0.02*
Base of tongue 20 (17) 9(17) 11 (17)
Other 30 (25) 20 (37) 10 (15)
Tumor size
T1-T2 114 (53) 74 (52) 40 (56) 0.6*
T3-T4 100 (47) 68 (48) 32 (44)
Lymph node involvement
NO 71 (33) 61 (43) 10 (14) <0.001*
N+ 143 (67) 81 (57) 62 (86)
Clinical stage
I-111 80 (37) 68 (48) 12 (17) <0.001*
v 134 (63) 74 (52) 60 (83)
Tobacco
Never 73 (35) 42 (31) 31 (44) 0.02*
Former 27 (13) 14 (10) 13 (18)
Current 106 (52) 79 (59) 27 (38)
Missing 8 7 1
Alcohol
Never 56 (28) 42 (32) 14 (20) 0.04*
Former 19 (9) 15 (11) 4 (5)
Current 128 (63) 75 (57) 53 (75)
Missing 11 10 1
p16 immunostaining®
High 79 (65) 16 (28) 63 (97) <0.001*
Low 43 (35) 41 (72) 2(3)
Missing 92 85 7

HPV-; non-HPV-driven; HPV+, HPV-driven
*Chi-square test

#Mann—Whitney test

$p16 data were available for 122/214 cases

25
John Wiley & Sons, Inc.

This article is protected by copyright. All rights reserved.



Page 27 of 29

International Journal of Cancer

Table 2. Sensitivity, specificity, diagnostic accuracy and kappa value for HPV16

antibodies by HPV RNA status and HNSCC region.

i Sensitivity  Specificity Diagnostic Cohen’s
HPV serology HPV- HPV+ % % accuracy % kappa
antibody status n n (95%Cl) (95%Cl) (95%Cl) (95%Cl)
E6 - 53 3
+ 1 63 96 (88-98) 98 (90-100) 97 (92-99)  0.93 (0.8-1.0)
E7 - 50 22
+ 4 44 67 (55-77) 93 (83-97) 78 (70-85)  0.58 (0.4-0.8)
E1 - 53 21
+ 1 43 65 (53-76) 98 (90-100) 80 (72-86)  0.61 (0.4-0.8)
o
8 E2 - 50 11
% + 4 55 83 (73-90) 93 (83-97) 88 (80-92)  0.80 (0.6-0.9)
L1 - 48 31
+ 6 35 53 (41-65) 57 (33-79) 54 (43-64)  0.06 (0.0-0.2)
any E - 45 2
+ 9 64 97 (90-99) 83 (71-91) 91 (84-95) 0.81(0.6-1.0)
sero-pattern - 53 2
+ 1 64 97 (90-99) 98 (90-100) 98 (93-99)  0.95(0.8-1.0)
E6 - 88 3"
+ 0 3* 50 (19-81) 100 (96-100) 97 (91-99)  0.65 (0.5-0.8)
9 E7 - 80 2
é + 8 4 67 (30-90) 91 (83-95) 89 (82-94)  0.39(0.2-0.6)
©
S| E1 - 82 5
g + 6 1 17 (3-56) 93 (86-97) 88 (80-93)  0.09 (0.0-0.3)
2]
S| E2 - 77 3
§ + 11 3 50 (19-81) 88 (79-93) 85 (77-91)  0.23 (0.1-0.4)
(2]
a3l L1 - 72 2
8 + 16 4 67 (30-90) 82 (73-89) 81(72-88) 0.23 (0.1-0.4)
7]
Z|anyE - 65 1
+ 23 5 83 (44-97) 74 (64-82) 75 (65-82)  0.21(0.1-0.4)
sero-pattern 88 3"
+ 0 3* 50 (19-81) 100 (96-100) 97 (91-99)  0.65 (0.5-0.8)

HPV-, non-HPV-driven; HPV+, HPV-driven. HPV sero-pattern, E6 >1000 MFI or seropositive for three of four
early proteins. OPSCC, oropharynx tumors including tonsils and base of tongue; HNSCC, head and neck
squamous cell carcinoma outside the oropharynx including oral cavity, hypopharynx, larynx.

+, seropositive; -, seronegative

#4113 with extension to the Waldeyer’s ring (extended pathology report)
*3/3 with extension to the Waldeyer’s ring (extended pathology report)
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Table 3. Sensitivity, specificity, diagnostic accuracy and kappa value for HPV16 serology in

comparison to p16™*“* expression, by HPV RNA status and HNSCC region.

: Sensitivity Specificity Diagnostic Cohen’s
HPV marker HPV- HPV+ % % accuracy % kappa
n n (95%Cl) (95%Cl) (95%Cl) (95%Cl)
p16"" 4@ low 26 2
high 14 60 97 (89-99) 65 (50-78) 84 (76-90)  0.65 (0.5-0.8)
p16"™"“**/DNA other® 33 2
8 high/DNA+ 7 60 97 (89-99) 83 (68-91) 91 (84-95)  0.80 (0.6-1.0)
@
S| E6 - 40 3
+ 0 59 95 (87-98) 100 (91-100) 97 (92-99)  0.94 (0.8-1.0)
sero-pattern - 40 2
+ 0 60 97 (89-99) 100 (91-100) 98 (93-100) 0.96 (0.8-1.0)
x INK4a
g p16 low 15 0
s high 2 3 100 (44-100) 88 (62-97) 90 (70-97)  0.69 (0.3-1.0)
Q
S| p16™“DNA  other® 16 0
2 high/DNA+ 1 3 100 (44-100) 94 (73-99) 95 (76-99)  0.83(0.4-1.0)
(]
% E6 - 17 0
‘g’ + 0 3 100 (44-100) 100 (82-100) 100 (84-100) 1.0 (0.6-1.0)
o
8 sero-pattern 17 0
£ + 0 3 100 (44-100) 100 (82-100) 100 (84-100) 1.0 (0.6-1.0)

HPV-, non-HPV-driven; HPV+, HPV-driven. HPV sero-pattern, E6 >1000 MFI or seropositive for three of four

early proteins. P16 high, p16 staining in >25% of tumor cells; p16 low, p16 staining in <25%. P16™“**/DNA, p16
staining combined with HPV DNA positivity. +, seropositive; -, seronegative
Sother includes p16 high and HPV DNA-negative, p16 low and HPV DNA-positive, p16 low and HPV DNA-
negative; high/DNA+ includes cases with high p16 (>25%) and with HPV16 DNA-positivity.
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Figure 1. ! + Median fluorescence intensities (MFI values) of HPV16 antibodies (E6, E7, E1, E2 and L1) in
patients with HPV- and HPV+ HNSCCs. HPV-, HPV DNA-negative or HPV16 DNA-positive but HPV16 RNA
patterns-negative (non-HPV-driven); HPV+, HPV16 DNA-positive and HPV16 RNA patterns-positive (HPV-
driven); dashed lines, cutoffs for the respective antibodies; black bars, median MFI. P-values were
calculated using Mann-Whitney test.
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Figure 2. ! + Heat-map of HPV16 E antibodies, as well as DNA and RNA status in HNSCC patients. Patients
were clustered by seropositivity (red) to early antigens (E6, E7, E1 and E2) and grouped according to their
molecular HPV status (RNA+ and DNA+) in the tumor tissues. The HPV sero-pattern algorithm (i.e.
E6>1000MFI or seropositive for three of four early proteins) is displayed as sero+. Seronegativity is
displayed in black. Clustering of HPV16 E6 seropositive and/or HPV RNA+ patients is depicted in higher
magnification.
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