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Ef’ﬂ HPV Genotypes Risk \?‘
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- 1) s ;/;.;""'/
o Oncogenic HPV types *3:.
16/!/ ]85 31_1/ 331/ 35! 39!/ 4:5:!/

21,92, 26, 28, 29, 66, 68.

* HPV types 16 and 18 found in 70% of
cervical cancers.
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Non-oncogenic APV types

"
IIQ

2,4,6,11,42,

IIQ

—4‘3 44 OO0

» Usually cause benign anogenital warts.
» Most genital warts caused by types 6 and 11.
» Rarely found in cancers.
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HOW DO WE SCREEN?

Tty

* WITHIN THE LAST DECADE, OVER 125 HPV ASSAYS (AND OVER 80 VARIANTS OF
THE ORIGINAL ASSAYS) HAVE BEEN DEVELOPED.

£

AL i gwg)3g OlEaEAS 1518
O3 )3 egle alGumils

HPV Analysis

Genotyping

Viral Load

| Biomarkers |
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* Within The Last Decade, Over 125 HPV Assays (And Over 80 Variants Of The

Original Assays) Have Been Developed.

HPV Analysis

Genotyping




DNA

RNA

HPV FDA-approved TESTS

Lhrect: Genome detection

Amplification

Amplification and genotyping of HPV-16 and HPV-18

Amplification of E&/E7 proteins

Monoclonal antibodies

Hybrid Capture 2
CareHPV test
GP5+/GP6+ bio PCR-EIA
Cervista HFVY HR
Cervista HPV 16/18
Cobas HPV test

Xpert HPY

Abbott RealTime High Risk (HR) HPV assay
PapilloCheck

Aptima HPV Assay
PreTect HPV-Proofer HV

AVantage HPY E6 Test
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P Nucleic Acid Amplification
i Technology/Testing (NAT)

1.Target Amplification

2.Signal Amplification
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* Branched DNA (Bdna):

1. Quantiplex ® (Chiron)

. Versant ® (Bayer)

* Hybrid Capture System ®(Digene-quest)
* Liquid Hybridization ® (Abbotte)

Nucleic Acid Amplification Technology
N
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Nucleic Acid Amplification Technology

Target Amplification
Techniques

PCR

Real Time PCR

Quantitative PCR

COBAS Amplicor ® (ROCHE)

Superquant ® (National Genetics Ins)

Target Capture © (ABI)

Transcription-mediated amplification (TMA)

Nucleic Acid Sequence-Based Amplification (NASBA)
NucliSens ® (BioMerieux)
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"‘;ﬁvﬁ’/ * Within The Last Decade, Over 125 HPV Assays (And Over 80 Variants Of The u/u»,/,u,@,

Original Assays) Have Been Developed.
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E6/E7 Mrna Screening, APTIMA
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* The increasing expression level per cell of E6 and E7 with the severity of

the neoplasia makes targeting the mrna of the HPV oncogenes attractive

to distinguish low- from high-grade dysplasia.

* The aptima® hpv assay (ahpv; hologic, san diego, ca) is used to detect

the viral e6/e7 mrna from 14 hpv types and can also be considered

clinically validated for use in primary screening.
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T ik ' APTIMA HPV mRNA E6/E7 Report .
o d’:‘tcf l':u:/;."«t%:{ )/
Mﬂ Lab Number : 1 bt IR
v e . e _ e # o
Name: 1 Family : 1 Sex : 1 i
-Date : 1 Physician : 1 Age:1
Sample : Thinprep
HPV mRNA E6/E7 Result: Positive
Integrated HPV genotype-16: Positive
Integrated HPV genotype-18: Not applicable
Integrated HPV genotype-45: Not applicable

Other integrated HPV genotypes: Not applicable

Test DESCI‘iPtiOIl: The presence of E6/E7 viral messenger RNA from 14 high risk HPV types (16, 18, 31, 33, 35, 39, 45, 51, 52,
56, 58, 59, 66, 68) indicates incorporation of HPV DNA into the host cells. Proteins expressed from E6-E7
polycistronic mRNA alter cellular p53 and retinoblastoma protein functions, leading to disruption of cell-
cycle check points and cell genome instability. This information together with the physician’s assessment
of cytology history, other risk factors, and professional guidelines, may be used to guide patient
management.
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T i APTIMA HPV mRNA E6/E7 Report g
o &LJ t;‘j}/;;«é} )/
Mﬂ Lab Number : 2 sl PhRE:
= _ . _ WAL
d Name : 2 Family : 2 Sex : 2 fis
Date: 2 Physician : 2 Age:2
Sample : Thinprep
HPV mRNA E6/E7 Result: Positive
Integrated HPV genotype-16: Not applicable
Integrated HPV genotype-18: Not applicable
Integrated HPV genotype-45: Not applicable

Other integrated HPV genotypes: ~ Positive for types 51 and 58*

| Test DESCﬁPtiDI’l: The presence of E6/E7 viral messenger RNA from 14 high risk HPV types (16, 18, 31, 33, 35, 39, 45, 51, 52,
56, 58, 59, 66, 68) indicates incorporation of HPV DNA into the host cells. Proteins expressed from E6-E7
polycistronic mRNA alter cellular p53 and retinoblastoma protein functions, leading to disruption of cell-
cycle check points and cell genome instability. This information together with the physician’s assessment
of cytology history, other risk factors, and professional guidelines, may be used to guide patient
management.
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* Within the last decade, over 125 HPV assays (and over 80 variants of the original

assays) have been developed.

l HPV Analysis

Genotyping

___ Geroping
[_Viral imegration |
| omarkers |

Biomarkers
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1 Personalized Medicine i)
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* In personalized medicine, biomarker detection is an important tool for
the risk stratification of patients and the diagnosis of pre-cancerous

lesions and tumors as well as prognostic values.

* Some molecules are aberrantly expressed under pathological conditions

such as cancer.

* Those molecules (especially non-coding rnas; ncrnas ) are dysregulated
in hpv-related neoplasms, and their expression correlates with tumor

progression, metastasis, poor prognosis, and recurrence.
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Mo Circulating Tumor Cells R} d
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HPV Ctdna 3

* Circulating biomarkers detected in biofluids are represented by cell-free DNA and

RNA (cfdna and cfrna) and circulating tumor cells (ctcs).

* Hpv ctdna has been shown to be a sensitive and specific biomarker of hpv-positive

hnscc.
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_ Clinical Applications Of Biomarkers In HNSCC

Biofluid collection for
HNSCC evaluation

g E 1
{ %alwa
L

* Whole blood
* Plasma
* Serum

Chantre-justino, 2022.

Circulating biomarkers  Main detection assays

e NGS
ciDNA .
HPV DNA * aPCR
cfRNAs # e qRT-PCR
CICs e ddPCR

EVs
e PCR arrays

e immunocytochemistry
Clinical applications of ¢ CellSearch®

liquid biopsy in HNSCC

e Cancer screening and early detection /

® Assessment of prognosis

e Monitoring of discase and treatment response
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\‘/\/ List of DNA methylation molecular markers Q
hui liu, 2023. %

» & - -" /
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& .
Genes histopathological endpoint HR-HPV status Sensitivity Specificity J/:J’///;" .96(; Iy
Septin9 HSIL+ positive and negative 70.42% 80.19%
PCDHGB7 HSIL+ positive and negative 82.1% 88.7%
MAL HSIL+ positive and negative 57.37 89.90
FAM19A HSIL+ positive and negative 80.39 96.46
hsa-miR124-2 HSIL+ positive and negative 78.43 86.87
SOX1 CIN2+ positive and negative 63.3% 81.4%
LMX1A CIN2+ positive and negative 45.3% 90.7%
TERT CIN2+ positive and negative 60.9% 77.1%
PCDHA4 CIN2+ positive and negative 62.6% 89.0%
PCDHA13 CIN2+ positive and negative 64.2% 89.0%
ASCL1 CIN3+ positive and negative 85.9% 72.9%
LHX8 CIN3+ positive and negative 89.7% 75.0%
ZNF582 CIN3+ positive 83.9% 93.1%
PAX1 CIN3+ positive 77.4% 90.6%
PCDHA4 CIN3+ positive and negative 66.3% 85.9%
PCDHA13 CIN3+ positive and negative 71.2% 87.5%
SEPT9 CA+ positive and negative 73.1% 78.7%
S0X14 CA+ positive and negative 74.42% 81.48% e
CDKN2A CA+ positive and negative 99% 36%

SLIT2 CA+ positive and negative 61% 100%
RARB CA+ positive and negative 22% 100%
PCDHA4 CA+ positive and negative 84.2% 75.2%

DAPK1 CA+ positive and negative 43% 100%
WIF1 CA+ positive and negative 46% 100% \ /
PCDHA13 CA+ positive and negative 94.7% 76.0% )



| l)ioé\/ostic And Screening Biomarkers For HNSCC\{?

o gl Ll ok Z
o JJ Wbl )y
_/{:,/)/ Oral, oropharyngeal MiR-9 Tissue Diagnosis i 9 « iy
" . &.
L):E e Oral EDNRB Saliva Screening /Diagnosis dl/./u*’/‘/,“,b(/l,

Oral DCC Saliva Screening,/Diagnosis
HNSCC MED15/ PCQAP Tissue, saliva Screening, /Diagnosis
HNSCC ZNF14, ZNF160, ZNF420 Tissue, saliva Diagnosis
HNSCC FAM135B Tissue Diagnosis
HNSCC ZNF610 Tissue Diagnosis
HNSCC HOXA9 Tissue Diagnosis
HNSCC DCC Tissue Diagnosis
HNSCC HOXA9 Tissue Screening /Diagnosis

HPV+ KCNA3, EMBP1, CCDC181, DPP4, ITGA4, BEND4, CTNND2, ELMO1, SFMBT2, Tissue Screening
OPSCC C1QL3, MIR129-2, ATP5EP2, OR6S1, NID2, HOXB4, ZNF439, ZNF93,

VSTM2B, ZNF137P and ZNF773

HNSCC PROM1/CD133 Tissue Diagnosis
HNSCC CTHRC1 Tissue Diagnosis e’
HNSCC PLAU Tissue Diagnosis
HNSCC MTHFD1L Tissue Diagnosis /
HNSCC Opioid receptor mu 1(OPRMT) Tissue, plasma Screening
HNSCC Opioid-related nociceptin receptor 1(OPRL1) et \ Ti*ue, plasma Screening
HNSCC XPR1 Tissue \./ Diagnosis
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| Prégnostic Biomarkers For HNSCC

X

Methylation signature of the promoter of HNSCC, especially in HPV- il o
22 PITX1 3 exon Tissue . & "o
1 HNSCC 5 genes, GATA4, GRIA4, IRX4 Tissue negative JJLU/L; r:/:;«b/y
ALDH1A2, OSR2 HNSCC, especially in HPV- . i
23 ] C50rf66-AS1 lincRNA Tissue y .
2 HNSCC FAM135B Tissue negative | “‘f’ . /,b b{;’
3 HNSCC HOXA9 Tissue 24 HNSCC Methylation signature of ZNF10, T i /,.,f/ d ¢
4 HNScC PROM1/CD133 Tissue TMPRSS12, ERGIC2 RNF215 ki
5 HNSCC CTHRC1 Tissue 25 HNSCC IDO1 Tissue
6 HNSCC PLAU Tissve o7 Oral squamous cell carcinoma Methylation signature of cg17892178 Tissve
issu
7 HNSCC MTHFDIL Tissue (OSCC) and ¢g17378966 in NID2 and IDO1
3 five DMG model PAX9, STK33, GPR150
kg Tissve, r r ) .
8 HNSCC opioid receptor mu 1(OPRM1) - 27 HNSCC INSM1, and EPHX3 Tissve
opioid-related nociceptin receptor Tissue, Tissve
9 HNSCC 4
1(OPRL1) Slaca 28 HNSCC RYR2 cell lines
10 HNSCC XPR1 Ti
b ”o o nuclear factor | (NFI): NFIA, NFIB, NFIC ~__
Oral and oropharyngeal and NFIX it
11 squamous cell carcinoma p16INK4A p14ARF Tissue 30 HNSCC DKK1 o
(OSCC) T
issue,
. 31 HPV+/OPC CALMLS
12 HNSCC ssT See / gt
13 HNSCC SSTR1 Tissue Thecne
+ r
14 HNSCC GAL Tissue 32 HEVEIORE DAL plasma
15 HNSCC GALR1/2 Tissue i
/ 33 HPV+ / OPC LY6D Tssye:
16 OTsCC MIR10B Tissue plasma
FUT3 34 HNSCC SEC61G Tissue
TRIM5, TSPAN7, MAP3K8, RPS6KA2, 33 HNSCC 0X40 (TNFRSF4) Tissve
TIMMSA, 37 Oral Tongue Cancer RIPOR3 Tissve \/
RNF113A genes CTLA4
18 HNSCC PDCD1 (PD-1) Tissve 38 0OSCC (Cytotoxic T-lymphocyte associated Tissve
protein 4)
HPV negative hypopharyngeal
19 g wn:'; 0 COL1A2 Tissve || 39 oscc GPR29 Tissue
c 40 oscc TNFSF11 Tissue
20 HPV negative laryngeal COL1A2 Tissve || 41 oscc ] ISL1(ISL LIM homeobox 1) Tissve
cancer e
HPV negative laryngeal p16, VEGFR1, VEGFR3, DAPK, TAC1, 5 Nine-gene multi-omics signature (methylation .
2 cancer GALR1, NPYIR, SSTR1 wisrs i gotusiob S PRI ZZand SHEES) b \|
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assays) have been developed.
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| Viral Load |
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* DETECTION OF HPV DNA MIGHT BE RELATED TO

ONGOING VIRAL REPLICATION,

REACTIVATION OF LATENT INFECTIONS

PERSISTENT MULTIPLE HPV GENOTYPES COINFECTIONS

B P

NEW INFECTIONS.

* DETERMINATION OF HPV LOAD HAS BEEN DISCUSSED AS A POSSIBLE METHOD FOR
DISCRIMINATING BETWEEN INFECTIONS AND UNDERLYING CERVICAL DISEASE.

* THE INTEGRATION AND ASSOCIATED DOWN-REGULATION OF VIRAL DNA SYNTHESIS IS PART
OF THE REASON THAT HPV VIRAL LOAD USUALLY DECREASES IN HPV-RELATED CANCERS.
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;E How do we screen? “

A9 ik
7 /j/ u"’Lu/L/J;/:ub/ //
"‘.’,ﬁ-’f‘/ * Within the last decade, over 125 HPV assays (and over 80 variants of the original d/uv,/,u,@,

assays) have been developed.

|__ HPV Analysis
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Viral Load



_ IMAGE PATCHES OF TISSUE, OF ORAL CANCER SLIDES X
TO ESTABLISH THE MODEL. ZHANG, 2022

" 0‘“ /
Gt
i .
u'/u"/r}“ aé& Iy

Normal oral mucosa Oral squamous cell carcinoma

Lamina propria

Low-risk epithelium Connective tissue

Oral cancer cells
High-risk epithelium )

¥

Oral Convolutional Neural Network (OralCNN) model training




Capture H&E slide image (40x)

Oral epithelium identification

Image patches classification

Epithelial risk prediction

Validation of the OralCNN model

e \ .:
2 "'; \ Epithelium predited
Sy | as high-risk
g ).' : 3
7

H&E stained oral leukoplakia |

Image region classification
M Epithelium

B Connective tissue
[l Background

Original images

Predicted

region labels

- \ Epithelium predited
( as low-risk

-

Predicted
tissue classification
heatmap

Cancer progression

risk probability

l Low-risk :

. High-risk

-

Image Patches Of Tissue, Of Oral Cancer
Slides To Establish The Model. Zhang, 2022

X

. & un" /
Slsbunat” )
" V, i
u‘/u"//}“o&‘)
2



Convolutional Neural Networks (Cnn)- ‘
based Histology Image Analyses. Zhang, 2022 Aot r,/,_,b///
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w Pre-analytical HETEROGENEITIES ksz }

f}L L/ :/:.JW//

L":fi"é/ * Varying sampling methods: S ~*' 2
1. Biopsies
2. Swabs
3. Skin scrapings/shavings
4. Plucked hairs
5. Blood (serology)

* Sample handling (transferring)
* Extraction protocols:
1. DNA extraction pre-treatment

2. No DNA extraction pre-treatment
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Fiber Swab Liquid sample Velvet brush-like
Sample diffuses stays close to texture efficiently
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fiber mattress rapidly and respiratory

spontaneously epithelial cells



-

X

N & un" /
Sl Ut )
" V, )
uf/u"//}“o&‘)
L

J.able Flocked Specimen Swab
e —————.



S 4
3

=




S JUw 5 s god (sl god (w9 Jod! 5 giwd ?
(STI/STD) ‘

Sk
. s Al
= Y &LJDJ}/:&Q/ b

4 B o s
st S5 Aiged 3 b oo SIS S r

0355 055 (s ST s 515 08,5 (angai |y 5 ol (605 diged 59, e 1o 0 9 U3 ©
GBB g g abelid (uild giind 9 n5 el (a1 b L all 05250 sy g Yleial ST sl
(s

53 plomil Lails 1 (625 diged g0 )90 99 Az g e 4 1yl #

Anled (5 l0055 (puiz Jos plovl 5l (605 wige 5l B 5, ¥ b Blas rloye g U

S ozl (28,5 g0 g plastil 5l p8is o Logas g 65 digas 3| 8 s 51~

G055 355 (Juolis ST (s 5l 5 00,85 (igai |y 5 ol (655 il 555 o 1l0 0 9 BBy S

el g pg (plolid uld giinds g p) Geld (A9 b L abl 09290 (owgpg Yleixl ST anle




~ <
Vv = = o

> 5 g0 51 Jub a2 gi Jib IS N/
/Wﬁ./ 19 g0 (Sl olsiwe ~
i

s Il
Sl Ut )
T il
u‘/u"/'/}“a(;/')

?

Loghol wopg olwbid 9 8L slp o pe 10 (65 diges sl (GOLD STANDARD) oMb LSS et »
S ,la5 3¢

55 & S gwgy Slalo b g ablo (Jusls 155 a8 L S jlagy a5 ool (53150 (6l US55 o0l »
el oo a8 .5 Ly oo LT jo il 2alS 15 g e ;56 Olaxl e 3l Ol gl el cpl o)l

(2 Biolosl- Sap ;oS jgal BN 5 aS Col atigs e (pl 4 31840 5l (6 S diged Gl owliol &S5 >
L g 51y el bty @l 3 )0 ()1 (gominr 5l i oo ool ST Sy (555 52 w9 DNA (28 Loz
il Gugile b g (e

38 e el wgile b g ol placs 51 i Jlewo oo jo  Jwls oIl ol Congs 3l (655 diged ol >
Y /0] DUVRR PO



) ?
,, . . Y‘
/ﬁu@‘; Q'O).o ‘SJ.ML\J o Swd )‘ ‘SJ-AS A g0 IV9) ottt
_,Cfb/ s i”'w'~ /1
"’:ﬁ i u‘/:u"/;/}“a&')

P d‘).b‘ )‘9 o)g“b 6?‘3.:) us” L)"") J‘)Jo‘g)gé wb B, 0ol uNJLvQ > d.aa.u wy
dof G J3Is j0 g ools il Olgws Hlaa b1, (wlee Jlas! cIT Lol a5 4 ST tond —JI

Bk 5l jo az 3 Wl b asles (o8 s 4 yie (5le ¥ ol 1T Slgas e ”
Dguh A Byl 8 g au9,§

J.>L9 )LM Lg‘).:l.’d.wl.’ J)L’ay)‘ w)i:.o oolas ] u..vg.sl.o 6‘)’456"5*’ dg..o..: R A.:L:>
33,5 oo



Penis external urethral opening——="

Glans Of Penis

corona of glans

Neck Of Glans

opening of preputial (1yson) gland
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_—

V .
superficial fascia of penis ui;vv,’ r,v ,&l,
®

external spermatic fascia (cut)

spermatic cord (cut) membranous layer

- of subcutaneous tissue
bulbospongiosus of perineum
muscle (Colles fascia) (cut)

perineal membrane o )
ischiopubic ramus

ischiocavemosus
muscle

perineal body ——

superficial transverse —— & ~gettyimages
perineal muscle ‘ J  Encyclopaedia Britannica

ischio tuberosity

levator ani muscle in
ischiocanal fossa

external anal
sphincter muscle

gluteus maximus muscle 7§
ELEEL tip of coceyx



Penis external urethral opening

Glans Of Penis
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superficial fascia of penis

external spermatic fascia (cut)

membranous layer

of subcutaneous tissue
of perineum

(Colles fascia) (cut)

bulbospongios
muscle

perineal membrane & s :
ischiopubic ramus

ischiocavemosus
muscle

investing (Gallaudet)
fascla.aver musales

perineal body = 7

superficial transverse —
perineal muscle

ischio tuberosity

levator ani muscle in
ischiocanal fossa

external anal
sphincter muscle

_gluteus maximus muscle ~
tip of coccyx
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Female external genitalia

P N

mons pubis
prepuce of clitoris — d‘.’fu’dd’{’é@;’ ;
. . &, .
glans of clitoris ) 04 . o,
&)

urethral opening (meatus)

openings of paraurethral
(Skene) ducts

vestibule of vagina—
labium minus
vaginal opening
labium majus
- hymenal caruncle
opening of greater

vestibular (Bartholin) gland

getty|mages

vestibular (navicular) fossa P — ) Encyclopaedia Britannica

frenulum of labium
posterior labial commissure

perineal raphe

anus
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URINE HIGH-RISK HPV TESTING AS AN ALTERNATIVE TO
- o ROUTINE CERVICAL SCREENING: A COMPARATIVE DIAGNOSTIC
*) _,Cﬁ’/ ACCURACY STUDY JJLJVJ:/:UWJ/
L

S d'/u"/‘ﬁ"’ &

Jennifer C davies et al. Bjog. 2024.Jennifer C davies1 %, alexandra sargent 2, elisabeth pinggera-L, suzanne carterL, clare gilham 4, peter sasieni2, emma J crosbie 1 2

Objective: to evaluate the sensitivity of human papillomavirus (HPV) tested urine to detect high-grade cervical precancer (cervical intraepithelial
neoplasia grade 2+ (CN2-]) RSN

Design: randomised controlled trial.

Setting: st mary's hospital, manchester, uk.

Population: colposcopy attendees with abnormal cervical screening; a total of 480 participants were randomised. Matched urine and cervical samples
were available for 235 and 230 participants [ EEESSRSRRR -/

Methods: urine was self-collected and mixed with preservative - randomised 1:1 to fvu-collection device (novosanis colli-pee® 10 ml with urine
conservation medium [ucm]) or standard pot. Matched clinician-collected cervical samples were taken before colposcopy. HPV testing used roche
cobas® 8800. A questionnaire evaluated urine self-sampling acceptability.

Main outcome measures: the primary outcome measured sensitivity of hpv-tested urine (fvu-collection device and standard pot) for cin2+ detection.
Secondary outcomes compared hpv-tested cervical and urine samples for CIN2+ and evaluated the acceptability of urine self-sampling.

Results:
95% ci 64.7%-80.9%, 91/124, p = 0.0005). The relative sensitivity of fvu-device-collected urine was 0.92 (95% ci 0.87-0.97, p,.., = 0.004) compared with
cervical, considering that all women were referred after a positive cervical HPV test. Urine-based sampling was acceptable to colposcopy attendees. /

%,

Conclusions: testing of fvu-device-collected urine for hpv was superior to standard-pot-collected urine in colposcopy attendees and has promising
sensitivity for cin2+ detection. General population HPV testing of fvu-device-collected urine will establish its clinical performance and acceptability as an
alternative to routine cervical screening. N N / \
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