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Human Papilloma Virus (HPV)

e History

1842: Rigoni noted association of cervical cancer in married women,
widows and prostitutes, but rare occurrence in virgins and nuns

1970s: plurality of HPV became apparent
1976: koilocytotic cells represent hpv changes
1978: presence of HPV viral particles seen in koilocytotic cells

1983-4: HPV demonstrated in precursor lesions of cervical neoplasia
(southern blot hybridizations)

1985: first unequivocal report of HPV 16 in tongue and other
oropharyngeal cancer (OPC).

*¥***0ne of the most significant infectious carcinogens in
humans

ORLANDO HEALTH"



HPV

o Definition
HPVs are DNA viruses with specific tropism for squamous
epithelia

*more than 120 subtypes
low risk = HPV 6 and 11
High risk = 16, 18, 31, 33, 35.

*HPV 16 and 18 capable of transforming cells from
genital and upper respiratory tract.

* High-risk HPV 16 accounts for vast majority of HPV+
oropharyngeal tumors.
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HPV

« Summary of Molecular Biology

*HPV infection is specific to tumor cell nuclei; infection
precedes histopathologic progression to tumor

*Epithelium-transforming potential of high-risk HPVs results
from viral oncoproteins E6 and E7

*these inactivate p53 and pRb (tumor suppressor genes)

**low pRb levels lead to p16 upregulation and levels; overexpression
of p16 is surrogate marker for oropharyngeal primary site and HPV
association; in contrast, loss of p16 expression is common and early
event in smoking-related cancers.

*expression of high-risk HPV E6/E7 results in cellular
proliferation, cell cycle dysregulation, increased mutations
and chromosome instability
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HPV

« Epidemiology
— 1973-2001 Surveillance, Epidemiology and End Results
(SEER) database evidence show that there is increasing

incidence of both oral tongue and tonsil/base of tongue
cancer.

— HPV-unrelated cancers stable through 1983, then declined
significantly from 1983-1984.

— HPV-related cancers increased significantly from 1973-
2004

Resulting from changing sexual behaviors?
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				OP		Other HNSCC		Total		%OP

				Count		Count

		1973-2005		24,290		79,552		103,842		0.2339130602

		1973		426		1,819		2,245		0.1897550111

		1974		479		2,066		2,545		0.1882121807

		1975		549		2,201		2,750		0.1996363636

		1976		585		2,306		2,891		0.2023521273

		1977		591		2,255		2,846		0.2076598735

		1978		585		2,422		3,007		0.1945460592

		1979		673		2,549		3,222		0.2088764742

		1980		668		2,462		3,130		0.2134185304

		1981		707		2,569		3,276		0.2158119658

		1982		670		2,542		3,212		0.2085927771

		1983		746		2,569		3,315		0.2250377074

		1984		731		2,576		3,307		0.2210462655

		1985		706		2,622		3,328		0.2121394231

		1986		632		2,522		3,154		0.2003804692

		1987		737		2,614		3,351		0.219934348

		1988		705		2,496		3,201		0.2202436739

		1989		738		2,491		3,229		0.2285537318

		1990		775		2,556		3,331		0.232662864

		1991		727		2,486		3,213		0.2262682851

		1992		769		2,519		3,288		0.2338807786

		1993		799		2,500		3,299		0.2421946044

		1994		757		2,503		3,260		0.232208589

		1995		726		2,450		3,176		0.2285894207

		1996		769		2,487		3,256		0.2361793612

		1997		816		2,433		3,249		0.2511542013

		1998		820		2,377		3,197		0.2564904598

		1999		818		2,373		3,191		0.256345973

		2000		830		2,349		3,179		0.2610883926

		2001		863		2,285		3,148		0.2741423126

		2002		939		2,343		3,282		0.2861060329

		2003		923		2,232		3,155		0.2925515055

		2004		1,020		2,310		3,330		0.3063063063

		2005		1,011		2,268		3,279		0.3083257091
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New Facts: Disease Causation and HPV

(A) Oral Cavity & (B) Oropharynx
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Separation of Oropharynx Cancer (OPC)
Staging by HPV Status

e Since 1990, the incidence of HPV associated cancers of
the tonsil and tongue base has increased by 5% per year

« HPV-associated tumors occur in younger, healthier
Individuals, many with little or no tobacco exposure.

 Itis highly responsive to treatment and has an excellent
prognosis.

— Higher response rates after induction
chemotherapy/chemoradiation treatment (J Natl Ca Inst
2008; 100:261)
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Separation of Oropharynx Cancer (OPC)
Staging by HPV Status

 Reflects behavior of
A HPV+ OPC by 7th ed TNM stage
tobacco-related SCC, not | wjeeg . 2<0.0001

HPV+ disease. Z g0 M

« The 7th edition lost the 2 g
ability to differentiate o
between stages, HPV (+) |

— Hazard discrimination — VB
0

« The numerical balance K : ‘ : :
shifted toward stage Il & IV

— Loss of predictive ability
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New AJCC Staging for OPC 2018

Separate staging for HPV(+) OP cancer

« Largely unchanged except:

— Carcinoma in situ (Tis) removed
— T4b removed

* N Classification:
— Difference between clinical and pathologic staging
— Clinical staging based on laterality and size of nodes
— Pathologic staging based on number of nodes

» Obviously for surgical patients only
— ENE notincluded

M Classification: Unchanged
* Overall Stage: Drastic Change
« Stage IV reserved for M1 disease
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OPC Clinical and Pathological Staging

T CATEGORY T CRITERIA
T0 No primary identified
T Tumor 2 cm or smaller in greatest dimension
T2 Tumor larger than 2 cm but not larger than 4 cm
in greatest dimension
13 Tumor larger than 4 cm in greatest dimension or N CATEGORY N CRITERIA
extension to lingual surface of epiglottis
T4 Moderately advanced local disease; tumor invades the larynx, NX Reglonal Iymph nodes cannot be assessed
extrinsic muscle of tongue, medial pterygoid, hard palate, , ,
or mandible or beyond pNO No regional lymph node metastasis
N CATECORY N CRITERIA pN1 Metastasis in 4 or fewer lymph nodes
NX Regional lymph nodes cannot be assessed pN2 Metastasis in more than 4 lymph nodes
NO No regional lymph node metastasis
N1 One or more ipsilateral lymph nodes, none larger than 6 cm
N2 Cantralateral or bilateral lymph nodes, none larger than 6 cm
N3 Lymph node(s) larger than 6 cm
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New AJCC Staging for OPC 2018

N CATEGORY

T CATEGORY NO N1 N2 N3
10 NA | Il Il
1 I | I 1l
T2 I | I 1l
13 I Il I 1l

T4 Il 1l 1l I

o Stage IV reserved for
M1 disease
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HPV Negative OPC Staging

T Classification:

— Unchanged except TO removed
— Non-viral TO tumors can be from any site and thus cannot localize to oropharynx

N Classification:
— Unchanged with the exception of Extra Nodal Extension (ENE)
— N3 divided into N3a and N3b
— N33, lymph node >6cm in dimension, no ENE
— N3b, any ENE

M Classification: Unchanged
— Overall Stage: Unchanged

« ENE now N3b so higher proportion of patients in stage Vb
group
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HPV- Mode of Transmission

e HPV is the most common sexually transmitted
Infection in the United States

 >50% of people who are sexually active will have
acquired genital HPV over their lifetime

« >80% of women over the age of 50 will have
contracted at least one strain of HPV

*¥***0ne of the most significant infectious carcinogens in
humans
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HPV- Mode of Transmission

« More than 40 subtypes of HPV can infect both males
and females through sexual contact
« HPV can be passed through genital contact and oral

sex
B 10% general population orally infected with HPV at any given time

B 3% of 16 - 20 year-olds are infected

= = Oropharyngeal
HPV 16, ? .-~ ' Ccancor.
T
% .
HPV transmission \\\HF'V 16, ?
\\
£¥Y
" HPV 16 and 18; a H ﬁ
HPV 31, 33, 35, 39, 45, 51,

52, 56, 58,59, 68, 73, 82 Sexual Contact
A=

CCR Trar ns

***% Cancer occurs when infection persists & immune

A2 Clinical Cancer

Su rve I I Ian Ce fal IS Sok, J. C. et al. Clin Cancer Res 2008:14:6723-6724 == Research
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Tabla 1. Charsstaristics of HPYRalxtad and HPV-Unralztad Oral Zquarndus Call Carcinomas From 1973 10 2004
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Radiatherapy = 001
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Linkrsanan EQE 14 TIE =
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Two Different Kinds of HNC?
HPV-positive  HPV-negative

Anatomic site Tonsil / BOT All sites
Histology PD, Basaloid Keratinized
Age Younger Older
Gender 3:1 men 3:1 men
Stage Tx, T1-2 variable
Risk factors Sexual behavior Alcohol / tobacco
Cofactors Marijuana Oral hygiene
Immunosuppression?
Incidence Increasing Decreasing
Survival Improved Unchanging
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HPV — Potential Risk factors

e Men >Women

 History of HPV associated anogenital cancers
 husbands of women with cervical cancer

 High lifetime number (> 26) of vaginal sex partners
« > 06 lifetime oral-sex partners

« Immunocompromised individuals
— Transplant
— HIV, STDs

« Exposure to marijuana (increasing association
with intensity and duration of marijuana use)

Gillison M, D’Souza G, Westra W, et al; Distinct Risk Factors for Human Papillomavirus Type 16-Positive for Human
Papillomavirus Type 16-Negative Head and Neck Cancers. J Natl Cancer Inst. 2008; 100: 407-420.

D’Souza G, Kreimer A, Viscidi R, et al; Case-Control Study of Human Papillomavirus and Oropharyngeal Cancer. N Engl J
Med. 2007; 356: 1944-1956.

ORLANDO HEALTH"



Risk Factors for HPV+ Head and Neck Cancer
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HPV — Signs/Symptoms

* In >90% of cases the body’s immune system will
clear the HPV (usually within 9 months to 2 years)

 Majority of patients develop no signs or symptoms
of infection and thus infected individuals can remain
oblivious

 In some instances patients will develop signs of
Infection in the genital areas or in the oropharynx
(includes the tonsils, base of tongue, soft palate, and

pharyngeal walls)
— Normal cells begin to behave in an abnormal fashion
— These signs/symptoms can take years/decades to develop
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IPV — Oropharynx Cancer
Signs/Symptoms

B Persistent sore throat
B Ear pain

B Swallowing difficulty

B Lump in the neck

B Weight loss

B Bleeding from throat

B Often relatively advanced by the time symptoms
occur
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IPV - Clinical Significance/Relevance

Diagnosis

*p16 immunohistochemistry is surrogate marker for HPV
transcriptional activity

*HPV status can be determined (via in-situ hybridization) in tumor

cells aspirated from necks of patients with metastatic HNSCC; reliable
indicator of oropharyngeal primary

* detection of plasma HPV 16 DNA or HPV E6 and E7 antibodies in
serum may be useful in the future

Prognosis

*60-80% reduction of risk in dying form HNSCC compared to HPV
negative pt; may be due to:

*lack of field cancerization

*Sensitivity to radiation

* Intact apoptotic response (wild-type p 53)
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HPV — Diagnosis in the Oropharynx

 Clinical examination by inspection, palpation, and
fiberoptic scope examination

 Biopsy of suspected area and

testing for HPV status
 Imaging for staging purposes
e Multidisciplinary planning
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Trends in Survival According to Tumor
Site and Year of Diagnosis

[}

65

35

25

f4-v6 77-79  BO-B2 B3-85 B6-BE  BL-O1 92-94 9597

YEAR OF DIAGNOSIS

Carvalho et al. Int J Cancer 2005 (SEER Database)

¥ohdbd

Salivary gland
Larynx

Oral cavity
Masopharynx
Oropharynx
Hypopharynx
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HPV - Clinical Significance/Relevance

Treatment

*Trials may stratify more/less intensive tx based on HPV status
superior response rates to induction and chemoradiation

*HPV 16 specific therapeutic vaccine (enhances cytotoxic T-cell
response to HPV 16 oncoproteins) in trial phases
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IPV - Clinical Significance/Relevance

Prevention

*Screening not recommended in general population
*Prevention may include:

— Abstinence

— Condoms — this may reduce the risk however any exposure to affected areas
can transmit virus

— Limiting Number of Partners — again may reduce the risk however even one
infected partner can pose the risk

— Routine screenings in the case of cervical and anal cancers — this includes
those who are vaccinated

— Vaccination — can protect against most but not all subtypes

ORLANDO HEALTH"



IPV - Clinical Significance/Relevance

Prevention

Natural history of HPV infection is unknown; routine screening for HPV-associated
HNSCC not recommended.

B Current Centers for Disease Control and Prevention
(CDC) vaccination recommendations

*The HPV vaccine is routinely recommended for 11 and 12 year-old girls. The
vaccine series can be started at 9 years of age. Catch-up vaccination is

recommended for 13 through 26 year-old females who have not yet received
or completed the vaccine series.

*Cervarix FDA approved for girls 10 to 25 years
M (targets 16 and 18)

*Gardasil approved for girls and boys 9 to 26 years
M (targets HPV 6, 11, 16 and 18)

B Reports on adverse events after immunization (JAMA2009:302; 750) noted a
disproportionate reporting of syncope and venous thromboembolism
Impact of the vaccines on incidence of persistent oral HPV infection not investigated (yet!)
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HPV - VVaccination

« The vaccines provide little benefit to those already
Infected with HPV

« There are no therapeutic effects on existing HPV
Infections or disease

« The vaccine is not mandated and <50% of teenage
girls in the last year have received the vaccination

 Duration of how long the vaccine stays effective is
not yet established
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HPV — Testing

 Currently there are no FDA approved tests for “HPV
status”

 Tests on the market are only to screen patients for
cervical or anal cancer (ie. Pap smear)

« The FDA approved the HPV DNA test as an adjunct
to Pap smear to determine HPV cervical infection

« There are no tests approved to screen for early signs
of HPV (+) oropharyngeal cancer
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HPV — Testing

o Testing for HPV Status ... p1l6
 Must be simple, inexpensive, and reproducible
* Needs to be available worldwide

* Immunohistochemistry for overexpression of the tumor suppressor
protein p16
— Established, reliable surrogate biomarker
— Independent positive prognosticator for OPC
— Inexpensive, widely availability, easy to interpret
 OPC will now be staged according to 2 distinct systems, depending
on whether or not they overexpress pl6

— p16 overexpression = diffuse >/=75% tumor expression, with at least
moderate (+2/3) staining intensity
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HPV - Treatment

 There is currently no specific treatment to clear the
HPV once infected

 According to the CDC the HPV clears naturally in
>00% cases

« The available treatments target the diseases caused
by the HPV
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IPV — Treatment of Oropharyngeal
Cancers

 Treatment regimens may include:
— Radiation +/- Chemotherapy
— Surgery +/- Radiation
* Including Transoral robotic surgery (TORS)
* Possible addition of chemotherapy
 Modality depends on staging and possible
stratification by HPV status

 Improved prognosis regardless of treatment strategy
compared to HPV (-) oropharyngeal cancers
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