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Objectives

1. Recall the basic science of HPV
2. Discuss the natural history of HPV 

infections
3. Evaluate pap smear and cervical biopsy 

results
4. Explain the HPV vaccine
5. Determine risk factors for cervical cancer
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Basic Science of HPV
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Human papillomaviruses; Classification

• Naked icosahedral symmetry, double 
stranded small circular DNA genome



Papillomavirus 16; Early (E) and late (L) genes

Circular genome 
encodes 8 genes
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Human papillomaviruses; Virus 
replication 

• Latency in basal cell layers, latent 
episomal DNA in nucleus
– Replicates in the differentiating 

epithelium/mucosa



HPV replication



Carcinogenesis by HPV
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Pathogenesis of papillomavirus infection leading 
to cancer

• (1) Infection with papillomavirus DNA types 16, 18, 
31, 33

• (2) Integration of the viral genome into a chromosome 
and increased expression of early genes E6 and E7

• (3) Development of secondary mutations in cellular 
proto-oncogenes, chromosomal instability, telomerase 
activation = cancer
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Pathogenesis of papillomavirus infection 
leading to cancer

• In the presence of other carcinogens such as products 
of tobacco exposure, the increased DNA damaged 
sustained by the cell is allowed to go relatively 
unchecked by the HPV coinfection which has disabled 
tumor suppressor function

• Cell-mediated immunity is important
– HIV inhibits clearance of the virus through T cell-mediated 

immunosuppression and directly enhances expression of 
E6 and E7 proteins in the HIV and HPV coinfected cell, 
HIV+ less likely to clear HPV infection

– Other immunosuppressed patients, Pregnancy
• Neutralizing antibodies also play a role in immunity
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Clinical Aspects of HPV
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HPV types
• Different HPV types (>200) have a propensity to infect different 

body sites and cause different benign or malignant tumors
– Plantar wart 1
– Common wart 2,4
– Flat warts 3,10
– Butcher’s warts 7,2
– Condylomata acuminata (genital warts) 6,11
– Respiratory papillomatosis 6,11

– Oropharyngeal cancer 16
– Anal cancer 16, 18
– Squamous intraepithelial lesions and/or carcinoma of the vagina, vulva, 

cervix, anus, or penis
• Low grade 16, 31, 6, 11
• High grade 16, 31, 52, 18



UNIVERSIT Y OF  SOUTH F LORIDA

MORSANI 
COLLEGE OF MEDICINE 



UNIVERSIT Y OF  SOUTH F LORIDA

MORSANI 
COLLEGE OF MEDICINE 

QUESTION

• Which cancer is the most likely to be 
associated with HPV?
A. Oral
B. Vaginal
C. Penile
D. Cervical
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HPV-Attributable Cancer

CDC
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QUESTION

• Which HPV type causes the most cervical 
cancer?
A. 16
B. 18
C. 31
D. 33
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HPV-Attributable Cancer

CDC
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Female Genital Tract HPV Infection

• Over 40 mucosal HPV genotypes infect the 
lower female genital tract
– “Low-risk” types HPV 6 and HPV 11 cause ~90% 

of genital warts
– ~15 HPV types “oncogenic” or “high-risk”

• HPV 16 (50%) and HPV 18 (~20%) cause ~70% of 
all cervical cancers, 31/33/45/52/58 another 19%

• Usually a necessary but not sufficient factor for the 
development of squamous cervical neoplasia, only a 
small fraction

• In addition to cervical cancer- cancer of anus, vagina, 
penis, mouth, and throat 
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Transmission

• HPV is spread from skin surface to skin surface during vaginal, anal, or 
oral sex

– Respiratory during passage through birth canal

• Genital HPV 
– Usually asymptomatic
– Risks:

• Early onset of sexual activity
• Multiple sexual partners
• A high-risk sexual partner
• Sex with a new partner
• History of STDs
• Immunosuppression ex. HIV infection
• Absence of condom use
• Circumcision status – incidence, clearance
• Smoking
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QUESTION

• What percentage of sexually active adults 
will acquire a genital tract HPV infection 
before age 50?
A. 15%
B. 25%
C. 50%
D. 75%
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HPV as an STD
• Globally, HPV is the most common STD

– Estimated that 75-80% of sexually active adults will acquire 
a genital tract HPV infection before age 50

– HPV positivity is most commonly present within the first 10 
yrs after sexual debut, then incidence increases again at 
menopause

– Older women may be reactivation vs. new recent infection
– Many sexually active young women have sequential 

infections with different oncogenic types of HPV
– Geographic variation in distribution of HPV genotypes
– There may be racial differences in the type and turnover of 

HPV infection in women, in a study black women had a 
slightly higher incidence of infection with high-risk HPV 
types, more persistent infections
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Natural History of HPV Infections

• Most HPV infections including oncogenic typically resolve within 6-
12 months = transient infection
– Most <21 years old clear the infection in an average of 8 months, most 

CIN will also resolve spontaneously 
– Those that don’t clear are called persistent infections
– Any age can clear but HPV detected in women >30 years old is more 

likely to reflect persistent infection

• If persistent oncogenic HPV infection then risk of developing 
precancerous lesions and cancer, although not all progress
– Still positive 1-2 years after initial infection strongly predicts risk of CIN3 or 

cancer
– The HPV genotype is most important determinant of persistence and 

progression: #1 is HPV-16, #2 is HPV-18, then ~13 others
• Other factors are cigarette smoking, a compromised immune system, HIV+
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Natural History of HPV Infections

• In the U.S. the median age of 
cytologically-detected precancerous 
lesions occurs ~10 yrs after the median 
age of sexual debut

• Then ~10 yrs from CIN3 to cancer
• Cervical cancer occurs a median of 15-25 

years after HPV infection, mean age of 
cervical cancer diagnosis 48 
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Natural History of HPV Infections
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Cervical Cancer

• Most cases of cervical cancer occur in 
women who were either never screened 
or were screened inadequately
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Natural History of HPV Infections

• Increasing evidence that HPV can enter a latent 
state including HIV-infected and older women
– Unknown whether all become latent or whether re-

emergent HPV infections carry a significant cancer 
risk

• The importance of the immune response in the 
natural history of HPV is illustrated by the 
increased risk of cancer among 
immunosuppressed or immunocompromised
patients
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HPV Detection

• By several molecular methods
• Only testing of cervical cytological or biopsy 

specimens is currently clinically available
• In the U.S. there are no FDA-approved tests 

clinically available to detect HPV infection of 
oropharyngeal, anal, or male genital 
specimens

• No FDA-approved serological or blood tests 
to detect HPV infection
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Cervical Cytology: The Bethesda System
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The 2001 Bethesda system update is 
standard. Until recently histolopathologic
terminology was much less standardized
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Cervical Cancer Screening
• Evolution of new technologies and recommendations 

for managing the results
– In 2011 the ACS, the American Society for Colposcopy and 

Cervical Pathology (ASCCP), and the American Society for 
Clinical Pathology (ASCP) updated their joint guidelines as 
did the U.S. Preventive Services Task Force (USPSTF)

– In 2015 the ASCCP and the Society of Gynecologic 
Oncology (SGO) issued interim guidance for the use of a 
HPV test for primary screening which had been approved by 
the FDA in 2014

• Recent revisions have balanced cancer detection 
with harms of screening by incorporating the 
powerful negative predictive value of HPV testing and 
lengthening screening intervals
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HPV Testing
• No role for testing for low-risk genotypes
• Most test for 13-14 of the most common high-risk 

genotypes (+ or -)
• Indication for HPV testing:

– Determination of the need for colposcopy in women with an 
ASCUS cytology result

– Use as an adjunct to cytology for cervical cancer screening 
in women age 30-65+ “co-testing”

– One HPV test was FDA approved in 2014 for primary 
cervical cancer screening in women 25+

• Genotyping tests for HPV-16, HPV-18, HPV-45
– Mainly women age 30-65+ that have negative pap but 

+HRHPV results
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Cervical Cancer Screening

Epithelial atrophy common after menopause likely 
predisposes women to false‐positive cytology screening 
test results
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Management of Cervical Cancer 
Screening Results
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Management of Cervical Cancer 
Screening Results
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Management of Cervical Cancer 
Screening Results – Colposcopy

Colposcopy for most 
abnormal paps
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Management Options

• Observation
– Repeat pap smear and/or HPV test

• Excisional therapy
– LEEP, laser conization, cold-knife conization

• Ablative treatments
– Cryotherapy or laser vaporization
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General Rules for Management

• Low-grade neoplasia or CIN1 is a 
manifestation of acute infection, high rate of 
regression to normal histology 
recommendations for observation

• CIN3 significant risk of progression to cancer 
~30% at 30 years if untreated, true cancer 
precursor

• CIN2 approach is controversial (thought to be 
a mix of low-grade and true precancers) so 
now two-tiered histologic classification:
– LSIL and HSIL (getting away from CIN)
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Management

• Many potential combos of cervical 
cytology and HPV results, some not in 
guidelines

• Some lab tests not in guidelines
– Molecular markers highly associated with 

clinically relevant cervical neoplasia, such as 
p16/Ki-67 and E6 and E7
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Management
• Recurrent HPV-positive 

– Likely that the HPV has not cleared but in a latent 
subclinical state below the threshold of the testing being 
positive

– Impossible to prove or disprove if a current HPV infection is 
a new infection or reactivation of an old latent infection

– Most probably reactivations of latent infections acquired at 
or near sexual debut

– Reactivation of latent could imply waning immunity and 
might be at risk of persistence

• Long history of occasionally positive and occasionally 
negative HPV and cytology results suggests 
borderline latent infection
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QUESTION

• Which of the following is true about HPV 
vaccines?
A. Contains recombinant protein 
B. It contains live virus
C. You should test for HPV prior to 

administration
D. It cannot be given to immunosuppressed 

patients
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HPV Prevention – HPV vaccine

• Vaccine contains recombinant virus-
like particles (L1 capsid proteins)
(noninfectious)
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HPV Vaccines

• More effective before sexual debut
• Prophylactic vaccines

› 3 vaccines:
1. Gardasil 4-valent 2006 (only distributed 

until end 2016)
2. Cervarix 2-valent 2009
3. Gardasil 9 9-valent 12/2014 (Only one available in U.S.)

› FDA approved for females ages 9-26 *11-12 
and males *11-21
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GARDASIL 9
• Males and females

• 9-valent vaccine targets HPV types 6, 11, 16, 
18, 31, 33, 45, 52, 58

• Three doses over 6 months
– 0,2,6 months*
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Vaccine Efficacy

• Many studies have reported declining 
prevalence and incidence of HPV 
infection and HPV-related disease

• Population decreases in HPV-related 
disease may reflect herd immunity

• Large decreases seen in other countries 
like Australia where vaccine coverage is 
higher
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Cervical Cancer Screening After 
Vaccination?

• Screening recommendations apply regardless 
of HPV vaccination status
– Many receive the vaccine when they’re older and 

after viral exposure
– The 9-valent vaccine immunizes against 7 high-

risk subtypes but does not cover all
– Rate of vaccine administration is far from 100%
– Long-term efficacy of the vaccine remains 

incompletely established
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In Conclusion:
Predicting Cervical Cancer

• High risk women may require more frequent cervical cancer 
screening:
– HIV+
– Immunocompromised such as received a solid organ transplant
– Exposed to diethylstilbestrol in utero
– Previously treated for CIN2, CIN3, or cancer

• Previous CIN2 or higher at risk of persistent or recurrent disease for at least 20 yrs
after treatment

• Cytology is a marker for current risk of clinically relevant disease 
(CIN 2+) while HPV testing is an excellent marker for predicting 
future risk
– HPV-16 or HPV-18 positive?
– Persistent HPV+?

• Did the patient get the HPV vaccine?
• Tobacco use?
• Long history of abnormal results mixed with normal results?
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Resources
• The American College of Obstetricians and Gynecologists 

Practice Bulletin Number 168 “Cervical Cancer Screening 
and Prevention,” October 2016

• The American College of Obstetricians and Gynecologists 
Practice Bulletin Number 140, “Management of Abnormal 
Cervical Cancer Screening Test Results and Cervical 
Cancer Precursors,” December 2013

• UpToDate “Human papillomavirus infections: Epidemiology 
and disease associations” accessed 1/22/2018.

• UpToDate “Human papillomavirus testing of the cervix: 
Management of abnormal results” accessed 1/22/2018.

• CDC website.
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Questions??


