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Learning objectives

• Understand Human papilloma virus and human disease

• Understand HPV infection and malignant transformation 

• Become familiar with Factors contributing to disparities in cervical 

cancer outcomes

• Recognize opportunities to improve cervical cancer screening



The HPV Story

• For over 350 Million years, Papilloma Viruses have co-existed 
and co-evolved with their hosts.

• More than 240 distinct papillomavirus types have been 
classified into 37 genera---considered as one of the most 
successful families of vertebrate viruses.

• The human papillomaviruses (types found in humans) fall into 
five genera– most commonly the Alpha-, Beta- and Gamma-
papillomavirus.

• HPV types from the Alpha-papillomavirus genus are often 
classified as low-risk cutaneous; low-risk mucosal; or high-risk 
according to their association with the development of cancer. 

Van Doorslaer, K. Evolution of the papillomaviridae. Virology 2013, 445, 11–20



HPV 
GENOTYPES

Doorbar, J.; Quint, W.; Banks, L.; Bravo, I.G.; Stoler, M.; Broker, T.R.; Stanley, M.A. The biology and life-cycle of human papillomaviruses. Vaccine 2012, 30, F55–F70.

• The Alpha- 9 species 
concentrate most of the known 
carcinogenic types.

• Includes HPV types 16, 31, 35, 
33, 52, 58 and 67. 

• The evolutionary tree of 
papillomaviruses is based on 
alignment of the E1, E2, L1, and 
L2 genes.



HPV 
GENOTYPES

• Genus Alpha-papillomavirus, have evolved an 
array of sophisticated immune evasion 
strategies.

• The genotypes have different tissue tropism 
and carcinogenic potency. 

• The genotype-specific association with 
dysplasia and more specifically with neoplasia 

• provides the basis for DNA testing in cervical 
screening.

• the introduction of HPV 16/18 vaccines to protect 
against cervical cancer. 



HPV VACCINE 
• Early vaccines Cervarix 2vHPV (HPV-16, -18) 

vaccine and Gardasil 4vHPV (HPV-6, -11, -16, 
-18) vaccine discontinued since 2016

• HPV-16 and HPV-18 together cause ∼70% of 
cervical cancers. 

• Infection with low-risk HPV-6 and HPV-11 
cause ∼90% of non-oncogenic anogenital 
warts.

• Gardisil 9-Valent (HPV- 16, 18, 31, 33, 45, 
52, 58, 6, 11)





HPV co-factors
• Oral contraceptive use
• Other hormonal influences
• Parity
• Other STIs
• Smoking
• Nutrition
• Host genetics : polymorphisms in HLA and 

other genes
• Viral genetics : genotype, molecular 

variants

Franco et al., Vaccine 2005



HPV Induced Malignant Transformation

• Human papillomavirus is thought to access the basal cells through micro-
abrasions in the cervical epithelium. 

• Low-grade intraepithelial lesions support productive viral replication. An 
unknown number of high-risk HPV infections progress to high-grade 
cervical intraepithelial neoplasia (HGCIN). 

• Progression to invasive cancer  associated with the integration of the HPV 
genome into the host chromosomes, 

• Loss or disruption of E2, and subsequent upregulation of E6 and E7
oncogene expression.



HPV genes & corresponding functions

http://microbewiki.kenyon.edu/images/4/48/Table1.jpg


Doorbar, J.; Quint, W.; Banks, L.; Bravo, I.G.; Stoler, M.; Broker, T.R.; Stanley, M.A. The biology and life-cycle of human papillomaviruses. Vaccine 2012, 30, F55–F70.

Gene Function and Corresponding Function 



HPV Infection & Replication

1. Infection- early HPV genes are 
expressed

2. Viral DNA replicates from episomal 
DNA. 

3. In the upper layers of epithelium the 
viral genome is replicated further

4. Late genes L1 and L2, and E4 are 
expressed. 

5. L1 and L2 encapsulate the viral 
genomes to form progeny virions in 
the nucleus. 

6. The shed virus can then initiate a 
new infection.



Site of Infection

• HPV can only infect parabasal or basal 
cells

• Undifferentiated stem cells of the 
epidermis--most commonly in the 
transformation zone of the cervix.

• This area becomes more accessible 
during:

• Puberty, 
• Pregnancy
• Oral contraceptive –current use



Cervical Dysplasia Definitions

• Dysplasia
• Premalignant changes of the cervical 

epithelium
• Mild, moderate, severe
• Carcinoma In Situ

• Most advanced premalignant change

• Cervical Intraepithelial Neoplasia
• Same histologic features are used
• CIN I, II, III

• Bethesda System
• LGSIL (mild dysplasia)
• HGSIL (moderate and severe dysplasia



Cervical Dysplasia Progression

Degree of 
Dysplasia

Regression Persistence Progression

Mild 62% 22-24% 13-16%

Moderate 33-54% 16-49% 18-30%

Severe 19% 48% 33%



Management of 
LGSIL and HGSIL

Colposcopy

• Binocular, Low power microscope

• 3% Acetic Acid with green filter

• Visualize cervix, vagina, vulva

• Satisfactory vs. Unsatisfactory
• Visualization of entire 

transformation zone
• Visualization of complete lesion

• Directed Tissue Biopsies



Management of LGSIL
CIN I

A. Satisfactory, Lesion visualized
• Most CIN I will spontaneously regress
• Pap at 6 and 12 months
• HPV testing at 12 months

B. Satisfactory, No lesion identified
• Endocervical Curettage (ECC)

• Negative  HPV testing or Pap at 6 & 12 months

Mild dysplasia prior to acetic acid

Mild dysplasia after acetic acid



Management 
of HGSIL

• 70-75% have biopsy-confirmed CIN 2 
or 3

• 1-2% have invasive cervical cancer

• Satisfactory Colposcopy
• Biopsies → excision or 

cryotherapy

• Unsatisfactory Colposcopy or No 
lesion identified → diagnostic 
excisional procedure



Treatment of Cervical Cancer

• Small Excision (cone biopsy, LEEP)

• Hysterectomy (+/ - wider margins)

• Radiation therapy with chem

• Combination chemotherapy

• Antiangiogenesis / VEGF inhibitors

• Immunotherapy on the rise



2020 U.S. Cancer Statistics

https://acsjournals.onlinelibrary.wiley.com/doi/full/10.3322/caac.21590

• Ten Leading Cancer Types 

• Estimated New Cancer Cases 

• Estimated Deaths

• Stratified by Sex

• Cervical cancer is NOT a top ten 



2017 U.S. Cancer Deaths by Age and Sex

• Cervical cancer 2nd in  20 -39 group
(n= 1,063 in 2017)

• Reproductive age *

• Major impact on families:
• Family income
• Care of small children
• Community impact

https://acsjournals.onlinelibrary.wiley.com/doi/full/10.3322/caac.21590



Cancer Incidence by state – Cervical Cancer

• Incidence vary widely by 2- to 3- fold between states. 

• Florida among top 10 for incident cervix cancer 2020 Report.

• Unequal uptake in HPV vaccination is one known factors.

• State/territory differences in initiatives to improve health, including 
Medicaid expansion contribute to further geographic disparities.



National Center for Immunization and Respiratory Diseases last reviewed Jul 22, 2019

https://www.cdc.gov/ncird/index.html


State 
Action
• Executive branch or legislature

• HPV vaccination for school attendance

• Free vaccinations  of girls < 18 years 
old





2020 U.S. 
Statistics by Race 

• Disparities exists for most 
cancers

• Prominant in cervical cancer

• Across all stages 

• Total
• White
• Black

https://acsjournals.onlinelibrary.wiley.com/doi/full/10.3322/caac.21590



Cancer Disparities

Cancer health disparities are differences between groups in cancer measures such as:

•incidence (new cases)
•prevalence (all existing cases)
•mortality (deaths)
•survival (how long people survive after diagnosis)
•morbidity (cancer-related health complications)
•survivorship (including quality of life after cancer treatment)
•financial burden of cancer or related health conditions
•screening rates
•stage at diagnosis

https://www.cancer.gov/about-cancer/managing-care/track-care-costs/financial-toxicity-pdq


Cervical Cancer Mortality – Marker of Disparities 

• Negative economic and living conditions
• Lack of transportation infrastructure
• Education / information deficits
• Cultural factors
• Health services infrastructure and Organizational problems 
• Language barriers

https://www.cancer.gov/about-nci/organization/crchd/about-health-disparities/resources/excess-cervical-cancer-mortality.pdf



Cervical Cancer Mortality – Marker of Disparities 

• Risk of cervical cancer is strongly related to other vulnerabilities.
• characterized by geographic locale, race/ethnicity/immigration status, 

age, educational attainment.
• Cervical cancer and other health disparities are likely to worsen unless 

the safety-net goal is ensured.
• Focusing on working poor, underserved, and underinsured. 
• Proposals to give states greater latitude in designing their Medicaid 

programs is one strategy.



FUTURE DIRECTION

• Self collection HPV test 
• Urine
• Cervical swab

• Geospatial mapping of high-risk groups

• Government funding of HPV vaccination 
• State action (RI, VA, DC, PR 4-2020)



Screening the under-
screened 
• Government-supported self-sampling programs have the 

potential increase the success of screening for cervical cancer.

• Based on Published studies it is plausible that cytology tests 
might eventually be limited to women with positive test results 
for high-risk HPV

• HPV self-sampling might become the primary method of screening 
for cervical cancer if accuracy and sensitivity are optimized

• Additional studies are ongoing

Soisson AP, et al Self-test device for cytology and HPV testing in rural Appalachian women: an evaluation. J Reprod Med 2008;53(6):441-8.

Montealegre JR, et al. Feasibility of cervical cancer screening utilizing self-sample human papillomavirus testing among Mexican immigrant women in Harris County, Texas: a pilot study. J Immigr Minor Health 2015;17(3):704-12



HPV VACCINATION

• 2 dose (inoculation) schedule for girls 15 years and younger

• Enhanced immunogenicity in preteens and adolescents (9-14 yrs old)

• Ages 15 -45 receive 2-3 doses depending on immunization history 

• Based on efficacy study of 3200 women ages 27 -45 :
• 88% effective in combined endpoint of preventing persistent infection, genital 

warts, cervical -, vulvar -, vaginal - dysplasia 

Immunogenicity and tolerability of broad-spectrum hum papillomavirus vaccine in adult and young adult women. Clinicaltrials.gov.2018 March 13.



Effective Strategy for Cervical Cancer Prevention

Most cervical cancers occur among unscreened or underscreened 
women.

• HPV Vaccination during adolescence 
• Screening to detect HPV infections with HPV testing during 

adulthood. 
• Ensuring adequate screening around the age of menopause may be 

the key to preventing cervical cancer among elderly women. 
• Continuously evaluating Innovative, government subsidized strategies



THANK YOU 
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