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I: Ocular Surface Squamous Neoplasia

Ocular surface squamous neoplasia (OSSN) includes a range of disease from mild dysplasia
to carcinoma in situ and invasive squamous cell carcinoma. Affected sites include the
conjunctiva, limbus, and cornea. Terminology varies and designations of invasive, pre-
invasive and benign OSSN have been proposed.! Clinically, OSSN may present as an
elevated mass or irritation with blood vessel tufts.! The appearance may be gelatinous,

papillomatous or leukoplakic.12 Location is most frequently the interpalpebral nasal limbus.
3,4

Epidemiology
The incidence of OSSN varies by geographic region. A 2013 meta-analysis determined the
incidence of squamous cell carcinoma of the conjunctiva and cornea using data from the
International Agency for Research on Cancer. Despite limitations to the surveillance data,
the authors estimated the global age-standardized incidence of ocular squamous cell
carcinoma of 0.18 cases per year per 100,000 males, and 0.08 cases per year per 100,000
females. However, in Africa, the annual incidence was far greater, estimated to be 1.38 cases
per 100,000 males and 1.18 cases/100,000 females. After Africa, incidence was greatest in
Central and South America, followed by Oceania, North America, Asia, and lowest in
Europe, with 0.05 and 0.01 cases per year per 100,000 males and females respectively.® In a
retrospective study of veterans in Florida, the prevalence of OSSN was 0.1%.5 Ethnicity may
play a role as well, as a study in the United States identified Hispanic race as a risk factor
but did not control for secondary factors such as geographic location or occupational sun
exposure.’

Risk factors for OSSN include ultraviolet (UV) radiation exposure; immunocompromising
conditions, in particular human immunodeficiency virus (HIV) infection; and HPV
infection. The role of HPV will be discussed later. Presence of pterygium has also been
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associated with OSSN.® Some studies have shown associations of OSSN with sun exposure.
8 In a case-control study of 318 cases of ocular surface carcinoma in situ and squamous cell
carcinoma in Uganda, direct sun exposure of two hours or greater per day was a statistically
significant risk factor.® An Australian case control study found a strong association between
skin cancer diagnosed before age 50 and development of OSSN.10 Other statistically
significant risk factors included a history of solar keratoses, significant sun exposure as a
young child (measured as spending >50% of time outdoors prior to age 6), and proximity to
the equator (measured as cumulative time spent within 30 degrees of the equator).10.11

Because HIV infection and acquired immunodeficiency syndrome (AIDS) have been
associated with increased incidence of both AIDS-defining cancers and other malignancies,
12,13 HIV has been extensively studied as a risk factor for the development of OSSN. HIV
infection has been associated with increased incidence of OSSN in multiple studies.
12,14-1718-22 H|\/infected individuals develop OSSN at a younger age and present at a more
advanced stage compared to those without HIV.23-25 The incidence of OSSN in HIV positive
individuals correlates inversely with CD4+ T cell count, leading some investigators to
hypothesize that antiretroviral therapy may decrease the risk of OSSN.26 The role of
immunologic dysfunction in the development of OSSN in supported by the observation that
immunosuppression due to organ transplantation also increases the risk of OSSN.27

Classification

OSSN is classified as benign, pre-invasive and invasive. The benign category includes
papillomas, benign hereditary intraepithelial dyskeratosis and pseudoepitheliomatous
hyperplasia. Neoplastic lesions that remain intraepithelial are defined as pre-invasive. There
are three grades of pre-invasive OSSN. Grades I, Il and 111 dysplasia correspond to
dysplastic cells located in the outer, outer and middle, and entire epithelial layer,
respectively. Grade 1l pre-invasive OSSN is synonymous with carcinoma in situ. Invasive
OSSN is characterized by dysplastic cells extending beyond the epithelium past Bowman's
layer and into the stroma.l

Pathogenesis

The pathogenesis of OSSN is an area of active inquiry, as a better understanding of the
mechanism of disease may lead to improved methods of prevention and treatment. Proposed
theories of carcinogenesis include dysregulation of limbal stem cells and alterations in
transcription factor activation due to phosphorylation of receptor sites for cytokines and
growth factors.28 Ultraviolet light, specifically UVB radiation (290-320 nm wavelength),
may damage DNA by forming dimers through crosslinking, resulting in disruption of DNA
polymerase function.2® Furthermore, ultraviolet radiation exposure may contribute to
reactivation of HPV infection.

Mutation of p53, with resultant dysregulation of tumor suppression, has been identified in a
portion of OSSN cases.30 HPV may contribute to OSSN pathogenesis is through the
formation of a protein complex between the HPV E6 protein and the host p53 protein
product, which results in inhibition of the p53 tumor suppressor action.3!

Int Ophthalmol Clin. Author manuscript; available in PMC 2018 August 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Carroll et al.

Treatment

Page 3

UV radiation induces mutagenesis through base dimer formation,2® and may induce
transcription of HPV proteins E6 and E7. In cells that harbor latent HPV infection these
proteins may lead to formation of potentially premalignant papillomas.32

Surgery has historically been the mainstay of treatment. In a case series of 397 cases of
corneal or conjunctival squamous cell carcinoma (SCC) or conjunctival intraepithelial
neoplasia (CIN) in Uganda, a standardized surgical excision with 3mm margins or excision
to the limbus of conjunctival lesions and shallow keratectomy or epithelial sharp dissection
for lesions involving the cornea resulted in a recurrence rate of 3.2% over a median 32-
month follow-up period.3 Other reported rates of recurrence have been significantly higher,
with 5% recurrence with margins clear of tumor and 53% recurrence with dysplastic or
tumor cells present at the surgical margin.2 Cryotherapy has been employed simultaneously
with surgery.33

In addition, topical chemotherapy has also been used, both for debulking prior to surgical
excision34 and as an adjuvant to surgery. In a case series of thirteen immunocompromised
patients with ocular squamous cell carcinoma, interferon alpha-2b and mitomycin C were
used in combination with surgery. The patients in this study who received interferon
alpha-2b and surgical excision did well with no recurrence of tumor.24 However, only five
patients received this treatment and follow-up was limited to a mean of ten months.

Nonsurgical therapy of OSSN with interferon alpha-2b has shown promise with a recent
study demonstrating no statistical difference in recurrence rates between patients treated
with interferon therapy and surgical excision.33 The rate of tumor resolution through
treatment of carcinoma in situ with interferon alpha-2b has been as high as 92%.3°
Interferon alpha-2b is a chemotherapeutic agent with uses in other cancer treatment
regimens such as renal cell carcinoma.33 Interferon alpha-2b has been applied via topical
eye drops, subconjunctival injection, or both.33 Potential benefits of topical therapy include
avoidance of surgery and a theoretical decrease in the risk of symblepharon formation.
However, no symblepharon formation occurred in either surgical or medical intervention
groups in a 2014 case review comparing surgical and medical therapy.33 Side effects of
discomfort, conjunctivitis and irritation, and corneal epithelial defects have been reported.33
The presence of HPV did not affect the rate of treatment failure of interferon alpha-2b in
OSSN.36

No high-quality clinical trials of OSSN treatment in HIV-infected patients have been
performed, therefore more research is needed to determine efficacy.3’

Outcomes of OSSN

With therapy, the prognosis for OSSN is good. The rate of metastasis is <2%, with a 5%
local recurrence rate.38 Untreated OSSN can result in extension into the globe, orbit, or
distant metastasis.2> Management of larger tumors includes enucleation, for tumors
extending into the eye, and exenteration, for those invading the orbit.2® In a case-control
study of 200 patients, the tumor was more likely to present as Stage IV (defined as invasion
of the orbit) or to recur in patients with HIV than in immunocompetent patients.2 In
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immunocompromised patients, death has been reported as a result of aggressive recurrence
with squamous cell carcinoma invasion of the brain.38 For patients with HIV, antiretroviral
therapy is likely to be beneficial, as evidenced by a case report of a patient with biopsy-
proven squamous cell carcinoma of the conjunctiva with orbital invasion in whom total
regression and resolution of the tumor occurred following antiretroviral therapy alone.3°

II. Human Papillomaviruses

As noted above, HPV has been implicated in the pathogenesis of OSSN. Papillomaviruses
cause infection in a wide range of vertebrate species, but they are species-specific.
Papillomaviruses are nonenveloped, with an icosahedral capsid enclosing a double-stranded
DNA genome.*0 HPVs are typed based on genotypic homology of the genome segment
encoding the major capsid protein. There are at least 184 known HPV types.*!

Common benign manifestations of HPVs include common warts, anogenital warts, recurrent
respiratory papillomatosis, and oral squamous cell papillomas. HPV types can be grouped
by propensity to cause infection at either cutaneous (e.g., common warts) or mucosal sites
(e.g., anogenital warts). Mucosal types can be further divided into those associated with high
or low risk of malignant transformation. The prototypical HPV-associated malignancy is
cervical carcinoma;*2 HPV types 16 and 18 account for 71% of invasive cervical cancer
lesions worldwide.*3 Additional high-risk HPV types include 31, 33, 35, 39, 45, 51, 52, 56,
58, 59, 66, 67, 68, 73, and 82.41

The causal link between HPV and cervical carcinoma was established via several lines of
evidence. Cervical carcinoma was observed to be less common in Catholic nuns;**
conversely, a positive association has been noted between number of lifetime sexual partners
and risk of cervical cancer.*> These and similar observations suggested a sexually
transmitted risk factor for cervical cancer. In one meta-analysis, infection with high-risk
HPV types was associated with a relative risk for cervical squamous cell carcinoma of 189
(95% confidence interval: 133-267).4° The magnitude of this risk far exceeds other putative
risk factors. Prospective studies have found that persistent infection with high-risk HPV
types is the primary risk factor for the development of cervical intraepithelial neoplasia.*
Finally, receipt of HPV vaccination has been associated with a decreased risk of cervical
cellular atypia and cervical intraepithelial neoplasia.*’

In addition to epidemiologic studies, the biology of high-risk HPV types supports their
oncogenic potential. The viral proteins E6 and E7 act cooperatively by numerous
mechanisms to promote integration of foreign DNA into the cellular genome and
immortalize human cells, and these proteins are consistently expressed in lesions.*8
Furthermore, xenografts of human foreskin infected with HPV type 16 develop
intraepithelial neoplasia in severe combined immunodeficiency mice.4°

Taken together, these data strongly suggest a causal role of high-risk HPV types in cervical
cancer. In addition, oncogenic HPV types have been convincingly implicated in
oropharyngeal,®® anal,51:52 vulvar,>2 vaginal,>2 and penile cancers.>3 Relationships between
HPV and esophageal squamous cell carcinoma,® sinonasal carcinoma,®® lung cancer,>® and
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breast cancer,>’+>8 have been posited, but the role of HPV remains controversial. The
putative role of HPV in the pathogenesis of ocular squamous surface neoplasia is discussed
below.

I1l: Role of HPV in OSSN

The mechanism by which HPV infection may lead to the development of dysplasia and
carcinoma is under investigation. HPV is present in some cases of OSSN, but not all, and is
likewise present in a portion of normal tissue biopsies in many studies. HPV is not necessary
or sufficient to cause OSSN, but may contribute to tumorigenesis.

A 2013 meta-analysis demonstrated that the relative risk of OSSN is increased with the
presence of HIV and cutaneous HPV subtypes. Of sixteen studies identified that address
mucosal HPV and OSSN, only five studies addressed both cutaneous and mucosal HPV
subtypes in association with OSSN. In those five studies, there was no significant risk
associated with mucosal HPV subtype infection and OSSN.16

A meta-analysis of the prevalence of HPV in pterygia and OSSN estimated prevalence of
18.6% in pterygia and 33.8% in OSSN. % This review was limited by the variation in
methodology across the studies, the lack of controls in some studies, and the inconsistent
definition of the study population. Among these reports, HPV prevalence ranged from 0 to
100% for both pterygia and OSSN, suggesting a high risk of bias within the source
literature.>® A table summarizing the original literature, which consists of case-control
studies and case series, is shown in Table I.

Of the thirty-four studies reviewed, HPV was detected in at least one case of OSSN in 27
studies (79%). Comparison across studies is limited due to differences in viral detection
methods, which likely results in highly variable sensitivity. Methods of detection of HPV
included polymerase chain reaction (PCR) with various primers specific for broad reading
frames present in all strains of HPV, or with primers specific to fewer HPV strains, or
immunohistochemistry with enzyme-linked immunosorbent assay (ELISA). The tissue
tested was frequently paraffin embedded or frozen, although one study employed
conjunctival swabs of living tissue. Positive and negative controls were variably employed in
these studies.

IV. Vaccination for Human Papillomaviruses

In 1992, Kirnbauer et al. discovered that the major capsid protein of HPV, L1, assembled
itself into a particle closely resembling the intact virion and that this virus-like particle
(VLP) induced neutralizing antibody responses in rabbits.%° After these findings were
confirmed in other mammals, a human study found that HPV-11 VLP induced high specific
antibody titers in women, and the sera of women with high-titer responses neutralized
HPV-11.91 A Phase Il trial of HPV-16 VVLP confirmed immunogenicity and safety with and
without an adjuvant.92 This was followed by a randomized controlled trial demonstrating
100 percent efficacy by vaccination with HPV-16 VLP in preventing persistent HPV-16
infection.93
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Subsequent clinical trials demonstrated the efficacy of a bivalent vaccine containing HPV
types 16 and 18%* and a quadrivalent vaccine containing HPV types 6, 11, 16, and 18.9° The
quadrivalent vaccine, developed by Merck and marketed as Gardasil, was approved by the
Food and Drug Administration (FDA) in 2006 for use in females between 9 and 26 years of
age.% The bivalent vaccine, developed by GlaxoSmithKline and marketed as Cervarix, was
approved by the FDA in 2009 for use in females aged 10 through 25 years of age.%’
Cervarix) for use in females and updated HPV vaccination recommendations from the
Advisory Committee on Immunization Practices (ACIP) Both vaccines are administered on
a three-dose schedule, with the second dose given 1-2 months after the first and the third
dose given 6 months after the first. The Advisory Committee on Immunization Practices
(ACIP) of the Centers for Disease Control and Prevention (CDC) recommended vaccination
of girls aged 11 or 12 years with catch-up vaccination recommended up to age 26; no
preference was expressed for either product.%7

A randomized trial of boys and men between 16 and 26 years of age demonstrated efficacy
of quadrivalent vaccine in the prevention of genital infection with HPV types 6, 11, 16, and
18.98 In 2009, quadrivalent HPV vaccine was licensed by the FDA for use in males. The
ACIP subsequently recommended routine vaccination of males aged 11 or 12 years with
catch-up vaccination recommended between ages 13 and 21 and an option between ages 22
and 26.%9

A 9-valent HPV vaccine, adding types 31, 33, 45, 52, and 58 to the quadrivalent vaccine,
was demonstrated to have efficacy of 96.7% in protecting against the newly added types and
generated antibody responses equivalent to those generated by quadrivalent vaccine against
types 6, 11, 16, and 18.190 The 9-valent vaccine, developed by Merck and marketed as
Gardasil 9, was approved by the FDA in 2014.101 The ACIP recommended routine
vaccination of both males and females at age 11 or 12 years and catch-up vaccination of
females through age 26 years and males through age 21 years. Females can be vaccinated
with either of the three available vaccines, while it is recommended that males receive either
quadrivalent or 9-valent vaccine. In addition, it is recommended that immunocompromised
persons and men who have sex with men receive either quadrivalent or 9-valent vaccine up
through age 26 years.101

All three approved HPV vaccines are generally safe. Injection-site pain, redness, and
swelling are common for all three vaccines, as are low-grade fever and headache.96:97.101
Syncope following vaccination has been described for the bivalent and quadrivalent
vaccines.97:192 No other adverse events have been reported to occur at rates above the
expected baseline.102:103

Follow-up studies of bivalent HPV vaccine and of quadrivalent HPV vaccine have
demonstrated persistent seropositivity and vaccine effectiveness after 9 years194 and 8 years,
105 respectively. Further inquiries into the duration of protection are ongoing.

Several ecological studies of the public-health effect of HPV vaccination programs have
been conducted. National studies have demonstrated declines in detection of targeted HPV
vaccine strains from cervical samples%6:107 and in diagnosis of HPV-related benign genital
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lesions.108-110 An ecological study in Australia found that, during the three years following
introduction of quadrivalent HPV vaccination, the incidence of high-grade cervical
abnormalities declined in females less than 18 years of age but not in older females.111

In addition to these ecological studies, receipt of HPV vaccination has also been linked to
decreased risk of cervical dysplasia.4”112113 A systematic evidence review concluded that
the incidence of infections due to vaccine-strain HPV, incidence of anogenital warts, and
incidence of cervical dysplasia were declining and that the decline was likely due to HPV
vaccination programs.114 No evidence is yet available about the effect of HPV vaccination
on the incidence of cervical cancer or other HPV-related cancers.

V: Potential Role of HPV vaccine in OSSN

The commercially available HPV vaccines discussed above provide protection against many
of the HPV strains associated with OSSN. Although not all associated strains are targeted by
the vaccines, a degree of cross-protection against HPV strains not specifically targeted by
the available vaccines has been demonstrated with the bivalent vaccine for subtypes 31, 33,
45, and 51.115-117 The quadrivalent vaccine has also shown cross-protection for HPV
subtypes 31, 33, and 45,116.117 however, the bivalent vaccine has shown higher cross-
protective efficacy for HPV-31 and HPV-45 117

Of the strains of HPV covered by the 9-valent vaccine, eight of the nine strains have been
associated with OSSN. HPV-58 is the only vaccine strain not associated with OSSN.
Additional strains of HPV identified in association with OSSN, but not targeted by the HPV
vaccine include HPV-1, 5, 8, 12, 14, 17, 19, 23, 24, 35, 36, 37, 38, 44, 51, 66, 80, 100,
RTRX7, DL-473, PPHLIFRC, and CJ198. Not all of these strains have been shown to be
oncogenic, as such their presence may or may not contribute to the pathogenesis of OSSN.
Additionally, the degree of cross-protection from immunization against these strains, if
present, is unknown.

Efficacy of HPV vaccines is highest when immunization occurs prior to viral exposure, thus
prior to sexual debut.}1> The U.S. Food and Drug Administration (FDA) approved HPV
vaccinations for prevention of cancers of non-ocular organs discussed previously, what affect
vaccination against the virus has on OSSN is unknown at this time. The association between
HPV infection and OSSN has been repeatedly demonstrated, particularly with HPV 16, and
many HPV strains identified in OSSN are targeted by the HPV 9-valent vaccine. Since the
population that develops OSSN is considerably older than the currently vaccinated
population and because the vaccine is relatively new, our knowledge of the potential effect
of HPV on OSSN is limited. As the population of vaccinated persons continues to grow and
age, the epidemiology of ocular surface disease may or may not respond.

VI: Conclusions

The role of HPV in the pathogenesis of OSSN has been debated for decades. The available
literature, summarized above and in Table 1, suggests that HPV likely plays a role in a
subset of OSSN cases. While there is a clear association between HPV and OSSN, with
several suggested mechanisms by which the virus can initiate the cascade of tumorigenesis,
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infection does not appear to be required for the development of OSSN. As carcinogenesis
could conceivably result in the reactivation of latent virus, causation must be determined.
The proportion of OSSN cases in which HPV plays a role is ill-defined. Even less is known
about the natural history of ocular HPV infection. Studies of cervical HPV infection clearly
established prolonged infection with an oncogenic genotype as the primary risk factor for
cervical cancer. Analogous studies of HPV infection of the ocular surface have not been
performed. It is clear that, to prevent cervical cancer due to a particular HPV genotype,
vaccination against that type must occur prior to acquisition via sexual transmission. The
timing and mechanism of ocular acquisition of HPV is not known. It does, however, seem
unlikely that acquisition of most oncogenic genotypes, which are largely tropic to the
genitourinary tract, would occur prior to the onset of sexual activity.

Therefore, it is possible that widespread vaccination against HPV may prevent future cases
of OSSN. However, it is not known that HPV vaccination will precede ocular HPV
acquisition, and the proportion of OSSN attributable to HPV is unknown. Given the rarity of
the disease in immunocompetent individuals in the industrialized world, any potential
benefit is perhaps most likely to be seen in the developing world and in
immunocompromised patients. Before the effect of HPV vaccination campaigns on the
incidence of OSSN can be estimated, the natural history of ocular HPV infection and the
relationship between HPV and OSSN must be more clearly defined. Inversely, a decline in
the incidence of OSSN in highly HPV-vaccinated populations, adjusted for changing
epidemiology of immunocompromising conditions and availability of effective treatment for
HIV, would strongly support the assertion that HPV has a causal role in OSSN, though such
an effect is not likely to be seen for decades.

Acknowledgments

Funding

The department of ophthalmology at Vanderbilt University Medical School is supported by an unrestricted grant
from Research to Prevent Blindness. Dr. Willis was supported by an NIH training grant, T32 Al1095202.

References

1. Basti S, Macsai MS. Ocular surface squamous neoplasia: a review. Cornea. 2003; 22(7):687-704.
[PubMed: 14508267]

2. Erie JC, Campbell RJ, Liesegang TJ. Conjunctival and corneal intraepithelial and invasive neoplasia.
Ophthalmology. 1986; 93(2):176-183. [PubMed: 3951824]

3. Waddell KM, Downing RG, Lucas SB, Newton R. Corneo-conjunctival carcinoma in Uganda. Eye
(Lond). 2006; 20(8):893-899. [PubMed: 16456599]

4. Gichuhi S, Ohnuma S, Sagoo MS, Burton MJ. Pathophysiology of ocular surface squamous
neoplasia. Exp Eye Res. 2014; 129:172-182. [PubMed: 25447808]

5. Gichuhi S, Sagoo MS, Weiss HA, Burton MJ. Epidemiology of ocular surface squamous neoplasia
in Africa. Trop Med Int Health. 2013; 18(12):1424-1443. [PubMed: 24237784]

6. McClellan AJ, McClellan AL, Pezon CF, Karp CL, Feuer W, Galor A. Epidemiology of Ocular
Surface Squamous Neoplasia in a Veterans Affairs Population. Cornea. 2013; 32(10):1354-1358.
[PubMed: 23974890]

7. Guech-Ongey M, Engels EA, Goedert JJ, Biggar RJ, Mbulaiteye SM. Elevated risk for squamous
cell carcinoma of the conjunctiva among adults with AIDS in the United States. Int J Cancer. 2008;
122(11):2590-2593. [PubMed: 18224690]

Int Ophthalmol Clin. Author manuscript; available in PMC 2018 August 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Carroll et al.

Page 9

8. Ateenyi-Agaba C, Weiderpass E, Smet A, et al. Epidermodysplasia verruciformis human

papillomavirus types and carcinoma of the conjunctiva. Br J Cancer. 2004; 90(9):1777-1779.
[PubMed: 15150602]

9. Waddell K, Kwehangana J, Johnston WT, Lucas S, Newton R. A case-control study of ocular

surface squamous neoplasia (OSSN) in Uganda. Int J Cancer. 2010; 127(2):427-432. [PubMed:
19908234]

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Lee GA, Williams G, Hirst LW, Green AC. Risk factors in the development of ocular surface
epithelial dysplasia. Ophthalmology. 1994; 101(2):360-364. [PubMed: 8115157]

Kiire CA, Dhillon B. The aetiology and associations of conjunctival intraepithelial neoplasia. BrJ
Ophthalmol. 2006; 90(1):109-113. [PubMed: 16361679]

Mbulaiteye SM, Katabira ET, Wabinga H, et al. Spectrum of cancers among HIV-infected persons
in Africa: the Uganda AIDS-Cancer Registry Match Study. Int J Cancer. 2006; 118(4):985-990.
[PubMed: 16106415]

Wabinga HR, Parkin DM, Wabwire-Mangen F, Nambooze S. Trends in cancer incidence in
Kyadondo County, Uganda, 1960-1997. Br J Cancer. 2000; 82(9):1585-1592. [PubMed:
10789729]

Ateenyia-Agaba C. Conjunctival squamous-cell carcinoma associated with HIV infection in
Kampala, Uganda. Lancet. 1995; 345:695-696. [PubMed: 7885126]

Ateenyi-Agaba C, Franceschi S, Wabwire-Mangen F, et al. Human papillomavirus infection and
squamous cell carcinoma of the conjunctiva. Br J Cancer. 2010; 102(2):262-267. [PubMed:
19997105]

Carreira H, Coutinho F, Carrilho C, Lunet N. HIV and HPV infections and ocular surface
squamous neoplasia: systematic review and meta-analysis. Br J Cancer. 2013; 109(7):1981-1988.
[PubMed: 24030075]

Kestelyn P, Stevens AM, Ndayambaje A, Hanssens M, van de Perre P. HIV and conjunctival
malignancies. Lancet. 1990; 336(8706):51-52.

Newton R. A review of the aetiology of squamous cell carcinoma of the conjunctiva. Br J Cancer.
1996; 74(10):1511-1513. [PubMed: 8932327]

Newton R, Ziegler J, Ateenyi-Agaba C, et al. The epidemiology of conjunctival squamous cell
carcinoma in Uganda. Br J Cancer. 2002; 87(3):301-308. [PubMed: 12177799]

Porges Y, Groisman GM. Prevalence of HIV with conjunctival squamous cell neoplasia in an
African provincial hospital. Cornea. 2003; 22(1):1-4. [PubMed: 12502938]

Waddell KM, Newton R. The aetiology and associations of conjunctival intraepithelial neoplasia:
further evidence. Br J Ophthalmol. 2007; 91(1):120-121. [PubMed: 17179130]

Newton R, Grulich A, Beral V, et al. Cancer and HIV infection in Rwanda. Lancet. 1995;
345(8961):1378-1379.

Kabra RC, Khaitan I1A. Comparative Analysis of Clinical Factors Associated with Ocular Surface
Squamous Neoplasia in HIV Infected and Non HIV Patients. J Clin Diagn Res. 2015; 9(5):NC01-
03.

Shields CL, Ramasubramanian A, Mellen PL, Shields JA. Conjunctival squamous cell carcinoma
arising in immunosuppressed patients (organ transplant, human immunodeficiency virus
infection). Ophthalmology. 2011; 118(11):2133-2137¢2131. [PubMed: 21762990]

Kamal S, Kaliki S, Mishra DK, Batra J, Naik MN. Ocular Surface Squamous Neoplasia in 200
Patients: A Case-Control Study of Immunosuppression Resulting from Human Immunodeficiency
Virus versus Immunocompetency. Ophthalmology. 2015; 122(8):1688-1694. [PubMed: 26050538]
Bekele S, Gelaw Y, Tessema F. Ocular manifestation of HIV/AIDS and correlation with CD4+
cells count among adult HIV/AIDS patients in Jimma town, Ethiopia: a cross sectional study.
BMC Ophthalmol. 2013; 13:20. [PubMed: 23710936]

Grulich AE, van Leeuwen MT, Falster MO, Vajdic CM. Incidence of cancers in people with HIV/
AIDS compared with immunosuppressed transplant recipients: a meta-analysis. Lancet. 2007;
370(9581):59-67. [PubMed: 17617273]

Ng J, Coroneo MT, Wakefield D, Di Girolamo N. Ultraviolet radiation and the role of matrix
metalloproteinases in the pathogenesis of ocular surface squamous neoplasia. Invest Ophthalmol
Vis Sci. 2008; 49(12):5295-5306. [PubMed: 18641285]

Int Ophthalmol Clin. Author manuscript; available in PMC 2018 August 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Carroll et al.

29.

30.

31.

32.

Page 10

lkehata H, Ono T. The mechanisms of UV mutagenesis. J Radiat Res. 2011; 52(2):115-125.
[PubMed: 21436607]

Guthoff R, Marx A, Stroebel P. No evidence for a pathogenic role of human papillomavirus
infection in ocular surface squamous neoplasia in Germany. Curr Eye Res. 2009; 34(8):666—671.
[PubMed: 19899994]

Scott IU, Karp CL, Nuovo GJ. Human papillomavirus 16 and 18 expression in conjunctival
intraepithelial neoplasia. Ophthalmology. 2002; 109(3):542-547. [PubMed: 11874759]

Zhang P, Nouri M, Brandsma JL, Iftner T, Steinberg BM. Induction of E6/E7 expression in
cottontail rabbit papillomavirus latency following UV activation. Virology. 1999; 263(2):388-394.
[PubMed: 10544111]

33. Nanji AA, Moon CS, Galor A, Sein J, Oellers P, Karp CL. Surgical versus medical treatment of

ocular surface squamous neoplasia: a comparison of recurrences and complications.
Ophthalmology. 2014; 121(5):994-1000. [PubMed: 24411578]

34. Shields CL, Naseripour M, Shields JA. Topical mitomycin C for extensive, recurrent conjunctival-

corneal squamous cell carcinoma. Am J Ophthalmol. 2002; 133(5):601-606. [PubMed: 11992855]

35. Galor A, Karp CL, Chhabra S, Barnes S, Alfonso EC. Topical interferon alpha 2b eye-drops for

treatment of ocular surface squamous neoplasia: a dose comparison study. Br J Ophthalmol. 2010;
94(5):551-554. [PubMed: 19493859]

36. Galor A, Garg N, Nanji A, et al. Human Papilloma Virus Infection Does Not Predict Response to

Interferon Therapy in Ocular Surface Squamous Neoplasia. Ophthalmology. 2015

37. Gichuhi S, Irlam JH. Interventions for squamous cell carcinoma of the conjunctiva in HIV-infected

individuals. Cochrane Database Syst Rev. 2013; 2:CD005643.

38. Mittal R, Rath S, Vemuganti GK. Ocular surface squamous neoplasia - Review of etio-

pathogenesis and an update on clinico-pathological diagnosis. Saudi J Ophthalmol. 2013; 27(3):
177-186. [PubMed: 24227983]

39. Holkar S, Mudhar HS, Jain A, et al. Regression of invasive conjunctival squamous carcinoma in an

HIV-positive patient on antiretroviral therapy. Int J STD AIDS. 2005; 16(12):782-783. [PubMed:
16336757]

40. HowleyP, , SchillerJ, , LowyD. Papillomaviruses.. In: KnipeD, , HowleyP, editorsFields

VirologyLippincott Williams & Wilkins; Philadelphia, PA: 2013

41. BonnezW. Papillomaviruses. Mandell, Douglas, and Bennett's Principles and Practice of Infectious

DiseasesElsevier; 2015

42. Bosch FX, Lorincz A, Mufioz N, Meijer CJ, Shah KV. The causal relation between human

papillomavirus and cervical cancer. J Clin Pathol. 2002; 55(4):244-265. [PubMed: 11919208]

43. de Sanjose S, Quint WG, Alemany L, et al. Human papillomavirus genotype attribution in invasive

cervical cancer: a retrospective cross-sectional worldwide study. Lancet Oncol. 2010; 11(11):
1048-1056. [PubMed: 20952254]

44. Fraumeni JF, LIoyd JW, Smith EM, Wagoner JK. Cancer mortality among nuns: role of marital

status in etiology of neoplastic disease in women. J Natl Cancer Inst. 1969; 42(3):455-468.
[PubMed: 5777491]

45. Berrington de Gonzalez A, Green J, Cancer ICOESoC. Comparison of risk factors for invasive

squamous cell carcinoma and adenocarcinoma of the cervix: collaborative reanalysis of individual
data on 8,097 women with squamous cell carcinoma and 1,374 women with adenocarcinoma from
12 epidemiological studies. Int J Cancer. 2007; 120(4):885-891. [PubMed: 17131323]

46. Rachel Skinner S, Wheeler CM, Romanowski B, et al. Progression of HPV infection to detectable

cervical lesions or clearance in adult women: Analysis of the control arm of the VIVIANE study.
Int J Cancer. 2016; 138(10):2428-2438. [PubMed: 26685704]

47. Baldur-Felskov B, Dehlendorff C, Munk C, Kjaer SK. Early impact of human papillomavirus

vaccination on cervical neoplasia--nationwide follow-up of young Danish women. J Natl Cancer
Inst. 2014; 106(3):djt460. [PubMed: 24552678]

48. zur Hausen H. Papillomaviruses causing cancer: evasion from host-cell control in early events in

carcinogenesis. J Natl Cancer Inst. 2000; 92(9):690-698. [PubMed: 10793105]

Int Ophthalmol Clin. Author manuscript; available in PMC 2018 August 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Carroll et al.

49.

50.

51.

52.

53.

Page 11

Bonnez W, DaRin C, Borkhuis C, de Mesy Jensen K, Reichman RC, Rose RC. Isolation and
propagation of human papillomavirus type 16 in human xenografts implanted in the severe
combined immunodeficiency mouse. J Virol. 1998; 72(6):5256-5261. [PubMed: 9573300]
Gillison ML, Koch WM, Capone RB, et al. Evidence for a causal association between human
papillomavirus and a subset of head and neck cancers. J Natl Cancer Inst. 2000; 92(9):709-720.
[PubMed: 10793107]

Tilston P. Anal human papillomavirus and anal cancer. J Clin Pathol. 1997; 50(8):625-634.
[PubMed: 9301544]

De Vuyst H, Clifford GM, Nascimento MC, Madeleine MM, Franceschi S. Prevalence and type
distribution of human papillomavirus in carcinoma and intraepithelial neoplasia of the vulva,
vagina and anus: a meta-analysis. Int J Cancer. 2009; 124(7):1626-1636. [PubMed: 19115209]
Maden C, Sherman KJ, Beckmann AM, et al. History of circumcision, medical conditions, and
sexual activity and risk of penile cancer. J Natl Cancer Inst. 1993; 85(1):19-24. [PubMed:
8380060]

54. Antonsson A, Nancarrow DJ, Brown IS, et al. High-risk human papillomavirus in esophageal

55.

56.

squamous cell carcinoma. Cancer Epidemiol Biomarkers Prev. 2010; 19(8):2080-2087. [PubMed:
20696664]

Syrjanen K, Syrjénen S. Detection of human papillomavirus in sinonasal carcinoma: systematic
review and meta-analysis. Hum Pathol. 2013; 44(6):983-991. [PubMed: 23253489]

Koshiol J, Rotunno M, Gillison ML, et al. Assessment of human papillomavirus in lung tumor
tissue. J Natl Cancer Inst. 2011; 103(6):501-507. [PubMed: 21293027]

57. Simbes PW, Medeiros LR, Simdes Pires PD, et al. Prevalence of human papillomavirus in breast

cancer: a systematic review. Int J Gynecol Cancer. 2012; 22(3):343-347. [PubMed: 22214962]

58. Baltzell K, Buehring GC, Krishnamurthy S, Kuerer H, Shen HM, Sison JD. Limited evidence of

human papillomavirus in [corrected] breast tissue using molecular in situ methods. Cancer. 2012;
118(5):1212-1220. [PubMed: 21823105]

59. Di Girolamo N. Association of human papilloma virus with pterygia and ocular-surface squamous

neoplasia. Eye (Lond). 2012; 26(2):202-211. [PubMed: 22134594]

60. McDonnell PJ, McDonnell JM, Kessis T, Green WR, Shah KV. Detection of human papillomavirus

type 6/11 DNA in conjunctival papillomas by in situ hybridization with radioactive probes. Hum
Pathol. 1987; 18(11):1115-1119. [PubMed: 2824322]

61. McDonnell JM, Mayr AJ, Martin WJ. DNA of human papillomavirus type 16 in dysplastic and

malignant lesions of the conjunctiva and cornea. N Engl J Med. 1989; 320(22):1442-1446.
[PubMed: 2541337]

62. Lauer SA, Malter JS, Meier JR. Human papillomavirus type 18 in conjunctival intraepithelial

neoplasia. Am J Ophthalmol. 1990; 110(1):23-27. [PubMed: 2164326]

63. Odrich MG, Jakobiec FA, Lancaster WD, et al. A spectrum of bilateral squamous conjunctival

tumors associated with human papillomavirus type 16. Ophthalmology. 1991; 98(5):628-635.
[PubMed: 1648188]

64. McDonnell JM, McDonnell PJ, Sun YY. Human papillomavirus DNA in tissues and ocular surface

swabs of patients with conjunctival epithelial neoplasia. Invest Ophthalmol Vis Sci. 1992; 33(1):
184-189. [PubMed: 1309728]

65. Tuppurainen K, Raninen A, Kosunen O, et al. Squamous cell carcinoma of the conjunctiva. Failure

to demonstrate HPV DNA by in situ hybridization and polymerase chain reaction. Acta
Ophthalmol (Copenh). 1992; 70(2):248-254. [PubMed: 1319099]

66. Saegusa M, Takano Y, Hashimura M, Okayasu |, Shiga J. HPV type 16 in conjunctival and

junctional papilloma, dysplasia, and squamous cell carcinoma. J Clin Pathol. 1995; 48(12):1106-
1110. [PubMed: 8567996]

67. Lewallen S, Shroyer KR, Keyser RB, Liomba G. Aggressive conjunctival squamous cell carcinoma

in three young Africans. Arch Ophthalmol. 1996; 114(2):215-218. [PubMed: 8573029]

68. Waddell KM, Lewallen S, Lucas SB, Atenyi-Agaba C, Herrington CS, Liomba G. Carcinoma of

the conjunctiva and HIV infection in Uganda and Malawi. Br J Ophthalmol. 1996; 80(6):503-508.
[PubMed: 8759259]

Int Ophthalmol Clin. Author manuscript; available in PMC 2018 August 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Carroll et al.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

Page 12

Karcioglu ZA, 1ssa TM. Human papilloma virus in neoplastic and non-neoplastic conditions of the
external eye. Br J Ophthalmol. 1997; 81(7):595-598. [PubMed: 9290377]

Nakamura Y, Mashima Y, Kameyama K, Mukai M, Oguchi Y. Detection of human papillomavirus
infection in squamous tumours of the conjunctiva and lacrimal sac by immunohistochemistry, in
situ hybridisation, and polymerase chain reaction. Br J Ophthalmol. 1997; 81(4):308-313.
[PubMed: 9215061]

Tabrizi SN, McCurrach FE, Drewe RH, Borg AJ, Garland SM, Taylor HR. Human papillomavirus
in corneal and conjunctival carcinoma. Aust N Z J Ophthalmol. 1997; 25(3):211-215. [PubMed:
9296295]

Dushku N, Hatcher SL, Albert DM, Reid TW. p53 expression and relation to human
papillomavirus infection in pingueculae, pterygia, and limbal tumors. Arch Ophthalmol. 1999;
117(12):1593-1599. [PubMed: 10604662]

Palazzi MA, Erwenne CM, Villa LL. Detection of human papillomavirus in epithelial lesions of the
conjunctiva. Sao Paulo Med J. 2000; 118(5):125-130. [PubMed: 11018845]

Toth J, Karcioglu ZA, Moshfeghi AA, Issa TM, Al-Ma'ani JR, Patel KV. The relationship between
human papillomavirus and p53 gene in conjunctival squamous cell carcinoma. Cornea. 2000;
19(2):159-162. [PubMed: 10746446]

Eng HL, Lin TM, Chen SY, Wu SM, Chen WJ. Failure to detect human papillomavirus DNA in
malignant epithelial neoplasms of conjunctiva by polymerase chain reaction. Am J Clin Pathol.
2002; 117(3):429-436. [PubMed: 11888082]

Tulvatana W, Bhattarakosol P, Sansopha L, et al. Risk factors for conjunctival squamous cell
neoplasia: a matched case-control study. Br J Ophthalmol. 2003; 87(4):396—398. [PubMed:
12642297]

Moubayed P, Mwakyoma H, Schneider DT. High frequency of human papillomavirus 6/11, 16, and
18 infections in precancerous lesions and squamous cell carcinoma of the conjunctiva in
subtropical Tanzania. Am J Clin Pathol. 2004; 122(6):938-943. [PubMed: 15539387]

Kuo KT, Chang HC, Hsiao CH, Lin MC. Increased Ki-67 proliferative index and absence of
P16INK4 in CIN-HPV related pathogenic pathways different from cervical squamous
intraepithelial lesion. Br J Ophthalmol. 2006; 90(7):894-899. [PubMed: 16540490]

Tornesello ML, Duraturo ML, Waddell KM, et al. Evaluating the role of human papillomaviruses
in conjunctival neoplasia. Br J Cancer. 2006; 94(3):446-449. [PubMed: 16404433]

Sen S, Sharma A, Panda A. Immunohistochemical localization of human papilloma virus in
conjunctival neoplasias: a retrospective study. Indian J Ophthalmol. 2007; 55(5):361-363.
[PubMed: 17699945]

Auw-Haedrich C, Martin G, Spelsberg H, et al. Expression of p16 in conjunctival intraepithelial
neoplasia does not correlate with HPV-infection. Open Ophthalmol J. 2008; 2:48-56. [PubMed:
19516893]

de Koning MN, Waddell K, Magyezi J, et al. Genital and cutaneous human papillomavirus (HPV)
types in relation to conjunctival squamous cell neoplasia: a case-control study in Uganda. Infect
Agent Cancer. 2008; 3:12. [PubMed: 18783604]

Manderwad GP, Kannabiran C, Honavar SG, Vemuganti GK. Lack of association of high-risk
human papillomavirus in ocular surface squamous neoplasia in India. Arch Pathol Lab Med. 2009;
133(8):1246-1250. [PubMed: 19653719]

Simbiri KO, Murakami M, Feldman M, et al. Multiple oncogenic viruses identified in Ocular
surface squamous neoplasia in HIV-1 patients. Infect Agent Cancer. 2010; 5:6. [PubMed:
20346104]

Asadi-Amoli F, Heidari AB, Jahanzad I, Jabbarvand M. Detection of human papillomavirus in
squamous cell carcinoma of conjunctiva by nested PCR: a case control study in Iran. Acta Med
Iran. 2011; 49(11):707-714. [PubMed: 22131239]

Peralta R, Valdivia A, Estafiol P, et al. Low frequency of human papillomavirus infection in
conjunctival squamous cell carcinoma of Mexican patients. Infect Agent Cancer. 2011; 6:24.
[PubMed: 22099431]

Int Ophthalmol Clin. Author manuscript; available in PMC 2018 August 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Carroll et al.

87.

88.

89.

90.

9L

92.

93.

94.

95.

96.

97.

98.

99.

100

101

102.

103.

104.

105.

Page 13

Chauhan S, Sen S, Sharma A, et al. Human papillomavirus: a predictor of better survival in ocular
surface squamous neoplasia patients. Br J Ophthalmol. 2012; 96(12):1517-1521. [PubMed:
22942158]

Carrilho C, Gouveia P, Yokohama H, et al. Human papillomaviruses in intraepithelial neoplasia and
squamous cell carcinoma of the conjunctiva: a study from Mozambique. Eur J Cancer Prev. 2013;
22(6):566-568. [PubMed: 23752127]

Woods M, Chow S, Heng B, et al. Detecting human papillomavirus in ocular surface diseases.
Invest Ophthalmol Vis Sci. 2013; 54(13):8069-8078. [PubMed: 24255045]

Kirnbauer R, Booy F, Cheng N, Lowy DR, Schiller JT. Papillomavirus L1 major capsid protein
self-assembles into virus-like particles that are highly immunogenic. Proc Natl Acad Sci U S A.
1992; 89(24):12180-12184. [PubMed: 1334560]

Brown DR, Bryan JT, Schroeder JM, et al. Neutralization of human papillomavirus type 11
(HPV-11) by serum from women vaccinated with yeast-derived HPV-11 L1 virus-like particles:
correlation with competitive radioimmunoassay titer. J Infect Dis. 2001; 184(9):1183-1186.
[PubMed: 11598842]

Harro CD, Pang Y, Roden RB, et al. Safety and immunogenicity trial in adult volunteers of a
human papillomavirus 16 L1 virus-like particle vaccine. J Natl Cancer Inst. 2001; 93(4):284-292.
[PubMed: 11181775]

Koutsky LA, Ault KA, Wheeler CM, et al. A controlled trial of a human papillomavirus type 16
vaccine. N Engl J Med. 2002; 347(21):1645-1651. [PubMed: 12444178]

Harper DM, Franco EL, Wheeler C, et al. Efficacy of a bivalent L1 virus-like particle vaccine in
prevention of infection with human papillomavirus types 16 and 18 in young women: a
randomised controlled trial. Lancet. 2004; 364(9447):1757-1765. [PubMed: 15541448]

Group FIS. Quadrivalent vaccine against human papillomavirus to prevent high-grade cervical
lesions. N Engl J Med. 2007; 356(19):1915-1927. [PubMed: 17494925]

Markowitz LE, Dunne EF, Saraiya M, et al. Quadrivalent Human Papillomavirus Vaccine:
Recommendations of the Advisory Committee on Immunization Practices (ACIP). MMWR
Recomm Rep. 2007; 56(RR-2):1-24.

(CDC) CfDCaP. FDA licensure of bivalent human papillomavirus vaccine (HPV2, Cervarix) for
use in females and updated HPV vaccination recommendations from the Advisory Committee on
Immunization Practices (ACIP). MMWR Morb Mortal Wkly Rep. 2010; 59(20):626-629.
[PubMed: 20508593]

Giuliano AR, Palefsky JM, Goldstone S, et al. Efficacy of quadrivalent HPV vaccine against HPV
Infection and disease in males. N Engl J Med. 2011; 364(5):401-411. [PubMed: 21288094]
(CDC) CfDCaP. FDA licensure of quadrivalent human papillomavirus vaccine (HPV4, Gardasil)
for use in males and guidance from the Advisory Committee on Immunization Practices (ACIP).
MMWR Morb Mortal WKly Rep. 2010; 59(20):630-632. [PubMed: 20508594]

.Joura EA, Giuliano AR, Iversen OE, et al. A 9-valent HPV vaccine against infection and
intraepithelial neoplasia in women. N Engl J Med. 2015; 372(8):711-723. [PubMed: 25693011]
Petrosky E, Bocchini JA, Hariri S, et al. Use of 9-valent human papillomavirus (HPV) vaccine:
updated HPV vaccination recommendations of the advisory committee on immunization
practices. MMWR Morb Mortal Wkly Rep. 2015; 64(11):300-304. [PubMed: 25811679]

Vichnin M, Bonanni P, Klein NP, et al. An Overview of Quadrivalent Human Papillomavirus
Vaccine Safety: 2006 to 2015. Pediatr Infect Dis J. 2015; 34(9):983-991. [PubMed: 26107345]

Petdja T, Kerénen H, Karppa T, et al. Immunogenicity and safety of human papillomavirus
(HPV)-16/18 AS04-adjuvanted vaccine in healthy boys aged 10-18 years. J Adolesc Health.
2009; 44(1):33-40. [PubMed: 19101456]

Naud PS, Roteli-Martins CM, De Carvalho NS, et al. Sustained efficacy, immunogenicity, and
safety of the HPV-16/18 AS04-adjuvanted vaccine: final analysis of a long-term follow-up study
up to 9.4 years post-vaccination. Hum Vaccin Immunother. 2014; 10(8):2147-2162. [PubMed:
25424918]

Ferris D, Samakoses R, Block SL, et al. Long-term study of a quadrivalent human papillomavirus
vaccine. Pediatrics. 2014; 134(3):e657-665. [PubMed: 25136050]

Int Ophthalmol Clin. Author manuscript; available in PMC 2018 August 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Carroll et al.

106.

107.

108.

109.

110.

111.

112.

113.

114.

115.

116.

117.

Page 14

Tabrizi SN, Brotherton JM, Kaldor JM, et al. Fall in human papillomavirus prevalence following a
national vaccination program. J Infect Dis. 2012; 206(11):1645-1651. [PubMed: 23087430]

Markowitz LE, Hariri S, Lin C, et al. Reduction in human papillomavirus (HPV) prevalence
among young women following HPV vaccine introduction in the United States, National Health
and Nutrition Examination Surveys, 2003-2010. J Infect Dis. 2013; 208(3):385-393. [PubMed:
23785124]

Donovan B, Franklin N, Guy R, et al. Quadrivalent human papillomavirus vaccination and trends
in genital warts in Australia: analysis of national sentinel surveillance data. Lancet Infect Dis.
2011; 11(1):39-44. [PubMed: 21067976]

Read TR, Hocking JS, Chen MY, Donovan B, Bradshaw CS, Fairley CK. The near disappearance
of genital warts in young women 4 years after commencing a national human papillomavirus
(HPV) vaccination programme. Sex Transm Infect. 2011; 87(7):544-547. [PubMed: 21970896]
Smith MA, Liu B, Mclintyre P, Menzies R, Dey A, Canfell K. Fall in genital warts diagnoses in
the general and indigenous Australian population following implementation of a national human
papillomavirus vaccination program: analysis of routinely collected national hospital data. J
Infect Dis. 2015; 211(1):91-99. [PubMed: 25117753]

Brotherton JM, Fridman M, May CL, Chappell G, Saville AM, Gertig DM. Early effect of the
HPV vaccination programme on cervical abnormalities in Victoria, Australia: an ecological
study. Lancet. 2011; 377(9783):2085-2092. [PubMed: 21684381]

Crowe E, Pandeya N, Brotherton JM, et al. Effectiveness of quadrivalent human papillomavirus
vaccine for the prevention of cervical abnormalities: case-control study nested within a
population based screening programme in Australia. BMJ. 2014; 348:91458. [PubMed:
24594809]

Smith LM, Strumpf EC, Kaufman JS, Lofters A, Schwandt M, Lévesque LE. The early benefits
of human papillomavirus vaccination on cervical dysplasia and anogenital warts. Pediatrics.
2015; 135(5):€1131-1140. [PubMed: 25917991]

Drolet M, Bénard E , Boily MC, et al. Population-level impact and herd effects following human
papillomavirus vaccination programmes: a systematic review and meta-analysis. Lancet Infect
Dis. 2015; 15(5):565-580. [PubMed: 25744474]

Apter D, Wheeler CM, Paavonen J, et al. Efficacy of human papillomavirus 16 and 18
(HPV-16/18) AS04-adjuvanted vaccine against cervical infection and precancer in young women:
final event-driven analysis of the randomized, double-blind PATRICIA trial. Clin Vaccine
Immunol. 2015; 22(4):361-373. [PubMed: 25651922]

Handler NS, Handler MZ, Majewski S, Schwartz RA. Human papillomavirus vaccine trials and
tribulations: Vaccine efficacy. J Am Acad Dermatol. 2015; 73(5):759-767. quiz 767-758.
[PubMed: 26475535]

Malagén T, Drolet M, Boily MC, et al. Cross-protective efficacy of two human papillomavirus

vaccines: a systematic review and meta-analysis. Lancet Infect Dis. 2012; 12(10):781-789.
[PubMed: 22920953]

Int Ophthalmol Clin. Author manuscript; available in PMC 2018 August 01.



Page 15

Carroll et al.

81 ‘9T 0 00T (S) eAnouUNfu0d [ewION (0T) NID 1043U02 858D v'sn 1¢ €002 OIS
(2) eAnounfuod ays Jo
TT'9 e 0 VIN  ewojjided ‘(¥T) 5295 ‘(9) NID salas ase) uemieL 52 200z Buz
ArebBunH pue
8T ‘9T VIN 44 VIN (€2) 000s SaLIas aseD eIqeJY 1pnes v, 000C YlIoL
(1) eWOINUEIH
21uaboAd ‘(g) uonewweul ‘()
1n8U ‘(2) ewojjided (g) eise|dsAp
9T 'TT 91 €1 (09) eAROUN[UOD [EWION (1) 004 '(6) NI12 '(0T) 0008 1013U09 358D lzeig ¢, 0002 12ZeJed
(9) eAnnounfuod jewou ‘() sisolelay
VIN 0 0 alunae ‘(1) e1bAiard ‘(1) einoanbuid () 222sS ‘(¥) NID |0JJU02 8seD) V'S'N 22 666T Mfysna
8T 9T 'TT 9T S/ 6E (99 [2101) JewloU JO ‘RIBAISIH (88 [101) BWOUIYIRD ‘eISe|dSAQ 1013U09 3se) eljessny 1, L66T 1ZUgeL
8T ‘9T 4% 0S (6) suorss| ubiuaq AjjeatBojoisiH (¥) 0008 '(v) eiseidsAq 104U00 85BD ueder oz L66T BINWEXeN
(6T) eAOUN[UOY [EWIOU ‘(TE) JBIS
8T ‘9T 0°0¢ 95 [eau0d (0z) Auredoyessy 1a|doip dnyewt|D (T€) 0008 ‘(vT) NID 1013U09 3seD eIqeJY 1pnes 69 L66T Nifiorosex
9T ee Ge (ST) ‘suaniounfuod ‘aejndanbuid (02) 000S 1043U09 3se) epuebn g9 966T 119PPEM
VIN VIN 0 VIN () 0008 SaLIas aseD ImerelN 19 966T U|[emaT]
(¥2)
9T 0 €9 (zT) ‘eworjaynds |eo jeseq ‘ewo|jided ‘0D2S ‘eisejdsAg 1013U02 3se) ueder 99 G66T esnbses
VIN VIN 0 VIN (¥) '000S ‘NID S31I3S 9se) puejuiy g0 266T UsureInddn L.
(0T) eAnOUN(UOY JeWLIOU ‘eWIOURIBW (8g) anssn DD2S
9T 0 88 ‘siiAnounfuod snoaubi| ‘e1bAisld ‘NID ‘sisoresaysAp ‘eisejdsAQ |0JJU02 3seD) V'S'N g C66T [IBUUOQIN
(g) ‘uonrewweyyur Arejjided
*SA BLWIOUIdIBD plowlapidaoon
91 VIN 00T VIN ‘eise|dsAp ‘DD0S S$9113S ase) v'S'N ¢gT66T UILPO
8T ‘9T VIN 08 VIN (S)NID S3LI3S 8Se] v'sn z9066T JoneT
(¢) ewoyideq
9T 0 S/ (#) IS “‘ewouejaw ‘snasu ‘wnibAierd ‘(9) ‘anssn DDDS ‘eise|dsAg |04JU02 8seD V'S'N 19686T [[3UUOQIN
(82)
VIN VIN 6¢ VIN ewojjided {(8z) N1D ‘elsejdsAq SO119S ase) VSN 09 L86T 118ULOQIN
%
(+) AdH
% (+) AdH S350
surels AdH uos1edwo) NSSO (u) uos1redwo) (u) uoniulep asessiq adA1 Apnis A1nuno)d Joyiny

Author Manuscript

"2nJe18)IT 8Y Ul UoNIBIU| AdH 10 8ouapiau] ayr pue eisejdosN snowenbg 82eLNng JeinaQ

T alqeL

Author Manuscript

Author Manuscript

Author Manuscript

Int Ophthalmol Clin. Author manuscript; available in PMC 2018 August 01.



Page 16

Carroll et al.

(¥2)
9T 0 L (69) eAOUNIUOD [ewuou ‘(zy) BIBAIBId 0228 ‘(2T) NID ‘(0T) BIseldsAQ |011U0 858D elfensny 68 ETOC SPOOM
(T) sisouejaw
81 ‘0T 0 85 ‘(€) eInoenbuid ‘(1) sniAnounfuod (€1) 202s *(02) NID [043U02 358D anbiquiezoy gg ET0C OU|1IED
(1) Aouaronep
9T 0 1T 1192 WidJs [equul] yum eanounfuod (#9) 2005 ‘(02) NID |011U0 858D elpul 18 CTOZ UBYNEyD
MBINBI
9T V/IN I VIN (9€) 0005 79 sales 8seD 09IXaN 98 TTOC e¥elad
0 26 (05) eAnouUN(uod jewloN (05) 000Ss 1043U092 3se) uel| gg TT0C lOoWV/-Ipesy
€€'TE'8T ‘9T 'TT "9 0S S. (8) wniBAsand yum +AIH (82) NSSO Uum +AIH 1013U09 358D euemsjog v 0TOZ LIquIs
96 '€6 ‘26 ‘€8
‘08 '9L 'SL ‘6Y 'S
‘8€-9¢€ 'G2-0¢ ‘6T LT (582) 1e101 ‘UoIRIBE)
‘ST '¥T'21'6'8'S 9 0S 1e3uJ09 ‘BuwiNel) B[N0 ‘10RIRIRD ‘RlZR|RYD (6€) eISeIdSAp ‘(¥6) DDDS 101JU02 3seD) epuebn gy 0TOZ eqeby-1Ausaly
VIN VIN 0 VIN (9€) 0005 (12) NID $9149s 3seD elpul ¢g 600C PEAUSPUBIA
(t7)
VIN 0 0 (5) eAndOUN[UOD RWIIOU e1bAiaid ‘(¥2) NID ‘(2) 222S |0J3U02 8seD) Auew.so og 6002 Houino
08 '99
‘2G ‘TS ‘vv '1€-G€ (2) sisoubBelp snoaue|jaasiw ‘(z) ewoibue
‘€€ 'T€ '€2 '6T-9T snouJaned ‘() ewojnuesf oruaboAd
YT'IT'8'9'S 8¢ Ly ‘(€) uonewurelyul o1uolyd ‘(ST) gIndanbuld (#2) 0225 ‘(£8) NID 1013u09 8B epuedn 28 8002 BuIUOY 3p
(1) eAOUN[UOD
9T 0 /T pawejui ‘($T) eAnounfuod jewloN (2) 222s ‘(0T) NID 1043U02 3se) Auewsa  1g 800 YdLIPaeH-Mny
padA 10N 0 6 (0€) ennounfuod ewioN (ge) ewoypided ‘(0€) NSSO 10.1U02 858D eIpu| 0g 2002 UsS
86T(D '00T
“Y4TIHdd ‘€2v71a (£9) suonipuod
‘8€‘'0C ‘arT '8 ‘9 9T 0z ubiuag Jay1o 1o ewnel) Jenao ‘wnibAiald (98) NSSO ]013U00 35ED) epuebn 6, 9002 0]|3s3UI0L
2. '88 (6T) NID [ea1A180 ‘(g) uonesagijoid
‘L€ '€€ '8T ‘9T 'TT ‘9 0 00T proydwiA] ‘(y) wmbAiend ‘(z) M1s (6) NID [013U0D 35BD uemie| a2 9002 0N
8T ‘9T 'TT/9 VIN €6 VIN (1) 0005 ‘(1) ei1sedsAia SIS 3seD elURZUR] 12 7002 pakeqnony
8€-9¢
‘vZ 'vT ‘paefal
-CT 'TT ‘pareal (2) s1soyessy| Jejos
-g ‘pare|al-L Xy 1 GE 98 ‘(1) snasu ‘() wninoanbuid ‘(g) wnibAisd (12) 0008 1013U00 8sED epuebn g ¥00Z eqeby-1Ausaly
()
VIN 0 0 (0g) eAndUNfuod fEWLION NI1D ‘(2) eisejdsAp ‘(9T) D22S 10J1U00 8seD puejreyl 9, €00 BUBIRAINL
%
(+) AdH
% (+) AdH seseo
surelIs AdH uos1edwo) NSSO (u) uosiredwo) (u) uoniuep ssessiq adA1 Apnis Anuno)d Joyiny

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

Int Ophthalmol Clin. Author manuscript; available in PMC 2018 August 01.



Page 17

Carroll et al.

siARoUN[uoo0IRIEY J1qWI| JoLadns ‘TS ‘ewouldled |189 [eseq ‘00g
‘ewoUIo.Ied PlowlapIdaoonuu ‘DN ‘SIS01RISY J13Y4I0GaS ‘MG (NIIS Ul BLIOUIDIED ‘NID ‘BAOUN[UOD 8} JO BLIOUIDIED |13 Snowenbs ‘00DS ‘BILsWY JO S8IRIS Paliun ““'S'M {[041U0D ‘41D Suoiieins Iqgy

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

Int Ophthalmol Clin. Author manuscript; available in PMC 2018 August 01.



	I: Ocular Surface Squamous Neoplasia
	Epidemiology
	Classification
	Pathogenesis
	Treatment
	Outcomes of OSSN

	II. Human Papillomaviruses
	III: Role of HPV in OSSN
	IV. Vaccination for Human Papillomaviruses
	V: Potential Role of HPV vaccine in OSSN
	VI: Conclusions
	References
	Table 1

