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AbsTrACT
Aims Human papillomavirus (HPV) is considered a 
causative agent for the development of a broad range of 
human carcinomas. The role of HPV in the development 
of conjunctival intraepithelial neoplasia (CIN) and 
carcinoma (cSCC) remains unclear. The purpose of the 
present study was to investigate the HPV prevalence 
in a nationwide cohort and to describe clinical and 
histopathological features in relation to HPV status.
Methods All cases of CIN and cSCC in Denmark 
from 1980 to 2016 were included. We combined p16 
immunohistochemistry (IHC), RNA in situ hybridisation 
(RNA ISH) and HPV DNA PCR to detect HPV. The 
results were correlated to clinical and histopathological 
parameters.
results One hundred twelve primary tumours and 
33 recurrent tumours were included for HPV analysis. 
Twenty- four (21%) of the primary tumours were HPV 
positive by PCR. Eighteen of out 19 HPV- positive 
tumours were positive by RNA ISH. HPV16 was the 
most prevalent genotype (n=18, 75%). The patients 
with HPV- positive tumours were significantly younger 
(mean difference 11.5 years, 95% CI 5.2 to 17.9, 
p=0.0005) and had a higher recurrence compared with 
patients with HPV- negative tumours (HR 2.30, 95% CI 
1.02 to 5.21, p=0.046). The HPV- positive tumours 
were associated with a positive p16 IHC and a non- 
keratinising morphology.
Conclusion We describe distinct clinical and 
histopathological features associated with HPV status 
in cSCC. The finding of transcriptionally active HPV in 
this material lends support to a causal role of HPV in a 
subset of cSCC.

InTroduCTIon
Conjunctival squamous cell carcinoma (cSCC) 
is globally the most common malignancy of the 
conjunctiva, with a reported increase in incidence.1 
The aetiology of cSCC is probably multifactorial, 
with exposure to solar ultraviolet radiation B (UV- B) 
considered the main risk factor.1 UV- B radiation is 
considered a ‘complete’ carcinogen, meaning it is 
capable of inducing, promoting and maintaining 
carcinogenesis, and epidemiological, clinical, histo-
pathological and molecular studies have shown 
evidence of carcinogenic effects of UV- B radiation 
in cSCC.2–7

Another risk factor is immunosuppression, 
mainly due to HIV and iatrogenic immunosup-
pression.1 8 HIV- infected patients have a 12- fold 
higher risk of developing cSCC.9 Immunosup-
pression reduces tumour surveillance and permits 
reactivation of viral infections, and the high prev-
alence of cSCC in immunocompromised patients 
strengthens the hypothesis of the role of infectious 
agents in the development of these tumours. The 
presence of human papillomavirus (HPV) in cSCC 
has been investigated in several studies.8 However, 
the WHO’s International Agency for Research on 
Cancer considers the evidence of HPV as an aeti-
ological agent in cSCC as weak,10 and the impor-
tance of HPV in cSCC remains questionable.

The objective of the present study was to 
investigate the prevalence of HPV in cSCC and 
precursor tumours in a nationwide cohort and to 
investigate changes in incidence over a 36- year 
period. Furthermore, we wanted to describe 
histological and clinical features in relation to 
HPV status.

PATIenTs And MeThods
Case selection and data collection
Patients diagnosed with conjunctival intraepi-
thelial neoplasia (CIN), conjunctival carcinoma 
in situ (cCIS) or cSCC in Denmark in the period 
1980–2016 were identified by reviewing pathology 
files at the Eye Pathology Section, Department 
of Pathology, Rigshospitalet, Denmark. Further-
more, a search was performed in the nationwide 
pathology database to identify cases not referred 
to Rigshospitalet. Patient files, formalin- fixed and 
paraffin- embedded (FFPE) tissue blocks and H&E 
stains were retrieved and the tumours were graded 
in accordance with the eighth edition of the Amer-
ican Joint Committee on Cancer (AJCC) cancer 
staging manual.11 Only archival FFPE tissue was 
used for this study.

Correlation between clinical and 
histopathological features and the hPV status
We collected data from the patients’ medical 
records regarding sex, age at diagnosis, location 
and AJCC stage of the tumour, comorbidity, 
previous HPV- related neoplasia, recurrence and 
metastasis, and correlated the parameters to the 
HPV status. Comorbidity was categorised in 
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Table 1 Clinical data of 112 pre- invasive and invasive conjunctival squamous cell carcinomas in a Danish cohort

diagnosis Intraepithelial neoplasia Carcinoma in situ squamous cell carcinoma Total

Age (years), median (range) 64.8 (30.9–89.3) 62.2 (48.8–97.1) 69.4 (30.3–93.8) 65.4 (30.3–97.1)

Sex (M:F ratio) 41 M/17 F (2.4) 14 M/2 F (7.0) 26 M/12 F (2.2) 81 M/31 F (2.6)

Location, n*         

  Bulbar conjunctiva 52 14 23 89

  Tarsal or forniceal conjunctiva 3 1 13 17

*Data missing, not adding up to 112 cases.
F, female; M, male; n, number of cases.

accordance with the Charlson Comorbidity Index as 0=low, 1 
and 2=intermediate or ≥3=high.12 Histopathological features 
regarding grade of differentiation, keratinisation and inflam-
mation were also correlated to the HPV status. A sex- adjusted 
and age- adjusted logistic regression model was applied using 
the HPV status as a dichotomous outcome, in order to inves-
tigate differences in clinical and histopathological outcome 
between the HPV groups. Five- year age- adjusted incidence 
rates in HPV- positive and HPV- negative CIN and cSCC were 
calculated using the direct method with the WHO world stan-
dard population as a reference. The average annual percentage 
change in incidence was calculated using a join point regres-
sion model with growth assumed to be logarithmic.13 Asso-
ciations with rate of recurrence and all- cause mortality were 
calculated with cause- specific HRs from an age- adjusted and 
sex- adjusted Cox regression model; in the model for recur-
rence, death was treated as a competing risk.

P16 immunohistochemistry
Four µm sections of the surgical specimens were cut and stained 
using the Bench Mark Ultra immunohistochemistry (IHC)/in situ 
hybridisation (ISH) staining module according to the manufac-
turer’s instructions. Expression of the cyclin- dependent kinase 
inhibitor p16 was used as a surrogate marker for HPV infection. 
Slides were incubated for 32 min with the monoclonal mouse 
antibody p16 clone E6E4 (Roche) and were counterstained with 
haematoxylin. A strong and diffuse nuclear and cytoplasmic 
staining in more than 75% of the tumour cells was considered 
p16 positive.14

PCr and hPV genotyping
DNA was isolated using the Gene Read DNA FFPE kit and the 
Qiagen Cube (Qiagen, Hilden Germany), according to the manu-
facturer’s instructions. HPV DNA PCR was performed using the 
general primers GP5+/6+ and Platinum Taq DNA polymerase 
(Invitrogen, Denmark). PCR of the housekeeping gene GAPDH 
was performed using GAPDH- a/GAPDH- b primers in all samples 
to confirm DNA quality. The expected amplicon sizes were 
approximately 150 base pairs (bp) for GP5+/6+ and 200 bp 
for GAPDH. Amplicons were resolved in an agarose gel and 
stained with ethidium bromide. A negative control consisting of 
H2O and a positive control consisting of a pool of HPV- positive 
tumours were included. Ten cases of normal conjunctival tissue 
were also included.

All PCR- positive amplicons were sequenced using the KAPA 
HTP Library Preparation Kit Illumina-96 (Kapabiosystems/
Roche) for library construction following the manufacturer’s 
instructions. Amplicons were end- repaired to generate blunt 
ends.

detection and interpretation of hPV e6/e7 mrnA by in situ 
hybridisation
In order to detect transcriptionally active HPV in the tumour 
tissue, we performed an HPV E6/E7 mRNA ISH. We used 6 μm 
sections from 19 HPV PCR- positive tumours, and nine HPV 
PCR- negative tumours as controls. HPV E6/E7 mRNA ISH 
was performed using the Ventana Discovery ULTRA automated 
staining system (Ventana Medical Systems, Tucson, Arizona, USA) 
and the automated RNAscope versus Reagent Kit (Advanced Cell 
Diagnostics, Hayward, California, USA) in accordance with the 
manufacturers’ instructions. Prior to hybridisation with the HPV 
probes, we evaluated the RNA tissue quality by using the house-
keeping gene PPIB (cyclophilin B) as a positive control and the 
bacterial gene Dap B as a negative control. In case of a negative 
result in the positive control, a modified pretreatment condi-
tion was applied in accordance with the manufactures’ recom-
mendations. Slides with a negative result despite optimised 
pretreatment were excluded from further analysis. To cover the 
genotypes detected in this material by the previous genotyping, 
we used the low- risk HPV6 cocktail probe (containing HPV 6, 
11, 40, 42, 43 and 44) and the high- risk HPV18 cocktail probe 
(containing HPV 16, 18, 26, 31, 33, 35, 39, 45, 51, 52, 53, 56, 
58, 59, 66, 68, 73 and 82) (both Advanced Cell Diagnostics). 
The HPV18 cocktail probe was also applied to the PCR- negative 
tumour samples.

All stains were scored semi- quantitively according to the 
RNAscope Assay scoring guidelines (grade 0: no staining or <1 
dot per 10 cells; grade 1: 1–3 dots per cell; grade 2: 4–9 dots 
per cell; grade 3: 10–15 dots per cell and <10% of dots were 
in clusters, grade 4: >15 dots/cell and >10% of dots were in 
clusters). We performed a grading of both the tumour cells and 
the surrounding normal tissue.

resuLTs
A total of 154 cases of primary tumours (n=112 cCIN and 
42 cSCC) and 39 cases of recurrent tumours (n=25 cCIN and 
n=14 cSCC) were identified in the database searches and were 
evaluated histopathologically. One hundred twelve primary 
tumours and 33 recurrent tumours contained enough tumour 
tissue to be included for HPV analyses (tables 1 and 2).

The mean age at diagnosis was 67.5 years (SD 13.3 years) in 
men and 61.9 years (SD 17.3 years) in females. There was a male 
predominance (72%) in both preinvasive and invasive carci-
nomas. The HPV- positive group was significantly younger at the 
time of diagnosis compared with the HPV- negative group (mean 
difference 11.5 years, 95% CI 5.2 to 17.9 years, p=0.0005). The 
male:female ratio was 2.0 and 2.8 in patients with HPV- positive 
and HPV- negative tumours, respectively.

The age- adjusted incidence rate of cCIN and cSCC in Denmark 
has increased from 0.03/100 000 (95% CI 0.002 to 0.12) in 
1980 to 0.12/100 000 (95% CI 0.045 to 0.25) in 2016, with 
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Table 2 Demographics and tumour characteristics of 112 Danish patients with HPV- positive and HPV- negative conjunctival intraepithelial 
neoplasia and carcinoma

hPV- positive
n=24

hPV- negative
n=88

Total
n=112 estimate (95% CI) P value

Age (years), mean (SD) 56.9 (13.1) 68.4 (14.2) 65.9 (14.7) 11.5 (5.2 to 17.9) 0.0005

Gender, n (%)   

  Male 16 (67) 65 (74) 81 (72) OR 1.03 (0.4 to 3.2) 0.65

  Female 8 (33) 23 (26) 31 (28) Reference Reference

Diagnosis, n (%)   

  Intraepithelial neoplasia 13 (54) 45 (51) 58 (52)

  Carcinoma in situ 5 (21) 11 (13) 16 (14)

  Invasive carcinoma 6 (25) 32 (36) 38 (34)

History of actinic keratosis, basal cell carcinoma or squamous cell 
carcinoma in the head and neck region, n (%)

6 (25) 27 (31) 33 (29) OR 0.7 (0.2 to 2)* 0.44

Charlson Comorbidity Index score, n (%)†   

  Low (0) 20 (83) 43 (49) 63 (56) OR 6.4 (1.5 to 44.7)* 0.024

  Intermediate (1–2) 1 (4) 21 (24) 22 (20) OR 0.8 (0.035 to 9.1)* 0.91

  High (≥3) 2 (8) 24 (27) 26 (23) OR 0.08 (0.01 to 0.28)* 0.007

P16 immunohistochemistry, positive samples, n (%)‡ 18/20 (90) 30/87 (34) 48/107 (45)

mRNA ISH, positive samples, n (%) 18/19 (95) 0/7 (0) 18/26 (69)

Location, n (%)†   

  Bulbar conjunctiva 16 (67) 73 (83) 89 (79) OR 1.85 (0.4 to 5.9)* 0.52

  Tarsal or forniceal conjunctiva 4 (17) 13 (15) 17 (15) Reference Reference

AJCC T stage for invasive carcinomas, n (%)†   

  T1 1 6 7

  T2 0 11 11

  T3 2 4 6

  T4 2 2 4

AJCC N and M stage, n 2 N, 2 M 0 2 N, 2 M

Recurrence, n 12 21 33 HR 2.30 (1.02 to 5.21)* 0.046

All- cause mortality, n   

  Unadjusted 3 39 42 HR 0.32 (0.14 to 0.76)* 0.0094

  Adjusted for age and sex HR 0.54 (0.23 to 1.31)* 0.17

*HPV- positive tumours compared with HPV- negative tumours.
†Data missing, not adding up to 112 cases.
‡Only high- risk HPV genotypes are classified as HPV positive, five samples were unavailable for p16 immunohistochemistry due to lack of tumour tissue.
AJCC, American Joint Committee on Cancer;HPV, human papillomavirus; ISH, in situ hybridisation; M, metastasis; n, number; N, lymph node; T, tumour.

Figure 1 Increasing incidence of conjunctival intraepithelial neoplasia 
and carcinoma in Denmark from 1980 to 2016. The increase is due to a 
rise in HPV- negative tumours. HPV, human papillomavirus.

an average annual percentage change of 3.9 (95% CI 2.0 to 5.8, 
p<0.05) with no significant trend breaks. A higher incidence 
was seen in HPV- negative tumours compared with HPV- positive 
tumours throughout the period (figure 1).

Most tumours were located to the bulbar conjunctiva (84%), 
primarily at the limbus (60%) (table 2). A tumour located to the 
forniceal or tarsal conjunctiva was more likely to be an invasive 
carcinoma than an epibulbar tumour (OR 11.5, 95% CI 3.5 to 
46.1, p<0.0001). Enucleation or exenteration was performed 
in 3 out of 6 patients with an HPV- positive cSCC and in 3 out 
of 32 patients with an HPV- negative cSCC within 2 years of 
diagnosis.

Four out of eight females with an HPV- positive tumour and 
1 out of 23 (4.3%) females with an HPV- negative tumour had 
a history of cervical dysplasia (OR 18.9, 95% CI 1.4 to 1120.4, 
p=0.0098). An HPV test was not performed in cervical biopsies 
at the time of diagnosis; however, koilocytotic cells or ‘viral- 
induced changes’ were histopathologically described in the 
pathology records of all patients. No patients had history of a 
conjunctival papilloma.

There was a higher recurrence in patients with an HPV- positive 
primary tumour compared with patients with an HPV- negative 
primary tumour (HR 2.30, 95% CI 1.02 to 5.21, p=0.046). 
There was no difference in all- cause mortality between the 
groups (HR 0.54, 95% CI 0.23 to 1.31, p=0.17).
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Figure 2 (A) A non- keratinising, HPV- positive conjunctival carcinoma 
with abundant inflammation in the underlying stroma (H&E, 
bar=200 µm). (B) Presence of multiple squamous eddies (asterisks) 
and inflammation in an HPV- negative conjunctival carcinoma (H&E, 
bar=200 µm). (C) Intense positive staining of all tumour cells using the 
HPV surrogate marker p16. The insert shows a higher magnification, 
demonstrating positive tumour cells (p16INK4a immunohistochemistry, 
scale bar=400 µm, insert scale bar=50 µm). (D) Homogeneous 
expression of the viral oncogenes E6/E7, grade 3, within the tumour 
tissue (asterisk), but not in the underlying stromal tissue (E6/E7 mRNA 
in situ hybridisation, scale bar=400 µm and insert scale bar=50 µm). 
HPV, human papillomavirus.

histology and immunohistochemistry
There was abundant inflammation in 83% of the tumours and/or 
surrounding tissue, regardless of HPV status (figure 2A). Kera-
tinisation of the tumour was present in 66% of the tumours, as 
either single cell keratinisation or squamous eddies (figure 2B). 
A non- keratinising tumour was more likely HPV positive (OR 
13.5, 95% CI 4.1 to 53.8, p<0.0001).

The p16 IHC had a sensitivity of 90% and a specificity 
of 66% for predicting high- risk HPV infection using HPV 
DNA PCR as a reference (figure 2C). The positive and nega-
tive predictive value for high- risk HPV was 38% and 97%, 
respectively.

PCr and hPV genotyping
One hundred twelve primary tumours and 33 recurrent tumours 
were GADPH PCR positive and thereby suitable for HPV DNA 
detection by PCR. A total of 24 out of 112 primary tumours 
(21%) were HPV positive. Both high- risk (n=20, 83%) and low- 
risk (n=4, 17%) HPV types were detected. HPV16 was the most 
prevalent genotype (n=18, 75%), followed by HPV11 (n=2, 
8%) and HPV6 (n=2, 8%). Furthermore, HPV33 and HPV39 
were detected in one sample each. HPV16 was the only geno-
type detected in cSCC. Low- risk HPV types were only detected 
in CIN, and not in cCIS or cSCC.

All recurrent lesions from an HPV- positive primary tumour 
were also HPV positive, and no patient with an HPV- negative 
primary tumour had an HPV- positive recurrent tumour. Only 
high- risk HPV genotypes were identified in the recurrent lesions 
(HPV16, HPV33, HPV39).

e6/e7 mrnA in situ hybridisation
Fifteen high- risk HPV- positive tumours, four low- risk HPV 
tumours and seven negative controls were evaluated for HPV 
E6/E7 mRNA ISH after optimisation of the pretreatment condi-
tions. Eighteen out of 19 HPV- positive tumours by PCR were 
positive using mRNA ISH, with grading ranging from 1 to 4 
(figure 2D). One case of cCIN was HPV16 positive by PCR, 
but negative in mRNA ISH and p16 IHC. All PCR- negative 
tumours were negative in mRNA ISH. There was no correlation 
between the grade of the mRNA ISH and the HPV genotype or 
the histopathological diagnosis. Morphologically, the viral tran-
scripts were homogenously expressed in the tumour tissue, with 
a marked border to the surrounding normal tissue, where no 
transcripts were observed.

dIsCussIon
The aetiology and risk factors for the development of cSCC 
are not completely understood, especially regarding the role of 
HPV.1 8 However, understanding the aetiology and underlying 
mechanisms for the development of this tumour is of great 
importance for these patients that might suffer from visual 
impairment, aesthetic and functional morbidity after surgical 
excision, frequent recurrences and also metastasising disease and 
death.15–19 Due to the rarity of the disease, small sample sizes 
have generally hampered the consistency of the reported HPV 
prevalence. In addition to the use of different detection modal-
ities for HPV and possible geographical differences, the small 
sample sizes can to some extent explain the variability reported 
in the literature.1 8

In the present study, we investigated a nationwide cohort with 
a combination of HPV detection techniques. By these methods, 
we were able to evaluate both the presence of viral DNA and the 
specific genotype, and the correlation to transcriptionally active 
HPV, that is, E6 and E7 mRNA, within the tumour tissue. In the 
cohort of 112 conjunctival preinvasive and invasive carcinomas, 
21% of the tumours were HPV positive by PCR, with HPV16 
as the most frequent detected genotype. This is in accordance 
with a recently published paper.20 There is strong evidence of the 
carcinogenic risk of HPV16, which has the capacity to immor-
talise keratinocytes, create genomic instability, evade the host 
immune system to create a persistent infection and stimulate cell 
proliferation.21 HPV16 is considered a necessary cause in the 
development of >50% of cervical carcinomas and is also the 
most frequent genotype in squamous cell carcinomas of other 
anatomic locations, such as carcinoma of the vulva, vagina, 
penis, anus and oropharynx.22 In concordance with this, HPV16 
was the only genotype detected in invasive carcinomas in our 
cohort. The oncogenic effects of HPV16 are mainly due to the 
activity of the viral E6 and E7 oncoproteins, and the continuous 
expression of these oncogenes is a prerequisite to maintain cell 
proliferation in cervical carcinomas.23 The observation of active 
transcription of the E6 and E7 oncogenes within the tumour 
tissue, but none in the surrounding normal tissue, support the 
hypothesis of a causal role of HPV in a subset of cSCC.

Although HPV is considered a necessary agent in the devel-
opment of most cervical carcinomas, only a minor fraction of 
HPV- infected individuals eventually develops HPV- related 
tumours, making it clear that the virus alone is not sufficient for 
the carcinogenic process. First of all, the virus must gain access 
to the basal cells through abrasions in the epithelium in order to 
bind to the exposed basal membrane before entering the kerati-
nocyte.10 24 Furthermore, some individuals may be more suscep-
tible to HPV infections25 26 or other cofactors must be present 
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Figure 3 Distinct clinical and histological features in HPV- positive and 
HPV- negative conjunctival intraepithelial neoplasia and carcinoma. HPV, 
human papillomavirus.

for the maintenance of a persistent infection and progression 
from a low- grade to a high- grade intraepithelial neoplasia.

The conjunctiva, and especially the interpalpebral aperture, 
is prone to different possible carcinogenic agents from the envi-
ronment, including infectious agents, UV radiation and chem-
ical agents.27 We report no statistical difference in the location 
of HPV- positive and HPV- negative tumours, and both groups 
were primarily located in the limbal region within the inter-
palpebral aperture evenly exposed to solar UV radiation. Also, 
there was no difference between the groups regarding history of 
solar- induced skin malignancy of the head and neck region. The 
finding of the large age difference between the two HPV groups 
in the present study could suggest that HPV infection and expo-
sure to UV radiation act synergistically, and those patients both 
exposed to sunlight and HPV infection may develop malignancy 
at an earlier age. The co- carcinogenic effect of UV radiation in 
combination with cutaneous HPV types is well- investigated in 
the genetic disorder epidermodysplasia verruciformis. These 
patients develop HPV- related neoplasia in primarily sun- exposed 
areas.28

The route of transmission of mucosal HPV to the conjunc-
tiva is unclear. Perinatal transmission has been reported.29 Four 
out of eight female patients with HPV- positive tumours in this 
cohort had a history of cervical dysplasia, likely to be HPV- 
positive based on the histopathological description. The same 
mucosal HPV type has previously been detected in patients with 
genital tract condyloma and in ocular swabs from their asymp-
tomatic eyes, and mucosal HPV types have also been detected on 
the fingers of patients with genital warts.30 31 This finding could 
support the theory of digital transmission to the conjunctiva.

We report a higher risk of recurrence in the HPV- positive 
group compared with the HPV- negative group. Similar patterns 
have been detected in other frequently recurring HPV- related 
conjunctival lesions such as papilloma and pterygia, and it has 
been hypothesised that this might be due to a persistent HPV 
infection that is not completely cured during the initial treat-
ment.32 This is also underlined by the finding of the same HPV 
genotype in the recurrent tumour as in the primary tumour in 
this material.

The HPV- positive tumours were predominantly non- 
keratinising with abundant inflammation present in the tumour 
and the surrounding tissue. This is in concordance with previous 
reports of conjunctival carcinomas20 and HPV- positive carci-
nomas of other locations, such as the oropharynx.33 It is not 
fully understood why HPV- positive tumours have this non- 
keratinising phenotype; however, it is possible that viral oncop-
roteins interacts with cell cycle mediators and blocks cell 
maturation.33 The p16 IHC showed a sensitivity of 90% in 
detecting HR- HPV in this material, which is higher than previ-
ously reported.34 However, using p16 as a screening marker will 
lead to both false- negative and false- positive results, and the 
combination with other techniques is therefore recommended.

Despite investigation of a nationwide cohort over 36 years, 
in order to reduce selection bias and enlarge the sample size, 
this cohort remains limited. There is no doubt that classification 
and identification of novel biomarkers in this disease entity will 
benefit greatly from larger and prospective multicentre registries 
in order to consolidate the classification of the tumours, and to 
incorporate biomarkers with prognostic and predictive value.

In the present study, we have been able to describe distinct 
clinical and histopathological subsets in HPV- positive and HPV- 
negative conjunctival intraepithelial neoplasia and carcinoma 
(figure 3). To summarise, patients with a cSCC HPV- positive 
tumour are generally younger at the time of diagnosis, have 

a lower comorbidity index and a higher risk of recurrence. 
Histopathologically, the tumours are associated with a non- 
keratinising morphology and a positive p16 stain. The finding of 
clinical differences regarding HPV status and transcriptionally 
active HPV within the tumour tissue strengthens the hypothesis 
of a causal role of HPV in a subset of these conjunctival tumours. 
Due to the massive global burden of HPV- related cancer, the 
incitement for development of HPV- specific therapy is enor-
mous, and this focus will probably be beneficial for patients 
suffering from HPV- related conjunctival carcinoma in the future.
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