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Abstract
Objectives: Although causal associations between oral leukoplakia (OL), oral squa-
mous cell carcinoma (OSCC) and high-risk human papillomavirus (HR-HPV) have been 
speculated upon in several reports, conclusive evidence has not been presented. This 
study investigates whether the number of cases of HR-HPV in OL has increased over 
time and whether the prevalence of HR-HPV-positive OL differs in various parts of 
the world.
Patients and Methods: A total of 432 patients with OL from Sweden, Brazil and 
Romania were analysed. Patients were divided into historical (1992–2002) and con-
temporary (2011–2017) cohorts from the respective countries. Seventeen patients 
with OL developed oral squamous cell carcinoma (OSCC). A real-time PCR assay, tar-
geting HPV sub-types 6,11,16,18,31,33,35,39,45,52,56,58 and 59, was performed to 
detect HR-HPV in patients with OL.
Results: In the Swedish and Romanian cohorts, none of the investigated HPV sub-
types were detected. In the Brazilian cohorts, five patients with OL (3%) were positive 
for HR-HPV, including four patients from the contemporary cohort (HPV 16, 31, 33) 
and one from the historical cohort (HPV 11). All the cases of OL that transformed into 
OSCC were HR-HPV-negative, as were the corresponding tumours.
Conclusions: In summary, the prevalence of HR-HPV in OL is low in all the tested 
countries, and the incidence has not changed over time. HR-HPV in OL does not seem 
to be a driver of oncogenesis.
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1  | INTRODUC TION

Oral squamous cell carcinoma (OSCC), which is a major public health 
problem worldwide, is the consequence of a multi-step process in 
which a potentially malignant oral disorder (PMOD) often precedes 
the established tumour (Hunter, Parkinson, & Harrison, 2005). 
Oral leukoplakia (OL) is considered to be a PMOD because it can 
transform into OSCC. The internationally accepted clinical defini-
tion of OL is “a white plaque of questionable risk having excluded 
(other) known diseases or disorders that carry no increased risk of 
cancer” (Warnakulasuriya, Johnson, & van der Waal, 2007). OL is 
classified into two main types: homogenous and non-homogenous. 
Homogenous OL, which is the most common form, appears as a 
white flat and uniform plaque with a smooth surface and well-de-
fined margins. Non-homogenous OL appears as a white plaque 
with areas of erythema accompanied by areas that include nod-
ules and/or verrucous parts (van der Waal, 2009; Warnakulasuriya 
et al., 2007).

According to a meta-analysis conducted by Iocca and co-work-
ers, the cumulative malignant transformation rate from OL to 
OSCC is 8.6% (Iocca et al., 2020). Reported risk factors associated 

with malignant transformation include the presence of epithelial 
dysplasia, clinical type (non-homogenous), female gender and le-
sion size (van der Waal, 2009). The epidemiology of OL is currently 
unclear, mainly due to the variability of the reported prevalence 
rates/numbers. However, the estimated pooled prevalence for OL 
in the oral cavity is in the range of 1.49%–2.6% (Petti, 2003). The 
aetiology of OL is considered to involve genetic aberrations that 
results in malfunctions in various intracellular mechanisms (Dionne, 
Warnakulasuriya, Zain, & Cheong, 2015). Even though OL is associ-
ated with predisposing risk factors, such as the use of tobacco and 
excessive consumption of alcohol (van der Waal, 2009), it still ap-
pears in patients without these risk factors. Human papillomavirus 
(HPV) infection has been suggested as a causative agent of OL.

HPVs belonging to the α-papilloma virus family are present in 
the oral cavity (Syrjanen, 2018). Low-risk HPV sub-types, such as 
HPV 6 and 11, cause benign papillomas (Rautava & Syrjanen, 2011), 
while high-risk (HR)-HPV infection of the oral epithelium may 
cause intra-epithelial dysplasia and eventual transformation into 
OSCC (Syrjanen, 2018). In the oral cavity, HPV (or more specifi-
cally, HPV DNA) may be detected in varying amounts. The preva-
lence of oral HPV-16 has been estimated as 1.3% in almost 4,000 

Medicine, Institute of Tropical Medicine of 
São Paulo, São Paulo, Brazil
11Faculty of Dental Medicine, Oral 
Pathology Discipline, Carol Davila 
University of Medicine and Pharmacy, 
Bucharest, Romania
12Victor Babes Institute of Pathology, 
Bucharest, Romania
13Clinic of Oral Medicine, Gothenburg, 
Public Dental Service, Region Västra 
Götaland, Gothenburg, Sweden

Correspondence
Bengt Hasséus, Department of Oral 
Medicine and Pathology, Institute of 
Odontology, The Sahlgrenska Academy, 
University of Gothenburg, PO Box 450, 
SE40530 Gothenburg, Sweden.
Email: bengt.hasseus@gu.se

Funding information
The Healthcare Board; Region Västra 
Götaland (Hälso- och sjukvårdsstyrelsen); 
TUA Research Funding; The Sahlgrenska 
Academy at the University of Gothenburg/
Region Västra Götaland, Grant/
Award Number: TUAGBG-620871 and 
VGFOUREG-647771; Assar Gabrielsson 
Foundation, Grant/Award Number: FB19-
75; Adlerbertska Foundation; Swedish 
Dental Society, Grant/Award Number: 
1486 and 1444; Gothenburg Dental 
Society, Sweden; Ministry of Education and 
Research in Romania; Brazilian National 
Council for Scientific and Technological 
Development, Grant/Award Number: 
44004/2014-5; São Paulo Research 
Foundation, Grant/Award Number: 
2015/07727-9 and 2017/02889-6

K E Y W O R D S

global variation, HPV, oral cancer, PCR, potentially malignant oral disorders, virus

mailto:bengt.hasseus@gu.se


     |  185SUNDBERG Et al.

healthy persons assessed in various studies (Kreimer et al., 2010). 
Among 1,688 healthy men in the United States, Mexico and Brazil, 
HPV was detected in oral rinses in 4% of the studied subjects 
(Kreimer et al., 2011). In a Finnish population-based study, the 
prevalences of HPV detected in oral scrapings were 15%–24% 
in women and 15%–31% in their male spouses during a 6-year 
follow-up (Kero, Rautava, Syrjanen, Grenman, & Syrjanen, 2012; 
Rautava et al., 2012). Thus, there is substantial variability in the 
reported rates of HPV in the oral cavity. The sampling site, sam-
pling method and HPV analysis methods used have been offered 
as explanations for the variations in prevalence reported in the 
literature (Syrjanen, 2018).

The association between uterine cervical cancer (zur Hausen, 
2002) and oropharyngeal cancer (OPC) and HR-HPV infection is 
well known (Syrjänen & Syrjänen, 2019). During the last two de-
cades, an increase in the incidence of OPC related to HPV infection 
has been reported (Nasman et al., 2009). To date, this association 
has not been confirmed as being also valid for OSCC. Although a 
casual association between OL, OSCC and HR-HPV has been sug-
gested in several reports, conclusive evidence is lacking (Chen 
& Zhao, 2017; Hennessey, Westra, & Califano, 2009; Syrjanen 
et al., 2011).

In head and neck cancers, the prevalence of HR-HPV shows 
both geographical and anatomical heterogeneity (Syrjänen & 
Syrjänen, 2019). In a systematic review conducted by Kreimer 
and colleagues, there were striking differences in overall HR-HPV 
prevalence, with a range for oral cancer that spanned from 33% 
in Asia to 16% in Europe and North America (Kreimer, Clifford, 
Boyle, & Franceschi, 2005). In an ongoing, prospective, multi-cen-
tre study in Sweden (ORA-LEU-CAN study), we are investigating 
the presence of HR-HPV in patients with OL and p16-positive 
OSCC and have shown that while no HR-HPV is detected in the 
patients with OL, 38% of the patients with p16-positive OSCC 
carry HPV 16 (Sundberg, Korytowska, Burgos, et al., 2019). This 
prompted us to hypothesise that the prevalence of HR-HPV in-
fection in OL may have changed over time and may also differ 
between countries around the world. Thus, this study aimed to 
determine (a) whether the incidence of HPV-positive OL has in-
creased over time to the same extent as HPV-positive OPC; and 
(b) whether the prevalence of HPV-positive OL differs between 
Sweden, Brazil and Romania.

2  | PATIENTS AND METHODS

2.1 | Patients

Contemporary Swedish patients were retrieved from an ongoing 
prospective OL study (ORA-LEU-CAN) in Sweden with data col-
lected 2011–2017 (Sundberg, Korytowska, Holmberg, et al., 2019). 
To assess HR-HPV prevalence in OL over time, historical Swedish 
patients with a diagnosis of OL were retrieved by a registry search 
in the database at the Department of Oral Medicine and Pathology, 

University of Gothenburg, for the time period 1992–2002. In Brazil 
and Romania, contemporary (2011–2017) and historical patient co-
horts (1992–2002) were obtained after registry searches for the 
same time periods as the Swedish cohorts, in the databases at the 
Departments of Oral Medicine and Pathology of the Universities of 
Sao Paulo and Bucharest.

The inclusion criterion was a clinically and histopathologically 
verified diagnosis of OL according to the medical records or referral 
documents. The participating centres all define OL according to the 
WHO criterion (Warnakulasuriya et al., 2007). The exclusion criteria 
were incomplete patient records, history of head and neck cancer 
and biopsy specimens of <5 mm in diameter. In total, 432 eligible 
patients from the three countries were included. The contemporary 
cohorts contained 100 patients from Sweden, 100 patients from 
Brazil and 35 patients from Romania. For the historical cohorts, 89 
Swedish, 89 Brazilian and 19 Romanian patients formed the study 
groups. The patients’ characteristics are listed in Table 1. All pa-
tients received treatment according to the standard of care at the 
respective centre at the time of diagnosis, which in all centres were 
surgical removal in toto, if possible and follow-up. After establishing 
the study cohorts, a second registry search was made in the three 
centres. In this registry search study patients were explored for a 
diagnosis with OSCC after OL diagnosis. In total, 17 (5 Swedish, 5 
Brazilian and 7 Romanian) patients were identified who developed 
OSCC from and on the site of the OL (Table 2).

2.2 | HPV DNA analysis

Formalin-fixed, paraffin-embedded biopsy specimens were sec-
tioned (30 µm × 5 µm) in a microtome with precautions being taken to 
ensure that there was no contamination between specimens. After 
each set of sections, the microtome was cleaned with Invitrogen 
DNAZap solution (Thermo Fisher Scientific), to avoid cross-contam-
ination between samples.

The DNA extractions were performed using the QIAamp DNA 
FFPE Tissue Kit (Qiagen) as per the manufacturer's protocol. Xylene 
was used for de-paraffinisation; no RNase A treatment was per-
formed on the samples; and an elution volume of 50 μl was used. 
For samples with large pellets that never completely lysed, an extra 
centrifugation was implemented in the first column step of the 
extraction protocol, to ensure that all the lysate passed through 
the column membrane. The concentration and purity of the ex-
tracted DNA were analysed in a spectrophotometer (DropSense96; 
Unchained Labs).

A Taqman real-time PCR assay targeting 12 high-risk (16, 18, 
31, 33, 35, 39, 45, 51, 52, 56, 58 and 59) and 2 low-risk (6 and 11) 
sub-types of HPV, including the primers and probes presented in 
Table 3, was used for identification of HPV DNA (Lindh et al., 2007). 
For quality control, a real-time PCR analysis of the human β-globin 
gene was run in parallel, and a β-globin Ct-value <40 was set as the 
threshold value. A pUC57 plasmid containing a target segment of 
each HPV sub-type was analysed in each round as a positive control, 
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to verify the PCR performance for each HPV sub-type. Previously 
confirmed HPV DNA-positive cervical carcinomas and OSCC were 
included in the procedures.

This study was approved by the Regional Ethical Review Board in 
Gothenburg, Sweden (Dnr. 673–10), the Ethical Board at the School 
of Dentistry, University of Sao Paulo, Brazil (Protocol 2.201.757), 
and the Ethical Review Board at the Institutul National de Cercetare-
Dezvoltare in Domeniul Patologie si Stiintilor Biomedicale Victor 
Babes, Bucharest, Romania (Protocol 54:06.12.2017).

3  | RESULTS

Fourteen patients from Sweden with β-globin Ct-values ≥ 40 were 
excluded. All the Brazilian and Romanian patients had β-globin Ct-
values < 40. Thus, in total, 418 patients were included in the analysis 
(175 from Sweden, 189 from Brazil and 54 from Romania; Table 4).

The age distributions were similar in the three countries and 
in the contemporary and historical cohorts, with a mean range of 
55–60 years (Table 1). In the Swedish cohorts, 49.7% were men and 
50.3% were women: The corresponding percentages for Brazil were 
54.0% and 46.0% and for Romania were 31.5% and 68.5%. The 
mean (median) age was 59 (58) years in the Swedish historical co-
hort and in the contemporary cohort 60 (61) years. In the Brazilian 
cohorts, corresponding values were 58 (56) and 57 (46) years and in 
the Romanian cohorts 55 (53) and 60 (61) years (Table 1).

The anatomical localisation of OL displayed a similar pattern be-
tween the countries, with the tongue, gingiva and buccal mucosa as 
the most common sites for OL (Table 1). In the Swedish historical 

cohort, 73% of OL were located in the buccal mucosa, tongue or 
gingiva while 87% of OL were localised at these sites in the con-
temporary cohort. Among the Brazilian historical patients, 83% had 
OL at buccal mucosa, tongue or gingiva, while 78% of contemporary 
patients presented with OL at these sites. Corresponding values for 
the Romanian cohorts were 69% and 86% (Table 1).

The prevalence of dysplasia in OL varied between the three 
countries. Sweden and Romania had similar numbers with 21% OL 
with dysplasia in the Swedish historical and 25% in the contempo-
rary cohort, while corresponding figures for the Romanian patients 
were 32% and 37% (Table 1). In the Brazilian historical and contem-
porary cohorts, dysplasia was present in the majority of patients: 
70% and 71%, respectively (Table 1).

3.1 | HPV analysis

In the Brazilian cohorts, five patients with OL (of overall 189 pa-
tients; 3%) were positive for HPV (sub-types 11, 16, 31 and 33; 
Table 2), four in the contemporary cohort and one in the historical 
cohort (Table 4). The age range in these five cases was 45–60 years. 
Three of them were smokers and two were non-smokers, three of 
them had OL on the tongue, one had OL in the gingiva, and one had 
OL in the floor of the mouth. All five OL cases showed dysplasia at 
the time of diagnosis. In the Swedish and Romanian cohorts, both 
contemporary and historical, none of the investigated HPV sub-
types was detected (Table 4).

Seventeen patients had OL that progressed to OSCC. In the 
Swedish contemporary cohort, five patients suffered malignant 

TA B L E  1   Demographic and clinico-pathological characteristics of the patients

Country
Sweden
N (%)

Brazil
N (%)

Romania
N (%)

Cohort
Historical
N = 89

Contemporary
N = 100

Historical
N = 89

Contemporary
N = 100

Historical
N = 19

Contemporary
N = 35

Gender

Male 40 (45) 54 (54) 50 (56) 52 (52) 7 (37) 10 (29)

Female 49 (55) 46 (46) 39 (44) 48 (48) 12 (63) 25 (71)

Age (years)

Mean (median) 59 (58) 60 (61) 58 (56) 57 (46) 55 (53) 60 (61)

Range 20–91 27–82 32–90 35–89 30–79 42–86

Site of lesion

Floor of the mouth 17 (19) 7 (7) 10 (11) 15 (15) 4 (21) 1 (3)

Buccal mucosa 26 (29) 22 (22) 18 (20) 16 (16) 2 (11) 7 (20)

Tongue 14 (16) 34 (34) 35 (40) 38 (38) 7 (37) 6 (17)

Gingiva 25 (28) 31 (31) 20 (23) 24 (24) 4 (21) 17 (49)

Hard palate 6 (7) 3 (3) 3 (3) 2 (2) 1 (5) 4 (11)

Soft palate 1 (1) 3 (3) 3 (3) 5 (5) 1 (5) 0 (0)

Dysplasia

Yes 19 (21) 25 (25) 62 (70) 71 (71) 6 (32) 13 (37)

No 70 (79) 75 (75) 27 (30) 29 (29) 13 (68) 22 (63)
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Target Oligo Sequence

HPV 6 F RCGGTTYATAAAGCTAAATTGTACGT

R AGGGTAACATGTCTTCCATGCA

P AAGGGTCGCTGCCTACACTGCTGG

HPV 11 F GCTTCATAAAACTAAATAACCAGTGGAA

R GTCAGGAGGCTGCAGGTCTAGTA

P CTATATCCTTTAGGGTAACAAGTCTTCCATGCATGTTG

HPV 16 F TTGCAGATCATCAAGAACACGTAGA

R CAGTAGAGATCAGTTGTCTCTGGTTGC

P AATCATGCATGGAGATACACCTACATTGCATGA

HPV 18 F AGAGGCCAGTGCCATTCGT

R GTTTCTCTGCGTCGTTGGAGT

P TCCTGTCGTGCTCGGTTGCAGC*

HPV 31 F ATTCCACAACATAGGAGGAAGGTG

R CACTTGGGTTTCAGTACGAGGTCT

P ACAGGACGTTGCATAGCATGTTGGA

HPV 33 F ATATTTCGGGTCGTTGGGCA

R ACGTCACAGTGCAGTTTCTCTACGT

P GGACCTCCAACACGCCGCACA*

HPV 35 F TCGGTGTATGTCCTGTTGGAAAC

R CATAGTCTTGCAATGTAGTTATTTCTCCA

P TGCATGATTACACCTCGGTTTCTCTACGTG

HPV 39 F GCAGGAAGCTATACAGGACAGTGTC

R CTTGGGTTTCTCTTCGTGTTAGTCT

P CCCGTTTTGTGGTCCAGCACCG*

HPV45 F GGACAGTACCGAGGGCAGTGTAA

R TCCCTACGTCTGCGAAGTCTTTC

P CATGTTGTGACCAGGCACGGCA

HPV 51 F AAAGCAAAAATTGGTGGACGA

R TGCCAGCAATTAGCGCATT

P CATGAAATAGCGGGACGTTGGACG

HPV 52 F GACATGTTAATGCAAACAAGCGAT

R CATGACGTTACACTTGGGTCACA

P TGTTCAGAGTGTTGGAGACCCCGACC

HPV 56 F TGCATTGTGACAGAAAAAGACGAT

R CTCCAGCACCCCAAACATG

P CCCGGTCCAACCATGTGCTATTAGATGA*

HPV 58 F GGCATGTGGATTTAAACAAAAGGT

R TCTCATGGCGTTGTTACAGGTTAC

P TGGAGACCCCGACGTAGACAAACACAA

HPV 59 F TGTATGGAGAAACATTAGAGGCTGAA

R TGGACATAGAGGTTTTAGGCATCTATAA

P AGACACCGTTACATGAGCTGCTGATACC

β-globin F CAGGTACGGCTGTCATCACTTAGA

R CATGGTGTCTGTTTGAGGTTGCTA

P GCCCTGACTTTTATGCCCAGCCCTG

Note: F, forward primer; R, reverse primer; P, probe; *, antisense. All the probes were labelled with 
5-FAM(6-carboxyfluorescein) and 3-TAMRA (6-carboxytetramethylrhodamine).

TA B L E  3   Primers and probes used for 
the detection of 14 human papillomavirus 
sub-types by real-time PCR
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transformation, as compared with none of the patients in the his-
torical cohort (Table 2). The corresponding numbers for the Brazilian 
and Romanian cohorts were three and two patients and five and two 
patients, respectively (Table 2). For the patients who progressed to 
OSCC, the age range was 27–80 years, and there were 16 women 
and one man. In 13 of the 17 OSCC cases, dysplasia was present in 
the initial OL sample. The most common anatomical localisation of 
OSCC was the tongue (N = 9), followed by the gingiva (N = 3) and the 
buccal mucosa (N = 3; Table 2). HPV was not present in any of the 17 
OSCC samples or in any of the corresponding OL samples (Table 2).

4  | DISCUSSION

The results of the present study reveal a low prevalence of HPV 
infection in cases of OL, at least as regards the 12 HR-HPV sub-
types (16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58 and 59) and two 
low-risk HPV sub-types (6 and 11) that were investigated. Between 
the studied time periods, the incidence of HPV infection in OL did 
not change in the study cohorts. There were no major differences 
between the three countries, although the results from the Brazilian 
cohorts may reflect the fact that HPV is more common in OL in 
South American patients. In patients who developed OSCC from 
OL, none of the tumours showed the presence of any of the ana-
lysed HPV sub-types.

The presence of HR-HPV in OL differs significantly across pub-
lished studies, possibly reflecting differences in sampling techniques 
and geographical regions. Some studies have suggested an asso-
ciation of OL with HR-HPV (Chen & Zhao, 2017; Ferreira, Biasoli, 
Bernabe, Nunes, & Miyahara, 2017; Syrjanen et al., 2011), while 
other studies have reported the absence of HPV or its presence at 
very low rates (Bhargava et al., 2016; Della Vella et al., 2019; Yang 
et al., 2019), in agreement with our findings. Geographical variations 
in the prevalence of HPV infection and the importance of HPV for 
OL or oral cancer have been reported, and further investigations 
of these topics are required. In a recent study, HPV 16-positiv-
ity was detected in 10.6% of oral cancers in US patients, as com-
pared with 6.1% in European patients and 0% in Brazilian patients 
(Anantharaman et al., 2017).

We have previously reported the absence of HR-HPV in OL in 
a contemporary, prospective Swedish patient cohort (Sundberg, 

Korytowska, Burgos, et al., 2019). These findings prompted us to 
study a historical patient cohort in Sweden and to extend the study 
to other geographical regions, such as central Europe (Romania) 
and South America (Brazil). In Sweden, the observed trend is that 
OPC associated with HR-HPV is increasing (Nasman et al., 2009). 
However, there has been a decrease in the number of tobacco smok-
ers (Ramstrom, Borland, & Wikmans, 2016), and smoking is known 
to promote HPV infection of the oral cavity (Kreimer et al., 2011). 
Therefore, it is possible that there is a decrease in the frequency of 
HPV infections in Swedish patients with OL. In Europe and Brazil, 
community-based HPV vaccination programmes have been oper-
ating over the past decade. The target population for these vac-
cination programmes is adolescents. The patients in our studied 
cohorts were not within the age range of these programmes and, 
consequently, HPV vaccination does not explain the low prevalence 
of HPV in OL observed in the present study.

In the present study, none of the examined OL samples in the 
European cohorts was HPV-positive, whereas HR-HPV DNA was 
detected in 1.1% of the OL samples in the Brazilian historical co-
hort and in 4.1% in the contemporary Brazilian cohort. The mean 
and median ages of patients from all three countries placed them 
in their fifth decade of life or slightly above. Gender was balanced 
between men and women in the Swedish and Brazilian cohorts, 
while in patients from Romania, there was a female dominance. 
Thus, it is not likely that the positive cases found in the Brazilian 
cohorts are explained by age and gender differences, since Swedish 
and Brazilian patients displayed similar demographic character-
istics regarding these factors. The low number of positive cases 
found in this study does not allow for an in-depth analysis. The 
study patients were from a hospital-based setting after referral 
from dentists or physicians. Thus, the results cannot be extrapo-
lated to the general population in the three countries. In a recent 
meta-analysis by de la Cour et al, addressing prevalence of HPV in 
PMOD, the disparity between results obtained from different pa-
tient populations and geographical regions is evident (de la Cour, 
Sperling, Belmonte, Syrjänen, & Kjaer, 2020). In this meta-analy-
sis, 28 studies specifically addressed presence of HPV in OL, and 
among them, eight studies reported nil presence of HR-HPV (de la 
Cour et al., 2020). Countries of origin for the studies reporting no 
HR-HPV were India, Thailand, Iran, China and Sweden (de la Cour 
et al., 2020). Thus, the findings in the present study further point 

TA B L E  4   Results of the real-time PCR analysis for detection of HR-HPV in patients with oral leukoplakia in the periods 1992–2002 and 
2011–2017

Cohort Leukoplakia Sweden Brazil Romania Total

Historical 1992–2002 No. of patients 82 89 19 190

HPV-positive (sub-types) 0 1 (11) 0 1

HPV-negative 82 88 19 189

Contemporary 2011–2017 No. of patients 93 100 35 228

HPV-positive (sub-types) 0 4 (16,16,31,33) 0 4

HPV-negative 93 96 35 224

Abbreviation: HPV, human papillomavirus.
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to the necessity of larger population-based studies in different 
geographical regions designed in a prospective manner to explore 
the behaviour of HR-HPV infection of OL.

Since a majority of OSCC are considered to be preceded by 
PMOD, such as OL (Hunter et al., 2005), it is of interest to investi-
gate whether OSCC that originates from OL involves HR-HPV infec-
tion, or whether HPV-positive OSCC develops without a preceding 
OL stage. In OSCC, the presence of HR-HPV has been described 
by several groups (Syrjänen & Syrjänen, 2019; zur Hausen, 2002). 
In the present study, OSCC developed from OL in 17 patients from 
the three participating centres. Patients were monitored from time 
point of OL diagnosis until a diagnosis of OSCC. In none of these, 
OL samples or tumours could HR-HPV be detected. The majority 
of these cases (16/17) were female, in accordance with previous 
findings identifying female gender as a risk factor for cancer trans-
formation (Warnakulasuriya & Ariyawardana, 2016). It has been sug-
gested that the tendency of females to consult healthcare services 
to a greater extent than men (Wang, Hunt, Nazareth, Freemantle, & 
Petersen, 2013) explains in part these gender differences. However, 
the present study has the limitation that it is partly retrospective. 
Prospective studies with higher numbers of patients are needed to 
explore gender factors in relation to the malignant transformation 
of OL.

Another limitation with retrospectively collected data is the re-
liability of diagnoses. Since OL is an exclusion diagnosis, there is a 
risk that mucosal disorders with clinical features resembling OL may 
have been included. But all patients were examined by specialists 
in oral medicine or maxillofacial surgery, which minimises this risk 
although it cannot be fully excluded.

The PCR assay used in our study has a high level of sensitivity for 
detecting HPV DNA, and positive controls for all the investigated 
HPV sub-types were included in each run. HPV DNA was detected 
in control samples from patients with previously identified HR-HPV-
positive OSCC and cervical carcinomas. Therefore, we believe that 
the presence of HPV in the tissue specimens that were HPV DNA-
negative is highly unlikely (Lindh et al., 2007).

The results suggest that the HPV sub-types analysed in this 
study are not linked to the cancerous transformation of OL and that 
OSCC driven by HPV constitutes an entity that is distinct from OSCC 
preceded by OL.

In OPC, HPV members of the α-papillomavirus family are a major 
cause of cancer (Rautava & Syrjanen, 2012). In OSCC, HR-HPV may 
be a causative factor, although probably not to the same extent as 
in OPC. The reasons for this may be differences in tissue architec-
ture between the oral cavity and oropharynx and differences in local 
immune responses between the two anatomical sites. It is of impor-
tance not to exclude the possibility that HPV sub-types belonging 
to other genera may be important players in OL and OSCC. In a 
transgenic mouse model, HPV 49, which belongs to the beta-papillo-
mavirus family, was found to make the animals susceptible to upper 
digestive tract cancer (Viarisio et al., 2017, 2019). This underlines 
the importance of addressing sub-types other than HR-HPV, also in 
the human setting. The correlations between OL, OSCC and HPV 

infection need to be further elucidated regarding co-factors and 
temporal relationships.

5  | CONCLUSIONS

No clear increase over time of HR-HPV infection in OL was found. 
Brazilian patients displayed a low prevalence of HR-HPV infection 
in OL, while no HR-HPV was detected in Swedish and Romanian pa-
tients. Moreover, HR-HPV could not be detected in cases in which 
OL preceded OSCC. Larger, prospective and population-based, mul-
tinational studies are needed to explore HR-HPV infection and out-
come in OL.
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