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Abstract: Lichen planus (LP) is a chronic, recurrent mucocutaneous inflammatory disease with
unclearly defined etiology, where a potential role of several viruses has been considered. This meta-
analysis aimed to determine the potential association between HPV and oral LP based on case-control
and cross-sectional study results. A systematic search was performed in PubMed, Web of Science
(SCI), Google Scholar, and Scopus databases with the last update on 6 March 2024. Pooled data were
analyzed by calculating odds ratios (OR) and 95% confidence intervals (CI) with the metafor package
for R. A total of 13 studies on 541 cases and 413 controls were included in this meta-analysis. It
covered eight countries: India, Iran, Turkey, Czech Republic, Hungary, Italy, Macedonia, and the UK.
In seven papers, the differentiation into the erosive-atrophic type and non-erosive-atrophic type of
OLP was utilized. HPV infection was associated with at least a two times higher risk for a person
with HPV to have OLP, depending on whether original data or filled/trimmed data were used. The
OR values were 3.54 [2.01, 6.24] and 2.10 [1.16, 3.82], respectively. This meta-analysis was performed
to identify the association between HPV and OLP and revealed that HPV infection was associated
with at least a high risk for a person with HPV to develop OLP.

Keywords: human papilloma virus; oral lichen planus; oral mucosa

1. Introduction

Lichen planus (LP) is a chronic, recurrent mucocutaneous inflammatory disease char-
acterized by epithelial thickening or atrophy with possible ulcerations [1,2]. The disturbed
immunological response develops and is triggered by several endogenous and exogenous
factors. The leading phenomenon is the increased production of T-helper 1 cytokines.
Although the etiology of LP is not clearly defined, it is generally accepted to be a T-cell-
mediated condition, where the reaction of specific CD8+ T-cells is comparable to the
response induced by viruses, which may act as cytoplasmic antigens and induce the ex-
pression of host cell proteins. The immunological cascade in LP may be started by an
antigen exposing the basal keratinocytes of the oral mucosa to cell immune responses. The
activation of CD4+ T- and CD8+ T-lymphocytes, followed by the ejection of cytokines, such
as interleukin-2 (IL-2), interferon-gamma (IFN-g), and tumor necrosis factor (TNF), leads
to the apoptosis of keratinocytes [1–5].

LP may affect the skin, scalp, hair follicles, nails, and oral and genital mucosa. Rarely,
it may also involve the eyes, urinary tract, nasal mucosa, and larynx [1,2]. Typical skin
presentation includes itchy, purple, flat papules. At the same time, characteristic oral
findings cover the presence of multiple keratotic white papules arranged in reticular or
plaque-like networks with a bilateral and symmetric distribution. Less commonly erosive,
erythematous, or bullous lesions may also develop. Therefore, oral lichen planus (OLP) can
be classified as reticular, plaque, papular, erosive, atrophic, and bullous. All types of OLP
can be pooled into two main clinical groups: erosive-atrophic forms (EA-OLP), including
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erosive, atrophic, bullous, and mixed EA variants, and non-erosive-atrophic forms (non-
EA-OLP), comprising of reticular, plaque, and papular subtypes [1,3,6–8]. A common
phenomenon accompanying OLP is desquamative gingivitis [9–11]. Skin and mucosal
lesions may develop both alone or together, as well as simultaneously or independently.
The reported coincidence rate is inconsistent depending on the authors, varying from 4% to
44%. It has commonly been considered that approximately one-third of patients presenting
oral lesions also present skin lesions [2,11]. The oral form of lichen planus occurs more
frequently and tends to be more resistant to treatment than the cutaneous form.

Upon histopathological examination, most characteristic findings in the OLP include
lichenification of the basement layer, followed by a marked layered lymphocytic infil-
trate underlying the epithelium, the presence of numerous eosinophilic colloid bodies
along the epithelial-connective tissue interface (Civatte bodies), sawtooth-shaped inter-
papillary ridges, variable thickness of the spinous layer, and the presence of ortho- or
parakeratosis [2,5,7]

The OLP prevalence in the general adult population is estimated as 0.5 to 2% [2,12]
with a female predilection (female: male ratio 2:1) and the age of onset between 30 and
60 years [7,9]. OLP in children has been observed only in exceptional cases [1,2].

OLP is classified as an oral potentially malignant disorder (OPMD) by the World
Health Organization (WHO), with a transformation risk from 0.4% to 3.3%, over a period
0.5 to >20 years, more commonly deriving from atrophic-erosive types [8,11]. In the recent
meta-analysis by Idrees et al., the average risk of developing a malignant disorder in
patients with OLP was calculated at 1.37%, which is low [13]. The exact mechanisms of
carcinogenesis in OLP have still not been fully understood. However, some components
of oral virobiota have been suggested as stimulants of the OLP development and pro-
gression from non-EA into EA types, namely hepatitis C virus (HCV), Epstein–Barr virus,
herpesvirus (HSV), cytomegalovirus (CMV), and human papillomavirus (HPV) [2,7,14,15].
Although it has not been well defined whether these factors are genuinely causative for
OLP or only superimpose the already existing autoimmune disease, several meta-analyses
have demonstrated strong evidence of an association between viral infections and OLP,
especially regarding HCV [16,17]. This agent can bind cells other than hepatocytes, in-
cluding epidermal cells. The repeated activation of the immune cells due to the viruses’
high mutation rate may lead to the dysregulation of the immune system and trigger the
autoimmune response [5].

HPV has also been considered a potential trigger for the malignant transformation
of the OLP, with the first reports on the association between HPV and OLP dated back to
1987 [18]. HPV is a small, non-enveloped virus with a diameter of 52–55 nm. Its genome
contains a double-stranded DNA molecule bound to cellular histone [19] that encodes
approximately eight open reading frames (ORFs), showing three functional parts as follows:
the early (E) region, the late (L) region, and a long control region (LCR). Proteins called E1,
E2, E4, E5, E6, and E7, which participate in the replication, cellular transformation, and
control of viral transcription, are encoded by the E region [19,20].

The oncogenic activity of HPV in the anogenital region and oropharynx has already
been well established; in particular, HPV infection is recognized as a decisive risk factor
for high-grade squamous intraepithelial lesions (HSILs) and invasive cervical cancers.
Simultaneously, HPV has a strong affinity for squamous epithelial cells, and several virus
genotypes are responsible for developing benign mucosal lesions, like warts, squamous
papillomas, and condylomas, or installing a latent infection in the basal keratinocytes.
The course of HPV infection and the risk of malignant transformation of the lesions is
determined by the type of virus, modified by various physical, chemical, and biological
agents, the genetic constitution, and the immune defense mechanisms of the host [1,21].
A division of the virus oncogenic phenotypes into high- and low-risk types is based on
the differences in the DNA base sequences of E6 and E7 genes. High-risk types include
HPV 16, 18, 31, 33, 35, 45, 51, 52, 56, 58, and 59, while the low-risk include HPV 6, 11, 42, 43,
and 44 [19,20]. The International Agency for Research on Cancer (IARC) classified HPVs
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into three groups according to their oncogenic activity. Groups 1 and 2 are considered
high-risk genotypes, as they tend to incorporate their DNA in the host cell genome rather
than keeping a minimal transcriptional activity in an episomal form. The high-risk types
of HPV 16 and 18 are closely associated with squamous cell carcinomas and have been
detected with a rising frequency in precancerous lesions of increasing grades in the cervix
uteri [21]. The predominant genotypes in benign genital lesions, rarely found in carcinomas,
are HPV 6 and 11. The effects of high-risk HPV types on anogenital mucosal membranes are
explained by the capacity of HPV 16 and 18 to compromise physiological cell cycle control
by continuous expression of their E6 and E7 genes and binding of the related oncoproteins
to the tumor suppressor gene products p53 and pRB [22,23]. The explicit confirmation that
this mechanism also refers to the oral region still needs to be improved. Many studies
confirmed the presence of different types of HPV in oral cancer, especially using PCR-based
DNA detection techniques, showing a wide range of HPV detection rates [21–25]. A few
authors have also described the studies on HPV detection in OPMD, presenting conflicting
results [24,26–29]. Therefore, we believe that performing the meta-analysis to evaluate the
association of HPV in OLP is justified and needed.

This meta-analysis aimed to determine the potential association between HPV and
OLP based on case–control and cross-sectional study results.

2. Results
2.1. Overall Information on the Studies Included

The search strategy is presented in Figure 1. From the 333 articles identified through
initial research, 114 were excluded as duplicates. Further, 199 were excluded for lack
of relevance to OLP and HPV, papers not in English, papers with no full text available,
conference papers/reviews/meta-analyses/letters, or in vitro studies. From the remaining
20 papers, seven were excluded for reasons such as presenting no case–control or cross-
sectional study, being related to other oral pathologies than LP, having a control group
comprised of an unhealthy population/lack of control group/case, and having a control
sample from one patient or using the different diagnostic approach in test and control
groups. Finally, thirteen papers met the inclusion criteria of this study.

The details of the selected studies are listed in Table 1. Studies on OLP included
541 cases, of whom 219 were HPV-positive, and 413 controls, of whom 56 were HPV-
positive. The analysis covered eight countries: three from Asia (India [28,30], Iran [6,31,32],
and Turkey [15]), and five from Europe (Czech Republic [33], Hungary [34], Italy [35,36],
Macedonia [37], and the UK [18]). In 7 of the 13 included papers, the differentiation into
the erosive-atrophic type and non-erosive-atrophic type of OLP was utilized. The tested
HPV genotypes included: 6, 11, 16, 18, 26, 31, 33, 35, 39, 40, 42, 45, 51–56, 58, 59, 61, 62,
64, 66–73, 81–84, IS39, and CP6108. In the majority of studies, the RT-PCR method was
utilized to detect HPV, while immunohistochemical staining was performed in two studies
only [14,28]. To collect the biological material, a brush-biopsy technique was used in three
studies [35–37], and incisional biopsy in one [18]. Formalin-fixed paraffin-embedded tissue
specimens were analyzed in the remaining nine studies. In those studies, the diagnosis
of OLP was confirmed histologically, as it was in the Campisi et al. study [35]. There
was no information on such a confirmation of the OLP diagnosis in the study groups
in the other cited articles [36,37]. Only in three studies were the cases and controls age-
matched [33,34,38], while in none of the studies were they sex-matched.
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Table 1. General characteristics of the studies included in the meta-analysis.

Author Country Cases (LP) Controls HPV+ Cases HPV+ Controls Types of HPV Tested Type of LP HPV+ Cases/LP Type

Campisi G. et al. (2004) [35] Italy 71 90 14 5 6, 16, 18, 31, 33 AE/n-AE AE HPV+ 9 n-AE
HPV+ 5

Farhadi S. et al. (2020) [38] Iran 32 20 8 0 11, 16, 18, 33–73 AE/n-AE AE HPV+ 8 n-AE+ 0

Maitland NJ. et al. (1987) [18] UK 8 12 7 5 16 NA NA

Mohhamadi M. et al. (2023) [6] Iran 25 25 14 7 16, 18 AE/n-AE AE HPV+ 8 n-AE
HPV+ 6

Nafarzadeh S. et al. (2017) [31] Iran 50 7 30 1 NA NA NA

Pierangeli A. et al. (2016) [36] Italy 12 54 9 19 6, 11, 16, 18, 31, 33, 53, 58 NA NA

Pol CA. et al. (2015) [28] India 30 30 21 0 16 n-AE n-AE HPV+ 21

Razavi SM. et al. (2009) [32] Iran 29 9 14 1 18 NA NA

Radochova V. et al. (2015) [33] Czech
Republic 45 24 24 14

6, 11, 16, 18, 26, 31, 33, 35,
39, 40, 42, 45, 51–56, 58, 59,

61, 62, 64, 66–73, 81–84,
IS39, CP6108

AE/n-AE AE HPV+ 16 n-AE
HPV+ 8

Sameera A. et al. (2015) [30] India 15 15 13 0 18 AE/n-AE AE HPV+ 5 n-AE
HPV+ 8

Szarka K. et al. (2009) [34] Hungary 119 72 39 3 6, 11, 16, 18, 31, 33 AE/n-AE AE HPV+ 26 n-AE
HPV+ 13

Yildirim B. et al. (2012) [15] Turkey 65 15 14 0 16 NA NA

Zendeli-Bedejeti L. et al. (2019) [37] Macedonia 40 40 12 1 16, 18, 31, 33, 35, 39, 45, 51,
52, 56–59 NA NA

AE: atrophic-erosive; n-AE: non-atrophic-erosive; NA: not applied.
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2.2. Quality Assessment

Based on the criteria described in the NOS manual, all the included studies presented
high quality (scores between 7 and 9), except one study awarded 6 stars [31] (Table 2).
Please note that for some factors of the NOS scale, more comments are required. In the
comparability of cases and controls in one study [31], differences between subgroups were
statistically significant (only one case of virus in control), but no correction was applied.
In another case [38], only a similar age group was mentioned, and the study design did
not introduce the exact age match. However, we have still decided to award the study
one star. In another case [30], the authors could not calculate the statistical significance
of age and, for other statistically significant factors, no correction was applied. Finally, in
one publication [37], only percentages were mentioned for potentially confounding factors,
but no statistical tests and corrections were performed. We awarded all publications with
one star in case of a non-response rate, as the samples were collected once. Therefore, there
was no possibility of non-returning/non-responding patients.

Table 2. Assessment of quality of the studied included in the meta-analysis with the NOS scale.

Reference
Selection Comparability Exposure

Total
1 2 3 4 1 (Age) 2 (Other) 1 2 3

Campisi G. et al. (2004) [35] * * * * * * * * * 9

Farhadi S. et al. (2020) [38] * * * * * 1 0 * * * 8 1

Maitland NJ. et al. (1987) [18] * * * * 0 0 * * * 7

Mohhamadi M. et al. (2023) [6] * * * * * * * * * 9

Nafarzadeh S. et al. (2017) [31] * * 0 * 0 1 0 1 * * * 6 1

Pierangeli A. et al. (2016) [36] * * * * * * * * * 9

Pol CA. et al. (2015) [28] * * * * * * * * * 9

Razavi SM. et al. (2009) [32] * * * * 0 * * * * 8

Radochova V. et al. (2015) [33] * * * * * * * * * 9

Sameera A. et al. (2015) [30] * * * * 0 0 1 * * * 7 1

Szarka K. et al. (2009) [34] * * * * * 0 * * * 8

Yildirim B. et al. (2012) [15] * * * * 0 0 * * * 7

Zendeli-Bedejeti L. et al. (2019) [37] * * * * 0 1 0 * * * 7 1

*—1 point (1 star); 1—justification of the evaluation is presented in the paragraph above.

2.3. Meta-Analysis

Egger’s test value for the mixed-effects meta-regression model was z = 3.2631, p = 0.0011,
meaning that part of the results that were not satisfactory might have not been published.
Therefore, we decided to use a trim-and-fill method, allowing the prediction of the missing
publications. In brief, this method predicted that six studies needed to be simulated to
properly represent the missing data. That was almost half of the collected data, which
shows that the trim-and-fill method is also not a perfect solution. Therefore, we present the
remaining results for both original and filled/trimmed data.

Funnel plots without and with simulated publications are presented on Figure 2.
Table 3 ilustrates heterogeneity data for both raw data and data after the fill and

trim procedure.
Chi2 test results were as follows: estimated value 1.2651, standard error 0.2888, z-value:

4.38, p-value < 0.0001 for raw data, and an estimated value 0.7425, standard error 0.3051,
z-value 2.4340, and a p-value 0.0149 for fill and trim data. OR values were 3.54 [2.01, 6.24]
and 2.10 [1.16, 3.82], respectively. These values suggest that there is at least a two times
bigger chance for a person with HPV to have OLP.
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To check sensitivity, we utilized the “leave one out” method. In this method, statistics
are calculated multiple times for data where one of the publications is excluded. Thanks to
this approach, we were able to see that elimination of any single publication from our study
did not drastically change the predictions. In all cases, the results of the meta-analysis were
significant, meanwhile one publication [33] seemed to noticeably influence heterogeneity.

Table 4 presents the results of sensitivity test using “leave one out” method.

Table 4. Sensitivity test results using the “leave one out” method.

Estimate Standard Error z-Val p-Val ci.lb ci.ub Q Qp Tau2 I2 H2

Szarka K. et al. (2009) [34] 1.14 0.29 3.8885 0.0001 0.57 1.71 16.93 0.11 0.33 36.02 1.56
Campisi G. et al. (2004) [35] 1.31 0.33 3.9855 0.0001 0.66 1.95 19.87 0.05 0.51 46.09 1.85

Mohhamadi M. et al. (2023) [6] 1.38 0.32 4.2424 0.0000 0.74 2.01 19.68 0.05 0.49 45.01 1.82
Pol CA. et al. (2015) [28] 1.15 0.28 4.1410 0.0000 0.61 1.70 16.48 0.12 0.31 37.47 1.60

Yildirim B. et al. (2012) [15] 1.25 0.30 4.2133 0.0000 0.67 1.83 19.72 0.05 0.41 43.94 1.78
Maitland NJ. et al. (1987) [18] 1.35 0.32 4.2361 0.0000 0.72 1.97 19.95 0.05 0.48 46.58 1.87

Nafarzadeh S. et al. (2017) [31] 1.27 0.30 4.1718 0.0000 0.67 1.87 19.96 0.05 0.44 45.38 1.83
Farhadi S. et al. (2020) [38] 1.23 0.29 4.1908 0.0000 0.65 1.80 19.26 0.06 0.39 42.84 1.75

Pierangeli A. et al. (2016) [36] 1.37 0.33 4.2042 0.0000 0.73 2.01 19.79 0.05 0.50 45.08 1.82
Radochova V. et al. (2015) [33] 1.37 0.24 5.7578 0.0000 0.90 1.83 11.07 0.44 0.04 5.25 1.06

Razavi SM. et al. (2009) [32] 1.27 0.30 4.1703 0.0000 0.67 1.87 19.93 0.05 0.44 45.28 1.83
Sameera A. et al. (2015) [30] 1.18 0.28 4.1563 0.0000 0.62 1.74 17.71 0.09 0.34 39.76 1.66

Zendeli-Bedejeti L. et al. (2019) [37] 1.18 0.29 4.0781 0.0000 0.61 1.75 18.15 0.08 0.35 39.95 1.67
All (none removed) 1.27 0.29 4.3800 0.0001 0.70 1.83 20.10 0.07 0.39 41.62 1.71

3. Discussion

This meta-analysis was performed to identify the association between HPV and OLP
and revealed that HPV infection was associated with at least a two times higher risk for a
person with HPV to have OLP, depending on whether the original data or filled/trimmed
data were used. This stands by some previously published studies that showed even
a higher OR than ours [3,19,25]. The association between HPV infection and OLP, but
also other potentially malignant oral disorders, has been an object of several studies;
however, the exact mechanism of viral interaction with chronically inflamed oral mucosa,
as it occurs in OLP, has not been efficiently explored so far. HPVs present a unique
tropism for squamous keratinocytes. After the integration of viral and host genomes, the
death of keratinocytes occurs [39]. The epithelial thinning observed in atrophic-erosive
forms of OLP facilitates the virus adhesion to the basal cells. On the one hand, it can
be assumed that epithelial damage enhances microbial colonization. HPV penetrates the
epithelium via micro-lesions and gaps, while highly keratinized regions become colonized
less frequently. On the other hand, the dysregulation of the immune system, which is one
of the etiopathologic mechanisms of OLP, may also promote viral growth. From this point
of view, HPV infection presents as secondary to OLP [11].

Additionally, steroids commonly used in the treatment of “red types” of OLP result in
immunosuppression, which can be followed by the upregulation of HPV expression [25,40].
Decreased immune cell concentration and reduced cytokine production, which are induced
by steroidal treatment, may influence the HPV transcription and enhance the extracellular
HPV persistence in the epithelium to accomplish its replication cycle [40,41]. patients. In
our search, we did not find any results of the research on the prevalence of HPV in OLP
before and after corticosteroid therapy. This issue was also pointed in a Agha-Hosseini and
Hafezi Motlagh review, who emphasized the necessity to extend studies in this field [9].

By altering the host cell activity and promoting the expression of abnormal proteins,
HPV could potentially support the progression of lichen planus, and the persistence of the
viral infection could also explain the chronicity of the condition. HPV infection creates a
pro-inflammatory environment by the increase of cytokines, and by stimulating cellular
molecular pathways involving TLR-4 and NF-KB. Thus, the virus presence in autoimmune
disease could concur to induce oncogenesis [11].

Moreover, persistent viral infections lead to immune dysregulation and promote the
slow progression from infection to dysplasia and cancer [41]. HPV 16 and 18 compromise
the physiological control of the cell cycle by continuous expression of E6 and E7 genes and
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by binding the related oncoproteins to the tumor suppressor gene products p53 and pRB in
anogenital tumors, especially carcinomas of the cervix uteri [23]. However, the importance
of these basic mechanisms in oral carcinogenesis has not yet been entirely understood; a
causal action of HPV in oral cancerogenesis remains not fully established.

A linkage between HPV infection, OLP, and risk of malignant transformation via p16
gene expression was suggested in the study by Liu et al. [39]. The authors demonstrated that
p16 and HPV16/18 (E6) expression increased in OLP tissue and malignantly transformed
OLP compared to the controls. Therefore, the expression of p16 could act as a marker
to predict HPV16/18 infection in OLP, while the HPV16/18 infection might contribute
to the malignant transformation of OLP [39]. Epithelial carcinogenesis, characterized
by uncontrolled cellular growth, is initiated by gene mutation and protein expression
alterations of the corresponding gene. That leads to morphological changes, which do
not always allow for predicting a possible carcinoma progression [19,20,39]. Molecular
markers, like p16, could potentially facilitate that.

According to some authors, HPV16 detection in the mouth is strongly associated with
HPV16 persistence in the genital tract and, therefore, may also lead to the progression of
cervical cancer. These studies suggest that the oral region may act as a natural reservoir
of HPV at a locus outside of the genital region, and potentially become a reinfection
focus [42,43] as HPV16 can integrate with host-cell DNA and activate oncogenes. The
interaction of various oral microorganisms and their adhesion results in the formation of
a microbial community through aggregation and coaggregation. The oral dysbiosis and
synergistic effects in oral microbial communities may promote cancer development [43].
The persistence of the HPV infection in the oral area is more frequently associated with
high-risk HPV genotypes and is the major risk factor for the oral dysplasia [43].

As the data for this publication were biased, we used the “fill and trim” method.
However, it introduces extra heterogeneity (I2) and should be treated cautiously. Both
approaches (with and without the fill and trim method) suggest a correlation between OLP
and HPV. However, the calculated odd ratio values differ, as estimated missing publications
reduced this value.

This meta-analysis has a few limitations. As the data were insufficient or the number
of the examined samples was too low to perform a subgroup analysis, we did not compare
the impact of the specific HPV genotypes on the OLP occurrence. For the same reasons, the
anatomic location of the oral lesions and clinical subtype of the OLP were not analyzed in
correlation with the HPV status. This remains accordant with the observations of Agha-
Hosseini and Hafezi Motlagh, who also concluded that the prevalence of HPV in OLP
has not been widely discussed in terms of the clinical type of OLP lesions, and further
investigation of this topic is definitely required [9]. The methods for the sample collection
and the HPV detection used in the included studies were not uniform, which partially
results from the wide timeframe of the described research, ranging from 1987 to 2023.
However, up to now, a gold standard for the HPV detection in the oral lesions has not
been established. Another limitation that needs to be considered is that in most of the
studies, cases and controls where not age- and sex-matched. The detection, diagnostic, and
selection bias of the included case–control studies could have also influenced the results of
this meta-analysis.

4. Materials and Methods
4.1. Search Strategy

A systematic search was performed in PubMed (www.ncbi.nlm.nih.gov/pubmed
accessed on 6 March 2024), Web of Science (SCI), Google Scholar, and Scopus databases
with the last update on 6 March 2024, with the following search terms: (lichen planus
or LP or oral lichen planus or OLP) and (human papillomavirus or HPV), and Web of
Science category “Dentistry, Oral Surgery & Medicine”. The references of the selected
papers were additionally sifted through for potentially eligible studies. No time limits for
the publication date were used in the search criteria.

www.ncbi.nlm.nih.gov/pubmed
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Two investigators (ZŚ and MLW) performed the literature search independently; in
case of disagreements, a consensus was reached in consultation with a third investigator
(TW). The reviewers were not blinded to the studies’ authorship. Initially, the records were
assessed by the investigators according to the relevance of the title or the abstract. When
the information determining if a study fulfilled the inclusion criteria was insufficient, the
same reviewers assessed the full report. The same two reviewers verified the full texts
of the studies considered potentially eligible by at least one of the investigators in the
initial search.

The following inclusion criteria were used for the papers enrolled in this meta-analysis:
to investigate the presence of HPV in patients with OLP, to describe an original, case–control,
or cross-sectional study with a full-text available in English. Studies where the controls
were suffering from any oral disease other than OLP, the studies where the case and control
samples were collected from the same person, the studies where a different diagnostic
approach was utilized in cases and controls, and the studies with insufficient data, were
excluded from this meta-analysis. We also excluded case reports, review papers, and
meta-analyses, papers where no full text was available and those that were published in a
language other than English.

The same two investigators independently extracted data from each study included in
this review. The following details were collected: authors, year of publication, country of
origin, study design, clinical type of OLP, number of OLP patients and healthy controls,
test methods, HPV genotypes, and the % of OLP patients and healthy controls positive for
HPV, including the division into OLP subtypes (if given).

Statistics were calculated using the metafor package for R (version 4.4-0, R version
4.3.2) [44]. The R code was deployed on github: https://github.com/tomaszwozniakihg/
metaanalysis_olp_hpv, accessed on 21 June 2024.

4.2. Quality Assessment

The Newcastle–Ottawa Scale (NOS) for case–control studies was used to analyze the
quality of publications. The scale evaluates three quality parameters (selection, comparabil-
ity, and outcome) divided across eight specific items. Each item on the scale is scored from
one point, except for comparability, which can be adapted to the topic of interest to score
up to two points. The maximum score for each study was 9, with less than 5 points being
identified as representing a high risk of bias [45].

5. Conclusions

In this meta-analysis, we found OLP to be strongly associated with HPV. Further
prospective cohort studies with a uniform research standards are required to understand
the role of HPV as an etiological factor of OLP.
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supervision, M.L.W.; project administration, Z.Ś.; funding acquisition, M.L.W. All authors have read
and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Informed Consent Statement: Not applicable.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author.

Conflicts of Interest: The authors declare no conflicts of interest.

https://github.com/tomaszwozniakihg/metaanalysis_olp_hpv
https://github.com/tomaszwozniakihg/metaanalysis_olp_hpv


J. Clin. Med. 2024, 13, 3698 11 of 12

References
1. Alrashdan, M.S.; Cirillo, N.; McCullough, M. Oral lichen planus: A literature review and update. Arch. Dermatol. Res. 2016, 308,

539–551. [CrossRef]
2. Rosa, L.E.B.; de Sousa, F.A.C.G. Oral lichen planus: Clinical and histopathological considerations. Braz. J. Otorhinolaryngol. 2015,

74, 284–292. [CrossRef]
3. Ma, J.; Zhang, J.; Zhang, Y.; Lv, T.; Liu, J. The Magnitude of the Association between Human Papillomavirus and Oral Lichen

Planus: A Meta-Analysis. PLoS ONE 2016, 11, e0161339. [CrossRef] [PubMed]
4. Vijayan, A.K.; Muthukrishnan, A.; Nair, A.M.; Fathima, S.; Nair, P.V.; Roshan, J. PCR-based Evaluation of Human Papillomavirus

Genotypes in Oral Lichen Planus. J. Pharm. Bioallied Sci. 2022, 14, 449–453. [CrossRef]
5. Roopashree, M.R.; Gondhalekar, R.V.; Shashikanth, M.C.; George, J.; Thippeswamy, S.H.; Shukla, A. Pathogenesis of oral lichen

planus—A review. J. Oral Pathol. Med. 2010, 39, 729–734. [CrossRef]
6. Mohammadi, M.; Abbaszadeh, H.; Mohtasham, N.; Salehiniya, H.; Shafaie, E. The association between high-risk human

papillomavirus and oral lichen planus. Clin. Exp. Dent. Res. 2023, 9, 93–99. [CrossRef] [PubMed]
7. Lucchese, A.; Di Stasio, D.; Romano, A.; Fiori, F.; De Felice, G.P.; Lajolo, C.; Serpico, R.; Cecchetti, F.; Petruzzi, M. Correlation

between Oral Lichen Planus and Viral Infections Other Than HCV: A Systematic Review. J. Clin. Med. 2022, 11, 5487. [CrossRef]
[PubMed]

8. Gorsky, M.; Epstein, J.B. Oral lichen planus: Malignant transformation and human papilloma virus: A review of potential clinical
implications. Oral Surg. Oral Med. Oral Pathol. Oral Radiol. Endod. 2011, 111, 461–464. [CrossRef]

9. Agha-Hosseini, F.; Motlagh, K.H. The correlation between human papillomavirus and oral lichen planus: A systematic review of
the literature. Immun. Inflamm. Dis. 2023, 11, e960. [CrossRef]

10. Sciuca, A.M.; Toader, M.P.; Stelea, C.G.; Maftei, G.A.; Ciurcanu, O.E.; Stefanescu, O.M.; Onofrei, B.-A.; Popa, C. Desquamative
Gingivitis in the Context of Autoimmune Bullous Dermatoses and Lichen Planus—Challenges in the Diagnosis and Treatment.
Diagnostics 2022, 12, 1754. [CrossRef]

11. della Vella, F.; Lauritano, D.; Pannone, G.; Del Prete, R.; Di Stasio, D.; Contaldo, M.; Petruzzi, M. Prevalence of HPV in patients
affected by oral Lichen planus: A prospective study using two different chair-side sampling methods. J. Oral Pathol. Med. 2021,
50, 716–722. [CrossRef] [PubMed]

12. Epstein, J.B.; Wan, L.S.; Gorsky, M.; Zhang, L. Oral lichen planus: Progress in understanding its malignant potential and the
implications for clinical management. Oral Surg. Oral Med. Oral Pathol. Oral Radiol. Endod. 2003, 96, 32–37. [CrossRef] [PubMed]

13. Idrees, M.; Kujan, O.; Shearston, K.; Farah, C.S. Oral lichen planus has a very low malignant transformation rate: A systematic
review and meta-analysis using strict diagnostic and inclusion criteria. J. Oral Pathol. Med. 2020, 50, 287–298. [CrossRef] [PubMed]

14. Sand, L.P.; Jalouli, J.; Larsson, P.-A.; Hirsch, J.-M. Prevalence of Epstein-Barr virus in oral squamous cell carcinoma, oral lichen
planus, and normal oral mucosa. Oral Surg. Oral Med. Oral Pathol. Oral Radiol. Endod. 2002, 93, 586–592. [CrossRef] [PubMed]

15. Yildirim, B.; Sengüven, B.; Demir, C. Prevalence of herpes simplex, Epstein Barr and human papillomaviruses in oral lichen
planus. Med. Oral Patol. Oral Cir. Bucal. 2011, 16, e170–e174. [CrossRef]

16. Lodi, G.; Pellicano, R.; Carrozzo, M. Hepatitis C virus infection and lichen planus: A systematic review with meta-analysis. Oral
Dis. 2010, 16, 601–612. [CrossRef] [PubMed]

17. Petti, S.; Rabiei, M.; De Luca, M.; Scully, C. The magnitude of the association between hepatitis C virus infection and oral lichen
planus: Meta-analysis and case control study. Odontology 2011, 99, 168–178. [CrossRef] [PubMed]

18. Maitland, N.; Cox, M.; Lynas, C.; Prime, S.; Meanwell, C.; Scully, C. Detection of human papillomavirus DNA in biopsies of
human oral tissue. Br. J. Cancer 1987, 56, 245–250. [CrossRef] [PubMed]

19. Syrjänen, S.; Lodi, G.; von Bültzingslöwen, I.; Aliko, A.; Arduino, P.; Campisi, G.; Challacombe, S.; Ficarra, G.; Flaitz, C.; Zhou, H.;
et al. Human papillomaviruses in oral carcinoma and oral potentially malignant disorders: A systematic review. Oral Dis. 2011,
17, 58–72. [CrossRef]

20. de Villiers, E.-M.; Gunst, K. Characterization of seven novel human papillomavirus types isolated from cutaneous tissue, but also
present in mucosal lesions. J. Gen. Virol. 2009, 90, 1999–2004. [CrossRef]

21. Gupta, S.; Gupta, S. Role of human papillomavirus in oral squamous cell carcinoma and oral potentially malignant disorders: A
review of the literature. Indian J. Dent. 2015, 6, 91–98. [CrossRef] [PubMed]

22. Vijayan, A.K.; Muthukrishnan, A.; Vidyadharan, M.; Nair, A.M. Role of Human Papilloma Virus in Malignant Transformation of
Oral Lichen Planus: A Systematic Review. J. Pharm. Bioallied Sci. 2021, 13, S62–S67. [CrossRef] [PubMed]

23. Ostwald, C.; Rutsatz, K.; Schweder, J.; Schmidt, W.; Gundlach, K.; Barten, M. Human papillomavirus 6/11, 16 and 18 in oral
carcinomas and benign oral lesions. Med. Microbiol. Immunol. 2003, 192, 145–148. [CrossRef] [PubMed]

24. Giovannelli, L.; Campisi, G.; Colella, G.; Capra, G.; Di Liberto, C.; Caleca, M.P.; Matranga, D.; D’Angelo, M.; Muzio, L.L.;
Ammatuna, P. Brushing of Oral Mucosa for Diagnosis of HPV Infection in Patients with Potentially Malignant and Malignant
Oral Lesions. Mol. Diagn. Ther. 2006, 10, 49–55. [CrossRef] [PubMed]

25. Shang, Q.; Peng, J.; Zhou, Y.; Chen, Q.; Xu, H. Association of Human Papillomavirus with Oral Lichen Planus and Oral
Leukoplakia: A Meta-analysis. J. Evid. Based Dent. Pract. 2020, 20, 101485. [CrossRef] [PubMed]

26. Boyd, A.S.; Annarella, M.; Rapini, R.P.; Adler-Storthz, K.; Duvic, M. False-positive polymerase chain reaction results for human
papillomavirus in lichen planus: Potential laboratory pitfalls of this procedure. J. Am. Acad. Dermatol. 1996, 35, 42–46. [CrossRef]
[PubMed]

https://doi.org/10.1007/s00403-016-1667-2
https://doi.org/10.1016/S1808-8694(15)31102-2
https://doi.org/10.1371/journal.pone.0161339
https://www.ncbi.nlm.nih.gov/pubmed/27571417
https://doi.org/10.4103/jpbs.jpbs_147_22
https://doi.org/10.1111/j.1600-0714.2010.00946.x
https://doi.org/10.1002/cre2.707
https://www.ncbi.nlm.nih.gov/pubmed/36636987
https://doi.org/10.3390/jcm11185487
https://www.ncbi.nlm.nih.gov/pubmed/36143134
https://doi.org/10.1016/j.tripleo.2010.11.007
https://doi.org/10.1002/iid3.960
https://doi.org/10.3390/diagnostics12071754
https://doi.org/10.1111/jop.13164
https://www.ncbi.nlm.nih.gov/pubmed/33501732
https://doi.org/10.1016/S1079-2104(03)00161-6
https://www.ncbi.nlm.nih.gov/pubmed/12847441
https://doi.org/10.1111/jop.12996
https://www.ncbi.nlm.nih.gov/pubmed/31981238
https://doi.org/10.1067/moe.2002.124462
https://www.ncbi.nlm.nih.gov/pubmed/12075209
https://doi.org/10.4317/medoral.16.e170
https://doi.org/10.1111/j.1601-0825.2010.01670.x
https://www.ncbi.nlm.nih.gov/pubmed/20412447
https://doi.org/10.1007/s10266-011-0008-3
https://www.ncbi.nlm.nih.gov/pubmed/21505737
https://doi.org/10.1038/bjc.1987.185
https://www.ncbi.nlm.nih.gov/pubmed/2822070
https://doi.org/10.1111/j.1601-0825.2011.01792.x
https://doi.org/10.1099/vir.0.011478-0
https://doi.org/10.4103/0975-962X.155877
https://www.ncbi.nlm.nih.gov/pubmed/26097339
https://doi.org/10.4103/jpbs.JPBS_836_20
https://www.ncbi.nlm.nih.gov/pubmed/34447044
https://doi.org/10.1007/s00430-002-0161-y
https://www.ncbi.nlm.nih.gov/pubmed/12920590
https://doi.org/10.1007/BF03256442
https://www.ncbi.nlm.nih.gov/pubmed/16646577
https://doi.org/10.1016/j.jebdp.2020.101485
https://www.ncbi.nlm.nih.gov/pubmed/33303094
https://doi.org/10.1016/S0190-9622(96)90494-6
https://www.ncbi.nlm.nih.gov/pubmed/8682962


J. Clin. Med. 2024, 13, 3698 12 of 12

27. Debanth, S.; Singh, P.A.; Mehrotra, R.; Singh, M.; Gupta, S.C.; Pandya, S.; Chowdhury, A.; Singh, M. Human papillomavirus
infection and premalignant lesions of the oral cavity: A cross-sectional study in Allahabad, North India. Asia Pac. J. Clin. Oncol.
2009, 5, 111–118. [CrossRef]

28. Pol, C.A.; Ghige, S.K.; Gosavi, S.R. Role of human papillomavirus-16 in the pathogenesis of oral lichen planus—An immunohisto-
chemical study. Int. Dent. J. 2015, 65, 11–14. [CrossRef]

29. Gomez-Armayones, S.; Chimenos-Küstner, E.; Marí, A.; Tous, S.; Penin, R.; Clavero, O.; Quirós, B.; Pavon, M.A.; Taberna, M.;
Alemany, L.; et al. Human papillomavirus in premalignant oral lesions: No evidence of association in a Spanish cohort. PLoS
ONE 2019, 14, e0210070. [CrossRef]

30. Sameera, A.; Kotikalpudi, R.; Patel, R.K.; Reddy, K.K.; Prasanna, M.D.; Erugula, S.R. Molecular Detection of Human Papillo-
mavirus DNA in Oral Lichen Planus Patients. J. Clin. Diagn. Res. 2019, 13, ZC20–ZC24. [CrossRef]

31. Nafarzadeh, S.; Yahyapour, Y.; Khazaei, M.; Abbasszadeh, H.; Sadeghi, F. Detection of human papillomavirus in oral lichen
planus using real time PCR. Int. J. Adv. Biotechnol. Res. 2017, 8, 2070–2074.

32. Razavi, S.M.; Ghalayani, P.; Salehi, M.R.; Attarzadeh, H.; Shahmoradi, M. Human papillomavirus as a possible factor in the
pathogenesis of oral lichen planus. Dent. Res. J. 2009, 6, 82–86.

33. Radochová, V.; Plíšková, L.; Slezák, R. The prevalence of human papillomavirus in patients with oral lichen planus and normal
oral mucosa. Acta Virol. 2015, 59, 434–436. [CrossRef]

34. Szarka, K.; Tar, I.; Fehér, E.; Gáll, T.; Kis, A.; Tóth, E.D.; Boda, R.; Márton, I.; Gergely, L. Progressive increase of human
papillomavirus carriage rates in potentially malignant and malignant oral disorders with increasing malignant potential. Oral
Microbiol. Immunol. 2009, 24, 314–318. [CrossRef] [PubMed]

35. Campisi, G.; Giovannelli, L.; Aricò, P.; Lama, A.; Di Liberto, C.; Ammatuna, P.; D’Angelo, M. HPV DNA in clinically different
variants of oral leukoplakia and lichen planus. Oral Sur. Oral Med. Oral Pathol. Oral Radiol. Endod. 2004, 98, 705–711. [CrossRef]
[PubMed]

36. Pierangeli, A.; Cannella, F.; Scagnolari, C.; Gentile, M.; Sciandra, I.; Antonelli, G.; Ciolfi, C.; Russo, C.; Palaia, G.; Romeo, U.; et al.
Frequent detection of high human papillomavirus DNA loads in oral potentially malignant disorders. Clin. Microbiol. Infect. 2015,
22, 95.e9–95.e15. [CrossRef] [PubMed]

37. Zendeli-Bedjeti, L.; Popovska, M.; Atanasovska-Stojanovska, A.; Duvlis, S. Human Papillomavirus as a Potential Risk Factor for
Oral Premalignant Lesions. Acta Clin. Croat. 2017, 56, 369–374. [CrossRef] [PubMed]

38. Farhadi, S.; Sadri, D.; Bandehpour, M.; Akbari, M.; Jafarzadeh, E.; Hashemi, M. Detection of Human Papillomavirus 33 in Erosive
Oral Lichen Planus. Int. J. Cancer Manag. 2020, 13, e101488. [CrossRef]

39. Liu, T.; Zhang, H.; Yang, X.; Li, X.; Shi, Y.; Niu, W.; Liu, T. Study on expression of p16 and human papillomavirus 16 and 18 (E6)
in OLP and its malignant transformation. Pathol. Res. Pract. 2018, 214, 296–302. [CrossRef]

40. Otero-Rey, E.M.; Suarez-Alen, F.; Penamaria-Mallon, M.; Lopez-Lopez, J.; Blanco-Carrion, A. Malignant transformation of oral
lichen planus by a chronic inflammatory process. Use of topical corticosteroids to prevent this progression? Acta Odontol. Scand.
2014, 72, 570–577. [CrossRef]

41. Steinbach, A.; Riemer, A.B. Immune evasion mechanisms of human papillomavirus: An update. Int. J. Cancer 2017, 142, 224–229.
[CrossRef] [PubMed]

42. Sánchez-Vargas, L.; Díaz-Hernández, C.; Martinez-Martinez, A. Detection of Human Papilloma Virus (HPV) in oral mucosa of
women with cervical lesions and their relation to oral sex practices. Infect. Agents Cancer 2010, 5, 25. [CrossRef] [PubMed]

43. Dellino, M.; Pinto, G.; D’amato, A.; Barbara, F.; Di Gennaro, F.; Saracino, A.; Laganà, A.S.; Vimercati, A.; Malvasi, A.; Malvasi, V.M.;
et al. Analogies between HPV Behavior in Oral and Vaginal Cavity: Narrative Review on the Current Evidence in the Literature.
J. Clin. Med. 2024, 13, 1429. [CrossRef] [PubMed]

44. Viechtbauer, W. Conducting Meta-Analyses in R with the Metafor Package. J. Stat. Soft. 2010, 36, 1–48. [CrossRef]
45. Liberati, A.; Altman, D.G.; Tetzlaff, J.; Mulrow, C.; Gøtzsche, P.C.; Ioannidis, J.P.A.; Clarke, M.; Devereaux, P.J.; Kleijnen, J.;

Moher, D. The PRISMA statement for reporting systematic reviews and meta-analyses of studies that evaluate health care
interventions: Explanation and elaboration. PLoS Med. 2009, 6, e1000100. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1111/j.1743-7563.2009.01200.x
https://doi.org/10.1111/idj.12125
https://doi.org/10.1371/journal.pone.0210070
https://doi.org/10.7860/JCDR/2019/32397.12466
https://doi.org/10.4149/av_2015_04_434
https://doi.org/10.1111/j.1399-302X.2009.00516.x
https://www.ncbi.nlm.nih.gov/pubmed/19572894
https://doi.org/10.1016/j.tripleo.2004.04.012
https://www.ncbi.nlm.nih.gov/pubmed/15583544
https://doi.org/10.1016/j.cmi.2015.09.011
https://www.ncbi.nlm.nih.gov/pubmed/26408278
https://doi.org/10.20471/acc.2017.56.03.02
https://www.ncbi.nlm.nih.gov/pubmed/29479901
https://doi.org/10.5812/ijcm.101488
https://doi.org/10.1016/j.prp.2017.09.014
https://doi.org/10.3109/00016357.2014.914570
https://doi.org/10.1002/ijc.31027
https://www.ncbi.nlm.nih.gov/pubmed/28865151
https://doi.org/10.1186/1750-9378-5-25
https://www.ncbi.nlm.nih.gov/pubmed/21129222
https://doi.org/10.3390/jcm13051429
https://www.ncbi.nlm.nih.gov/pubmed/38592283
https://doi.org/10.18637/jss.v036.i03
https://doi.org/10.1371/journal.pmed.1000100

	Introduction 
	Results 
	Overall Information on the Studies Included 
	Quality Assessment 
	Meta-Analysis 

	Discussion 
	Materials and Methods 
	Search Strategy 
	Quality Assessment 

	Conclusions 
	References

