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Oral lichen planus (OLP) is a chronic inflammatory disease of the oral mucosa.

Several clinical subtypes of OLP have been reported, including the reticular

and erosive one. On the one hand, reticular OLP is usually asymptomatic and

is characterized by white streaks surrounded by well-defined erythematous

borders. On the other hand, erosive OLP shows ulcerations and erosions

surrounded by erythematous mucosa. While reticular OLP is relatively easy

to control, erosive OLP is extremely painful and refractory to therapies,

limiting the quality of life of the patients. In addition, treating erosive OLP is

extremely tricky, and a gold standard treatment has not yet been established.

However, several therapeutic approaches have been reported as e�ective,

including systemic corticosteroids, systemic retinoids, and anti-interleukin (IL)-

17/anti-IL-23 drugs. Indeed, our group and other several authors reported the

e�ectiveness of anti-IL17, anti-IL12/23, and anti-IL23 agents in refractory OLP,

highlighting the urgency of clinical studies on the use of anti-IL agents in

OLP patients. In this paper, we reviewed the English- and German-language

literature about therapeutic strategies for treating OLP, focusing on new

systemic therapies for erosive OLP.
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Introduction

Lichen planus (LP) is a chronic inflammatory disease that can affect skin, mucous

membranes, and skin appendages. The prevalence of LP in the general population is up

to 1.27% (1). LP can occur at any age, without sex or racial preferences (1, 2). Mucosal

LP (MLP) shows a prevalence of 0.89% and it is more commonly diagnosed in the

female population (1, 2). Oral LP (OLP) represents the most common form of MLP

and can be diagnosed as isolated disease or in association with cutaneous, scalp, nail, or

mucosal involvements, including the genital, gastrointestinal, and ocular mucosa. Several

therapies can be used to treat the different clinical variants of LP, although some subtypes

of OLP are characterized by a refractory clinical course. Therefore, new therapeutic

strategies, including the use of interleukin (IL) inhibitors and Janus kinase inhibitors

(JAKI), have been proposed as possible therapies in difficult cases.
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FIGURE 1

Clinical manifestation of oral lichen planus (OLP). (A) Reticular

OLP with characteristic Wickham’s striae (B) Erythema in a

female patient with OLP (C) Multiple erosions on the left buccal

mucosa in a patient with erosive OLP (D) Extreme painful

ulcerations of the tongue in a patient with ulcerative OLP.

Clinical presentation and follow-up

Several clinical subtypes of OLP have been described,

including reticular, plaque-like, papular, erosive, ulcerative,

atrophic, and bullous OLP (Figures 1A–D) (3, 4). Oral

involvement has been reported in up to 90% of the patients with

cutaneous LP (5). Approximately 15% of OLP patients develop

cutaneous lesions and up to 20% of OLP patients show genital

lesions (5). Several triggers, such as traumas, dental procedures,

and cigarette smoking can exacerbate OLP (5). Reticular OLP

is the most common subtype, and it is usually asymptomatic.

It is characterized by white streaks surrounded by well-defined

erythematous borders. Reticular OLP can eventually evolve into

the other subtypes, including the erosive one. Plaque-like OLP

is characterized by homogenous white patches. In this case, a

malignant leukoplakia must always be ruled out. Furthermore, it

has been observed, that this variant is more prevalent in tobacco

smokers (6). Clinical features of erosive OLP are represented by

atrophic or erythematous ulcerations and erosions. Typically,

it shows a multifocal pattern of distribution. The atrophic

subtype has similarities to the erosive subtype, but shows more

prominent atrophic lesions on a background of erythema.

Moreover, atrophic OLP primarily affects the gingiva and the

buccal mucosa in the posteroinferior areas adjacent to the

second and third molar teeth (3).

A regular screening for oral cancer in OLP is recommended.

Indeed, several risk factors for malignant transformations in

OLP have been reported, including erosive clinical phenotype,

involvement of the tongue, female gender, and advanced age

(7, 8). At this regard, Fitzpatrick et al. found that 85 (1.09%)

of 7806 OLP patients and 4 (3.2%) of 125 patients with oral

lichenoid lesions developed an oral squamous cell carcinoma

(9). Furthermore, Georgakopoulou et al. reported a malignant

transformation rate in OLP of 12.5% (10). In addition, a recent

systematic review detected a transformation rate of 1.37 for OLP

(11). Therefore, an annual monitoring to detect early malignant

lesions is strongly recommended and it should be performed by

oral medicine specialists (7, 8).

Pathogenesis of oral lichen planus

Antigen-specific and non-specific mechanisms are involved

in the pathogenesis of OLP (12, 13). On the one hand,

antigen presentation by keratinocytes and Langerhans cells

to CD4+ helper and CD8+ cytotoxic T lymphocytes leads

to their activation (12, 13). The activated helper T cells

produce IL-2 and interferon (IFN)-gamma and lead to the

proliferation and activation of cytotoxic T lymphocytes, which

cause the apoptosis of basal keratinocytes and the degeneration

of basal epithelial cells typically found in OLP lesions (12–14).

Furthermore, Solimani et al. strongly suggested that IL-17 plays

a critical role in the pathogenesis of OLP (15). Indeed, IL-17

induces chemokine production from different cells, including

endothelial cells, macrophages, and keratinocytes, leading to

tissue remodeling and recruitment of pro-inflammatory cells

(16). Moreover, IL-17 release activates a pro-inflammatory

cascade that leads to recruitment of T lymphocytes (15). On the

other hand, mast cell degranulation and production of tumor

necrosis factor (TNF)-alpha and chymase play a role in the

pathogenesis of OLP. Indeed, TNF-alpha is involved in the

migration of T cells to migrate from the capillaries into the

surrounding extracellular matrix. In addition, chymases activate

the matrix metalloproteinase-9, which subsequently destroys the

basal membrane and leads to themigration of CD8+ cytotoxic T

lymphocytes into the mucosal lesions (12, 13). Therefore, OLP is

considered as a T-lymphocyte-mediated chronic inflammatory

mucosal disease. However, some authors suggested that

autoimmunity can play a role in OLP pathogenesis, pointing

out that CD8+ cytotoxic T lymphocytes can recognize antigens

associated with major histocompatibility complex (MHC) class I

on lesional keratinocytes (17).

Diagnosis

The diagnosis of OLP relies on clinical and histological

features. Clinical features of OLP are usually sufficient to

establish the diagnosis, especially if patients show also typical

skin lesions, such as Wickham’s striae and symmetric, purplish,

flat, polygonal, itchy papules on the extremities (18, 19).

However, a biopsy of oral lesions is recommended to confirm

the clinical diagnosis and exclude malignancy (18, 19).

Histologically, OLP typically shows ortho- or parakeratosis,

absence of epithelial dysplasia, apoptotic keratinocytes (Civatte’s

bodies) in the basal layer, a well-defined, band-like lymphocytic

infiltration limited to the superficial part of the connective
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tissue, and vacuolization of the basal cell layer (4, 18). Direct

immunofluorescence can be useful to exclude bullous diseases

of the oral mucosa, such as pemphigus vulgaris, paraneoplastic

pemphigus, and bullous pemphigoid (20, 21). Patch tests should

be performed to rule out type IV allergic reactions in patients

with a medical history that suggests allergies to dental materials.

Therapies

Several therapeutic options can be used in OLP. Non-erosive

OLP can be usually treated with topical potent corticosteroids

(CS) (e.g., clobetasol propionate 0.05%) (19). Intralesional

injection of triamcinolone can be useful in erosive OLP (19). In

case of severe erosive OLP or refractory forms, several systemic

therapies have been proposed as effective, including systemic CS,

apremilast, hydroxychloroquine (HCQ), and systemic retinoids

(5, 19). Here, we report the topical and systemic therapies of

OLP, focusing on the treatment of erosive OLP. For practical

purposes and easier consultation for clinicians, we reported the

therapies in alphabetical order in the text, while in the Table 1 we

finally listed the recommended therapies for OLP based on the

review of the literature and the clinical experience of the authors

(Table 1).

Apremilast

Apremilast is an oral phosphodiesterase type 4 inhibitor

approved for themanagement of psoriasis and psoriasis arthritis.

It reduces the production of TNF-alpha, IFN-gamma, IL-2, IL-5,

IL-8, and IL-12, which contribute to the pathogenesis of OLP.

The effective use of apremilast in erosive OLP was reported

firstly only in case reports and case series (22, 23). Furthermore,

a multicentric, retrospective study on 11OLP patients (8 of them

with a coexistent cutaneous LP) was recently published (24).

In this study, the authors reported that 55% of patients had

an improvement of their symptoms at week 12 (24). Reasons

for therapy discontinuation were progression of disease in five

patients (45%), adverse events in three patients (27%), and

remission of disease in one (9%) patient (24). The authors

concluded that apremilast was effective in some of patients,

making its use in recalcitrant cases a possible therapeutic

option (24).

Azathioprine

Azathioprine (AZA) has been used in several skin diseases,

such as pemphigus vulgaris, bullous pemphigoid, and pyoderma

gangrenosum. AZA was successfully used as steroid sparing

therapy only in a few patients with erosive OLP (25, 26). Indeed,

Verma et al. reported a good improvement in four patients with

exclusive erosive OLP and in two patients with diffuse skin LP

and OLP on AZA 50mg twice daily orally (about 2 mg/kg day),

for a period varying from three to seven months (26). Therefore,

the use of AZA inOLPmay be recommended as off-label therapy

in OLP.

Biologics

Several biologic therapies have been used in patients with

refractory OLP, including anti-CD2, anti-TNF-alpha, anti-IL2,

anti-IL17, anti-IL12/23, and anti-IL23 drugs (Table 2) (15, 27).

Several cases of OLP treated with anti-TNF-alpha agents have

been reported. An improvement of erosive OLP was reported

in a patient treated with etanercept (28). Furthermore, a

patient with a severe orogenital LP was successfully treated

with infliximab (27) and two other patients with a severe

orogenital involvement were treated with adalimumab (29, 30).

However, emerging data suggest that TNF-alpha inhibitors may

trigger OLP (31, 32). Alefacept, a T-cell modulator approved

by the US Food and Drug Administration for the treatment

of adult patients with plaque psoriasis, has been reported as

effective therapy in patients with OLP (33, 34). In particular,

Chang et al. described two patients with concomitant OLP

and genital lesions in a small case series, who responded to

treatment with alefacept (33). Anti-IL17, anti-IL12/23, and anti-

IL23 agents have been successfully used in several patients with

OLP (15, 27). In a previous report, our group described amassive

improvement in patients with OLP after biologic therapy. In

particular, one patient was treated with ustekinumab, one with

guselkumab, and three with secukinumab (15). The clinical

improvement was linked to a strong reduction of the Th1 and

Th17/Tc17 cellular mucosal infiltrate, suggesting that IL-17-

producing T cells play a pivotal role in OLP (15). Furthermore,

Ismail et al. reported the successfully use of tildrakizumab

in refractory OLP (6). In addition, some cases of OLP were

successfully treated with rituximab (35–37). However, in a case

series was reported a failure or a transient minimal improvement

of OLP after rituximab (38).

Calcineurin inhibitors

The use of topical calcineurin inhibitors, such as tacrolimus

and pimecrolimus, in OLP is extremely diffuse in the

clinical practice, althoughmore placebo-controlled, randomized

studies are needed to evaluate effectiveness and safety of

topical calcineurin inhibitors in comparison to topical CS.

In a recent meta-analysis, Sun et al. concluded that topical

tacrolimus 0.1% should be the first choice within the

group of topical calcineurin inhibitors for the short-term

treatment of recalcitrant OLP (39). Although tacrolimus

showed a higher incidence of local adverse events, such as

transient burning sensation, in comparison to topical CS

in the short term treatment, the local adverse reactions

were significantly reduced after the resolution of the initial

erosion (39). Regarding the use of tacrolimus 0.03%, only
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TABLE 1 Recommended therapies for oral lichen planusi .

Leading clinical phenotype Topical therapy Systemic therapy

Non-erosive OLP - Topical corticosteroids Usually not necessary

- Intralesional

corticosteroids

- Tacrolimus 0.1%*

First line Second line* Compassionate use*

Erosive OLP - Topical corticosteroids

- Tacrolimus 0.1%*

- PDT*

- Oral corticosteroids

- Corticosteroids i.v.

- Alitretinoin*

- Hydroxychloroquine

- Methotrexate

- Apremilast

- Azathioprine

- Sekukinumab

- Guselkumab

- JAKI

JAKI, Janus-Kinase inhibitors; OLP, oral lichen planus; PDT, photodynamic therapy.

*Off-label in Germany.
iThe therapies are listed in order of recommendation according to the experience of the authors.

TABLE 2 Patients with oral lichen planus treated with biologics.

Drug Number

of

patients

Treatment

period

Observation

period

Comment

Adalimumab (29) 1 50 weeks 50 weeks Clinical improvement

Adalimumab (30) 1 12 weeks 12 weeks Complete healing

Alefacept (34) 2 12 weeks 32 weeks Clinical improvement

Alefacept (33) 2 12 weeks 12 weeks Clinical improvement

Etanercept (28) 1 10 weeks 17 weeks Clinical improvement and

pain relief after

etanercept; disease

recurrence after agent

discontinuation

Guselkumab (15) 1 30 weeks 30 weeks Complete healing

Infliximab (27) 1 6 months 6 months Clinical improvement

Rituximab (37) 1 4 weeks 10 months Clinical improvement;

relapse after 10 months

Rituximab (35) 2 14 months 14 months Remission lasted until 8

months

Rituximab (38) 5 4 months 9 months Clinical improvement

Secukinumab (15) 3 12–48 weeks 12–48 weeks Complete healing

Tildrakizumab (16) 1 28 weeks 28 weeks Complete healing

Ustekinumab (15) 1 48 weeks 48 weeks Complete healing

a randomised clinical trial (RCT) was reported in the

literature (39). Therefore, more trials are needed to determine

whether tacrolimus 0.03% is as effective as topical CS.

Furthermore, Sun et al. concluded that, because of the

limited RCT on pimecrolimus, tacrolimus 0.1% should be

preferred to pimecorlimus in recalcitrant OLP (39). However,

Volz et al. reported a significant reduction in oral erosions

with topical pimecrolimus 1% compared to placebo in a

prospective randomized double-blind vehicle-controlled study

(40). In addition, Gorouhi et al. in a comparative study

on 40 OLP patients focusing on efficacy and safety of

pimecrolimus 1% cream vs. triamcinolone acetonide 0.1%

paste concluded that both treatments improved the symptoms,

although pimecrolimus induced burning sensation in two

patients, while in the triamcinolone group no side-effects were

reported (41).

Because of the possible carcinogenic effect of topical

calcineurin inhibitors (42, 43) a regular screening for

oral cancer should be recommended. In addition,

the continued application of topical calcineurin
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inhibitors should be avoided if the inflammatory activity

persists (5).

Corticosteroids

Topical CS represent the first-line approach in OLP.

In particular, clobetasol propionate 0.05% is often used as

first therapy (5). In addition, triamcinolone, betamethasone,

fluocinonide, fluticasone, dexamethasone, and prednisolone in

different topical forms, such as ointment, oral suspension,

aqueous solution, mouthwash, and adhesive paste, have been

proven to be effective and safe (5). In a recent phase II RCT,

a novel mucoadhesive clobetasol patch (Rivelin R© -CLO) was

tested on patients with erosive OLP (44). An improvement

in OLP symptoms was reported in the verum group (25/32)

compared to the placebo group (11/30), (p = 0.012) (44). The

authors concluded that Rivelin R© -CLO patches were superior

to placebo, demonstrating statistically significant objective and

subjective improvement and a favorable safety profile (44).

Intralesional injection of CS, such as triamcinolone acetonide,

hydrocortisone, dexamethasone, and methylprednisolone, are

effective in erosive OLP, but this approach is extreme painful for

the patient and only a few erosions can be treated in each session

(44, 45).

Oral CS, such as dexamethasone or prednisone, are

commonly prescribed in case of recalcitrant OLP. Usually,

oral prednisone (0.5 mg/Kg) for 4–6 weeks is used (46).

The side effects of prolonged oral CS therapy can be severe

and include muscle weakness, sleep disorders, weight gain,

pathologic fractures, anemia, acne, striae rubrae, and menstrual

abnormalities (47). To overcome or minimize these side effects,

a new concept of oral mini-pulse therapy was proposed (48).

Indeed, Malhotra et al. compared a mini-pulse therapy regimen

(5mg betamethasone orally on two consecutive days per week)

to triamcinolone acetonide 0.1% paste in patients with OLP (48).

The authors reported that the clinical response was similar in

both groups, but the patients on oral betamethasone showed

an earlier clinical improvement and the side-effects (e.g. facial

edema, headache, and muscular weakness) were mild, transient,

and reversible (48).

Cyclosporine

Cyclosporine (CsA) is a calcineurin inhibitor, used

as an immunosuppressant medication. Systemic CsA

is effective in the treatment of many inflammatory

dermatoses. However, in OLP its systemic use is reported

only in some case reports (49). Furthermore, because of

its adverse effects, including hypertension, dysregulation

of the renal function, and gingival hyperplasia, systemic

CsA is not recommended as routine therapy in OLP

(49, 50).

In two double-blind, placebo-controlled trials, the efficacy

of topical CsA in OLP was demonstrated (51, 52). In addition,

in one small study, topical CsA solution 100 mg/ml showed a

better clinical improvement after eight weeks in comparison to

triamcinolone solution 0.1% (53). However, in a recent study,

dexamethasone solution 2 mg/5ml was found to be significantly

better than CsA solution 100 mg/ml in reducing the clinical

symptoms (54). Furthermore, in a randomized, comparative,

double-blind study on 40 patients, topical clobetasol was

more effective in comparison to topical CsA in inducing

a clinical improvement (55). In addition, the costs of a

therapy with topical CsA is five times higher than one with

clobetasol (55).

Dapsone

Dapsone is used in combination with clofazimine and

rifampicin for the treatment of leprosy. Furthermore, it is used

in dermatology to treat lymphocyte-mediated inflammatory

diseases. Regarding OLP, dapsone was reported as useful only

in two case reports (56, 57). Therefore, because of its important

hematological adverse effects, including methemoglobinemia

and hemolytic anemia, and the several alternative therapeutic

options, dapsone cannot be recommended as routine therapy

in OLP.

Hydroxychloroquine

HCQ is worldwide used as an anti-malarial agent. Because

of its immunomodulatory action, HCQ is widely used in

dermatology as therapy for different diseases, including

systemic lupus erythematosus, polymorphous light eruption,

and dermatomyositis.

In 1993, Eisen reported an overall response rate of 90%

in a retrospective, non-randomized study in nine erosive OLP

patients after HCQ (58). In a recent prospective clinical trial

on 45 patients with erosive OLP, HCQ 200mg p.o. twice

daily as monotherapy was reported as effective and safe

(59). In addition, Yeshurun et al. reported a moderate to

marked improvement in 57% and a complete remission in

24% patients with erosive OLP on HCQ 400 mg/day p.o. as

monotherapy (60).

HCQ is generally well tolerated with minor gastrointestinal

symptoms (e.g. nausea, vomiting, and diarrhea) and

neuromuscular symptoms (e.g. headaches, myalgia, and

fatigue) (61). Some of the infrequent adverse effects of a

long-term monotherapy (e.g. agranulocytosis, retinopathy,

and cutaneous hyperpigmentation) are reversible after drug

discontinuation (61).
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Janus kinases inhibitors

JAKI are emerging as a new class of drugs, which can be used

in several dermatological diseases, including atopic dermatitis

and alopecia areata (62, 63). In OLP the use of JAKI is limited

to case reports. Three OLP patients were successfully treated

with JAKI, one of them with baricitinib and two others with

upadacitinib (64–66).

Lasers

Lasers represent a non-pharmacological and non-invasive

alternative option for the treatment of OLP. Low-level laser

(LLL) includes various light sources such as helium neon

(633 nm), ruby (694 nm), and argon (488 and 514 nm). In a RCT,

a comparative evaluation of LLL and CO2 laser was performed

(67). Both methods were reported as effective in the treatment

of OLP, but LLL led to a more rapid improvement of lesions

than CO2 lasers (67). The effectiveness of CO2 laser was also

reported by Van der Hem et al. (68) and by Dalirsani et al.

(69). In comparison to photodynamic therapy (PDT), LLL was

less effective in a study conducted on 45 OLP patients (70). A

comparison between topical CS and LLL was also performed,

showing variable results (71). Indeed, in one study on 34 OLP

patients, clobetasol gel 0.05% was more effective than LLL,

while, in another one on 42 OLP patients, LLL showed a better

effectiveness in comparison to clobetasol gel 0.05% (71, 72).

Furthermore, dexamethasone solution and triamcinolone paste

0.1% showed higher efficacy than LLL (71, 73). The positive

effects of LLL on erosions and ulcerations in OLP could be

explained by its biological activity on different cells, such as

fibroblasts and epithelial cells, which play a pivotal role in the

wound healing process (72).

Methotrexate

Methotrexate (MTX) is a folate antimetabolite that inhibits

DNA synthesis, repair, and cellular replication. MTX can

be administered orally or subcutaneously and is useful in

several inflammatory dermatoses, including psoriasis and

bullous pemphigoid. Several dose-related adverse effects have

been reported in patients on MTX, including stomatitis,

gastrointestinal problems, and cutaneous rash. Oral MTX was

used in a prospective open trial in patients with unresponsive

OLP (74). The authors reported a partial response in 83.3% of

the patients (74). In a recent prospective, observational study,

oral MTX in combination with triamcinolone 0.1% oral paste

was reported as more effective in comparison to oral MTX

and triamcinolone 0.1% oral paste as monotherapy in patients

with severe OLP (75). The authors concluded that MTX can

be considered as first line options in patients with moderate

to severe OLP, either alone or in combination with topical

triamcinolone (75).

Mycophenolate mofetil

Mycophenolate mofetil (MMF) is a prodrug of

mycophenolic acid, an inhibitor of the two isoforms of

inosine monophosphate dehydrogenase. Mycophenolic acid

has potent cytostatic effect mainly on lymphocytes. Therefore,

MMF represents a valid therapy in several autoimmune

skin diseases. Gastrointestinal side effects and reduction of

peripheral leukocytes are reported as common side effects.

On the one hand, the efficacy of MMF in OLP was not tested

in double-blind, placebo-controlled trials (49). On the other

hand, its effective use was reported in some case reports and

in two retrospective case series (76–78). In conclusion, weak

evidence exists so far to support the routinary use of MMF in

OLP (49, 50).

Photodynamic therapy

PDT combines the use of a photosensitive agent and a

harmless light source with a particular wavelength. PDT is

mainly used to treat non-melanoma skin cancers (79). Recently,

the use of PDT has been growing as non-invasive therapy for

OLP (80). Furthermore, PDT can be used as monotherapy or

in combination with other treatment options (81). PDT with

5% methylene blue as photosensitizer was effectively used in a

cohort of 20 patients with a long-standing OLP (82). Moreover,

it was reported that the effectiveness of PDT depends on the

localization of the lesion and is particularly reduced around the

area of the masticatory oral mucosa (83). A decrease of CD4+,

CD8+ and IL-17+ cells in the oral mucosa affected by OLP

has been reported after PDT (80). Furthermore, a reduction

of CD4+CD137+, CD8+CD137+, and IL-17+ T cells has

been reported in peripheral blood after PDT in OLP patients

(80). Regarding the comparison of PDT with topical CS, mixed

results have been reported in clinical studies (71). On the one

hand, PDT was reported as more effective over dexamethasone

mouthwash (70); on the other hand, dexamethasonemouthwash

showed a better effectiveness in comparison to PDT (84).

Furthermore, two other studies showed a similar efficacy of PDT

in comparison to dexamethasonemouthwash and triamcinolone

paste 0.1% (71). In comparison to LLL, PDT was more effective

in a study conducted on 45 OLP patients (70). Adverse events

after PDT include erythema, pain, edema, and contact dermatitis

at the site of application of the photosensitizer (71).

Retinoids

Retinoids are derivative of vitamin A and have been widely

used for treatment of acne and photoaging because of their

activity in blocking inflammatory mediators and reducing

keratinization of epithelial cells (85). Topical retinoids (e.g.,

tretinoin, tazarotene, and isotretinoin) are extremely irritating
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and cannot be generally recommended for OLP. However,

Boisnic et al. reported a significant improvement of the clinical

features in OLP patients treated with topical tretinoin 0.05%

twice a day compared to placebo (86). Furthermore, Kar

et al. reported that topical tretinoin 0.05% was as effective as

betamethasone 0.05% in OLP patients (87). However, Buajeeb

et al. described a better improvement of clinical features in

patients with erosive OLP on fluocinolone 0.1% compared to the

patients on tretinoin 0.05% (88). In a double-blind study on 20

patients with OLP, the use of 0.1% isotretinoin gel was compared

to placebo (89). The authors reported that in the group on 0.1%

isotretinoin gel four patients showed almost a complete healing

of the lesions, whereas the other six showed an improvement of

the lesions (89).

Systemic retinoids (e.g., acitretin, alitretinoin, and

isotretinoin) are teratogenic. Therefore, in fertile female

patients adequate contraception throughout the therapy and

after its discontinuation is required. A prospective open-label

single arm pilot study reported the efficacy and tolerance of

alitretinoin (30mg daily) in ten patients with severe OLP

(90). In a retrospective study on OLP patients, Alseneid et al.

evaluated the efficacy and safety of acitretin and alitretinoin (91).

The authors concluded that alitretinoin should be preferred

to acitretin because of its efficacy, tolerability, and better

teratogenic profile (91). Regarding isotretinoin, its systemic use

was reported only in a clinical study on six patients and in some

case reports (92, 93). The use of oral acitretin in OLP has not

been reported in the literature so far.

Perspectives

The use of anti-IL-17, anti-IL-12/IL-23, and anti-IL-23

monoclonal antibodies was reported as extremely effective in

refractory erosive OLP (2). At this regard, an open label, parallel,

randomized, multi-center, phase II trial to evaluate the efficacy,

safety, and tolerability of guselkumab in patients with OLP is

now ongoing (EudraCT Number: 2021-000271-36). In addition,

a phase II study to evaluate the efficacy, safety, and tolerability

of secukinumab 300mg over 32 weeks in clinical variants of LP,

including OLP, was recently concluded (EudraCT number 2019-

003588-24). At the present time, no other clinical trials have been

reported in the European and US register regarding the use of

systemic agents in OLP.

Conclusion

Different clinical forms of OLP have been described

in the literature. In case of mild or moderate involvement

of the oral mucosa, a therapy with topical CS or topical

calcineurin inhibitors usually leads to a clinic improvement.

However, erosive/ulcerative OLP represents a challenge

for clinicians. Indeed, erosions and ulcerations are usually

refractory to topical therapies and even to systemic in-label

therapies. Therefore, more RCT should be conducted to

identify effective alternative therapies for OLP patients with

erosive/ulcerative clinical features. In our experience, anti-IL-

17, anti-IL-12/IL-23, and anti-IL-23 monoclonal antibodies

represent an effective and safe alternative therapy in refractory

erosive/ulcerative OLP.

Author contributions

Conceptualization: DD and RC. Review and

editing: MH. Original draft: All authors. All

authors contributed to the article and approved the

submitted version.

Funding

This work has been financially supported by PEGASUS

(FOR 2497). FS is participant in the BIH Charité

Clinician Scientist Program funded by the Charité -

Universitätsmedizin Berlin and the Berlin Institute of Health at

Charité (BIH).

Conflict of interest

Author MH has received honoraria from Novartis, Sanofi,

Celgene and unrestricted grants from Biotest, Janssen Cilag, and

Topas during the last 3 years.

The remaining authors declare that the research was

conducted in the absence of any commercial or financial

relationships that could be construed as a potential conflict

of interest.

Publisher’s note

All claims expressed in this article are solely those of the

authors and do not necessarily represent those of their affiliated

organizations, or those of the publisher, the editors and the

reviewers. Any product that may be evaluated in this article, or

claim that may be made by its manufacturer, is not guaranteed

or endorsed by the publisher.

Frontiers inMedicine 07 frontiersin.org

https://doi.org/10.3389/fmed.2022.997190
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org


Didona et al. 10.3389/fmed.2022.997190

References

1. Schilling L, Vogt T. Lichen ruber planus Besser verstehen, besser behandeln!.
Hautarzt. (2018) 69:100–8. doi: 10.1007/s00105-017-4115-0

2. Ujiie H, Rosmarin D, Schön MP, Ständer S, Boch K, Metz M, et al. Unmet
medical needs in chronic, non-communicable Inflammatory skin diseases. Front
Med. (2022) 9:875492. doi: 10.3389/fmed.2022.875492

3. Cheng Y-SL, Gould A, Kurago Z, Fantasia J, Muller S. Diagnosis of
oral lichen planus: a position paper of the American academy of oral and
maxillofacial pathology. Oral Surg Oral Med Oral Pathol Oral Radiol. (2016)
122:332–54. doi: 10.1016/j.oooo.2016.05.004

4. van der Meij EH, van der Waal I. Lack of clinicopathologic correlation in
the diagnosis of oral lichen planus based on the presently available diagnostic
criteria and suggestions for modifications. J Oral Pathol Med. (2003) 32:507–
12. doi: 10.1034/j.1600-0714.2003.00125.x

5. Solimani F, Forchhammer S, Schloegl A, Ghoreschi K, Meier
K. Lichen planus - a clinical guide. J Dtsch Dermatol Ges. (2021)
19:864–82. doi: 10.1111/ddg.14565

6. Ismail FF, Sinclair R. Clinical healing of erosive oral lichen planus
with tildrakizumab implicates the interleukin-23/interleukin-17 pathway in
the pathogenesis of lichen planus. Australas J Dermatol. (2020) 61:e244–
5. doi: 10.1111/ajd.13183

7. Tsushima F, Sakurai J, Uesugi A, Oikawa Y, Ohsako T,
Mochizuki Y, et al. Malignant transformation of oral lichen planus: a
retrospective study of 565 Japanese patients. BMC Oral Health. (2021)
21:298. doi: 10.1186/s12903-021-01652-7

8. Aghbari SM, Abushouk AI, Attia A, Elmaraezy A, Menshawy A, Ahmed
MS, et al. Malignant transformation of oral lichen planus and oral lichenoid
lesions: a meta-analysis of 20095 patient data. Oral Oncol. (2017) 68:92–
102. doi: 10.1016/j.oraloncology.2017.03.012

9. Fitzpatrick SG, Hirsch SA, Gordon SC. The malignant transformation of oral
lichen planus and oral lichenoid lesions: a systematic review. J Am Dent Assoc.
(2014) 145:45–56. doi: 10.14219/jada.2013.10

10. Georgakopoulou EA, Troupis TG, Troupis G, Gorgoulis VG. Update of
the cancer-associated molecular mechanisms in oral lichen planus, a disease with
possible premalignant nature. J BUON. (2011) 16:613–6.

11. Giuliani M, Troiano G, Cordaro M, Corsalini M, Gioco G, Lo Muzio L, et al.
Rate of malignant transformation of oral lichen planus: a systematic review. Oral
Dis. (2019) 25:693–709. doi: 10.1111/odi.12885

12. Wang Y, Hao Y, Tang F, Chen Q. Immune mechanisms involved in the
coexistence of oral lichen planus and autoimmune thyroid diseases. Zhejiang Da
Xue Xue Bao Yi Xue Ban. (2021) 50:222–8. doi: 10.3724/zdxbyxb-2021-0124

13. El-Howati A, Thornhill MH, Colley HE, Murdoch C. Immune mechanisms
in oral lichen planus. Oral Dis. (2022) 59:174–179. doi: 10.1111/odi.14142

14. Pietschke K, Holstein J, Meier K, Schäfer I, Müller-Hermelink E, Gonzalez-
Menendez I, et al. The inflammation in cutaneous lichen planus is dominated by
IFN-g and IL-21-A basis for therapeutic JAK1 inhibition. Exp Dermatol. (2021)
30:262–70. doi: 10.1111/exd.14226

15. Solimani F, Pollmann R, Schmidt T, Schmidt A, Zheng X, Savai R,
et al. Therapeutic targeting of Th17/Tc17 cells leads to clinical improvement
of lichen planus. Front Immunol. (2019) 10:1808. doi: 10.3389/fimmu.2019.
01808

16. Hirota K, Duarte JH, Veldhoen M, Hornsby E, Li Y, Cua DJ, et al. Fate
mapping of IL-17-producing T cells in inflammatory responses. Nat Immunol.
(2011) 12:255–63. doi: 10.1038/ni.1993

17. Sugerman PB, Satterwhite K, Bigby M. Autocytotoxic T-cell clones in lichen
planus. Br J Dermatol. (2000) 142:449–56. doi: 10.1046/j.1365-2133.2000.03355.x

18. Kramer IR, Lucas RB, Pindborg JJ, Sobin LH. Definition of leukoplakia and
related lesions: an aid to studies on oral precancer.Oral Surg Oral Med Oral Pathol.
(1978) 46:518–39. doi: 10.1016/0030-4220(78)90383-3

19. Alrashdan MS, Cirillo N, McCullough M. Oral lichen planus:
a literature review and update. Arch Dermatol Res. (2016) 308:539–
51. doi: 10.1007/s00403-016-1667-2

20. Didona D, Maglie R, Eming R, Hertl M. Pemphigus:
current and future therapeutic strategies. Front Immunol. (2019)
10:1418. doi: 10.3389/fimmu.2019.01418

21. Solimani F, Maglie R, Pollmann R, Schmidt T, Schmidt A, Ishii
N, et al. Thymoma-associated paraneoplastic autoimmune multiorgan
syndrome-from pemphigus to lichenoid dermatitis. Front Immunol. (2019)
10:1413. doi: 10.3389/fimmu.2019.01413

22. AbuHilal M, Walsh S, Shear N. Treatment of recalcitrant erosive oral lichen
planus and desquamative gingivitis with oral apremilast. J Dermatol Case Rep.
(2016) 10:56–7. doi: 10.3315/jdcr.2016.1232

23. Bettencourt M. Oral lichen planus treated with apremilast. J Drugs Dermatol.
(2016) 15:1026–8.

24. Perschy L, Anzengruber F, Rappersberger K, Itzlinger-Monshi B, Aichelburg
MC, Graf V, et al. Apremilast in oral lichen planus—a multicentric, retrospective
study. J Dtsch Dermatol Ges. (2022) 20:343–6. doi: 10.1111/ddg.14696

25. Lear JT, English JS. Erosive and generalized lichen planus
responsive to azathioprine. Clin Exp Dermatol. (1996) 21:56–
7. doi: 10.1046/j.1365-2230.1996.d01-167.x

26. Verma KK, Mittal R, Manchanda Y. Azathioprine for the treatment of
severe erosive oral and generalized lichen planus. Acta Derm Venereol. (2001)
81:378–9. doi: 10.1080/000155501317140197

27. O’Neill ID, Scully C. Biologics in oral medicine: ulcerative disorders.Oral Dis.
(2013) 19:37–45. doi: 10.1111/j.1601-0825.2012.01931.x

28. Yarom N. Etanercept for the management of oral lichen planus. Am J Clin
Dermatol. (2007) 8:121. doi: 10.2165/00128071-200708020-00010

29. Chao TJ. Adalimumab in the management of cutaneous and oral lichen
planus. Cutis. (2009) 84:325–8.

30. Ho JK, Hantash BM. Treatment of recalcitrant vulvovaginal
gingival syndrome with adalimumab. J Am Acad Dermatol. (2011)
65:e55–7. doi: 10.1016/j.jaad.2010.10.034

31. Moss AC, Treister NS, Marsee DK, Cheifetz AS. Clinical challenges and
images in GI. Oral lichenoid reaction in a patient with Crohn’s disease receiving
infliximab.Gastroenterology. (2007) 132:488, 829. doi: 10.1053/j.gastro.2007.01.014

32. Asarch A, Gottlieb AB, Lee J, Masterpol KS, Scheinman PL, Stadecker
MJ, et al. Lichen planus-like eruptions: an emerging side effect of tumor
necrosis factor-alpha antagonists. J Am Acad Dermatol. (2009) 61:104–
11. doi: 10.1016/j.jaad.2008.09.032

33. Chang AL, Badger J, Rehmus W, Kimball AB. Alefacept for erosive lichen
planus: a case series. J Drugs Dermatol. (2008) 7:379–83.

34. Fivenson DP, Mathes B. Treatment of generalized lichen planus with
alefacept. Arch Dermatol. (2006) 142:151–2. doi: 10.1001/archderm.142.2.151

35. Heelan K, McAleer MA, Roche L, McCreary C, Murphy M. Intractable
erosive lichen planus treated successfully with rituximab. Br J Dermatol. (2015)
172:538–40. doi: 10.1111/bjd.13537

36. Goñi Esarte S, Arín Letamendía A, Vila Costas JJ, Jiménez Pérez FJ, Ruiz-
Clavijo García D, Carrascosa Gil J, et al. Rescate con rituximab en paciente
con liquen plano esofágico refractario. Gastroenterol Hepatol. (2013) 36:264–
7. doi: 10.1016/j.gastrohep.2012.07.004

37. Parmentier L, Bron B-A, Prins C, Samson J, Masouyé I, Borradori L.
Mucocutaneous lichen planus with esophageal involvement: successful treatment
with an anti-CD20 monoclonal antibody. Arch Dermatol. (2008) 144:1427–
30. doi: 10.1001/archderm.144.11.1427

38. Tétu P, Monfort J-B, Barbaud A, Francès C, Chasset F. Failure of
rituximab in refractory erosive lichen planus. Br J Dermatol. (2018) 179:980–
1. doi: 10.1111/bjd.16704

39. Sun S-L, Liu J-J, Zhong B, Wang J-K, Jin X, Xu H, et al. Topical calcineurin
inhibitors in the treatment of oral lichen planus: a systematic review and meta-
analysis. Br J Dermatol. (2019) 181:1166–76. doi: 10.1111/bjd.17898

40. Volz T, Caroli U, Lüdtke H, Bräutigam M, Kohler-Späth H, Röcken M,
et al. Pimecrolimus cream 1% in erosive oral lichen planus—a prospective
randomized double-blind vehicle-controlled study. Br J Dermatol. (2008) 159:936–
41. doi: 10.1111/j.1365-2133.2008.08726.x

41. Gorouhi F, Solhpour A, Beitollahi JM, Afshar S, Davari P, Hashemi P,
et al. Randomized trial of pimecrolimus cream vs. triamcinolone acetonide paste
in the treatment of oral lichen planus. J Am Acad Dermatol. (2007) 57:806–
13. doi: 10.1016/j.jaad.2007.06.022

42. Niwa Y, Terashima T, SumiH. Topical application of the immunosuppressant
tacrolimus accelerates carcinogenesis in mouse skin. Br J Dermatol. (2003)
149:960–7. doi: 10.1111/j.1365-2133.2003.05735.x

43. Castellsague J, Kuiper JG, Pottegård A, Anveden Berglind I, Dedman D,
Gutierrez L, et al. A cohort study on the risk of lymphoma and skin cancer in
users of topical tacrolimus, pimecrolimus, and corticosteroids (Joint European
Longitudinal Lymphoma and Skin Cancer Evaluation - JOELLE study). Clin
Epidemiol. (2018) 10:299–310. doi: 10.2147/CLEP.S146442

Frontiers inMedicine 08 frontiersin.org

https://doi.org/10.3389/fmed.2022.997190
https://doi.org/10.1007/s00105-017-4115-0
https://doi.org/10.3389/fmed.2022.875492
https://doi.org/10.1016/j.oooo.2016.05.004
https://doi.org/10.1034/j.1600-0714.2003.00125.x
https://doi.org/10.1111/ddg.14565
https://doi.org/10.1111/ajd.13183
https://doi.org/10.1186/s12903-021-01652-7
https://doi.org/10.1016/j.oraloncology.2017.03.012
https://doi.org/10.14219/jada.2013.10
https://doi.org/10.1111/odi.12885
https://doi.org/10.3724/zdxbyxb-2021-0124
https://doi.org/10.1111/odi.14142
https://doi.org/10.1111/exd.14226
https://doi.org/10.3389/fimmu.2019.01808
https://doi.org/10.1038/ni.1993
https://doi.org/10.1046/j.1365-2133.2000.03355.x
https://doi.org/10.1016/0030-4220(78)90383-3
https://doi.org/10.1007/s00403-016-1667-2
https://doi.org/10.3389/fimmu.2019.01418
https://doi.org/10.3389/fimmu.2019.01413
https://doi.org/10.3315/jdcr.2016.1232
https://doi.org/10.1111/ddg.14696
https://doi.org/10.1046/j.1365-2230.1996.d01-167.x
https://doi.org/10.1080/000155501317140197
https://doi.org/10.1111/j.1601-0825.2012.01931.x
https://doi.org/10.2165/00128071-200708020-00010
https://doi.org/10.1016/j.jaad.2010.10.034
https://doi.org/10.1053/j.gastro.2007.01.014
https://doi.org/10.1016/j.jaad.2008.09.032
https://doi.org/10.1001/archderm.142.2.151
https://doi.org/10.1111/bjd.13537
https://doi.org/10.1016/j.gastrohep.2012.07.004
https://doi.org/10.1001/archderm.144.11.1427
https://doi.org/10.1111/bjd.16704
https://doi.org/10.1111/bjd.17898
https://doi.org/10.1111/j.1365-2133.2008.08726.x
https://doi.org/10.1016/j.jaad.2007.06.022
https://doi.org/10.1111/j.1365-2133.2003.05735.x
https://doi.org/10.2147/CLEP.S146442
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org


Didona et al. 10.3389/fmed.2022.997190

44. BrennanMT, Madsen LS, Saunders DP, Napenas JJ, McCreary C, Ni Riordain
R, et al. Efficacy and safety of a novel mucoadhesive clobetasol patch for treatment
of erosive oral lichen planus: a phase 2 randomized clinical trial. J Oral Pathol Med.
(2022) 51:86–97. doi: 10.1111/jop.13270

45. Xia J, Li C, Hong Y, Yang L, Huang Y, Cheng B. Short-term clinical evaluation
of intralesional triamcinolone acetonide injection for ulcerative oral lichen planus.
J Oral Pathol Med. (2006) 35:327–31. doi: 10.1111/j.1600-0714.2006.00441.x

46. Hunt KM, Klager S, Kwak YJ, Sami N. Successful systemic treatment
outcomes of lichen planus: a single-center retrospective review. Dermatol Ther.
(2021) 34:e14903. doi: 10.1111/dth.14903

47. Ericson-Neilsen W, Kaye AD. Steroids: pharmacology, complications, and
practice delivery issues. Ochsner J. (2014) 14:203–7.

48. Malhotra AK, Khaitan BK, Sethuraman G. Sharma VK. Betamethasone oral
mini-pulse therapy compared with topical triamcinolone acetonide (01%) paste in
oral lichen planus: a randomized comparative study. J Am Acad Dermatol. (2008)
58:596–602. doi: 10.1016/j.jaad.2007.11.022

49. Husein-ElAhmed H, Gieler U, Steinhoff M. Lichen planus: a comprehensive
evidence-based analysis of medical treatment. J Eur Acad Dermatol Venereol.
(2019) 33:1847–62. doi: 10.1111/jdv.15771

50. Ioannides D, Vakirlis E, Kemeny L, Marinovic B, Massone C, Murphy
R, et al. European S1 guidelines on the management of lichen planus: a
cooperation of the European dermatology forum with the European academy of
dermatology and venereology. J Eur Acad Dermatol Venereol. (2020) 34:1403–
14. doi: 10.1111/jdv.16464

51. Eisen D, Ellis CN, Duell EA, Griffiths CE, Voorhees JJ. Effect of topical
cyclosporine rinse on oral lichen planus. A double-blind analysis. N Engl J Med.
(1990) 323:290–4. doi: 10.1056/NEJM199008023230502

52. Harpenau LA, Plemons JM, Rees TD. Effectiveness of a low dose of
cyclosporine in the management of patients with oral erosive lichen planus.
Oral Surgery Oral Med Oral Pathol Oral Radiol Endodontol. (1995) 80:161–
7. doi: 10.1016/S1079-2104(05)80195-7

53. López López J, Roselló Llabrés X, Cyclosporine A. An alternative to the
oral lichen planus erosive treatment. Bull Group Int Rech Sci Stomatol Odontol.
(1995) 38:33–8.

54. Georgaki M, Piperi E, Theofilou V-I, Pettas E, Stoufi E, Nikitakis N-
G, et al. randomized clinical trial of topical dexamethasone vs. cyclosporine
treatment for oral lichen planus. Med Oral Patol Oral Cir Bucal. (2022) 27:e113–
24. doi: 10.4317/medoral.25040

55. Conrotto D, CarboneM, CarrozzoM, Arduino P, Broccoletti R, PenteneroM,
et al. Ciclosporin vs. clobetasol in the topical management of atrophic and erosive
oral lichen planus: a double-blind, randomized controlled trial. Br J Dermatol.
(2006) 154:139–45. doi: 10.1111/j.1365-2133.2005.06920.x

56. Beck HI, Brandrup F. Treatment of erosive lichen planus with dapsone. Acta
Derm Venereol. (1986) 66:366–7.

57. Falk DK, Latour DL, King LE. Dapsone in the treatment
of erosive lichen planus. J Am Acad Dermatol. (1985) 12:567–
70. doi: 10.1016/S0190-9622(85)70080-1

58. Eisen D. Hydroxychloroquine sulfate (Plaquenil) improves
oral lichen planus: an open trial. J Am Acad Dermatol. (1993)
28:609–12. doi: 10.1016/0190-9622(93)70082-5

59. Raj SC, Baral D, Garhnayak L, Mahapatra A, Patnaik K, Tabassum S, et al.
Hydroxychloroquine- A new treatment option for erosive oral lichen planus.
Indian J Dent Res. (2021) 32:192–8. doi: 10.4103/ijdr.IJDR_943_20

60. Yeshurun A, Bergman R, Bathish N, Khamaysi Z. Hydroxychloroquine
sulphate therapy of erosive oral lichen planus. Australas J Dermatol. (2019)
60:e109–12. doi: 10.1111/ajd.12948

61. Rainsford KD, Parke AL, Clifford-Rashotte M, Kean WF. Therapy and
pharmacological properties of hydroxychloroquine and chloroquine in treatment
of systemic lupus erythematosus, rheumatoid arthritis and related diseases.
Inflammopharmacology. (2015) 23:231–69. doi: 10.1007/s10787-015-0239-y

62. Solimani F, Hilke FJ, Ghoreschi K. Pharmakologie
der Januskinaseinhibitoren. Hautarzt. (2019) 70:934–
41. doi: 10.1007/s00105-019-04509-x

63. Solimani F, Meier K, Ghoreschi K. Emerging topical and
systemic JAK inhibitors in dermatology. Front Immunol. (2019)
10:2847. doi: 10.3389/fimmu.2019.02847

64. Moussa A, Colla T, Morrison B, Sinclair R. Effective treatment of oral
lichen planus with the JAK inhibitor baricitinib. Australas J Dermatol. (2022)
63:276–7. doi: 10.1111/ajd.13811

65. Balestri R, Bortolotti R, Rech G, Girardelli CR, Zorzi MG, Magnano M.
Treatment of oral erosive lichen planus with upadacitinib. JAMA Dermatol. (2022)
158:457–8. doi: 10.1001/jamadermatol.2022.0147

66. Kooybaran NR, Petzold G, Ströbel P, Schön MP, Mössner R. Alleviation of
erosive oral and esophageal lichen planus by the JAK1 inhibitor upadacitinib. J
Dtsch Dermatol Ges. (2021) 19:1778–80. doi: 10.1111/ddg.14612

67. Agha-Hosseini F, Moslemi E, Mirzaii-Dizgah I. Comparative evaluation of
low-level laser and CO2 laser in treatment of patients with oral lichen planus. Int J
Oral Maxillofac Surg. (2012) 41:1265–9. doi: 10.1016/j.ijom.2012.06.001

68. van der Hem PS, Egges M, van der Wal JE, Roodenburg JL. CO2 laser
evaporation of oral lichen planus. Int J Oral Maxillofac Surg. (2008) 37:630–
3. doi: 10.1016/j.ijom.2008.04.011

69. Dalirsani Z, Seyyedi SA. Treatment of plaque-like oral lichen planus with
CO2 Laser. Indian J Dermatol. (2021) 66:698–703. doi: 10.4103/ijd.ijd_1170_20

70. Mirza S, Rehman N, Alrahlah A, Alamri WR, Vohra F. Efficacy of
photodynamic therapy or low level laser therapy against steroid therapy in the
treatment of erosive-atrophic oral lichen planus. Photodiagnosis Photodyn Ther.
(2018) 21:404–8. doi: 10.1016/j.pdpdt.2018.02.001

71. Sandhu S, Klein BA, Al-Hadlaq M, Chirravur P, Bajonaid A, Xu Y, et al. Oral
lichen planus: comparative efficacy and treatment costs-a systematic review. BMC
Oral Health. (2022) 22:161. doi: 10.1186/s12903-022-02168-4

72. Dillenburg CS, Martins MA, Munerato MC, Marques MM, Carrard VC.
Sant’Ana Filho M, et al. Efficacy of laser phototherapy in comparison to topical
clobetasol for the treatment of oral lichen planus: a randomized controlled trial. J
Biomed Opt. (2014) 19:68002. doi: 10.1117/1.JBO.19.6.068002

73. Kazancioglu HO, Erisen M. Comparison of low-level laser therapy vs. ozone
therapy in the treatment of oral lichen planus. Ann Dermatol. (2015) 27:485–
91. doi: 10.5021/ad.2015.27.5.485

74. Lajevardi V, Ghodsi SZ, Hallaji Z, Shafiei Z, Aghazadeh N, Akbari Z.
Treatment of erosive oral lichen planus with methotrexate. J Dtsch Dermatol Ges.
(2016) 14:286–93. doi: 10.1111/ddg.12636

75. Chauhan P, De D, Handa S, Narang T, Saikia UN. A prospective observational
study to compare efficacy of topical triamcinolone acetonide 0.1% oral paste, oral
methotrexate, and a combination of topical triamcinolone acetonide 0.1% and
oral methotrexate in moderate to severe oral lichen planus. Dermatol Ther. (2018)
31:e12563. doi: 10.1111/dth.12563

76. Dalmau J, Puig L, Roé E, Peramiquel L, Campos M, Alomar A. Successful
treatment of oral erosive lichen planus with mycophenolate mofetil. J Eur Acad
Dermatol Venereol. (2007) 21:259–60. doi: 10.1111/j.1468-3083.2006.01832.x

77. Ashack KA, Haley LL, Luther CA, Riemer CA, Ashack RJ. Assessing
the clinical effectiveness of an algorithmic approach for mucosal lichen
planus (MLP): a retrospective review. J Am Acad Dermatol. (2016) 74:1073–
1076.e2. doi: 10.1016/j.jaad.2015.11.024

78. Wee JS, Shirlaw PJ, Challacombe SJ, Setterfield JF. Efficacy of mycophenolate
mofetil in severe mucocutaneous lichen planus: a retrospective review of 10
patients. Br J Dermatol. (2012) 167:36–43. doi: 10.1111/j.1365-2133.2012.10882.x

79. Fania L, Didona D, Morese R, Campana I, Coco V, Di Pietro FR, et al.
Basal cell carcinoma: from pathophysiology to novel therapeutic approaches.
Biomedicines. (2020) 8:449. doi: 10.3390/biomedicines8110449

80. Cosgarea R, Pollmann R, Sharif J, Schmidt T, Stein R, Bodea A, et al.
Photodynamic therapy in oral lichen planus: a prospective case-controlled pilot
study. Sci Rep. (2020) 10:1667. doi: 10.1038/s41598-020-58548-9

81. Mostafa D, Tarakji B. Photodynamic therapy in treatment of oral lichen
planus. J Clin Med Res. (2015) 7:393–9. doi: 10.14740/jocmr2147w

82. Sadaksharam J, Nayaki KP, Selvam NP. Treatment of oral
lichen planus with methylene blue mediated photodynamic therapy—
a clinical study. Photodermatol Photoimmunol Photomed. (2012)
28:97–101. doi: 10.1111/j.1600-0781.2012.00647.x

83. Sobaniec S, Bernaczyk P, Pietruski J, CholewaM, Skurska A, Dolińska E, et al.
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