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ABSTRACT

BACKGROUND  Oral lichen planus (OLP) is a chronic inflammatory disorder of the oral 

mucosa. Currently there is no approved treatment for oral lichen planus (OLP). We report on the 

efficacy and safety of a novel mucoadhesive clobetasol patch (Rivelin®-CLO) for the treatment of 

OLP.

METHODS  Patients with confirmed OLP and measurable symptomatic ulcer(s) participated in a 

randomized, double-blind, placebo-controlled, multicenter clinical trial testing a novel 

mucoadhesive clobetasol patch (Rivelin®-CLO) in OLP across Europe, Canada and USA.  Patients 

were randomized to placebo (non-medicated), 1, 5, 20 µg Clobetasol/patch, twice daily, for 4 

weeks. The primary endpoint was change in total ulcer area compared to baseline. Secondary 

endpoints included improvement from baseline in pain, disease activity, and quality of life.  

RESULTS  Data were analyzed and expressed as mean [SD].   One hundred thirty-eight (138) 

patients were included in the study; 99 females and 39 males, mean age was 61.1 [11.6] years. 

Statistical analyses revealed that treatment with 20-μg Rivelin®-CLO patches demonstrated 

significant improvement with ulcer area (P=0.047), symptom severity (P=0.001), disease activity 

(P=0.022), pain (P=0.012), and quality of life (P=0.003) as compared with placebo. Improvement 

in OLP symptoms from beginning to the end of the study was reported as very much better (best 

rating) in the 20-µg group (25/32) patients compared to the placebo group (11/30), (P=0.012). 

Adverse events were mild/moderate. Candidiasis incidence was low (2%).

CONCLUSIONS  Rivelin®-CLO patches were superior to placebo demonstrating statistically 

significant, clinically relevant efficacy in objective and subjective improvement and, with a 

favorable safety profile. 

KEYWORDS: Oral Lichen Planus, Erosive, Treatment, Clobetasol, Mucoadhesive Patch.  

Current words: 2932 

Oral lichen planus (OLP) is a chronic inflammatory oral mucosal disorder, affecting 0.6% to 1.7% 

of the world's population, generally occurs at 30 to 60 years of age, and is more common in 

women.1, 2, 3  Its precise etiopathogenesis remains unknown but is considered a T-cell-mediated 

process resulting in chronic inflammation and basal keratinocyte apoptosis. OLP manifests as 

asymptomatic reticular/plaque-type lesions or as symptomatic lesions including 

erythematous/atrophic-type lesions, erosive, or ulcerative lesions on the buccal, gingival, 

sublingual, lingual, labial, or palatal mucosae.4-6 Diagnosis relies on characteristic clinical A
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findings, often confirmed by biopsy.  Chronic symptomatic OLP is often painful, which 

compromises oral functions, like talking and eating,7, 8  and quality of life.9 

Treatment of OLP varies based on the severity of the symptoms, however, there are limited 

options; and there is no approved treatment. First-line therapy is topical corticosteroids. A variety 

of formulations, and dose regimens are employed, with no established standard of care.6, 10-12 This 

approach presents several challenges, including minimal oral mucosal absorption due to short 

contact time and poor compliance. To mitigate these challenges, corticosteroids are frequently 

used in higher and more protracted doses than labeling indicates. The use of corticosteroids is 

limited by adverse reactions, particularly oral candidiasis and systemic effects related to 

hypothalamic-pituitary-adrenal axis (HPA) suppression from untargeted, inefficient application of 

corticosteroids and unintentional swallowing.13  There is a need for targeted, controlled, sustained-

release medication delivery to withstand the challenging oral environment with its moist surfaces 

and continuous salivary clearance of the medication.. 

An innovative patch for targeted treatment of erosive OLP lesions incorporating an established 

glucocorticoid has been developed to address these challenges. Rivelin®-CLO is a bilayer (~300 

mm2) patch combining a mucoadhesive porous layer containing clobetasol propionate and an 

impermeable, non-adhesive backing layer facing away from the mucosa (Figure 1).14 The 

objective of this study was to evaluate the efficacy and safety of this patch (Rivelin®-CLO) for 

treating erosive OLP.

MATERIALS AND METHODS

A randomized, double-blind, placebo-controlled, Phase 2b trial in symptomatic erosive OLP 

patients evaluated the efficacy and safety of 3 doses of Rivelin®-CLO alongside ease of 

application, adhesion time, and comfort in use. Twenty-five outpatient oral medicine, 

dermatology, otolaryngology and oral and maxillofacial clinics in Canada, Denmark, Germany, 

Ireland, the UK, and the US participated. This clinical trial was conducted in compliance with 

Good Clinical Practice, the Declaration of Helsinki’s principles and completed according to a 

written protocol approved by the institutional review board/ethics committee for each center. 

Informed consent was obtained from each participant. The study sponsor, Afyx Therapeutics A/S, 

developed the study protocol in cooperation with Drs. Brennan and Ruzicka. A
cc

ep
te

d
 A

rt
ic

le



This article is protected by copyright. All rights reserved

Patients

Inclusion criteria included adult (≥ 18 years) OLP patients with at least one visible and measurable 

symptomatic ulcerative OLP lesion and symptomatic lesion(s) coverable by ≤6 patches. Exclusion 

criteria were patients with oral ulcers requiring > 6 patches, oral candidiasis, viral infections, and 

non-healed mucosal areas (e.g.  a recent oral biopsy). Symptomatic OLP was defined on the basis 

of score on the OLP Symptom Severity Measure (OLPSSM), a questionnaire in which the patient 

reports how sore OLP is when performing 7 activities that provoke symptoms (brushing teeth, 

eating, drinking, smiling, breathing through mouth, talking, touching; questions provided in 

Supplementary Appendix), each on scale from 0 (not at all) to 4 (very severe symptoms).6 A total 

OLPSSM score (sum of 7 items) ≥5 on ≥4 days during the week before randomization was 

required. Biopsy confirmation was added approximately 2 months after enrollment start, following 

a US Food and Drug Administration recommendation. All patients provided written informed 

consent to participate in the study. 

Intervention

Patients were randomized to 1, 5, 20 µg/patch doses or placebo (identical nonmedicated patch) in 

a 1:1:1:1 ratio. Up to 6 patches were applied to symptomatic OLP lesions twice-daily (morning 

and evening) for 4 weeks. Appearance and handling of placebo and active patches was identical. 

Randomization was stratified by the number of patches needed (1 to 3 or 4 to 6), and block size 

was 4. A sponsor-supplied computer-generated randomization list was used for assignment of 

blinded kits by site staff via an internet system. 

Assessments

Patients had weekly visits during the 4-week treatment period and a follow-up visit 2 weeks after 

treatment completion. At each visit, the investigator performed an oral examination including 

detailed OLP lesion mapping and inspection for pseudomembranous candidiasis. Clinical 

measurement included ulcer and lesion areas and scored erythema severity on a 5-point scale; 

these assessments comprise the OLPClinROM (provided in Supplementary Appendix). 

Measurements also scored clinical global impression (CGI) of each treated anatomical site and the 

disease activity score (DAS) of the Oral Disease Severity Score (ODSS).15 All examiners attended 
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in-person training on objective study assessments and were qualified by agreement of their 

assessment of 5 calibration cases with predetermined standard assessments. 

Patient-reported outcomes were also used to assess disease severity. At each visit, patients rated 

OLP pain on a numerical rating scale (NRS) and worst symptoms at each treated anatomical site 

during the last 24 hours (WSAAS). Each patient used a daily diary to complete the OLPSSM and 

record patch adhesion time. Patients completed a patch sensation questionnaire before and after 2 

weeks’ treatment and the Chronic Oral Mucosal Disease Questionnaire (COMDQ; a combined 

symptom assessment and quality of life questionnaire),16 before and after 2 and 4 weeks’ 

treatment. At treatment completion, the patient also rated overall change in OLP symptoms during 

the treatment period (patient global impression of change; PGI-C), choosing 1 of 7 answers 

ranging from “very much better” to “very much worse.” 

Safety was evaluated by adverse events (AEs) reported throughout the study and vital signs and 

laboratory parameters (lists in Supplementary Appendix) measured at screening and follow-up. 

Investigators assessed severity and relationship to clobetasol and to patch application for each AE. 

The plasma clobetasol concentration was measured at visit 3 (day 8). 

Outcomes and Statistical Analysis

The primary endpoint was change in total ulcer area from baseline to average of Week 3 and 4. 

Data from an unpublished exploratory investigation (MTB) indicated that a standard deviation of 

approximately 25 mm2 in ulcer area could be expected for this endpoint evaluated by analysis of 

covariance (ANCOVA) as described below. A sample size of 45 patients per group would provide 

90% power to detect a true difference of 17 mm2 between any 2 treatments using a 2-sided test at a 

5% significance level; an interim analysis was performed to reassess the sample size. The primary 

endpoint was assessed in the full analysis set (all treated patients with data collected after first 

dose) according to randomized treatment assignment. Missing data due to withdrawals were 

imputed (by end-of-study follow-up data in most cases, or, if not available, by last-observation-

carried-forward method) and the impact of imputation checked. Treatments were compared using 

an ANCOVA model with treatment, country, and randomization strata as fixed factors and 

baseline ulcer area as a covariate. A closed testing procedure was employed to account for A
cc

ep
te

d
 A

rt
ic

le



This article is protected by copyright. All rights reserved

multiplicity of testing each dose group versus placebo (20 µg then 5 µg then 1 µg). P-values 

<0.049 were considered statistically significant to account for the interim analysis, at which testing 

was made at the 0.001 level.

Secondary endpoints were change from baseline to average of Week 3 and 4 in total lesion area 

(sum of areas of all OLP-related lesions per patient), erythema severity score, OLPSSM score 

(weekly means), WSAAS, and CGI. Erythema score, WSAAS, and CGI were averaged over 

anatomical sites for analysis. Secondary endpoints and the exploratory endpoints of ODSS (DAS 

and pain NRS), COMDQ score, and PGI-C were analyzed with similar models as for the primary 

endpoint but without baseline correction for PGI-C. The numbers of patients with positive 

response (2 most favorable alternatives) in the patch sensation questionnaire and with successful 

patch application (≥30 minutes on 80% of days) were compared between treatments using a 

logistic regression model, adjusting for treatment and randomization stratum (planned fixed factor 

of country not included because of overlap with country giving convergence problems in the 

algorithm).

Safety analyses were descriptive. 

RESULTS

Patients

Enrollment commenced June 28, 2018. Of 204 patients screened, 138 patients were enrolled, and 

122 (88.4%) completed the trial. Screen failure and discontinuation reasons are shown in Figure 2. 

All patients were included in the efficacy and safety analyses. There was a small imbalance in 

group assignment (Figure 12The Data Safety and Monitoring Board recommended trial 

termination after a preplanned interim analysis; they raised no safety concerns. The last patient 

completed the trial on December 20, 2019.

Baseline demographic and OLP characteristics were comparable among the 4 groups except for 

larger mean ulcer area in the 5-μg group driven by a small number of patients with large ulcers 

(Table 1). 120 patients had biopsy data, confirming OLP in 119. Number of patches used is 

summarized in Supplemental Table S1. 
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Efficacy

The 20-μg group achieved clinically relevant and statistically significant improvement compared 

to the placebo group for a broad spectrum of clinician-reported outcomes. The 5-μg and 20-μg 

groups showed statistically significant and clinically relevant change versus placebo in total ulcer 

area, the study primary endpoint (Table 2). Reductions in ulcer area were seen within the first 

week and progressed over the 4-week treatment period (Figure 3A). The 20-ug group also 

demonstrated significant reduction in DAS over the 4-week treatment (Figure3). Among the other 

clinician-reported outcomes, total lesion area, erythema score, and CGI improved in the 20-μg 

group although reduction was not statistically significant compared to placebo. 

Rivelin®-CLO (20 μg/patch) also produced statistically significant improvements in patient-

reported outcomes (Table 2). Reduction in total OLPSSM score was rapid and progressed over the 

4-week treatment period (Figure3). In the 20-µg group, all 7 individual OLPSSM trigger items 

showed improvement from baseline versus placebo except breathing through the mouth 

(Supplemental Table S2). The pain NRS component of the ODSS (Figure 3D) and the COMDQ 

score showed clinically and statistically significant improvements in the 20-µg group compared to 

placebo. WSAAS score decreased but did not achieve statistical significance versus placebo. 

Finally, the PGI-C assessing patient experience with their OLP at end of dosing also showed 

clinically meaningful and statistically significant (P=0.012) improvements in the 20-µg group 

compared to placebo with 25/32 patients (78.1%) in the 20-µg group and 11/30 patients (36.7%) in 

the placebo group reporting their OLP feeling much better or very much better (Supplementary 

Figure S1). 

Safety

Supplementary Table S3 summarizes all reported AEs. The most common AEs (irrespective of 

causality) were periodontal disease (10 patients, 7%) and nasopharyngitis (7 patients, 5%) neither 

of which were considered related to clobetasol or the patch. Two patients (1%) had serious AEs, 

investigator assessed as unrelated to treatment: multiple fractures (fractured left tibia and right 

humerus from a fall) and acute myocardial infarction (in a patient with history of ischemic heart 

disease and type 2 diabetes). AEs in 3 other patients (2%) were severe, all unrelated to treatment: 

dental trauma, periodontal disease, and hypertension. All other AEs were mild or moderate. AEs 

in 2 patients (1%) led to discontinuation of treatment: varicella zoster virus infection (in one A
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patient in the placebo group); and stomatitis (reported term: increased inflammation on left side 

oral cavity), oral pain (both assessed as related to clobetasol and patch application) and insomnia 

in one patient in the 1-µg group. The plasma clobetasol concentration was measured at visit 3 (day 

8). There were 4 (3%) participants with measurable clobetasol: 2 in 20-µg group; 0 in 5-µg group; 

1 in 1-µg group and 1 in placebo group. All remaining levels were below the detectable limit.   

Frequencies of AEs considered related to patch use ranged from 6% for 5 µg and 20 µg to 16% for 

placebo and 18% for 1 µg (Table 3). Most were local events, including fungal infections in the 

oral cavity. Oral candidiasis occurred in 3 patients (2%), 1 each in the 1-µg, 5-µg, and placebo 

groups. No oral infections were reported in the 20-µg group. Most AEs considered related to patch 

application were events also considered related to clobetasol. Frequencies of these AEs were also 

lowest in the highest dose (20-µg) group. 

Ease of Application, Adhesion Time, and Comfort of Patches

The percentage of patches adhering after 5 minutes was 97-98% for morning applications and 93-

97% for evening applications. Corresponding values at 2 hours were 38-47% (reported only for 

morning applications). Median adhesion time was approximately 90 minutes in the clobetasol 

groups and 105 minutes in the placebo group (Supplementary Table S4). Results from the patch 

sensation questionnaire showed that patches were easy to apply and remove and well tolerated 

(Supplementary Table S5). 

DISCUSSION

This study is the largest to date for any treatment of OLP, a condition with no currently approved 

treatment and substantial unmet medical need. The mucoadhesive patch is a novel product 

designed specifically to meet the challenges of the mucosal environment for delivering clobetasol, 

an established corticosteroid widely used in OLP, in a targeted, controlled, and sustained and 

localized manner. The patches were evaluated in a randomized placebo-controlled international 

multicenter study. The patient population was defined by biopsy-proven, symptomatic, ulcerative 

OLP, representing the more severe spectrum of OLP manifestations.17 Rivelin®-CLO (20 

µg/patch) showed statistically and clinically significant improvement in a broad spectrum of 

clinical and patient-reported outcomes important to patients and clinicians. Improvement in 
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patient-reported outcomes was demonstrated, using an established generic pain measure (pain on a 

0-10 NRS) and quality of life measures (COMDQ). Additionally, a new disease-specific 

instrument (OLPSSM),8 demonstrated reduction and relief of OLP symptoms while patients 

performed activities of daily living. Improvements in patient-reported outcomes resulted from 

successful targeted delivery of clobetasol propionate to the OLP lesions as demonstrated by 

clinical assessments (ulcer area, lesion size, erythema severity, and the DAS of ODSS). 

The 20-µg dose produced superior efficacy results among the 3 doses tested and did so without an 

adverse effect on safety. Local effects of either the drug or the patch were uncommon, and lowest 

in the 20-µg group. No oral candidiasis or other oral infections were reported in this group. The 

rate of oral candidiasis in OLP patients treated with steroid therapy has been estimated as 13.6%.18  

Although the 5-µg group demonstrated ulcer area improvement similar to the 20-µg group, larger 

mean ulcer area in the 5-μg group likely accounted for the impact on ulcer area change. Only the 

20-µg group demonstrated significant improvement in DAS, OLPSSM scores, NRS, COMDQ 

scores and ODSS scores.  

In this Phase 2 study with Rivelin®-CLO, treatment duration was limited to 4 weeks. Several 

endpoints showed progressive improvement over the 4-weeks treatment period, suggesting that 

some patients may have benefited further with prolonged treatment. Some patients, however, 

experienced benefits earlier than 4 weeks. Varying or individualized treatment lengths should be 

investigated to determine the optimal treatment regimen for the patches.

The comfort, ease of use, and subjective feedback reported by participants in this study was 

consistent with an earlier Phase 1 study of the nonmedicated patch.14 The acceptability of the 

patch combined with the favorable safety and efficacy profile may have promoted the high rates of 

treatment compliance reported.  Rivelin®-CLO provides a new and innovative treatment of OLP. 

Participating investigators regarded Rivelin®-CLO as a useful tool to manage OLP patient 

symptoms and lesion manifestations.

In addition to their relevance to the specific product and disease tested, these results suggest the 

potential of this novel patch for wider applicability. This includes treatment of other mucosal 

diseases that currently lack a safe and effective treatment, such as recurrent aphthous stomatitis, A
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pemphigoid, pemphigus, oral manifestations of graft versus host disease, lupus erythematosus, 

Behçet's disease and inflammatory bowel diseases.  The mucoadhesive patch could also be used 

with other medicines to provide topical treatment with fewer side effects (e.g., 

immunomodulators, antibiotics, analgesics, neuromodulators). Investigation of these other 

indications and medicines is warranted.

For this first placebo-controlled study of a patch-based therapy, a measurable, reliable endpoint 

was needed to establish proof of concept. Change in ulcer size was chosen as the primary 

endpoint, requiring patients to have a measurable ulcer. While this may have selected for a more 

severe population, ulcerations are common in symptomatic OLP and are representative of erosive 

OLP patients who receive treatment.19 Another limitation of this study was use of the 

nonmedicated Rivelin® patch as the placebo control. Because no approved standard of care for 

OLP exists, a placebo comparison was the most appropriate choice. However, while enhancing the 

robustness of the study through blinding, the nonmedicated patch may not be acting as a true 

placebo. Results in the placebo group indicate that the patch itself may have some effect in 

management of OLP, possibly due to acting as a protective physical barrier over the lesions. Thus, 

the effect of the medicated patches may have been underestimated. The alternative of an unblinded 

study with a no-treatment arm was not considered feasible because of ethical and patient 

acceptance concerns, and an open-label design could lead to various types of bias that might 

impact the estimated effect of the medicated patch.  

The efficacy, safety, acceptability, and feasibility results from this study support initiation of 

additional trials for efficacy and evaluation of long-term safety of Rivelin®-CLO in OLP patients. 

The 20-µg twice-daily regimen is considered the dose of choice for further development on the 

basis of its safety and efficacy in this study. In addition, these results suggest the potential of this 

novel patch for treatment of other oral and nonoral mucosal diseases that currently lack a safe and 

effective treatment and for use with other medicines to provide topical treatment with fewer side 

effects of oral diseases and diseases at other accessible mucosal sites. 

AUTHOR CONTRIBUTIONS

Drs Brennan and Siim Madsen had full access to all the data in the study and take responsibility 

for the integrity of the data and the accuracy of the data analysis.A
cc

ep
te

d
 A

rt
ic

le



This article is protected by copyright. All rights reserved

Concept and design: Brennan, Siim Madsen, Ni Riordain, Fedele, Cook, Sankar, Culton, Kerr, 

Sollecito, Papas, Bengtsson, Al-Hashimi, Burke, Burkhart, Hansen, Jensen, Menné, Thornhill, 

Treister, Ruzicka

Acquisition, analysis, or interpretation of data: Brennan, Siim Madsen, Saunders, Napenas, 

McCreary, Ni Riordain, Lynge Pedersen, Fedele, Cook, Abdelsayad, Llopiz, Sankar, Ryan, 

Culton, Akhlef, Castillo, Frenandez, Jurgem Kerr, McDuffie, McGaw, Mighell, Sollecito, 

Schlieve, Carrozzo, Papas, Bengtsson, Al-Hashimi, Burke, Culshaw, Desai, Jensen, Ruzicka

Drafting of the manuscript: Brennan, Siim Madsen, Bengtsson

Critical revision of the manuscript for important intellectual content: All authors

Statistical analysis: Bengtsson

Administrative, technical, or material support: Jensen

Supervision: Brennan, Siim Madsen, Saunders, Ni Riordain, Cook, Sankar, Culton, Bengtsson, 

Jensen, Menné, Ruzicka

A
cc

ep
te

d
 A

rt
ic

le



This article is protected by copyright. All rights reserved

REFERENCES

1. Fitzpatrick’s Dermatology in General Medicine 8th ed: McGraw-Hill; 2012.

2. Le Cleach L, Chosidow O. Clinical practice. Lichen planus. N Engl J Med. 

2012;366(8):723-32. doi: 10.1056/NEJMcp1103641 [doi].

3. Li C, Tang X, Zheng X, Ge S, Wen H, Lin X, et al. Global Prevalence and Incidence 

Estimates of Oral Lichen Planus: A Systematic Review and Meta-analysis. JAMA Dermatol. 

2020;156(2):172-81. doi: 10.1001/jamadermatol.2019.3797. PubMed PMID: 31895418; PubMed 

Central PMCID: PMC6990670.

4. Radwan-Oczko M. Topical application of drugs used in treatment of oral lichen planus 

lesions. Adv Clin Exp Med. 2013;22(6):893-8. PubMed PMID: 24431320.

5. Gupta S, Jawanda MK. Oral Lichen Planus: An Update on Etiology, Pathogenesis, Clinical 

Presentation, Diagnosis and Management. Indian J Dermatol. 2015;60(3):222-9. doi: 

10.4103/0019-5154.156315. PubMed PMID: 26120146; PubMed Central PMCID: PMC4458931.

6. Carrozzo M, Porter S, Mercadante V, Fedele S. Oral lichen planus: A disease or a 

spectrum of tissue reactions? Types, causes, diagnostic algorhythms, prognosis, management 

strategies. Periodontol 2000. 2019;80(1):105-25. doi: 10.1111/prd.12260. PubMed PMID: 

31090143.

7. Mortazavi H, Safi Y, Baharvand M, Jafari S, Anbari F, Rahmani S. Oral White Lesions: 

An Updated Clinical Diagnostic Decision Tree. Dent J (Basel). 2019;7(1). doi: 

10.3390/dj7010015. PubMed PMID: 30736423; PubMed Central PMCID: PMC6473409.

8. Burke LB, Brennan MT, Ni Riordain R, Madsen LS. Novel Oral Lichen Planus Symptom 

Severity Measure for assessing patients' daily symptom experience. Oral Dis. 2019. doi: 

10.1111/odi.13109. PubMed PMID: 31006147.

9. Radwan-Oczko M, Zwyrtek E, Owczarek JE, Szczesniak D. Psychopathological profile 

and quality of life of patients with oral lichen planus. J Appl Oral Sci. 2018;26:e20170146. doi: 

10.1590/1678-7757-2017-0146. PubMed PMID: 29364344; PubMed Central PMCID: 

PMC5777404.

10. Oberti L, Alberta L, Massimo P, Francesco C, Dorina L. Clinical Management of Oral 

Lichen Planus: A Systematic Review. Mini Rev Med Chem. 2019;19(13):1049-59. doi: 

10.2174/1389557519666190301144157. PubMed PMID: 30836913.

11. Lodi G, Manfredi M, Mercadante V, Murphy R, Carrozzo M. Interventions for treating 

oral lichen planus: corticosteroid therapies. Cochrane Database Syst Rev. 2020;2:CD001168. doi: A
cc

ep
te

d
 A

rt
ic

le



This article is protected by copyright. All rights reserved

10.1002/14651858.CD001168.pub3. PubMed PMID: 32108333; PubMed Central PMCID: 

PMC7047223.

12. Al-Hashimi I, Schifter M, Lockhart PB, Wray D, Brennan M, Migliorati CA, et al. Oral 

lichen planus and oral lichenoid lesions: diagnostic and therapeutic considerations. Oral Surg Oral 

Med Oral Pathol Oral Radiol Endod. 2007;103 Suppl:S25-12. doi: S1079-2104(06)00860-2 

[pii];10.1016/j.tripleo.2006.11.001 [doi].

13. Gonzalez-Moles MA, Scully C. HPA-suppressive effects of aqueous clobetasol propionate 

in the treatment of patients with oral lichen planus. J Eur Acad Dermatol Venereol. 

2010;24(9):1055-9. doi: 10.1111/j.1468-3083.2010.03591.x. PubMed PMID: 20158585.

14. Colley HE, Said Z, Santocildes-Romero ME, Baker SR, D'Apice K, Hansen J, et al. Pre-

clinical evaluation of novel mucoadhesive bilayer patches for local delivery of clobetasol-17-

propionate to the oral mucosa. Biomaterials. 2018;178:134-46. doi: 

10.1016/j.biomaterials.2018.06.009. PubMed PMID: 29929183.

15. Escudier M, Ahmed N, Shirlaw P, Setterfield J, Tappuni A, Black MM, et al. A scoring 

system for mucosal disease severity with special reference to oral lichen planus. Br J Dermatol. 

2007;157(4):765-70. doi: 10.1111/j.1365-2133.2007.08106.x. PubMed PMID: 17711534.

16. Ni Riordain R, McCreary C. Validity and reliability of a newly developed quality of life 

questionnaire for patients with chronic oral mucosal diseases. J Oral Pathol Med. 2011;40(8):604-

9. doi: 10.1111/j.1600-0714.2011.01021.x. PubMed PMID: 21352382.

17. 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(3):693-

709. doi: 10.1111/odi.12885. PubMed PMID: 29738106.

18. Marable DR, Bowers LM, Stout TL, Stewart CM, Berg KM, Sankar V, et al. Oral 

candidiasis following steroid therapy for oral lichen planus. Oral Dis. 2016;22(2):140-7. doi: 

10.1111/odi.12399 [doi].

19. Osipoff A, Carpenter MD, Noll JL, Valdez JA, Gormsen M, Brennan MT. Predictors of 

symptomatic oral lichen planus. Oral Surg Oral Med Oral Pathol Oral Radiol. 2020;129(5):468-

77. doi: 10.1016/j.oooo.2019.12.019. PubMed PMID: 32044267.

A
cc

ep
te

d
 A

rt
ic

le



This article is protected by copyright. All rights reserved

TABLES 

Table 1: Baseline Demographic and Oral Lichen Planus Characteristics 

Rivelin®-CLO 

Characteristic

20 µg

N=33

5 µg

N=34

1 µg

N=40

Placebo 

N=31

Total

N = 138

Male 9 (27.3) 13 (38.2) 12 (30.0) 5 (16.1) 39 (28.3)
Sex, n (%)

Female 24 (72.7) 21 (61.8) 28 (70.0) 26 (83.9) 99 (71.7)

Mean (SD) 58.6 (11.8) 59.7 (10.5) 62.2 (12.1) 63.9 (11.5) 61.1 (11.6)
Age, years

Range 33-77 37-75 19-89  30-81 19-89

White 26 (78.8) 32 (94.1) 36 (90.0) 29 (93.5) 123 (89.1)

Black 1 (3.0) 0 2 (5.0) 1 (3.2) 4 (2.9)

Asian 4 (12.1) 1 (2.9) 2 (5.0) 1 (3.2) 8 (5.8)

American 

Indian/ 

Alaskan 

Native

0 1 (2.9) 0 0 1 (0.7)

Race, n (%)

Other 2 (6.1) 0 0 0 2 (1.4)

Canada 8 (24.2) 7 (20.6) 7 (17.5) 7 (22.6) 29 (21.0)

Germany 1 (3.0) 1 (2.9) 2 (5.0) 2 (6.5) 6 (4.3)

Denmark 3 (9.1) 3 (8.8) 5 (12.5) 3 (9.7) 14 (10.1)

UK 7 (21.2) 7 (20.6) 6 (15.0) 7 (22.6) 27 (19.6)

Ireland 3 (9.1) 2 (5.9) 3 (7.5) 2 (6.5) 10 (7.2)

Country, n (%)

US 11 (33.3) 14 (41.2) 17 (42.5) 10 (32.3) 52 (37.7)

Mean (SD) 31.2 (6.9) 29.6 (6.0) 29.0 (5.3) 30.0 (7.6) 29.9 (6.4)Body mass index, 

kg/m2 Range 18.7-46.9 18.9-48.2 17.8-42.3 21.2-50.9 17.8-50.9

Mean (SD) 3.9 (4.7) 4.9 (9.3) 4.7 (6.5) 3.7 (6.1) 4.3 (6.8)
Time since first 

diagnosis, years Median (IQR)
2.0 

(0.8-4.6)

1.8 

(0.2-4.3)

1.5 

(0.3-6.1)

1.5 

(0.2-4.1)

1.9 

(0.2- 4.1)

Biopsy confirmatory of 

OLP†, n (%)
Yes 26 (78.8) 31 (91.2) 35 (87.5) 27 (87.1) 119 (86.2)

No 8 (24.2) 11 (32.4) 12 (30.0) 7 (22.6) 38 (27.5)

Yes 25 (75.8) 23 (67.6) 27 (67.5) 24 (77.4) 99 (71.7)

Previous treatment in 

the last 12 months, n 

(%) Missing 0 0 1 (2.5) 0 1 (0.7)

No 27 (81.8) 29 (85.3) 35 (87.5) 24 (77.4) 115 (83.3)Extra-oral 

manifestations of 

lichen planus
Yes 6 (18.2) 5 (14.7) 5 (12.5) 7 (22.6) 23 (16.7)

Total ulcer area per 

patient, mm2
Mean (SD) 58.5 (84)

147.6 (269) 55.6 (57)
63.0 (129)
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Rivelin®-CLO 

Characteristic

20 µg

N=33

5 µg

N=34

1 µg

N=40

Placebo 

N=31

Total

N = 138

Total lesion area per 

patient, mm2
Mean (SD) 647.2 (582) 776.4 (6.82) 684.6 (536) 884.0 (1322) 

Average erythema 

severity score

(Scale: 0 to 4)

Mean (SD) 2.4 (0.80) 2.6 (0.82) 2.7 (0.75) 2.6 (0.81) 

Disease activity score  

(DAS)

(Scale: 0 to 72)

Mean (SD) 9.5 (5.24) 9.7 (4.45) 10.3 (5.27) 9.9 (5.17)

Clinical global 

impression (CGI)

(Scale: 0 to 4)

Mean (SD) 2.4 (0.83) 2.5 (0.89) 2.7 (0.76) 2.6 (0.74) 

Weekly total Oral 

Lichen Planus 

Symptom Severity 

Measure (OLPSSM) 

score‡ (Scale: 0 to 28)

Mean (SD) 10.5 (4.55) 11.2 (4.77) 11.3 (4.53) 9.8 (3.50)

Pain numerical rating 

scale (NRS) score 

(Scale: 0 to 10)

Mean (SD) 5.7 (2.44) 5.9 (2.32) 5.8 (2.38) 5.8 (2.22)

Worst symptom at 

anatomical site 

(WSAAS) score

(Scale: 0 to 10)

Mean (SD) 5.4 (2.31) 5.6 (2.33) 5.6 (2.37) 5.7 (2.34) 

Chronic Oral Mucosal 

Disease Questionnaire 

(COMDQ) score 

(Scale: 0 to 104)

Mean (SD) 79.3 (12.83) 78.2 (17.66) 77.5 (21.21) 81.8 (15.21) 

Oral Disease Severity 

Score (ODSS)

(Scale: 0 to 106)

Mean (SD) 20.3 (9.05) 20.4 (7.31) 21.2 (7.92) 20.7 (8.34) 

†. The requirement for biopsy confirmation was added approximately 2 months after enrollment start because of 

a recommendation from the US Food and Drug Administration; 120 patients (87.0%) had biopsy data; OLP 

confirmed in 119. 

‡. Scores for the 7 OLPSSM questions were summed. A weekly mean of the scores was calculated with a week 

defined as the period between 2 visits. The baseline value was computed over the 7 days prior to the 

randomization visit. No imputation was performed for missing data, and, if <4 values were available from the 

week, the weekly OLPSSM total score was set to missing. 

Abbreviations: IQR = interquartile range; OLP = oral lichen planus; SD = standard deviation.
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Table 2: Efficacy Endpoints

Comparison to PlaceboEndpoint

(Change from Baseline to Average 

of Weeks 3 and 4) Treatment Estimate† Difference‡

95% Confidence

Interval P value

20 µg -43.8 -45.0 (-89.4, -0.7) 0.047

5 µg -49.7 -50.9 (-94.5 -7.3) 0.023

1 µg -18.1 -19.3 (-60.8, 22.1) 0.358
Total ulcer area per patient, mm2

Placebo 1.3

20 µg -293.1 -168.7 (-348.7, 11.4) 0.066

5 µg -183.6 -59.2 (-235.1, 116.6) 0.506

1 µg -157.3 -32.9 (-203.1, 137.3) 0.703
Total lesion area per patient, mm2

Placebo -124.4

20 µg -1.182 -0.225 (-0.649, 0.200) 0.297

5 µg -0.987 -0.029 (-0.446, 0.388) 0.890

1 µg -0.829 0.128 (-0.275, 0.532) 0.530

Average erythema severity score

(Scale: 0 to 4)

Placebo -0.957

20 µg -3.450 -2.216 (-4.106, -0.326) 0.022

5 µg -1.710 -0.476 (-2.359, 1.407) 0.618

1 µg -1.680 0.447 (-4.089, 1.961) 0.627

Disease activity score (DAS)

(Scale: 0 to 72)

Placebo -1.234

20 µg -0.986 -0.138 (-0.596, 0.321) 0.553

5 µg -0.765 0.084 (-0.365, 0.533) 0.713

1 µg -0.718 0.130 (-0.303, 0.564) 0.553

Clinical global impression (CGI)

(Scale: 0 to 4)

Placebo -0.848

20 µg -5.170 -2.967 (-4.643, -1.292) 0.001

5 µg -3.237 -1.034 (-2.699, 0.630) 0.221

1 µg -3.256 -1.054 (-2.645, 0.538) 0.192

Weekly total Oral Lichen Planus 

Symptom Severity Measure 

(OLPSSM) score§

(Scale: 0 to 28) Placebo -2.203

20 µg -2.391 -1.261 (-2.241, -0,281) 0.012

5 µg -1.556 -0.426 (-1.394, 0.541) 0.385

1 µg -1.381 -0.252 (-1.186, 0.683) 0.595

Pain numerical rating scale (NRS)  

score

(Scale: 0 to 10)
Placebo -1.130

20 µg -2.634 -0.887 (-1.841, 0.068) 0.068

5 µg -1.950 -0.203 (-1.145, 0.739) 0.671

1 µg -1.843 -0.096 (-1.006, 0.814) 0.835

Worst symptoms at anatomical site 

(WSAAS) score

(Scale: 0 to 10)
Placebo -1.747

20 µg -12.062 -9.022 (-14.965, -3.079) 0.003

5 µg -6.497 -3.458 (-9.354, 2.438) 0.248

1 µg -1.772 1.268 (-4.459, 6.995) 0.662

Chronic Oral Mucosal Disease 

Questionnaire (COMDQ) score¶ 

(Scale: 0 to 104)
Placebo -3.040
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Comparison to PlaceboEndpoint

(Change from Baseline to Average 

of Weeks 3 and 4) Treatment Estimate† Difference‡

95% Confidence

Interval P value

20 µg -6.786 -4.453 (-7.602, -1.303) 0.006

5 µg -3.390 -1.057 (-4.195, 2.081) 0.506

1 µg -3.397 -1.064 (-4.089, 1.961) 0.488

Oral Disease Severity Score (ODSS)

(Scale: 0 to 106)

Placebo -2.333

†. Mean change from baseline for each group from the analysis of covariance model (least squares mean)

‡. Difference between the estimates for active and placebo group in pairwise comparison

§. Scores for the 7 OLPSSM questions were summed. A weekly mean of the scores was calculated with a week 

defined as the time period between 2 visits. The baseline value was computed over the 7 days prior to the 

randomization visit. No imputation was performed for missing data, and, if <4 values were available from the 

week, the weekly OLPSSM total score was set to missing. 

¶. Change from baseline to Week 4 (COMDQ not administered at Week 3)
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Table 3: Adverse Events Related to Clobetasol or Patch Application

Rivelin®-CLO 

System Organ Class

Preferred Term

20 µg

N=33

n (%)

5 µg

N=34

n (%)

1 µg

N=40

n (%)

Placebo

N=31

n (%)

Total

N=138

n (%)

ADVERSE EVENTS RELATED TO CLOBETASOL

Any adverse event 2 (6) 2 (6) 7 (18) 5 (16) 16 (12)

Infections and infestations 0 (0) 1 (3) 4 (10) 3 (10) 8 (6)

Application site infection 0 (0) 0 (0) 2 (5) 2 (6) 4 (3)

Oral candidiasis 0 (0) 1 (3) 1 (3) 1 (3) 3 (2)

Oral fungal infection 0 (0) 0 (0) 1 (3) 0 (0) 1 (1)

Gastrointestinal disorders 1 (3) 1 (3) 2 (5) 1 (3) 5 (4)

Nausea 1 (3) 0 (0) 1 (3) 0 (0) 2 (1)

Diarrhoea 0 (0) 0 (0) 0 (0) 1 (3) 1 (1)

Gingival bleeding 0 (0) 0 (0) 1 (3) 0 (0) 1 (1)

Gingival pain 0 (0) 1 (3) 0 (0) 0 (0) 1 (1)

Oral pain 0 (0) 0 (0) 1 (3) 0 (0) 1 (1)

Stomatitis 0 (0) 0 (0) 1 (3) 0 (0) 1 (1)

General disorders and 

administration site conditions
1 (3) 1 (3) 2 (5) 0 (0) 4 (3)

Application site pain 1 (3) 0 (0) 2 (5) 0 (0) 3 (2)

Application site hypersensitivity 0 (0) 1 (3) 0 (0) 0 (0) 1 (1)

Facial pain 1 (3) 0 (0) 0 (0) 0 (0) 1 (1)

Nervous system disorders 1 (3) 0 (0) 1 (3) 0 (0) 2 (1)

Dysgeusia 0 (0) 0 (0) 1 (3) 0 (0) 1 (1)

Headache 1 (3) 0 (0) 0 (0) 0 (0) 1 (1)

Psychiatric disorders 0 (0) 0 (0) 0 (0) 1 (3) 1 (1)

Sleep disorder 0 (0) 0 (0) 0 (0) 1 (3) 1 (1)

ADVERSE EVENTS RELATED TO PATCH APPLICATION

Any adverse event 2 (6) 6 (18) 5 (13) 3 (10) 16 (12)

Gastrointestinal disorders 1 (3) 4 (12) 2 (5) 2 (6) 9 (7)

Salivary hypersecretion 0 (0) 2 (6) 0 (0) 1 (3) 3 (2)

Gingival bleeding 0 (0) 1 (3) 1 (3) 0 (0) 2 (1)

Nausea 1 (3) 0 (0) 1 (3) 0 (0) 2 (1)

Diarrhoea 0 (0) 0 (0) 0 (0) 1 (3) 1 (1)

Gingival pain 0 (0) 1 (3) 0 (0) 0 (0) 1 (1)

Oral lichen planus 0 (0) 1 (3) 0 (0) 0 (0) 1 (1)A
cc

ep
te

d
 A

rt
ic

le



This article is protected by copyright. All rights reserved

Oral pain 0 (0) 0 (0) 1 (3) 0 (0) 1 (1)

Saliva altered 0 (0) 1 (3) 0 (0) 0 (0) 1 (1)

Stomatitis 0 (0) 0 (0) 1 (3) 0 (0) 1 (1)

General disorders and 

administration site conditions
2 (6) 2 (6) 3 (8) 0 (0) 7 (5)

Application site pain 1 (3) 0 (0) 2 (5) 0 (0) 3 (2)

Application site haemorrhage 1 (3) 0 (0) 1 (3) 0 (0) 2 (1)

Application site hypersensitivity 0 (0) 1 (3) 0 (0) 0 (0) 1 (1)

Application site injury 0 (0) 1 (3) 0 (0) 0 (0) 1 (1)

Facial pain 1 (3) 0 (0) 0 (0) 0 (0) 1 (1)

Infections and infestations 0 (0) 1 (3) 0 (0) 1 (3) 2 (1)

Application site infection 0 (0) 0 (0) 0 (0) 1 (3) 1 (1)

Oral candidiasis 0 (0) 1 (3) 0 (0) 0 (0) 1 (1)

Nervous system disorders 1 (3) 0 (0) 1 (3) 0 (0) 2 (1)

Dysgeusia 0 (0) 0 (0) 1 (3) 0 (0) 1 (1)

Headache 1 (3) 0 (0) 0 (0) 0 (0) 1 (1)
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FIGURE LEGENDS

Figure 1: Rivelin®-CLO patch containing clobetasol propionate. 

Figure 2: Patient Disposition 

Figure 3: Change from Baseline in Efficacy Endpoints Over Time 

Panel A: Total ulcer area: Sum of areas of all ulcers for an individual measured at each visit using a 

periodontal probe (NCP-15) or a modified Schirmer’s strip, measuring the 2 longest perpendicular 

dimensions of each lesion/ulcer. 

Panel B: Disease activity score: Clinicians assess disease extent and severity at 17 sites in the oral cavity, 

using a 2- or 3-point scale for disease extent and a 4-point scale for disease severity. These scores were 

combined into the disease activity score.

Panel C: Weekly OLPSSM total score: This score is mean of daily total scores, each ranging from 0 to 28 

and the total of responses on a scale of 0 to 4 for each of the 7 components of the following question on the 

Oral Lichen Planus Symptom Severity Measure: How SORE was your oral lichen planus when you did 

each of the following activities: 1. When you brushed your teeth? 2. When you ate food? 3. When you 

drank liquids? 4. When you smiled? 5. When you breathed through your mouth? 6. When you talked? 7. 

When it was touched? Scores for the 7 OLPSSM questions were summed. A weekly mean of the scores 

was calculated with a week defined as the time period between 2 visits. The baseline value was computed 

over the 7 days prior to the randomization visit. No imputation was performed for missing data, and, if <4 

values were available from the week, the weekly OLPSSM total score was set to missing.

Panel D: Pain numerical rating scale score: Patients were asked at each clinical visit to score pain on a scale 

from 0 (no pain) to 10 (worst imaginable pain) in response to the following question: How much pain have 

you had in the last 24 hours from your OLP disease? 
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SCREENED

N = 204

RANDOMIZED

N = 138

TREATED

N = 138

20 µg patch

N = 33

Strata: 1-3 patches: 22

4-6 patches: 11

1 µg patch

N = 40

Strata: 1-3 patches: 23

4-6 patches: 17

5 µg patch

N = 34

Strata: 1-3 patches: 19

4-6 patches: 15

Nonmedicated patch

N = 31

Strata: 1-3 patches: 20

4-6 patches: 11

Completed

N = 30

Not completed

N = 3

• Withdrawal of consent (2)

• Other (1)

Completed

N = 33

Completed

N = 34

Completed

N = 25

Not completed

N = 1

• Lack of efficacy (1)

Not completed

N = 6

• Withdrawal of consent (2)

• Lack of efficacy (2)

• Adverse event (2)

Not completed

N = 6

• Withdrawal of consent (1)

• Adverse event (1)

• Loss to follow-up (2)

• Protocol deviation (1)

SCREEN FAILURES 

N = 66

• OLP not histologically confirmed (17)

• Study termination (12)

• Lack of visible and measurable ulcer (9)

• Prohibited medication use (8)

• Condition/disease/circumstance that put 

patient at undue risk (8)

• OLP not symptomatic (4)

• Ongoing infection in oral mucosa (3)

• Unknown (3)

• Unable to comply with study requirements (2)

• Pregnancy (1)

• History of cancer (1)

(Note: more than 1 reason could be recorded)



Follow-upBaseline Week 1 Week 2 Week 3 Week 4

Study Visit

Total Ulcer Area per PatientA) Weekly OLPSSM Total ScoreC)

Disease Activity ScoreB) Pain Numerical Rating Scale ScoreD)
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Rivelin®-CLO Dose 20 µg 5 µg 1 µg Placebo
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