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Abstract

Objective: To compare the reported efficacy and costs of available interventions used for the management of oral
lichen planus (OLP).

Materials and methods: A systematic literature search was performed from database inception until March 2021
in MEDLINE via PubMed and the Cochrane library following PRISMA guidelines. Only randomized controlled trials
(RCT) comparing an active intervention with placebo or different active interventions for OLP management were
considered.

Results: Seventy (70) RCTs were included. The majority of evidence suggested efficacy of topical steroids (dexameth-
asone, clobetasol, fluocinonide, triamcinolone), topical calcineurin inhibitors (tacrolimus, pimecrolimus, cyclosporine),
topical retinoids, intra-lesional triamcinolone, aloe-vera gel, photodynamic therapy, and low-level laser therapies for
OLP management. Based on the estimated cost per month and evidence for efficacy and side-effects, topical steroids
(fluocinonide > dexamethasone > clobetasol > triamcinolone) appear to be more cost-effective than topical calcineu-

freatments.

rin inhibitors (tacrolimus > pimecrolimus > cyclosporine) followed by intra-lesional triamcinolone.

Conclusion: Of common treatment regimens for OLP, topical steroids appear to be the most economical and
efficacious option followed by topical calcineurin inhibitors. Large-scale multi-modality, prospective trials in which
head-to-head comparisons interventions are compared are required to definitely assess the cost-effectiveness of OLP
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Introduction

Oral lichen planus (OLP) is a chronic, T-cell-medi-
ated inflammatory condition, with a global prevalence
between 0.1 and 3.2% [1, 2]. It is most common in the
fourth-fifth decade of life and has a female predilection
[1]. Clinically, OLP is characterized by white reticulations
(Wickham striae), erythema, and/or ulcerations. While
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there is no consensus on subtypes, OLP is often cat-
egorized as reticular/keratotic, erythematous/erosive, or
ulcerative. OLP can be either asymptomatic or sympto-
matic, and when symptomatic, can range from mild sen-
sitivity to significant pain that impacts quality of life. OLP
is considered an oral potentially malignant disorder with
a malignant transformation rate of 0.4—1.4% [3].

The exact etiology of OLP is unknown, and there is cur-
rently no known cure [2]. The primary therapeutic goal
is symptom management and current treatment options
include corticosteroids, calcineurin inhibitors, retinoids,
photodynamic therapy, and natural alternatives, although
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with varying degrees of efficacy [4, 5]. A recent meta-
analysis of 55 RCTs compared different interventions
and concluded that topical corticosteroids were the most
effective treatment modality [6]. There are, however,
multiple classes and preparations of topical corticoster-
oids, ranging in cost and efficacy. And not all patients
respond favorably to steroids making alternative treat-
ment options necessary.

Despite the large number of potential OLP treat-
ment modalities, few comparisons exist relative to their
costs, even at a time when the subject of rising health-
care expenses is a concern. Consequently, we thought
an appraisal of OLP treatments relative to reported effi-
cacy and costs might be desirable in helping to guide
clinical decision-making and innovative management
approaches. The aim of this systemic review was to com-
pare the various topical and systemic therapeutic inter-
ventions used for the management of oral lichen planus
in terms of their reported efficacy and estimated current
costs.

Materials and methods

To conduct this systematic review, we followed the steps
according to the Preferred Reporting Items for System-
atic Review and Meta-Analysis (PRISMA).

Inclusion and exclusion criteria

Included articles were randomized controlled trials
(RCTs) that evaluated OLP treatment. RCT eligibility
required: (1) studies conducted among adult participants
18 years of age or older; (2) participants with OLP; (3)
medication or procedural treatment modalities such as:
topical corticosteroids, topical calcineurin inhibitors, sys-
temic therapies, lesion-directed therapy (intra-lesional
therapies, phototherapy, laser therapy), natural alterna-
tives, or other topical interventions; (4) measured the
treatment efficacy as an outcome, estimated or quantified
by various methods of improvement (e.g. different objec-
tive and subjective clinical scoring scales/systems). We
excluded (1) non-English language papers (2) unavailabil-
ity of full-text papers; (3) uncontrolled studies without a
comparative arm; (4) studies using multiple/combination
therapies in single arm, and (5) studies using experimen-
tal formulations.

Search strategy

Systematic literature search was performed from data-
base inception until March 2021 in the electronic data-
bases, MEDLINE via PubMed and the Cochrane library.
The search was conducted in PubMed on 03/24/2021
using Medical Subject Heading (MeSH) terms, "Lichen
Planus, Oral" and "Lichen Planus, Oral/drug ther-
apy". The search strategy was as follows: ("Lichen
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Planus, Oral" [Mesh] OR "Lichen Planus, Oral/drug
therapy'[Mesh] AND “topical corticosteroids”’[Mesh]
OR dexamethasone[tiab] OR clobetasol[tiab] OR
fluocinonide[tiab] OR triamcinolone[tiab] AND “topi-
cal calcineurin inhibitors”[tiab] OR tacrolimus|tiab]
OR pimecrolimus[tiab] OR cyclosporine[tiab]) AND
(“systemic therapies”[Mesh] OR corticosteroids|tiab]
OR hydroxychloroquine[tiab] OR dapsone[tiab] OR
azathioprine[tiab] OR “mycophenolate mofetil”[tiab]

OR levamisole[tiab] OR retinoids[tiab]) AND
(“lesion-directed therapy”’[Mesh] OR “intra-lesional
steroid injections”[tiab] OR “intralesional BCG-

PSN"[tiab]) AND (“phototherapy”’[Mesh] OR “photo-
dynamic therapy”[tiab] OR “psoralen and ultraviolet A
therapy”[tiab]) AND (“laser therapy”[Mesh]) AND (“topi-
cal amelaxanox”[tiab]) OR “topical thalidomide”[tiab] OR
“topical retinoids”[tiab]) AND (“natural therapies”[Mesh]
OR lycopene[tiab] OR Ignatia[tiab] OR curcumin [tiab]
OR “aloe-vera”[tiab]).

Study selection

Abstracts of the screened articles were reviewed by two
authors for eligibility. Any disagreements were judged by
a third author. Full text documents of the articles were
retrieved and reviewed for final inclusion in the system-
atic review.

Data collection and data items

Data extraction was performed independently by eight
reviewers. The following information was extracted from
each article: author name, publication year, RCT design
(single-, double-blind or open-label; parallel or cross-
over), treatment modality being studied (strength and
preparation, duration, frequency of treatment, treatment
outcome and adverse events), sample size (n), therapy
assessment (adverse events, relapse rate after successful
treatment, follow-up time), cost of therapy and cost of
managing the adverse events.

Risk of bias

For the quality assessment of RCTs, we utilized the
Revised Cochrane risk-of-bias tool for randomized tri-
als (RoB2) which involves assessment of six domains: 1.
randomization process, 2. assignment to intervention,
3. missing outcome data, 4. measurement of the out-
come, 5. selection of the reported result, and 6. overall
assessment.

Outcome measures

The outcome objective and subjective scoring sys-
tems utilized by individual studies were considered for
assessing the efficacy of different types of treatment
modalities employed. The statistical evidence of efficacy
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between intervention and control was recognized when
p value<0.05. Costs of the medications and procedures
were retrieved and the range of cost per unit of treatment
was calculated using information available on various
online pharmacies and websites comparing prescription
drug prices with discounted prices (i.e., goodrx.com, sin-
glecare.com, pharmacychecker.com, otc-online-store.
com, ebay.com, amazon.com, naturallythinking.com,
etc.). The cost was estimated for per unit and per month
utilization of the generic or branded equivalents of treat-
ments assessed in RCTs. Costs of the interventions not
available in the USA were converted into US dollars; all
costs in current dollars.

Results

Search results

Two-thousand six hundred nineteen (2619) articles were
retrieved using the search strategy. Of these, 70 studies
were included in the systematic review. Sixty-six full text
articles were excluded with reasons {absent controlled
arm (35), combination drug therapies (5), experimental
formulations (25), unavailability of full text (1)} (Fig. 1).
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Study characteristics

70 studies (total of 2612 patients) published between
1977 and 2020 met the inclusion criteria: Four were
single-blinded, three were triple-blinded, six were open-
label trials, and the remaining were double-blinded. 67
trials had a parallel RCT design and three had a cross-
over design. Eighteen RCTs were placebo-controlled, and
the remaining 53 trials compared 2—4 treatment modali-
ties. Key characteristics of included studies are listed in
Table 1.

Treatment modalities

The treatment modalities investigated in eligible stud-
ies included: topical therapies {dexamethasone (n=3),
clobetasol (n=6), fluocinonide (n=2), triamcinolone
(n=14), betamethasone (1), fluocinolone (1), tacrolimus
(5), pimecrolimus (9), cyclosporine (7), amlexanox (1),
retinoids (3), tocopherol (1)}; systemic therapies {reti-
noids (1), levamisole (1)}; intra-lesional therapies {triam-
cinolone (1), Bacillus Calmette-Guerin polysaccharide
nucleic acid (1)}; natural alternatives {aloe-vera (3), Igna-
tia (1), lycopene (1)}; laser (6) and photodynamic therapy
(2).

Records identified through database
searching

(n=2619)

Additional records identified through

other sources
(n=0)

(n=336)

Records screened

Records excluded (n=2283);

Neither the title nor the
abstractindicated that the
study met the inclusion

A 4

l

criteria

(n=136)

Records after duplicates removed

l

(n=136)

Full text articles assessed for eligibility

Full text articles excluded,
with reasons (absent
controlled arm, combination
drug therapies, experimental
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l

formulations, unavailability
of full text)

Studies included in quantitative

(n=66)

synthesis (metanalysis)
(n=70)

Fig. 1 PRISMA flow chart for selection of studies in this systematic review
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Outcome measures

For assessing the subjective treatment response, the
majority of RCTs (57%) used a visual analog scale (VAS)
[7-10, 12, 13, 17, 21, 23-31, 33, 37, 39, 41, 42, 45-48, 51,
53, 57, 58, 60, 62, 64, 65, 68, 69, 71, 73, 75, 76]. While
there was significant heterogeneity in the clinical scor-
ing scales used to measure treatment response among
studies, the Thongprasom scoring system was used most
often (19 RCTs; 27%) [7, 21, 25-27, 42, 44, 45, 47, 48, 58,
62, 68, 69, 71-74, 76]. Alternatively, other scales included
the Modified Oral Mucositis Index, the Tel Aviv-San
Francisco scale, RAE score (reticulation, atrophy, ero-
sion), RPAE score (reticular, white plaque, atrophy, ero-
sion and ulceration), and the REU (reticulation, erosion,
ulceration) score [23, 49, 50, 54, 73-75].

Efficacy (objective and subjective improvement)

The two primary efficacy endpoints reported in the RCTs
were objective improvement (reduction in the clinical
score or severity) and subjective improvement (reduction
in pain/VAS). Most studies (57%) showed statistically sig-
nificant results (p<0.05) supporting the effectiveness of
their respective interventions. Based on the RCTs results,
we created a consensus list reflecting the level of efficacy
from most efficacious to the least for steroidal and non-
steroidal modalities (Additional file 1: Table S1).

Placebo-controlled trials (18)

Of the 70 trials, 18 compared an intervention to pla-
cebo. The following were associated with statistically
significant improvements in pain and lesion response
compared to placebo: clobetasol gel 0.05% [8], fluoci-
nonide ointment 0.025% [10], betamethasone valerate
aerosol [11], pimecrolimus cream 1% [12-15], cyclo-
sporine solution 100 mg/ml [16, 17], isoretinoin gel 0.1%
[18, 19], tazarotene cream 0.1% [20], tocopherol gel [21],
systemic retinoid [22] and the three natural alternatives
(oral lycopene 4 mg, Ignatia 30 C liquid and aloe-vera gel
70% [23-25]. There was a single placebo-controlled trial
(n=4) comparing aloe-vera gel 70% with placebo that did
not demonstrate statistically significant superiority of the
intervention [26].

RCTs comparing interventions

Topical Dexamethasone (Dex) Commercially available
dexamethasone solutions 0.5 mg/5 ml were associated
with better clinical outcomes than self-compounded dex
[27]. One study comparing dex to photodynamic therapy
(PDT) found no difference in efficacy [28], while another
comparing dexamethasone, PDT, and low-level laser ther-
apy (LLLT) found dex to be most effective in reducing the
pain score and PDT to be most effective in improving the
clinical lesions [29].
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Topical Clobetasol (Clo) Studies comparing delivery
methods of clobetasol 0.05%- clo ointment vs. clo in oral
analgesic base vs. clo in denture paste (n=24) and con-
centrations of clo (0.025% vs. 0.05%) found each to be
effective in reducing pain with additional improvement in
clinical scores in the latter (n=235) [30, 31]. Clo ointment
0.025% was also shown to be comparable to tacrolimus
ointment 0.1% (n=40) [32].

In comparison to triamcinolone paste 0.1%, clo oint-
ment 0.05% showed greater efficacy at 3 weeks of treat-
ment, however, at 6 and 9 weeks of treatment, there was
no significant difference between the two (n=40) [33].
Clo ointment 0.05% demonstrated greater efficacy in
reducing objective scores than fluocinonide ointment
0.05% and placebo (n=60) [34].

Topical Triamcinolone (TA) Over a third of the RCTs
(26/70; 37%) studied the efficacy of TA paste 0.1%. The
two formulations of TA paste and TA solution were deter-
mined to be equally efficacious [35]. Three RCTs (n=30,
40 and 40) comparing TA paste 0.1% with other topical
steroids found that clobetasol 0.05% ointment and fluo-
cinolone acetonide 0.025% in orabase were more effica-
cious than TA [7, 36] but fluticasone spray 0.05% was
equally efficacious to TA [37].

In comparison to tacrolimus (TC) ointment, four RCTs
(n=40, 30, 18 and 40) found different results, with TA
paste 0.1% shown to be inferior to TC ointment 0.1%
[38], superior to TC ointment 0.03% [36] and equal to TC
ointment 0.1% [39, 40] in terms of clinical improvement.
Two RCTs (n=40 and 28) comparing pimecrolimus
cream 1% with TA cream 0.1% [41, 42], and three RCTs
(n=13, 139 and 13) comparing cyclosporine solution
with TA paste 0.1% found no statistically significant dif-
ference between these therapies [43—45]. A double-blind
RCT (n=30) comparing pimecrolimus cream 1% with
TA paste 0.1% showed a mixed outcome, with TA show-
ing equal efficacy in reducing VAS but reduced efficacy in
reducing the clinical score at 8 weeks of treatment [46].

In comparison to natural alternatives, the results were
mixed. While two RCTs (n=46 and 50) found TA paste
0.1% to be equally efficacious to aloe-vera (AV) solution
and curcumin paste 5% respectively [47, 48]; one study
(n="75) showed that TA paste 0.1% was better than cur-
cumin gel 1% [49] and another study (n=31) showed
nanocurcumin gel 1% was better than TA solution [50].
A double blind RCT (n=40) comparing AV gel 70% to
TA paste 0.1% for 8 weeks showed that OLP clinical score
and VAS was statistically significantly better in the AV
arm [51].

A trial (n=60) showed that TA paste 0.1% was more
effective than amlexanox paste 5% (anti-inflamma-
tory agent) in improving clinical signs but there was
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statistically insignificant different between the two in
terms of reduction of VAS [52]. No statistically signif-
icant difference was observed between TA paste 0.1%
vs. S. salivarius K12 probiotic lozenge (n=230) [53] or
between TA paste 0.1% and cryotherapy with nitrous
oxide (n=40) with respect to VAS and objective scores
[54].

Topical Tacrolimus (TC) Four trials compared dif-
ferent topical formulations of clobetasol and TC. Two
trials (n=29 and 32), showed TC ointment 0.1% was
superior to clobetasol gel 0.05% and clobetasol oint-
ment 0.05%, respectively [55, 56]; however, the third
RCT (n=40) demonstrated no significant difference
between TC ointment 0.1% and clobetasol ointment
0.05% [57]. The fourth RCT compared TC cream 0.1%
(compounded) and clobetasol cream 0.05% (n=68) and
found TC cream to be more effective in reducing VAS
and clinical response score [58].

Topical Pimecrolimus (PI) Two RCTs (n=40 and
30) compared PI cream 1% and tacrolimus ointment
0.1% and showed no statistically significant difference
between the two in therapeutic effectiveness [9, 59].
Additionally, the efficacy of PI cream 1% was found to be
equal to betamethasone valerate cream 0.1% in reducing
clinical score and VAS (n=230) [60].

Topical Cyclosporine (CsA) When CsA solution
100 mg/ml (with a 10% dilution in olive oil) was com-
pared with triamcinolone solution 0.1% (n=20), there
was greater symptomatic and clinical improvement in
the CsA group after 8 weeks, although, p-value was not
stated [61]. On the other hand, dexamethasone solution
0.5 mg/5 ml was found to be significantly better than
CsA solution 100 mg/ml (n=32) in reducing the clinical
score (although both were equally effective in improving
VAS) [62].

An open-label trial (n=20) comparing sulodexide, a
systemic heparinoid, with topical CsA (100 mg/ml solu-
tion) showed that sulodexide (one dose of I/M followed
by oral doses) led to a faster clinical resolution [63].

Intralesional therapies The two RCTs included in this
systematic review that evaluated intralesional therapies
compared intralesional triamcinolone (TA) 10 mg/ml
with Bacillus Calmette-Guérin polysaccharide nucleic
acid (BCG-PSN) and autologous platelet rich plasma
(PRP). Intralesional injection of the immunomodulatory
extract of BCG administered every other day was found
to be equally effective as weekly administration of intral-
esional TA (n=56) in reducing lesion size and VAS in
OLP [64]. Similarly, the RCT comparing intralesional TA
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and PRP (n=20) did not find any significant difference
between the two arms [65].

Systemic therapies An anti-helminthic and immu-
nomodulatory agent, levamisole (not available in US), was
studied in a triple arm open label RCT (n=147) compar-
ing levamisole 50 mg vs. vitamin B12 vs. combination of
levamisole +B12 [66]. The results showed clinical and
symptomatic improvement in all patients in both the lev-
amisole arm and the levamisole 4 vitamin B12 arm, but
the p-value was not-stated.

Dapsone, another immunomodulatory agent, showed
the highest clinical and symptomatic improvement in a
four-arm open-label RCT (n=40) comparing oral dap-
sone 100 mg vs. TA paste 0.1% vs. TC ointment 0.1%
vs. topical retinoid (type not stated in the study) after
12 weeks [40]. Another open-label trial (n=49) com-
paring TA paste 0.1% with systemic betamethasone
(mini-pulse therapy with oral betamethasone 5 mg on 2
consecutive days/week) for 24 weeks, found significant
reduction in clinical severity score in the TA group but
no difference in the symptomatic improvement between
the two groups [67].

Laser and Photodynamic therapies

Eleven RCTs studying laser and photodynamic thera-
pies (PDT) met the inclusion criteria. When comparing
PDT with topical steroids, the studies indicated mixed
results- one study (n=45) showed superiority of PDT
over dexamethasone [29], another (n=25) showed inferi-
ority to dexamethasone [68], and two studies (n=30 and
8) showed equal efficacy (PDT =dex and PDT = triamci-
nolone paste 0.1%) [27, 69]. Similar mixed results were
seen with LLLT, and topical steroids- one study (n=42)
showed increased efficacy (LLLT >clobetasol gel 0.05%),
another (n=34) showed reduced efficacy (clobetasol gel
0.05% >LLLT) and the third (n=30) showed equal effi-
cacy (LLLT = dexamethasone) [70-72].

Dexamethasone solution and triamcinolone paste 0.1%
showed higher efficacy than laser therapies (n=120, 24
and 24) [73-75]. In comparing the clinical efficacy of the
three phototherapies, a direct comparison trial (n=45)
showed PDT to be more efficacious than LLLT [29] and
the second (n=28) showed superior results with LLLT
than carbon dioxide laser [76].

Adverse reactions

Twenty-six studies reported adverse drug reactions
(ADRs) (Additional file 2: Table S2). Most topical
interventions were associated with mild, local ADRs.
Oral candidiasis was a common documented ADR
of topical corticosteroids (clobetasol, triamcinolone,



Sandhu et al. BMC Oral Health (2022) 22:161

betamethasone and fluocinolone) [7, 11, 30, 35, 67].
Oral burning sensation was associated with topical
agents- tacrolimus, pimecrolimus, cyclosporine, triam-
cinolone, retinoids, and curcumin [9, 13, 14, 16, 18, 20,
38-41, 43-45, 48, 55, 57, 60, 68]. Overall, topical regi-
mens were well-tolerated without evidence of systemic
ADREs.

While patients treated with systemic therapies such
as levamisole and lycopene did not experience any local
or systemic side-effects, significant systemic side effects
including skin dryness, keratoconjunctivitis, rash, head-
ache, itchiness, and hair loss were reported in patients
treated with etretinate, a systemic retinoid [22]. ADRs
such as vertigo, vomiting and hot flushes were docu-
mented in patients treated with sulodexide [63]. Intral-
esional therapies were associated with local erythema
(TA), increased pain (PRP) and burning/swelling at injec-
tion site (BCG-PSN and TA) in a subset of patients [64,
65].

Among patients treated with cryotherapy using nitrous
oxide, the majority experienced local swelling at the
treatment side [54]. None of the studies reported any side
effects associated with laser therapy; only one study on
PDT reported pain upon manipulation with probe tip
[27].

Assessment of risk of bias

At the individual study level, most of the domains were
with low risk of bias. The overall assessment of the risk of
bias showed that 49 (70%) studies had low risk of bias, 11
(15.7%) studies had high risk of bias, and 10 (14.2%) stud-
ies had some concern.

Cost of therapeutics

Table 2 presents the estimated costs (U.S. dollars) for
the studied interventions. The costs range of topical
steroids and topical calcineurin is from $0.04-14.13/
unit and $1.13-10.16/unit respectively. The cost of com-
monly used and commercially available topical thera-
pies is as follows (from highest to lowest): cyclosporine
solution > pimecrolimus cream > tacrolimus oint-
ment > clobetasol gel>clobetasol ointment>dexametha-
sone solution > fluocinonide ointment>betamethasone
cream > triamcinolone paste. The cost of intralesional
triamcinolone (10 mg/ml) ranges from $10.24—-17.00 per
ml, but this excludes the procedural cost. Among the sys-
temic medications, the cost of betamethasone was the
lowest and oral dapsone was the highest. Considering the
costs of different therapeutics and their efficacies, treat-
ment recommendations for OLP have been made based
on expert opinion (Fig. 2).

Page 16 of 21

Discussion

Ideal therapies are cost-effective, efficacious, and
carry a low risk of local or systemic toxicity. The pre-
ferred modality for treating OLP is topical therapy due
to ease of application, liberty to modify the frequency
and duration of treatment and lack of systemic side-
effects [5]. Important considerations in choosing a topi-
cal regimen include the location, extent of the lesions,
and patient tolerability. Gels, ointments, and pastes are
best used for focal lesions. For lesions that are more
diffuse and/or difficult to access, solutions are prefer-
able, though adequate contact time (3—5 min) must be
ensured.

Consistent with other reviews, we found that OLP
responds to a wide range of topically delivered medica-
tions and procedures including topical steroids (dexa-
methasone, clobetasol, fluocinonide, triamcinolone),
topical calcineurin inhibitors (tacrolimus, pimecrolimus,
cyclosporine), topical retinoids, intra-lesional triamci-
nolone, aloe-vera gel, photodynamic therapy and low-
level laser therapies in OLP management.

Comparatively, the high potency topical steroid, clobet-
asol with an average cost of~$4.12/g for the ointment
formulation and $4.54/g for the gel formulation, was
found to be efficacious compared to topical fluocinon-
ide, triamcinolone and tacrolimus [34, 36]. Contrast-
ingly, three RCTs demonstrated higher efficacy of topical
tacrolimus over topical clobetasol, with the average cost
of tacrolimus being about $4.96/g [55, 56, 58]. Triamci-
nolone paste 0.1%, a low potency steroid, costs the least
(average cost $0.68/g) among the topical steroids and
calcineurin inhibitors. Topical pimecrolimus was com-
parable to topical triamcinolone, topical betamethasone,
and topical tacrolimus [9, 42, 60], but the average cost of
pimecrolimus ($6.11/g) was comparatively higher. The
higher cost of topical calcineurin inhibitors discourages
their use as first-line therapy in OLP management.

Intralesional steroid therapy has been shown to be
efficacious but can be deemed invasive, technique sen-
sitive with need for repeated procedures [64, 65]. While
the average cost of triamcinolone solution (10 mg/ml) is
roughly $13.62/ml, the total cost would also include the
procedural cost of the injection itself. Although PDT and
laser therapy were shown to be efficacious lesion-directed
therapies without significant side-effects [70, 72, 76], the
range of cost per treatment session was highest among
all the treatment modalities. Among natural alternatives,
aloe-vera gel was shown to be comparable to triamci-
nolone paste 0.1% [51], with the most modest price of
$0.04/g. Based on the estimated cost/month and the evi-
dence for efficacy and side-effects, topical steroids (fluo-
cinonide > dexamethasone > clobetasol > triamcinolone)
appear to be more cost-effective than topical calcineurin
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Table 2 Estimated cost per unit and per month of common commercially available oral lichen planus interventions studied in the

included randomized controlled trials

Intervention Estimated cost per unit* Estimated
cost per
month**

Topical steroids

1. Dexamethasone solution $0.04-0.27 per ml $77.50

2. Clobetasol ointment $0.44-7.8 per g $123.60

3. Clobetasol gel $0.76-8.33 per g $136.35

4. Fluocinonide ointment $0.39-2.68 per g $46.05

5. Fluocinonide gel $1.19-3.45 per g $69.60

6. Triamcinolone ointment $0.17-0.44 per g $9.15

7. Triamcinolone paste $0.30-1.06 per g $20.40

8. Betamethasone valerate cream $0.43-0.96 per g $20.85

9. Fluocinolone acetonide ointment $0.52-2.91 perg $5145

Topical calcineurin inhibitors

1. Tacrolimus ointment $1.26-8.66 per g $148.80

2.Tacrolimus cream $1.13-3.39 per g $67.80

3. Pimecrolimus cream $2.06-10.16 per g $183.30

4. Cyclosporine rinse $1.83-8.66 per ml $2622.50

Other topical agents

1. Amlexanox paste (not available in US) $0.28-1.38 per g $24.90

2. Isotretinoin gel $0.63-1.34 per g $29.55

3. Tazarotene cream $1.28-3.66 per g $74.10

4. Tocopherol acetate gel $0.15-0.27 per g $6.30

5. Ignatia liquid $0.14-0.64 per ml $195.00

6. Aloe vera gel $0.02-0.06 per g $1.20

7. Curcumin gel $1.48-3.18 per g $69.9

8. Nanocurcumin gel $0.27-045 per g $10.8

9. S. salivarius K12 lozenge $0.59-1.13 per lozenge $51.60

Intralesional therapies

1. Triamcinolone $10.24-17.00 per ml $54.48

2.BCG-PSN $2.67-3.26 per ml $44.48

Systemic therapies

1. Lycopene $0.07-0.19 per capsule (4 mg) $7.80

2. Oral dapsone $0.73-3.12 per tablet (100 mg) $115.50

3. Oral betamethasone $0.52-0.64 per tablet (0.5 mg) $46.60

Other procedure-directed therapies

1. Photodynamic therapy $100-4000 per treatment $16,400.00

2. Low level laser therapy $30-200 per treatment $920.00

3.CO2 laser $450-1450 per treatment $7600

*Based on information available on websites- goodrx.com, singlecare.com, pharmacychecker.com, otc-online-store.com, rupills.com, usaherbalmart.com, ebay.com,
amazon.com, adoogq.com, sastasundar.com, naturallythinking.com, aaos.org, plasticsurgery.org

**Calculated based on mean price per unit and the following amounts dispensed: 500 mL for solutions; 30 g for ointments, gels, and creams; BID for lozenges; 1 mL
weekly for intralesional triamcinolone; 1 mL every other day for intralesional BCG-PSN; BID for lycopene and dapsone; 5 mg twice weekly for betamethasone; twice

weekly photodynamic therapy, low level laser therapy, and CO2 laser sessions

inhibitors (tacrolimus > pimecrolimus > cyclosporine) fol-
lowed by intra-lesional triamcinolone.

Systemic steroids can require complex dosing sched-
ules and carry an increased risk of side effects. They
are most used short-term to treat severe flare-ups, and

while low cost, monitoring and treating side effects

when used longer term can significantly alter the cost-

to-benefit ratio. Surprisingly, few trials have studied the
use of systemic steroids in OLP, and only one compar-
ing short-term betamethasone pulse therapy to topical
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Asymptomatic

Oral Lichen Planus

No treatment

Symptomatic

Intralesional Partial response

triamcinolone 10mg/ml

A

(unhealed isolated ulcers)

Topical therapy

No response

A4

Systemic therapy

0.5 mg/5ml

(Localized lesions) (Diffuse lesions)

Dexamethasone rinse Tacrolimus ointment No
Clobetasol gel 0.05% 0.1% Systemic corticosteroid | response| Hydroxychloroquine

(lip lesions or if C/I to
steroids)

taper 200 mg

Fig. 2 Treatment recommendations for treatment of OLP based on expert opinion

triamcinolone met the inclusion criteria [67]. The average
price of betamethasone 0.5 mg tablet is $0.58/tablet, but
the total cost would vary according to the frequency and
duration of the steroid pulse. Another systemic agent,
dapsone which costs about $1.92/100 mg tablet was dem-
onstrated to have increased efficacy over topical triamci-
nolone, tacrolimus, and retinoids [40].

There are several limitations to our study. There was
significant heterogeneity in inclusion criteria and out-
come measures of the RCTs included in this system-
atic review. Inclusion criteria of some trials required
only a clinical diagnosis of OLP, while others required
biopsy proven or symptomatic OLP. Furthermore, vari-
able outcome measures, different trial durations, dos-
ing regimens, and small sample sizes limited objective
comparison of treatment outcomes. This heterogeneity
underscores the necessity of developing consensus out-
come measurements in the treatment of OLP to reduce
study biases and allow for meta-analyses.

Conclusion

Various therapeutics have been used for the treatment
of OLP over the past five decades, but a consensus treat-
ment guideline is still lacking. In this systematic review,
topical steroids were found to be potentially the most
economical and efficacious treatment modality followed
by topical calcineurin inhibitors supporting the use of
topical steroids as the first-line treatment with escala-
tion to other treatment modalities only as needed. Future
standardized RCTs and meta-analyses are required to

assess the efficacy of additional therapeutics, especially
systemic therapies.
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