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Introduction: Oral Lichen Planus is a chronic inflammatory disease and a
potentially malignant disorder of the oral mucosa. We aimed to investigate
the possibility of replacing the gold-standard steroids (ST) due to their
propensity for drug tolerance and numerous associated side effects. Recently,
calcineurin inhibitors (CNI) have emerged as a promising alternative to ST.
The main objective of the recent study was to compare the therapeutic
effects of CNI and ST on OLP through pain severity, lesion morphology, and
adverse effects.

Materials and methods: A systematic search was conducted in 4 databases
(Pubmed, Embase, Central, and Web of Science) on November 26th, 2023.
Randomized controlled trials (RCTs) were selected for the analysis, which
compared topically used CNIs, STs, or placebo. The outcomes were pain
severity, oral mucosa morphology, and safety (adverse effects, especially
transient burning). Odds ratios (ORs) and mean differences (MDs) with the
random-effects model were calculated in the quantitative synthesis and
interpreted with 95% confidence intervals (Cls).

Results: A total of eleven RCTs were selected for quantitative analysis. Topically
applied ST tended to decrease pain after four weeks of treatment (MD: —0.06,
95%Cl: —0.55; 0.44) and promoted healing better (MD: —0.08, 95%Cl. —0.74;
0.57) than measured in CNI therapy. Transient burning occurred more often
in the CNI group (OR: 2.45, 95%Cl: 0.55; 10.85).

Discussion: Topical STs and topically used CNIs have a similar effect. However,
data show a higher rate of side effects with CNI, particularly transient burning
during the first two days of treatment.
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Clinical relevance: Topical STs and topically used CNIs have a similar effect.
However, data show a higher rate of side effects with CNI, particularly transient
burning during the first two days of treatment. Topically applied STs may remain
the gold standard for symptomatic OLP. The evidence is currently insufficient to
support replacing ST with CNI in OLP treatment in routine clinical practice.

Systematic Review Registration: https://www.crd.york.ac.uk/PROSPERO/view/
CRD42023486435, PROSPERO CRD42023486435.
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Introduction

Lichen Planus (LP) is an uncommon chronic disorder of
unknown origin (1, 2). LP has different manifestations that
affect the skin, oral cavity, genitalia, scalp, esophagus, or nails
(3). A T-cell-mediated autoimmune mechanism has been
proposed, especially CD8+ and CD4+ T-cells are directed
against basal keratinocytes. The process may be enhanced by the
overexpression and upregulation of intracellular adhesion
molecule-1 (ICAM-1) and cytokines associated with a Thl
immune response (e.g., IFN-gamma, TNF-alpha, IL-1) (3, 4).

Oral involvement, called Oral Lichen Planus (OLP), is quite
common and mainly affects the buccal mucosa, tongue, and gingiva,
often with a bilateral and symmetrical appearance (2). The
prevalence ranges from 0.5% to 2.2% in the population, and the cases
mostly appear in women between the ages of 30 and 60 years (5, 6).

Although the risk is low, the condition is considered a
potentially malignant disorder. Accurately assessing the
transformation rate presents particular challenges, as independent
studies have reported varying rates of malignant transformation.
A review from 2007 concluded a prevalence of 0%-2% (7).

Regarding its appearance, literature distinguishes six types:
reticular, papular, plaque-like, atrophic, erosive/ulcerative, and
bullous (6, 8). In most cases, patients are asymptomatic and
require no dedicated therapy, though mechanical damage can
exacerbate the lesion.

The reticular type is the most commonly known type of OLP,
and its appearance can be described as white interlacing white
lines, the so-called Wickham striae. Reticular OLP is usually
bilateral and requires no treatment (9). The atrophic and
erosive types are painful and reduce the patient’s quality of life;
thus, maintenance of good oral hygiene and fabrication of
suitable prostheses may play a significant role in the prevention
and management of symptomatic OLP (7). The atrophic and
erosive types are challenging to distinguish, and most cases are
grouped together as atrophic-erosive types. These two present
as atrophic and erythematous lesions, which may progress into
ulceration. From that point, we can differentiate it as the
ulcerative form of OLP (10). These types have to be treated
because of the severe pain they cause during eating and
maintaining oral hygiene.

While many drugs have been tested to manage the

symptomatic form of OLP, including retinoids, steroids (ST),
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and photodynamic therapy, the success rate of these therapies
has been unsteady (7). The gold standard is using topical/
intralesional/systematic corticosteroids (betamethasone valerate,
triamcinolone acetonide, fluocinolone acetonide, and clobetasol
proprionate) (7).

Despite the therapeutical advances of ST wused in the
management of OLP, long-term follow-ups show an increase in
disadvantages to consider (10). Although the treatment has several
side effects, it must be repeated in every flare-up. Over time,
adrenal suppression and secondary Candida infection have been
reported by researchers, yet the weakening of the drug response
can be the most problematic consequence to deal with (7, 10).

As the purpose is to reach an asymptomatic, high-quality life
without any compromises, studies started to evaluate the use of
topically administered calcineurin inhibitors (CNI) (cyclosporin,
tacrolimus, pimecrolimus) based on the immune-mediated
origin of OLP (11). CNIs are immunosuppressants primarily
used during organ transplantations. The active agent of these
drugs binds to different
T-lymphocyte, inhibiting the activation of their response
(11-13). Although clinical use confirmed the positive effects of

cytoplasmic proteins in the

CNI, there are many questions regarding their long-term effect
not just on OLP, but on the human organs as well (11).

Our study aimed to investigate the advantages of replacing ST
with CNI by comparing them for the reliable evaluation of CNI
use in the treatment of symptomatic OLP, while also collecting
data on any emerging side effects.

Methods

We report our systematic review and network meta-analysis
based on the recommendation of the PRISMA 2020 reporting
guideline (14), while we also followed the Cochrane Handbook
(15). The study protocol was registered on PROSPERO
(CRD42023486435) with no deviations.

Search strategy and eligibility criteria

The systematic search was conducted on November 26, 2023
in the following electronic databases: MEDLINE (via Pubmed),
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Embase, Cochrane Central Register of Controlled Trials (Central),
and Clarivate (Web of Science), providing an extensive coverage of
literature. Due to the time elapsed since the first systematic search,
a new search was conducted on February 17, 2025. The following
search key was used during both systematic searches in each
database:

((oral” AND “lichen” AND “planus”) OR OLP OR ORL)

AND

(tacrolimus OR clobetasol OR glucocortico* OR calcineurin
OR steroid*)

To further ensure completeness, we also screened the
reference lists of eligible studies manually. We used the
following PICO framework: population (P): adult patients
diagnosed with OLP;
inhibitors; control (C): topical steroids or placebo; outcome (O):

intervention (I): topical calcineurin

severity of pain, lesion morphology, and adverse effects. No
filters were applied during the search, but only English-language
articles were considered eligible for this meta-analysis. We
included only RCTs that reported data from the adult
population of age) with the
histopathologically and clinically proven OLP and with the

(>18 years presence of
presence of symptoms (erosive, ulcerative, atrophic forms of
OLP). Exclusion criteria were the following: any therapy for
OLP three
breastfeeding in female patients, drug intolerance, and the

months before treatment period, pregnancy/
presence of drug-induced lichenoid lesions. In vitro and animal

studies, case reports, non-comparative studies, single-arm
studies, studies with inappropriate comparator, cohort studies,
and systematic reviews were excluded. The reference lists of

eligible articles were also searched.

Selection process

Two independent authors (EG and SB) performed the
removal, we wused a reference
management product (EndNote X9,
Analytics). After that, two independent reviewers (EG and SB)

conducted the selection process by title, abstract, and full text

selection. For duplicate

software Clarivate

following prediscussed aspects. Conflicts were resolved by a
third, independent author (ON).

Data collection process

Two reviewers (EG, SB) independently extracted all relevant
data from the eligible articles into a predefined data table. Any
disagreements were resolved by a third independent investigator
(ON). The first authors’ names and publication years were
extracted in all cases, and so were data on study design,
intervention, the number of patients included, and their age, sex
ratio, and inclusion/exclusion criteria used in the particular trial.
Primary outcomes (the severity of pain using the Visual Analog
Scale [VAS] (16)—Supplementary Figure S2, lesion morphology,
using the Clinical Scoring system [CS] (17)—Supplementary
Table S2, adverse effects) and any other additional outcomes

Frontiers in Oral Health

10.3389/froh.2026.1755525

were also collected by the reviewers. If there was a lack of
eligible data, the authors of the eligible articles were contacted
to provide further data. However, no data was available for us to
include. Because of the lack of usable data, we had to group the
follow-up periods close to similar, so weeks one and two and
weeks three and four were pooled based on the healing time of
the oral mucosa in the comparison of the investigated
treatment regimens.

Risk of bias assessment

The methodological quality was assessed by the two
independent authors (EG, SB) separately for each outcome,
using the RoB 2 tool (18) for RCTs by the Cochrane
Collaboration. Bias was evaluated in five primary domains:
randomization process, deviations from intended interventions,
missing outcome data, measurement of the outcome, and
selection of the reported result. Disagreements were resolved by
the third, independent author (ON).

Synthesis methods

Pairwise meta-analysis

Pairwise meta-analysis was carried out using R (R Core Team
2021, v4.3.2, R: A Language and Environment for Statistical
Austria: R Foundation for Statistical
Computing. https://www.R-project.org/.) and the R package meta
(version 6.5.0, 2. Schwarzer, Guido. 2022. Meta: General Package
for Meta-Analysis. https://github.com/guido-s/meta/ https://link.
springer.com/book/10.1007/978-3-319-21416-0).  The
values of the control group were subtracted from the mean

Computing. Vienna,

mean

values of the experimental group. To calculate study odds ratios
and pooled odds ratios, the total number of patients and the
number of those with the event of interest in each group were
extracted or calculated from the studies where they were
available. Random effect models were used to pool effect sizes.
Between-study heterogeneity was described by the Higgins &
Thompson’s > statistics (https://onlinelibrary.wiley.com/doi/10.
1002/sim.1186). The results were summarized on forest plots.
Publication bias was not assessed due to the low number of
included studies.

Network meta-analysis

Mean difference (MD) for continuous data Bayesian method
was used to perform pairwise meta-analyses and network meta-
analyses with the random effect model with 95% credible
intervals (95% CrI). We optimized the model and generated
posterior samples using the Monte-Carlo methods running in
four chains. We set at least 20,000 adaptation iterations for
convergence and 10,000 simulation iterations. We also ranked
interventions by their posterior probability via calculating the
surface under cumulative ranking (SUCRA) curve values. Plots
were created to detect inconsistencies in outcomes. To examine
inconsistency at the global level, the fit of the inconsistency
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model can be compared against a model in which consistency is
assumed. Calculations were performed using the R package
(version 4.1.1) and BUGSnet (version 1.1.0).

Results
Study selection

We have identified 4,416 overall records in four databases.
After removing duplicates, 2,948 studies were screened based
on title and abstract, and 53 were eligible for full-text
selection. Altogether, twenty-eight studies (1, 19-35) were
finally selected for qualitative synthesis, and eleven studies
(35-45) were eligible for quantitative synthesis. The selection
process and Cohen’s kappa values can be seen on the
PRISMA flowchart (Figure 1).

10.3389/froh.2026.1755525

Study characteristics

Description of the included studies

The 28 included studies are characterized in Supplementary
Table S1. All studies were randomized controlled trials in the
quantitative analysis. All patients in the included studies were at
least 18 years old. The selected RCTs were mainly two-arm
studies, where different types of CNI (tacrolimus 0.1%,
pimecrolimus 1%, cyclosporin 100 mg/ml) and ST (clobetasol
propionate 0.05%, betamethasone 17-valerate 0.1%, triamcinolone
acetonide 0.1%) were compared; in addition, one three-arm study
was also included for the network meta-analysis part of our
investigation, where placebo was used as a comparator. The
treatment periods of the included studies ranged from 1 week to
12 weeks. Our primary outcomes were severity of pain (using the
VAS), lesion morphology (using the Clinical Score), and transient
burning (adverse effect).

[ Identification of studies via databases and registers ]
- Records identified from database
2 searching:
© (n=4417) Additional records identified
2 MEDLINE = 1070 > through other sources
z Embase = 2048 (n=0)
§ CENTRAL =30
Web of Science = 1269
SR
Records removed through the
duplicate removal
(n=1432)
Records screened for title and
abstract
2 (n = 2985)
]
2 Records excluded
@ (n =2931)
\ 4
Records assessed for eligibility
(n=54)
Reports excluded (n = 26)
Inappropriate study design (n = 6)
\_— Insufficient result report (n = 2)
R Inadequate outcome (n = 8)
Insufficient drug medium (n =5)
Studies included in systematic Wrong comparator (n = 5)
review
B (n=28)
2
e Studies included in the meta-
= analysis
(n=11)
FIGURE 1
PRISMA flowchart showing the selection process.
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Description of the excluded studies

Overall, 26 studies were excluded based on full-text during the
selection process. Initially, six studies were excluded due to
inappropriate study design (reviews, case reports, retrospective
studies, and non-randomized studies were excluded). Among
the remaining studies, five reports investigated insufficient drug
medium (mouthwash, adhesive patch), and five studies used the
wrong comparator (CNI vs. CNI, ST vs. ST, no comparator).
Ten articles had both adequate study design and a sufficient
did not
requirements due to a lack of precise data reports, and eight

comparator. However, two studies meet our

used different outcome measurements during the investigation.

Quantitative synthesis

Our meta-analysis included ten studies with 486 patients
diagnosed with OLP. Three treatment regimens (CNI, ST, and
placebo) were investigated regarding the drug response of OLP
Patients.

Severity of pain

The severity of pain was assessed with the help of the Visual
Analog Scale (VAS) (0=no pain; 10 =worst pain possible). Five
articles (35, 36, 38, 43, 45) were included in the comparison,
which used VAS to evaluate the pain before and after follow-up.
After four weeks of treatment, there was no statistical and
clinical difference between the groups on pain reduction (MD:

10.3389/froh.2026.1755525

—0.06, CI 95%: —0.55; 0.44). The heterogeneity was moderate
[%: 7%, (0%; 81%)] (Figure 2).

Five articles (36, 38, 41, 43, 45) were included in the network
part of our meta-analysis, which included three different
interventions: CNI, ST, and placebo. There was a direct
comparison between CNI and ST, CNI and placebo, and an
indirect comparison between ST and placebo with a total of 275
subjects (Supplementary Figure S1). The available data from the
five selected studies were relatively homogeneous; our network
meta-analysis demonstrated strong consistency (Figure 3).

The SUCRA values presented a superiority of CNI (highest
rank at 75.27%), as the area under the curve was more extensive
compared to ST (61%) and Placebo (13.74%) (Figure 4).

After four weeks of treatment, pain decreased more in the CNI
group compared to the placebo and ST groups (MD: —1.32, CIL:
—3.57; 0.96) (MD: —0.11, CI: —0.97; 0.62), respectively. There
was no statistically significant result based on moderate
consistency (Table 1).

Lesion morphology

Lesion morphology was assessed using CS (Supplementary
Table S2) according to Thongprasom et al. (16), which describes
the mucosal morphology on a scale of 0—5. Three studies (36,
44, 45) comparing CNI and ST for lesion morphology, with 79
patients in each group, were included in the analysis. After four
weeks of treatment, there was no statistically significant
difference between the two groups (MD: —0.08, CI 95%: —0.74;
0.57). Heterogeneity was low [I%: 0, (0%; 90%)] indicating

CNI ST
Study N Mean SD N Mean SD
1 -2 weeks
Schroeder 2024 12 2,67 235 9 311 258
Seth 2022 10 0.40 0.84 10 050 1.08
3 - 4 weeks
Kavlakova 2022 10 1.70 1.76 10 330 194
Hettiarachchi 2017 34 0.71 0.76 34 0.79 0.95
Arunkumar 2015 15 2,57 1.86 15 250 1.61
Yoke 2006 66 1.60 2.44 71 1.33 2.20
Schroeder 2024 12 337 3.05 9  3.00 207
Random effects model 137 139

Heterogeneity: |2 = 7% [0%; 81%] |2=<0.01 p =0.364
Test for effect in subgroup: t, - -0.33 (p = 0.755)

FIGURE 2

Difference in VAS MD 95% Cl  Weight
i -0.44 [-2.59;1.71] 13.53%
—B— -0.10 [-0.85;0.75] 86.47%
P — -1.60 [-3.22;0.02] 4.28%
B -0.08 [-0.49;033] 67.52%
—_— 0.07 [-1.17;1.31] 7.29%
N P 0.26 [-0.51;1.04] 18.57%
. 0.37 [-1.82; 2.56] 2.35%
PN _0.06 [-0.55;0.44] 100.00%
T T T T T 1

Comparison of CNI vs. ST on pain reduction using VAS change at 1-month follow-up.

Higher in ST Higher in CNI
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FIGURE 3
Consistency table of included data from five studies regarding VAS.
100 1
o
X
SN
—
Q
5
a 75 ]
5 Treatment
(@)
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X
% =®= Placebo
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>
T
o
3
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—
o

1 2 3
Ranking of Treatment
(Higher rankings associated with smaller outcome values)

FIGURE 4
SUCRA values of CNI, ST, and placebo regarding VAS changes after four weeks of treatment.
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consistent findings across studies. These results suggest that CNI
and ST have comparable effects on lesion morphology over the
treatment period (Figure 5).

Adverse effects

To evaluate the adverse effects of topically used drugs, a total
of thirteen types of side effects were mentioned; nevertheless, only

TABLE 1 Comparison of VAS changes after four weeks of treatment in
CNI, ST, and placebo groups.

10.3389/froh.2026.1755525

transient burning, which occurred during the first two days of the
treatment period, had enough reports to be comparable. All other
data is summed up in the systematic review. Transient burning
was more common in the CNI group, but the difference was
statistically insignificant yet clinically relevant (OR: 2.45, CI
95%: 0.55; 10.85). Heterogeneity was not very high [I*: 32%,
(0%; 76%)] (Figure 6).

The remaining extracted adverse effects indicate that neither
ST nor CNI has a significant harmful impact on the human
organism, as the most frequently reported adverse event was
Oral Candidiasis, with 7 cases reported both in the CNI and ST
groups (20, 40). The relatively low occurrence might be due to

Treatment the prescribed antifungal mouthwash during the trials. Besides
Comparator CNI ST Placebo transient burning and Candida involvement, taste alteration
CNI 0.11 (=062, 0.97) | 1.32 (—0.96, 3.57) (CNI=4, ST=1) and upper respiratory infections (CNI=4,
ST —0.11 (-0.97, 0.62) 121(=122,356) | placebo=4) were among the most frequently reported side
Placebo | ~1.32 (~3.57, 0.96) | ~1.21 (=3.56, 1.22) effects. However, despite these findings, more research is
CNI ST
Study N Mean SD N Mean sD Mean Difference MD 95% ClI Weight
Revanappa 2012 30 0.80 0.60 30 1.20 140 —8F— -0.40 [-0.95;0.15] 31.35%
Arunkumar 2015 15 230 1.00 15 2.30 0.80 0.00 [-0.65;0.65] 22.62%
Hettiarachchi 2017 34 1.88 091 34 1.79 0.95 — 0.09 [-0.35;0.53] 46.03%
Random effects model 79 79 -0.08 [-0.74;0.57] 100.00%
Heterogeneity: /2 = 0% [0%; 90%], ?* < 0.01, p = 0.377
Test for overall effect: t, =-0.55 (p = 0.638) 05 0 0.5
Higher in ST Higher in CNI
FIGURE 5
Comparison of CNI and ST for lesion morphology using CS changes after four weeks.
CNI ST
Study Events Total Events Total Odds Ratio OR 95% Cl  Weight
Ezzatt 15 4 15 —=—— 1.00 [0.20; 5.04]  23.04%
Sonthalia 20 3 20 1.00 [0.18; 5.67] 20.80%
Laeijendecker 20 3 20 — 3.78 [0.83;17.25] 25.20%
Yoke 14 66 3 7N — B 610 [1.67;22.35] 30.96%
Random effects model 29 121 13 126 e —— 2.45 [0.55;10.85] 100.00%
Heterogeneity: /2 = 32% [0%; 76%], 22 = 0.27, p = 0.222 ! : :
0.1 05 1 2 10

Test for overall effect: t; =1.91 (p = 0.152)

FIGURE 6

More common in ST

Comparison of transient burning occurrences in CNI and ST treatment regimens.

More common in CNI
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required to better understand the short-
disadvantages of using ST and CNI on OLP.

and long-term

Qualitative analysis

Seventeen studies could not be included in the meta-
analysis due to inadequate outcome reports, lack of data, or
insufficient outcome measurements. In six RCTs, different
scales were used to evaluate mucosal appearance, which
differed from CS and could not be used for the quantitative
analysis [e.g., 0-4 (24), 0-3 (34), 1-12 (26), 0-130 (46)].
Relapse, burning sensation, and triggered pain were also
inappropriate outcomes due to the lack of comparable studies.
CS and VAS were reported in many articles, where we found
a need for more essential data and accurate data presentation.
Erythematous, Reticulation, and Ulceration Areas were
measured in two articles (38, 41), based on which our

findings are covered below.

Pain severity

Ezzatt et al. presented the most significant improvement in
each treatment regimen; however, they could not find a
significance (37). While Georgaki et al. could report a
significant decrease in pain scores in both groups (CNI and
ST) after the treatment period, there was no statistical
significance between ST and CNI VAS values. After five
months of follow-up, they could see a trend in the CNI group
for further improvement in VAS values (20). Neither Azizi
et al. nor Kaur et al. could find a significant difference in
VAS scores when comparing CNI to ST; however, Kaur et al.
reported a lower rate of relapse in the CNI group after
discontinuation of the therapy (CNI=60%; ST =75%) (1, 31).
While Radfar et al. had the same result, they also observed a
change in lesion sizes (cm?) in all subjects. They could see a
significant change in both treatment groups compared to
(CNI=82.6%; ST =2381.6%
improvement) compared to each other after six weeks of

baseline, but no difference
treatment (25). Volz et al. and McCaughey et al. compared
CNI to placebo regarding VAS scores. Volz et al. presented
that CNI decreased both meal-triggered pain and continuous
pain significantly during the study period, while placebo did
not show such an improvement (22). McCaughey et al. not
only reported similar VAS change results as previously
observed but also noteda tendency for CNI to improve
mucosal erythema more effectively than placebo (with no
significance) (34). According to Malik et al., CNI therapy
resulted in pain improvement in a higher percentage of the
study population (93%) compared to ST (85%) (47). In terms
of burning sensation and pain, Corrocher et al. could show a
difference between CNI and ST
after four weeks of treatment period and two weeks of follow-

statistically ~significant

up time, with a portion of patients in complete pain

remission (23).
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Mucosal appearance

Ibrahim et al. investigated mucosal appearance based on CS
but presented results on total atrophic area in mm? after eight
weeks of treatment. Despite a positive tendency that CNI had
shown after eight weeks of treatment, the overall improvement
in lesion size of ST was better after twelve weeks of the study
period, which was also statistically significant compared to CNI
(33). Passeron et al. reported the superiority of CNI on CS (1-
12) and Score of erosions (0-4) compared to placebo after four
weeks of treatment (26).

Erythematous area

We found two articles that measured the size of erythematous
areas in mm?. Yoke et al. reported a 56.27% improvement in the
ST group after four weeks of treatment compared to the baseline
value (38). Regarding CNI, Yoke et al. presented a 45.68%
improvement, while Swift et al. presented a 66.99% improvement
after the treatment period (38, 41). Placebo was the control for
Swift et al., where the group showed a 17.95% worsening (41).

Reticulation area

According to Yoke et al. ST therapy decreased the reticulation
area by 47.19% in four weeks and 65.46% in eight weeks. With the
same follow-ups, the change under the influence of CNI was
36.08% with a 48.52% improvement (38). A similar observation
was performed in the reticulation area in the study of Swift
et al., where the investigators compared CNI to placebo. After
two weeks, CNI had a positive effect in decreasing the area by
48.11%; however, after four weeks, the investigators measured
an 11.13% worsening. In the placebo group, a constant growth
up to a 56.55% worsening was observed (41).

Ulceration area

Yoke et al. and Swift et al. also presented data about the size
and area of painful ulcers. According to Yoke, the mean size
decreased by 72.70% from the baseline in the ST group and by
40.34% in the CNI group after four weeks (38), while Swift
reported a 51.19% improvement in the CNI group and a 47.64%
deterioration in the Placebo group (41). Their investigation
resulted in an improvement in almost every regimen except
when using a placebo.

Risk of bias assessment

The results of the risk of bias assessment are shown in
Supplementary Figure S3. Most of the studies had a moderate
risk of bias (n=19), primarily due to the selection of the
reported results. In three cases, a high risk of bias occurred due
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to the randomization process, deviations from the intended
intervention, and due to the selection of the reported results.
The randomization process and deviations from the intended
intervention caused concerns during the assessment.

In the outcome CS, which described the appearance of the oral
mucosa after four weeks of treatment, three studies were included
(36, 44, 45). All three studies had a moderate risk of bias because
of their reported randomization process.

The overall risk of bias regarding the severity of pain (35, 36,
38, 43, 45) comparison is high due to the randomization process
and the uncertain measurement of the VAS score.

Quality of evidence

During the assessment of the evidence of our findings across
pairwise meta-analysis, the GradePro tool was used in all three
outcomes (VAS, CS, and Adverse effects). Investigating VAS and
CS included a high overall risk of bias. However, we could reach
a moderate certainty of evidence. In the case of Transient
burning, the high certainty of evidence was assessed by the
authors (Supplementary Figure S4) (48).

Discussion

Symptomatic OLP decreases the patient’s quality of life
through constant discomfort, severe pain, and buccal tension for
decades, not to mention the possibility of its malignant
transformation. We investigated the effects of two different
treatment regimens. Based on our results, CNI therapy is not
superior compared to ST in the investigated outcomes. Our data
provided significantly more information compared to the
previously reported meta-analysis.

Lesion morphology

Our meta-analysis showed no statistically significant difference
between the CNI and ST groups in mucosal morphology. This is
in line with the results of the included studies. Two articles
(40, 46) were excluded from the quantitative analysis during the
data extraction phase, which used different assessments to describe
the morphology of the oral mucosa. Siponen et al. described no
significant difference in lesion morphology (CS 0-130) changes
between the two investigated drug groups after three weeks;
however, three patients had no response when using ST on OLP
(46). Sonthalia et al. (NCS) also reported no significance, but after
two weeks of treatment, the authors anticipated a tendency of
effectiveness differences between ST and CNI (40).

Severity of pain

Our investigation did not find a statistically significant
difference between CNI, ST, and Placebo in decreasing pain.
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Five articles (1, 20, 25, 31, 37) had to be excluded during the
analysis because of a lack of data (no SD values presented). All
five articles reported a significant decrease in VAS scores when
focusing on ST. Despite minor differences in the reported
of ST and CNI
demonstrated a positive tendency when using CNI instead of ST.

responses in pain measurement, we

Adverse effects

Regarding Transient burning, a recent meta-analysis showed
no statistically significant difference between CNI and ST.
Adverse effects were reported orally by the patients in included
RCTs. A previous meta-analysis by da Silva et al. identified
transient burning as the most commonly reported adverse effect
during CNI therapy. They also found out that dysgeusia (taste
alteration), xerostomia, mucosal paresthesia, and sialorrhoea
might be present during CNI therapy, which is in line with our
results (49).

A possible additive effect for malignant transformation of OLP
may be considered in the use of topically assigned CNIs and STs.
A retrospective analysis from Bindakhil et al. indicated the
potential impact of STs on delaying malignant transformation in
OLP patients (50). Regarding CNIs, concerns have been raised
regarding the potential carcinogenic risk of topical tacrolimus
therapy. Becker et al. reported a hypothesis-generating case in
which the development of cutaneous squamous cell carcinoma
was temporally associated with long-term topical tacrolimus use,
suggesting that carcinogenic effects beyond immune suppression
could be possible (51).

An animal in vivo study has been conducted by Li et al., where
the authors investigated the effects of intraperitoneally
on OSCC (Oral Squamous Cell
Carcinoma) progression and tumor formation. Based on their

administered Tacrolimus

findings, Tacrolimus inhibited the malignant transformation of
oral cell dysplasia to OSCC and inhibited tumor formation in
rats (52). Future research focusing on the influence of CNIs’
effect on carcinogenesis in OLP subjects could address existing
knowledge gaps and facilitate a thorough evaluation of their safety.

Description of previous analyses

In a previous meta-analysis by da Silva et al., clinical response
and symptom resolution of CNIs were compared to ST and
placebo (49). Their findings were similar to ours, as they
CNIs
cyclosporin)

couldn’t find any superiority between separately

(tacrolimus, pimecrolimus, and and pooled
corticosteroids in clinical response or symptom resolution.
However, in their analysis, pimecrolimus showed superiority
compared to Placebo in clinical response. They also reported the
most frequent side effect, transient burning, which correlates
with our findings (49).

Another meta-analysis from India with 11 included RCTs also
investigated the possible use of tacrolimus instead of steroids (53).

Tacrolimus was mainly compared to pimecrolimus, clobetasol

frontiersin.org


https://doi.org/10.3389/froh.2026.1755525

Sarai et al.
propionate, and  triamcinolone  acetonide.  Neither
triamcinolone acetonide nor clobetasol showed superior

efficacy compared to tacrolimus in clinical response and
lesion size regression (53).

Leong and colleagues conducted a similar network meta-
analysis in 2023, during which nine different treatment methods
were investigated (54). Regarding Clinical Improvement, the
authors presented a significant change in CNIs and STs
compared to Placebo, however, there was no statistically
significant difference between CNIs and STs. Regarding Pain
scores, CNIs and STs tended to decrease pain compared to
Placebo, with no statistical significance. Similar to a recent meta-
analysis, Transient burning was the most common adverse effect
(54). Sun et al. have also reported a statistically insignificant
difference between CNIs and STs in terms of pain severity, and
mucosal morphology, similar to a recent analysis (55).

During the outcome analysis, difficulties arose because of the
heterogeneity of the outcome measures among the included RCT's
(49, 53). During our analysis, we performed a more accurate and
transparent analysis, where different outcome measures (pain
effects)

separately rather than pooling heterogeneous

severity, lesion morphology, and adverse were
investigated
endpoints to result in a higher level of evidence. To support our
results, both pairwise and network meta-analyses were
performed, with more recent RCTs included. To assess the
certainty of evidence, GRADE was applied during our work.
Based on the above, our findings are in agreement with the

previous publications (49, 53).

Strengths and limitations

We implemented a rigorous methodology, and only those
randomized controlled trials were included in our meta-analysis
where we could use direct and indirect comparisons. The
selected articles had a low to moderate bias risk, resulting from
the imprecisely presented confounding factors.

Our meta-analysis has some limitations. Due to the
inadequate data (not standardized outcome measurements),
we analyzed small sample sizes from heterogeneous
populations. Further research with standardized outcome
measurements is necessary to acquire a large amount of data
for more reliable evidence. Unfortunately, the lack of follow-
up data suggests further research to investigate long-term
effects and safety. Also, we could only use the data where the
mean and standard deviation values were reported accurately.
Additionally, only English-language articles were selected for

the recent analysis.

Implication for practice

Our findings indicate that CNIs and STs are comparable in
symptomatic OLP, but do not demonstrate superior efficacy. As
scientific results need rapid clinical translation (56, 57),
clinicians should continue considering ST as the gold
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OLP
efficacy and safety. However, given the comparable outcomes
between ST and CNI, CNI may be a valid alternative for
replacing STs in cases where steroid resistance or intolerance

standard for treatment, considering its proven

is involved.

Implication for research

Future research should focus on extended follow-up periods to
evaluate long-term efficacy and potential adverse treatment events
for OLP. We emphasize the importance of further research on
topical CNI therapy regarding the influence of malignant
transformation of OLP. Additionally, we recommend developing
or adopting a universally accepted scoring system for assessing
the mucosal lesion and facilitating its incorporation into
everyday practice.

Conclusion

Topical CNIs demonstrate a pain-relieving and mucosal
healing efficacy similar to topical STs in OLP, however, SUCRA
rankings show a directional trend favouring CNIs. It is
important to note that CNIs are associated with a higher
incidence of adverse events during the initial two days after
treatment. As such, current evidence does not support the
replacement of gold-standard STs with CNIs in routine clinical
practice, except in cases where patients exhibit resistance to STs.
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