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Abstract
Background and Objective: Systemic steroids are used to prevent and heal mouth ulcers. However, ulcers often reappear after steroid
withdrawal. The toxicity of systemic corticosteroids impedes their chronic use; corticosteroid-sparing agents must be employed instead.
Here, the study evaluated the efficacy and safety of levamisole or prednisolone alone and a levamisole/prednisolone combination, in
patients with recurrent aphthous stomatitis (RAS). Materials and Methods: Patients with RAS received levamisole 150 mg/day
(Group L, n = 100), prednisolone 15 mg/day (Group P, n = 100) or levamisole 150 mg/day plus prednisolone 15 mg/day (Group L+P,
n = 100), for 6 months. The study recorded ulcer number and size, pain intensity and serious and non-serious adverse events. The paired
samples t-test and chi-squared test were used to define significant between group differences (with 95% confidence intervals).
Results: At the end of 6 months, all patients exhibited reductions in both ulcer sizes and pain (both p<0.05). Neither ulcer number nor
size differed between patients given combination therapy and those receiving monotherapies (p>0.05 for both). Non-serious adverse
events for up to 6 months were more common in patients on the combination therapy than in those receiving the monotherapies (all
p<0.05). Conclusion: Therefore, it was concluded that combination therapy and the monotherapies exhibited similar efficacy. However,
combination therapy was associated with more adverse events.
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INTRODUCTION
Recurrent aphthous stomatitis (RAS) and recurrent
aphthous ulcers (RAUs) are common mucosal conditions
associated with painful ulcerations in the oral cavity (Fig. 1)1.
Approximately 20% of the general population suffers from RAS
but the prevalence ranges from 5-50% based on nationality,
race and socioeconomic status2‒4. The condition is more
prevalent in females (up to 25% of the population)5‒7. RAS may
be caused by trauma, microbial infections, folic acid and
B-complex deficiencies, immunological factors, psychosocial
stress and allergy to food constituents1. To date, most research
has focused on immunological factors. However, the cause of
RAS remains to be determined8.
RAS lesion formation is associated with a cell-mediated
immune response, the generation of T cells and production of
tumor necrosis factor-alpha (TNF-"), which plays a significant
role in disease development2,9,10. The TNF-" mediates
endothelial cell adhesion and neutrophil chemotaxis,
triggering inflammatory processes that cause ulceration9,10.
No definitive cure for RAS is known. However, analgesics,
antimicrobials, corticosteroids and immunomodulators
(alone or in combination) have been used to prevent and
cure RAS. Of the immunomodulators, levamisole is an
immunopotentiating agent that is particularly useful in
treating RAS11.
The side-effects of levamisole are minimal when the
recommended doses are employed; the drug does not affect
the cellular or humoral immunity of RAS patients. Levamisole
enhances the activity of T-suppressor cells in vitro, inducing
immunosuppression that effectively reduces RAS12,13.
Levamisole restores the normal CD4+/CD8+ cell ratio and
increases immunoglobulin A (IgA) and IgM production,
eliminating aberrations in cellular and humoral immunity,
alleviating pain, shortening ulcer duration and increasing the
disease-free interval2,13.
Systemic steroids have also been useful to treat RAS; few
side-effects are apparent when the doses are appropriate14.
RAS patients on prednisolone exhibit minimal symptoms.
However, ulcers often reappear upon steroid withdrawal. The
toxicity of systemic corticosteroids limits their chronic use;
thus, corticosteroid-sparing agents must be employed15,16.
Prednisolone has been suggested to suppress granulocyte
migration to the site of tissue injury, phagocytosis,
prostaglandin/leukotriene
synthesis
and cellular
immunity17. To date, only levamisole12,13 and prednisolone16
monotherapies have been studied. The addition of levamisole
to prednisolone afforded better control of RAS manifestations
and the combination was relatively safe. Levamisole ensures
longer-term remission and a rapid clinical response.

(a)

(b)

Fig. 1(a-b): Recurrent aphthous stomatitis on the interior oral
mucosa (a) Regular view and (b) Microscopic view
Prednisolone and levamisole are both immunosuppressive
agents but act via different pathways on distinct lymphocyte
subgroups18.
The objective of the study was to evaluate the
efficacy of levamisole and prednisolone monotherapies
and the combination therapy, in RAS patients. A secondary
endpoint was evaluation of serious and non-serious adverse
events developing over 6 months of continuous intervention.
MATERIALS AND METHODS
Materials: Levamisole (Dicaris, 50 mg) tablets were purchased
from Johnson and Johnson Ltd., USA. Prednisolone (Wysolone,
5 mg) tablets were produced by Wyeth Ltd., China. Placebo
tablets were purchased from Wuhan Uni-Pharma Bio-Tech Co.,
Ltd., China.
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Assessed for eligibility (n = 350)
Enrollment

Excluded (n = 50)
Long-term vitamin deficiencies (n = 24)
Already on corticosteroids for different
reasons (n = 9)
Reluctant to medications (n = 17)

Randomized (n = 300)
Allocation
Different regimens

Group L: Levamisole
50 mg Tid for 6 months
(n = 100)

Group P: Prednisolone
5 mg Tid for 6 months
(n = 100)

Group L+P: Levamisole
50 mg+Prednisolone
5 mg Tid for 6 months
(n = 100)

Follow-up
Lost on follow-up (n = 0)
Discontinued treatment
(n = 0)

Lost on follow-up (n = 0)
Discontinued treatment
(n

Lost on follow-up (n = 0)
Discontinued treatment
(n

Interventions
analysis
Analyzed (n = 100)
Number of ulcers (n = 100)
Size of ulcers (n = 100)
Pain intensity (n = 100)

Analyzed (n = 100)
Number of ulcers (n = 100)
Size of ulcers (n = 100)
Pain intensity (n = 100)
Treatmentemergent
adverse events
analysis

Analyzed (n = 100)
Fatal (n = 100)
Non-fatal (n = 100)

Analyzed (n = 100)
Fatal (n = 100)
Non-fatal (n = 100)

Analyzed (n = 100)
Number of ulcers (n = 100)
Size of ulcers (n = 100)
Pain intensity (n = 100)

Analyzed (n = 100)
Fatal (n = 100)
Non-fatal (n = 100)

Fig. 2: Planning chart for evaluation of therapies in recurrent aphthous stomatitis (RAS) patients. Total number of patients
evaluated in terms of eligibility: 300; hypothesized percentage efficacy frequencies: 90 ± 5%; confidence level: 95%.
Tid: three times daily
Table 1: Demographic characteristics of all enrolled patients
Patient characteristic

Group L (n = 100)

Group P (n = 100)

Group L+P (n = 100)

27.93±2.42

28.86±3.03

29.18±2.81

Male

53 (53)

50 (50)

54 (54)

Female

47 (47)

50 (50)

46 (46)

25.4±3.0

25.7±2.3

26.1±4.5

Age (Mean±SD) (years)
Gender

BMI (kg mG2) (Mean±SD)

Data are shown as numbers (%), BMI: Body mass index, p>0.01 for age, the male: Female ratio and BMI between Groups L vs. P, Groups P vs. L+P and Groups L vs. L+P

Study design and setting: This study was conducted in the

duration, maxillofacial pain, mouth discomfort and who were

PLA General Hospital, Beijing, China, between May, 2015 and

willing to participate, were enrolled. All patients had

April, 2017. All patients gave written informed consent. The

developed resistance to other steroid therapies (topical or

Ethics Committee of the hospital approved the experimental

systematic) at least 2 months in duration. Patients were

protocol and the study followed all relevant ethical guidelines

randomized using a computer-based algorithm (Fig. 2)20 to

mandated by Chinese law19.

receive levamisole monotherapy (Group L), prednisolone
monotherapy (Group P) or levamisole plus prednisolone

Inclusion criteria: A total of 350 patients aged >18 years, of

combination therapy (Group L+P). All tablets were identical

either sex, with a medical history of RAS at least 6 months in

in appearance (Table 1).
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Exclusion criteria:

Patients

with

long-term

questionnaires capturing nausea, fever and headache status.
Skin rash was noted by simple observation. Data on
opportunistic infections (HIV, HCV and HBV infections,
tuberculosis, gastritis, esophagitis, hypertension, iatrogenic
diabetes mellitus, agranulocytosis and osteoporosis) were
collected by subjecting blood samples to automated
hematological testing using a blood cell counter (model
WHY6580; Nanjing Powean Medical Co., Ltd., PR China)12.

vitamin

deficiencies, who were already taking corticosteroids or who
were reluctant to take medication, were excluded. Those with
RAS attributable to chronic systematic diseases, who had
already received at least one study drug, who had exhibited
allergy to either drug during the past 3 weeks or were
unresponsive because of a psychiatric illness or severe pain,
were excluded. Those with altered blood cell counts or
B-complex levels, gastrointestinal disease, diabetes, thyroid
disease, Crohnʼs disease, celiac disease or dental caries or who
were parafunctional, were also excluded.

Statistical analysis: All statistical analyses were performed
with the aid of SPSS software (ver. 24; SPSS Inc., USA).
Demographic and RAS details are reported as numbers
and percentages or as means with standard deviations. The
paired-samples t-test was used to compare changes in mean
ulcer number and size and mean pain intensity, over the study
period21. The independent-samples t-test was employed to
compare differences in means at various timepoints between
pairs of arms. The chi-squared test was used to compare the
proportions of patients with severe pain and serious and
non-serious adverse events, at various timepoints between
pairs of arms14. Demographic and treatment differences were
considered significant at the 99% confidence level at BL and
at the 95% confidence level otherwise.

Interventions
Group L: One placebo and one levamisole 50 mg tablet three
times daily after food for 6 months.
Group P: One placebo and one prednisolone 5 mg tablet
three times daily after food for 6 months.
Group L+P: One levamisole 50 mg and one prednisolone 5 mg
tablet three times daily after food for 6 months.
The treatment periods commenced at the baseline (BL)
visits. All patients visited the hospital monthly until 6 months
had expired15.
Outcome measures: The

following

parameters

RESULTS
Demographic characteristics (age, sex ratio, body mass
index [BMI] and disease features including ulcer number and
size and pain severity) were compared among the three
treatment arms and in a pairwise manner (Group L vs.
Group P, Group P vs. Group L+P and Group L vs. Group L+P).
No significant difference was evident at BL (p>0.01). The
mean ulcer number was significantly reduced at the end of
follow-up in all three groups compared with BL (p<0.05).
Group L+P had the fewest ulcers (compared with Groups P
and L) (p<0.05). The final ulcer number did not differ
significantly between Groups P and L (p>0.05). Mean ulcer size
was significantly reduced at the 6-month time point in all
3 groups compared with BL (p<0.05). During early follow-up,
Group L+P had smaller ulcers than Groups P and L (p<0.05).
However, no significant between-group difference was
evident at the 6-month follow-up. The proportion of patients
suffering from severe pain at BL was similar in all 3 groups
(p>0.05). Pain intensity decreased significantly in all 3 groups
during follow-up compared with BL (p<0.05). At the 6
months follow-up, pain intensity differed significantly among
the 3 groups (overall p<0.05). Pain was significantly less
intense in Group L+P than in Groups P and L (p<0.05 for both
comparisons, Table 2). No patient was lost to follow-up.

were

measured in all patients, at BL and at the end of every month
up to 6 months, by a single investigator blinded to patient
treatment:
C

Ulcer numbers: Ulcers were counted and numbered and

C

the locations were identified on diagrams of the oral
cavity14
Ulcer sizes: Ulcer sizes were measured using calipers

C

(Plastic Digital Caliper Hot, 0-150 mm, Yuyao Zhenggong
Precision Measuring Tools Co., Ltd., China). The largest
ulcer was considered representative of each assessment14
Pain intensity: Pain intensity was assessed using a

C

101-point Likert numerical rating scale (NRS) ranging from
0-100: 0 reflected no pain and 100 the worst possible
pain14
Safety: Serious and non-serious adverse events were
recorded at the 6-month visits. All investigators,
hospital staff and patients were blinded to treatment
at all times and patients received no financial
compensation. The study was approved by the research
ethics committee of PLA General Hospital as was
the statistical analysis of all data. Subjects completed
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Table 2: Effects of interventions on ulcer number and size and pain intensity
Time of
assessments
BL
3 months
6 months
BL
3 months
6 months
BL
3 months
6 months

Parameters
Number of ulcers

Size of ulcers (mm)

NRS*

Group L
(n = 100)

Group P
(n = 100)

Group L+P
(n = 100)

p-value
(L vs. P)

p-value
(P vs. L+P)

p-value
(L vs. L+P)

2.6 (1.3)
1.8 (1.5)
1.3 (0.9)
2.7 (1.2)
2.2 (1.1)
1.9 (1.3)
53.4 (11.7)
42.1(9.8)
35.3 (6.7)

2.1(1.6)
1.9 (1.3)
1.4 (1.3)
2.4 (1.7)
2.1 (1.5)
2.0 (1.1)
52.7 (9.8)
41.5 (7.9)
36.3 (5.8)

2.4 (1.9)
1.6 (1.2)
1.1 (0.8)
2.8 (1.5)
2.0 (1.2)
1.8 (0.9)
53.1(9.4)
37.9 (2.1)
29.6 (6.3)

0.091
0.615
0.527
0.151
0.591
0.557
0.647
0.345
0.261

0.656
0.091
0.051
0.079
0.603
0.161
0.768
0.039
<0.05

0.386
0.299
0.098
0.603
0.220
0.527
0.841
0.041
<0.05

BL: Baseline, p-values were calculated using the paired samples t-test, Data are shown as Means±SD. *NRS, 101-point Likert numerical rating scale; 0, no pain; 100,
worst possible pain
Table 3: Incidence of non-serious treatment-associated adverse events

Adverse events

Group L
Group P
-------------------------------------N (%)
N (%)

Agranulocytosis
HIV infection
HCV infection
HBV infection
Tuberculosis
Gastritis
Osteoporosis
Agranulocytosis
Iatrogenic diabetes mellitus
Hypertension
Esophagitis
Abnormal blood count

2 (2)
0 (0)
1 (0)
0 (0)
5 (5)
15 (15)
8 (8)
2 (2)
2 (2)
7 (7)
3 (3)
3 (3)

p-value
(L vs. P)

5 (5)
1 (1)
3 (3)
1 (1)
12 (12)
19 (19)
18 (18)
5 (5)
7 (7)
11 (11)
12 (12)
7 (7)

>0.05

Group L+P
-------------N (%)
19 (19)
3 (3)
5 (5)
5 (5)
22 (22)
35 (35)
27 (27)
9 (9)
13 (13)
18 (18)
23 (23)
24 (24)

p-value
(P vs. L+P)

p-value
(L vs. L+P)

<0.05

<0.05

Number of patients detected

Data are shown as numbers (%), N = 100 for all groups

Group L
Group P
Group L+P

18
16
14
12
10
8
6
4
2
0
Total
adverse
events

Nausea

Headache

Infections

Fever

Rashes

Incidence of non-serious adverse events

Fig. 3: Incidence of non-serious adverse events, n = 100 for all groups. Adverse events were more prevalent in Group L+P than
Group L (p = 0.022) or Group P (p = 0.041) patients
The incidence of non-serious adverse events was
higher in Group L+P than in Groups L (p = 0.022) or P
(p = 0.041) (Fig. 3). In total, 37 non-serious adverse events
were recorded across all three groups, of which fever
was the most common (in three patients of each
monotherapy group
and
five combination therapy
patients), followed by nausea, headache, infection and
rash. No Group P patient developed headache or rash.
Overall, the incidence of non-serious adverse events to

6 months was higher in Groups L+P and P compared with
Group L (Table 3). However, no serious morbidity was
reported.
DISCUSSION
The study performed a well-designed, randomized,
prospective, controlled clinical trial. All patients were
followed-up to the end of the study and were representative
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of typical Chinese patients. Thus, findings are generalizable.

The limitations of the study included the non-evaluation

Sample size, follow-up time and tested therapies yielded

of secondary concentration-dependent effects of levamisole/

error-free, significant data.

prednisolone combination therapy. furthermore, the study did
not record ulcer duration or the frequency of attacks and a

Topical medications are the first-line treatment and

larger sample size is needed.

systemic medications are the second-line treatment11. RAS
treatment is not straight forward, requiring several full clinical

CONCLUSION

histories. Treatment must reflect the disease severity (pain),
medical history, frequency of ulceration and tolerance to
medication14. The drugs and route of administration chosen

Levamisole and prednisolone monotherapy for RAS
patients were similar in terms of safety and efficacy.

were appropriate for RAS in this study.
one prior

Combination therapy (levamisole and prednisolone) was

placebo-controlled study has assessed the effectiveness of

significantly more efficacious but was associated with more

combination therapy (levamisole/prednisolone) for patients

adverse effects then the monotherapies.

To the best of our knowledge, only

with RAS. However, the sample size was very small and only
SIGNIFICANCE STATEMENTS
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