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Abstract
A series of studies are dedicated to research the clinical outcomes of oral leukoplakia (OLK) treated with carbon dioxide laser (CO2

laser); however, the results vary from studies especially related to recurrence and malignant transformation. Hence, we performed
this meta-analysis to precisely evaluate the malignant transformation of OLK dealt with CO2 laser and investigate the association
between its malignant transformation and kinds of related risk factors, such as gender, clinical classification, long duration of
leukoplakia, and degree of epithelial dysplasia and lesion regions. We performed a systematic search of the Cochrane Library,
EMBASE, Pubmed, Web of Science, and SCOPUS. Single-arm rate of the overall risk of malignant transformation in OLK treated
with CO2 laser was calculated using the Der-Simonian Liard method. We applied subgroup analysis to compare the risk of
malignant transformation according to the degree of epithelial dysplasia, clinical type, and region of OLK. Moreover, a pooled
odds ratio (OR) is calculated, alongwith its 95% confidence interval (CI), to compare the risk of malignant transformation according
to patients’ gender, tobacco, and alcohol consumption. We used the meta package of R software for quantitative data synthesis and
analysis. The rate of malignant transformation of OLK treated with carbon dioxide laser ranged from 0 to 15.38% in included
studies. The overall rate of malignant transformation of OLK treated with CO2 laser is 4.50% under the random effect model [95%
CI 0.0305–0.0659]. A systematic review of observational studies of OLK reported that the estimated overall (mean) malignant
transformation rate was 3.5%, with a wide range between 0.13 and 34.0%. Interestingly, our result revealed that it was the male,
homogeneous type, no tobacco consumption, and without alcohol-use who had a higher tendency of malignancy after laser surgery.
However, this result lack statistically significant data. Generally speaking, whether oral leukoplakia patients underwent laser surgical
treatment or not, it may have little effect onmalignant transformation. In addition, we strongly advise that it had better not to perform
CO2 laser intervention on OLK patients with the following clinical characteristics: homogeneous type, male, no tobacco consump-
tion, and without alcohol-use. Evidence is still lacking in terms of relationship between malignant transformation and risk factors
among OLK patients managed with CO2 laser. Thus, these associations should be further investigated.

Keywords Meta-analysis . Oral leukoplakia . Carbon dioxide laser . Malignant transformation . Oral dysplasia . Oral potentially
malignant disorders

Introduction

Oral leukoplakia (OLK) is Ba white plaque of questionable
risk having excluded other known diseases or disorders that
carry no increased risk for cancer^, as defined by the World

Health Organization (WHO) Collaborating Centre for Oral
Cancer and Precancer in 2005 [1]. It is one of the most com-
mon oral potentially malignant disorders (OPMDs) in the clin-
ical practice of oral medicine, affecting 2.60% (95% confi-
dence interval 1.72–2.74%) of the worldwide population with
a higher frequency inmiddle aged and elderly males [2]. It can
occur on any surface of the oral mucosa, and the most com-
monly described locations are the mandibular alveolus (25.2–
40%), buccal mucosa (21.9–46%), palate (27%) or tongue
(26%), and floor of mouth (19.3%) [3–6]. Most patients pres-
ent with multifocal disease [4, 5]. Owing to its potential ma-
lignant transformation to oral squamous cell carcinoma
(OSCC), OLK has gained great attention from clinicians. A
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systematic review of observational studies of OLK reported
the estimated overall (mean) malignant transformation rate
was 3.5%, with a wide range between 0.13 and 34.0% [7]. It
is confirmed that several factors are closely related to malig-
nant transformation of oral leukoplakia, such as age, gender,
tobacco and alcohol habits, clinical classification, degree of
epithelial dysplasia, lesion location and size, and HPV
infection.

Currently, interventions used to prevent OLK from occur-
ring malignant transformation contain surgical treatment
(cryotherapy, laser treatment, and cold knife surgery), chemo-
therapy (vitamin A and retinoid, beta-carotene or carotenoids,
non-steroidal anti-inflammatory drugs, and herbal extracts)
and photodynamic therapy. However, there is no treatment
shown to prevent the recurrence or significantly reduce malig-
nant development in long-term follow-up studies [8].

Given that laser surgery is associated with low intraopera-
tive and postoperative complication rates, laser surgery is one
of the most common surgical treatments of OLK. The main
potential advantages of laser surgery are as follows: Firstly, it
can excise or evaporate the lesions selectively and cause the
minimal damage to the surrounding healthy tissues. Secondly,
postoperative wound healing condition is excellent and there
is no visible scar. Thirdly, almost all the laser surgery could be
done under local anesthesia on an outpatient basis and so on.
Besides pain, other reported complications are mental nerve
paresthesia, lingual nerve paresthesia, headache, sialadenitis,
granuloma formation, and bleeding. Compared to the tradi-
tional scalpel, lasers have been increasingly used in oral leu-
koplakia since the 1970s [9–13]. Among kinds of laser types
(CO2 laser, Nd:YAG laser, diode laser, and KTP laser), CO2 is
the most widely used to manage OLK in clinical practice. The
intrinsic property of the CO2 laser is determined by its wave-
length of 10.6 μm. Because of the strong absorption in soft
tissues, CO2 laser light causes a superficial vaporization and
excision with minimal thermal damage to the surrounding
tissues [14].

A series of studies are dedicated to research the clinical
outcomes of OLK treated with CO2 laser; however, the results
vary from studies especially related to recurrence and malig-
nant transformation. Hence, we performed this meta-analysis
to precisely evaluate the malignant transformation of OLK
dealt with CO2 laser and investigate the association between
its malignant transformation and kinds of related risk factors,
such as gender, clinical classification, and degree of epithelial
dysplasia and lesion regions.

Materials and methods

We followed the guidelines of the MOOSE statement during
the preparation of this meta-analysis [15].

Search strategy

A systematic search of the Cochrane Library, EMBASE,
Pubmed, Web of Science and SCOPUS was performed by
two investigators to identify all the related studies. No restric-
tions were placed on the date of publication and language
when searching electronic databases. We also scanned the
bibliography of included studies to identify any missed studies
that are relevant to our subject. The following key words and/
or corresponding Medical Subject Heading terms were used:
oral leukoplakia or oral potentially malignant disorders or ep-
ithelial dysplasia or premalignant lesions or white lesions, and
vaporization or CO2 laser or laser surgery, and malignant
transformation or recurrence or risk factors or treatment
outcome.

Study inclusion criteria

Studies enrolled in the meta-analysis must meet the following
eligibility criteria according to the PICOS principle: (1)
Patients: all the patients were definitely diagnosed as OLK
through clinical manifestations and histological examination.
(2) Intervention: the lesions were evaporated or excised by
CO2 laser. (3) Control: studies are compared to other interven-
tions or no control group. (4) Outcome: after the treatment,
recurrence or malignant transformation occurred during a
mean follow-up time more than 12 months. (5) Study design:
Examples are RCT, retrospective cohorts, case-control stud-
ies, and prospective investigations.

Exclusion criteria

The exclusion criteria are as follows: (1) The studies are con-
ference abstracts, articles published as a whole in a non-
English language. (2) The studies did not provide clear out-
come measures during the defined observation period. (3)
Those studies were published for the same study population
or unoriginal studies.

Screening and data extraction

All articles identified by our search underwent a preliminary
screening of their titles and abstracts to determine whether
theymet the inclusion criteria or not. Data were extracted from
the included studies by two reviewers independently, includ-
ing authors, published year, country in which the study was
performed, number of cases, length of follow-up period, laser
parameters, related risk factors, and the incidence ofmalignant
transformation in different subgroups of OLK patients. In the
event of disagreement between the two reviewers regarding
whether a study met the inclusion criteria, a consensus was
reached by the third reviewer.
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Risk of bias assessment

It is well known that randomization is not always possible or
feasible in surgical research, and in this meta-analysis, all
included articles are non-randomized and lacked of control
group. There are few validated instruments to evaluate the
quality of observational or non-randomized studies, in terms
of the readers’ perspective and the purpose of meta-analysis.
The Methodological Index for Non-Randomized Studies
(MINORS) [16, 17] is applied to each article to further assess
the quality of each study. It involves 12 items, the first 8 items
specifically designed for non-comparative studies and the re-
maining 4 items applied to comparative studies. Items are
scored as 0 (not reported), 1 (reported but inadequate), and 2
(reported and adequate). The maximum ideal score for non-
comparative studies is 16 and for comparative studies 24.
Because most of the relevant researches lacked of control
group in this meta-analysis, each included study is evaluated
based on the following eight terms:

1. A clearly stated aim: the question addressed should be
precise and relevant in the light of available literature.

2. Inclusion of consecutive patients: all patients potentially
fit for inclusion (satisfying the criteria for inclusion) have
been included in the study during the study period (no
exclusion or details about the reasons for exclusion).

3. Prospective collection of data: data were collected accord-
ing to a protocol established before the beginning of the
study.

4. Endpoints appropriate to the aim of the study: unambigu-
ous explanation of the criteria used to evaluate the main
outcome which should be in accordance with the question
addressed by the study. In addition, the endpoints should
be assessed on an intention-to-treat basis.

5. Unbiased assessment of the study endpoint: blind evalu-
ation of objective endpoints and double-blind evaluation
of subjective endpoints. Otherwise, the reasons for not
blinding should be stated.

6. Follow-up period appropriate to the aim of the
study: the follow-up should be sufficiently long to
allow the assessment of the main endpoint and pos-
sible adverse events.

7. Loss to follow-up less than 5%: all patients should be
included in the follow up. Otherwise, the proportion lost
to follow-up should not exceed the proportion experienc-
ing the major endpoint.

8. Prospective calculation of the study size: information of
the size of detectable difference of interest with a calcula-
tion of 95% confidence interval, according to the expected
incidence of the outcome event, and information about the
level for statistical significance and estimates of power
when comparing the outcomes.

Data synthesis and analysis

Single-arm rate of the overall risk of malignant transfor-
mation in OLK treated with CO2 laser was calculated. I2

tests were used to evaluate the heterogeneity of included
studies: I2 < 25% indicating low heterogeneity, 25–50%
indicating moderate heterogeneity, and > 50% indicating
a high degree of heterogeneity. If there was statistical sig-
nificance (p < 0 .05) with heterogeneity, data analyses
were performed using the random effects model; other-
wise, the fixed effects model was used. We applied sub-
group analysis to compare the risk of malignant transfor-
mation according to the degree of epithelial dysplasia,
clinical type, and region of OLK. In addition, a pooled
odds ratio (OR) is calculated, along with its 95% confi-
dence interval (CI), to compare the risk of malignant trans-
formation according to patients’ gender, smoking, and al-
cohol consumption. We used the Meta package of R soft-
ware which is a free open software for quantitative data
synthesis and analysis.

Records after duplicates removed

(n=351)

Records excluded by title and 

abstract screening 

(n = 253)

Full-text articles assessed for 

eligibility

(n = 98)

Records screened 

(n = 31)

Full texts excluded for no 

completed data

(n = 7)

Studies included in quantitative 

synthesis

(n = 24)

Records iden�fied through 
database searching

The Cochrane Library: 14
EMBASE: 98 Pubmed: 66

SCOPUS: 95 Web of Science: 300
(n=573)

Full-text articles excluded

(n = 67)

Fig. 1 A flow diagram of literature search and study selection process
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Results

Search results and studies selection

According to the pre-established document retrieval strat-
egy, 573 articles were included through the electronic and
manual searches. Figure 1 shows the process of the stud-
ies selection. First, 222 articles were excluded because of
duplication, and then we excluded 253 articles after the
screening of the titles and abstracts. Second, when
conducting full-text screening, 67 articles were excluded
from the study because of the inconsistencies with our
research purpose, and seven studies were excluded for
no complete data. Finally, there were 24 studies included
in quantitative data synthesis and analysis, and among
these 18 studies were from Europe, 2 from the USA, 3
from Asia, and 1 from Brazil. In the included studies, a
total of 1546 OLK patients with 1864 lesions underwent
CO2 laser excision or vaporization, and 79 lesions even-
tually developed into OSCC. The rate of malignant trans-
formation of OLK treated with carbon dioxide laser
ranged from 0 to 15.38% in individual studies. The basic
characteristics of the enrolled studies are summarized in
Table 1.

Risk of bias assessment

All of the selected articles were assessed for methodolog-
ical quality. The quality score of each study was presented
in Table 1. Each study’s MINOR score was more than or
equal to 10 points and there were 12 articles were above
12 points. It indicated the number of high-quality studies
clearly accounted for significant advantages, as shown in
Fig. 2.

Meta-analysis results

Single-arm meta-analysis was used to calculate the
pooled proportion (PP) of malignant transformation of
OLK treated with CO2 laser. Owing to the I2 = 66%
and p < 0.01, there was a considerable heterogeneity
among the results of individual studies. Hence, we
chose the random effects model and used Der-
Simonian Liard method, which resulted in an overall
pooled proportion (PP) of 4.50% [95% CI 0.0322–
0.0734](Fig. 3a). Funnel plot (Fig. 3b) and Egger test
were used for the potential publication bias evaluation.
Generally, the p value of Egger test was < 0.01, indicat-
ing that there may be existing publication bias in our
meta-analysis. So we conducted a trim and fill analysis
and the overall PP is 7.18% [95% CI 0.0481–0.1060]
(Fig. 4).

We performed subgroup analysis according to the de-
gree of epithelial dysplasia, clinical type, and subsite of
OLK (Table 2). The results of subgroup analysis indi-
cated that the rate of malignant transformation was
5.78% [95% CI 0.0162–0.01862] in homogeneous
OLK and 5.35% [95% CI 0.0189–0.1419] in non-
homogeneous OLK (Fig. 5a). Regarding to the degree
of epithelial dysplasia, the rate of malignant transforma-
tion was 5.52% [95% CI 0.0198–0.1442] in non-dyspla-
sia, 5.23% [95% CI 0.0248–0.1069] in slight dysplasia,
12.57% [95% CI 0.0646–0.2304] in moderate dysplasia,
and 24.98% [95% CI 0.1646–0.3600] in severe dyspla-
sia (Fig. 5b). In terms of subsites of OLK, the rate of
malignant transformation was 15.04% [95% CI 0.0641–
0.3139] in the buccal mucosa, 14.13% [95% CI 0.0706–
0.2627] in the floor of mouth, 10.59% [95% CI 0.0441–
0.2329] in the gingiva, 7.46% [95% CI 0.0182–0.2599]
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in the lip, 14.71% [95% CI 0.0367–0.4381] in the pal-
ate, 8.79% [95% CI 0.0121–0.4301] in retromolar
trigone, and 13.3% [95% CI 0.0824–0.2077] in the
tongue(Fig. 5c).

Compared to females, males had a significantly higher rate
of malignant transformation (OR = 1.7283, 95% CI [0.7380–
4.0475]); however, this difference was not statistically signif-
icant (Fig. 6a). Interestingly, malignant transformation was
more prevalent among non-smokers than smokers (OR =
0.5529 [95% CI 0.2389–1.2798]) (Fig. 6b); and the rate of
malignant transformation of alcohol consumers was lower
than non-alcohol consumers (OR = 0.9951 [95% CI 0.1498–
6.6121]) (Fig. 6c). Regardless of smoking and drinking, there
was no statistical difference between them (Table 3).

Discussion

We performed a comprehensive yet careful selection of in-
cluded studies to provide the most robust evidence about the
malignant transformation of OLK under the intervention of
CO2 laser. To the best of our knowledge, the current paper is
the first comprehensive meta-analysis dedicated to pool the
malignant transformation rate of OLK treated with CO2 la-
ser. Through rigorous screenings, 24 eligible articles were
included with a total of 1546 patients with 1864 lesions in
this study. Among included studies, we found that the rate of
malignant transformation ranged from 0.00% [10, 14, 18,
30, 31, 33] to 15.38% [39], and the overall rate was
4.50% [95% CI 0.0305–0.0659].

Fig. 3 Forest plots for a the
pooled proportion of malignant
transformation of OLK treated
with CO2 laser under the random
effects model, using Der-
Simonian Liard method, and b
funnel plot of the 24 studies in-
cluded in the meta-analysis
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Every case of leukoplakia must be regarded as at risk
of developing to OSCC, not only OLK with dysplasia
[40]. It is obviously acknowledged that patients diagnosed
with OLK possessing the following characteristics have a
greater risk of cancerization: advanced age, female sex,
leukoplakia exceeding 200 mm2, non-homogeneous type

(e.g., erythroleukoplakia) and the higher grades of dyspla-
sia, etc. [7]. Yet there is still no generally approved stan-
dard systematic therapy regimen for treating oral leuko-
plakia to prevent oral cancer so far [41]. Although there is
no evidence showing that treatment prevents from OLK
developing into OSCC, some clinicians believe that the

Fig. 4 Forest plots (a) and funnel
plot (b) through trim and fill
analysis
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removal of lesions can reduce the malignant tendency to
some extent, especially those with a higher tendency to
malignant transformation. A 10-year study demonstrated
that an 11.6% 10-year risk of malignant transformation in
patients without resection, higher than 10.1% with surgi-
cal intervention [42]. At the same time, there also exists
another point that surgery as an invasive behavior may
increase the risk of malignant transformation based on
the concept of field canceration, in particular, inappropri-
ate surgical procedures. Oral leukoplakia may be a com-
plex clinically and histologically visible lesion derived
from one or several clones of cells within a larger oral
mucosal area comprising other clones of cancer-
stigmatized cells invisible for routine clinical and histo-
logical examination [43]. It is easy to remove the tissue
whose appearance has changed, but it is very difficult to
eradicate all the genetically altered cells. During the pro-
cess of postoperative wound healing, the ability of prolif-
eration of the residual altered cells are better than normal
mucosal cells [44], and molecular signature generated in
microenvironment may stimulate cancer growth [45].
These characteristics may explain the lacking success of
surgical excision, and the scenario is further complicated
by a possible cancer promotional stimulus by surgery.
CO2 laser as a surgical approach faces the same problem.

Certain factors (gender, age, the grade of dysplasia, af-
fected sites, lesion size, clinical aspect, alcohol consumption,
tobacco consumption, multiple-focus OLK, systematic dis-
ease history, etc.) are intrinsic elements related to malignant
transformation and free from treatment adopted [46]. Several
studies were dedicated to find out which clinicopathological
features patients with oral leukoplakia had can achieve better

results with carbon dioxide laser. Brouns and Jerjes et al.
reported that non-homogeneous leukoplakia (p < 0.01), se-
vere dysplasia (p < 0.01), lesion size ≥ 4 cm (p = 0.034),
heavy life-long smokers (p < 0.01), and heavy life-long al-
cohol consumers (p < 0.01) may face a higher malignant
transformation rate, and the floor of the mouth and ventral
tongue remain high-risk sites for precancer; the
retromandibular/ mandibular alveolus region appears to be
a particularly high-risk site for OSCC development [29, 38].
Mogedas-Vegara et al. pointed that lesion location in the
gingiva as opposed to the tongue had a history of OSCC
showed a tendency to be risk factors for malignant transfor-
mation [35]. In terms of different laser surgical means, Ishii
et al. demonstrated that laser excision is suitable for leuko-
plakia cases on non-keratinized epithelia (such as the tongue
and buccal mucosa), while laser vaporization is suitable for
the gingival cases [33]. The results of a long-term follow-up
of treated patients with oral homogeneous leukoplakias
pointed out that the surgical laser protocol respecting the
complete excision of leukoplakias, by the removal of a min-
imum of 1 mm in lesion depth and 3 mm of surrounding
healthy-like tissues offers significantly the highest success
rate [47]. In overview of all included articles, most malig-
nant transformations occurred in cases with recurrence, but it
also could happen without a prior recurrence [37, 38].

Our meta-analysis supported the notion that the overall
rate of malignant transformation of OLK treated with CO2

laser was 4.50% under the random effect model. The results
of the meta-analysis suggested the interfered lesions with
higher grade of dysplasia and/or located in the oral mucosal
danger area faced an increased risk of developing to OSCC,
which was consistent with most studies’results. Interestingly,

Table 2 The results of subgroup
analysis according to the degree
of clinical aspect, grade of
dysplasia, and lesion location

Factors Group Proportion 95% Confidence interval Effects model

Clinical aspect 0.0565 0.0267–0.1156 Random effects model

Homogeneous 0.0578 0.0162–0.1862

Non-homogeneous 0.0535 0.0189–0.1419

Grade of dysplasia 0.1104 0.0726–0.1643 Random effects model

None 0.0552 0.0198–0.1442

Slight 0.0523 0.0248–0.1069

Moderate 0.1257 0.0646–0.2304

Severe 0.2498 0.1646–0.3600

Lesion location 0.1281 0.0945–0.1714 Fixed effects model

Buccal 0.1504 0.0641–0.3139

Floor of mouth 0.1413 0.0706–0.2627

Gingiva 0.1059 0.0441–0.2329

Lip 0.0746 0.0182–0.2599

Palate 0.1471 0.0367–0.4381

Retromolar trigon 0.0879 0.0121–0.4301

Tongue 0.133 0.0824–0.2077
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our result revealed that it was male, homogeneous type, no
tobacco consumption, and without alcohol-use who had a
higher tendency to malignancy after laser surgery; however,
this result lack statistically significant data.

Above all, it should be prudent to choose which means to
manage oral leukoplakia, especially involving surgical
methods. Future development of molecular markers may help
to determine the risk of malignant leukoplakia transformation

Fig. 5 A forest plot of stratification analysis by the clinical type (a), the degree of epithelial dysplasia (b), and subsite of OLK (c)
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and to choose the best treatment. Our ultimate goal is to
achieve the personalized intervention of oral leukoplakia
based on the clinical, pathological, and even molecular
characteristics.

Conclusions

Based on uncontrolled retrospective studies, this meta-
analysis shows that the overall rate of malignant trans-
formation of OLK treated with CO2 laser is 4.50%.
Generally speaking, whether oral leukoplakia patients

underwent with laser surgical treatment or not, it may
have little effect on malignant transformation. Moreover,
we strongly advise that it is best to take non-invasive
treatment means for OLK patients with the following
clinical characteristics: homogeneous type, male, no to-
bacco consumption, and without alcohol-use. Evidence
is still lacking in terms of the relationship between ma-
lignant transformation and risk factors among OLK pa-
tients managed with CO2 laser. Thus, a few more ex-
tensive multi-center RCTs using a large sample to in-
vestigate the malignant transformation and recurrence of
OLK treated by laser surgery are required in the future.

Fig. 5 (continued)
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It is wise to assess the clinical, pathological, and even
molecular features to determine whether the surgical in-
tervention for lesions is appropriate or not. In addition,
it is urgent to establish widely accepted and suitable
laser-supported surgical protocols to meet the require-
ments of clinical practice.

Limitations

Although this meta-analysis included 24 studies
encompassing a larger sample size than individual studies,
there were still several limitations that we should consider.
Firstly, at present randomized controlled trials of manage-
ment of oral leukoplakia mostly concentrated on drug inter-
vention, such as vitamin A, retinoids, beta-carotene, carot-
enoids, herbal extracts, and nonsteroidal anti-inflammatory
drugs (NSAIDs). Due to the lack of malignant and relapse-

related randomized controlled trials of OLK treated with
CO2 laser, the included studies of this meta-analysis were
almost retrospective studies without a control group.
Secondly, the literatures searched were limited to articles
published in English or Chinese. This means that the non-
English and non-Chinese published articles were omitted
from the meta-analysis. Thirdly, not every included article
was capable of being extracted sufficient data for subgroup
analysis and analysis of relevant risk factors. Fourthly, there
are still other risk factors that were not investigated in this
meta-analysis because of the lack of related numerical data,
such as lesion size, the role of infective agents, chewing
betel quid, and systematic disease history. Last but not the
least; the included literature had a large heterogeneity owing
to the differences among study design, study purpose, study
subjects, outcome measures, follow-up time, etc. Therefore,
the results of this study should be contemplated with
caution.

Fig. 6 Forest plots for odds ratios
of the association between
malignant transformation and
gender (a), smoking (b), alcohol
consumption (c)

Table 3 The results of calculated
OR according to gender, tobacco,
and alcohol consumption

Factors OR 95% Confidence interval Effects model

Gender 1.7283 0.7380–4.0475 Fixed effects model

Tobacco consumption 0.5529 0.2389–1.2798 Fixed effects model

Alcohol consumption 0.9951 0.1498–6.6121 Fixed effects model
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