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Simple Summary: The treatment of oral potentially malignant disorders (OPMDs), including oral
leukoplakia (OL), is controversial. Medical interventions currently used to prevent malignant trans-
formation in OL include surgical treatment, photodynamic therapy, and chemotherapy. The main
advantages of laser surgery are the selective removal of the lesion, minimal damage to surrounding
healthy tissue, and excellent postoperative wound healing. However, no treatment has been shown
to prevent recurrence or significantly reduce malignant development in long-term follow-up studies,
so further research is needed to identify possible risk factors.

Abstract: Aim: The aim of this study is to assess the efficacy of CO2 laser treatment in oral leukoplakia
and to analyse the recurrence rate of oral leukoplakia lesions at 18-month follow-up. Materials and
methods: A prospective clinical study regarding CO2 laser treatment for oral leukoplakia was
conducted, in which 39 patients with a total of 53 oral leukoplakias were included. Follow-up was
performed at 18 months post-surgery and the following variables were studied: sex, age, associated
risk factors, clinical classification, size, location and presence of epithelial dysplasia, recurrence,
and rate of malignant transformation after resection. Results: In the analysis of the final results
18 months after baseline, a treatment success rate of 43.75% was observed. Oral leukoplakia recurred
in 54.17% of cases, and 2.08% of leukoplakias progressed to cancer. Among all the studied variables
(age, tobacco use, size, location, clinical type or histology), no significant differences were found
with regard to recurrence. Conclusion: The use of CO2 laser therapy to treat leukoplakia lesions is
sufficient to remove such lesions. However, parameters that can assess recurrence need to be sought.

Keywords: oral leukoplakia; CO2 laser; recurrence; oral squamous cell carcinoma

1. Introduction

The management of oral potentially malignant disorders (OPMD), including oral
leukoplakia (OL), is controversial [1–3]. Among OPMD, oral leukoplakia remains the
most commonly encountered condition in clinical practice [4]. Recently, the working
group on potentially malignant disorders coordinated by the WHO Collaborating Centre
for Oral Cancer/Precancer presented a new definition of leukoplakia: “A white plaque
of questionable risk having excluded (other) known disease or disorders that carry no
increased risk for cancer” [5].

As stated in a systematic review by Petti et al. 2003 [3], the worldwide prevalence of
leukoplakia ranges between 1.49–2.6%, suggesting that the global number of oral cancer
cases associated with oral leukoplakia is likely underreported, particularly in South-East
Asian countries and in India. The major aetiological factor in oral leukoplakia is tobacco
use [1]. In a review by González-Moles et al. (2018) [6], it was observed that smokers exhibit
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a seven-fold greater risk of developing leukoplakia compared to non-smokers, and that this
figure progressively increases in relation to the number of years of consumption and the
amount of tobacco used on a daily basis. In this review, between 30% and 56% of lesions
disappeared after three months of withdrawal. The role of alcohol in the development of
oral leukoplakia is less clear [7–11]. Some authors agree that the combination of tobacco
and alcohol does increase the risk of malignant transformation, and that this is probably
related (1) to the increased solubility of carcinogens and atrophy of the oral mucosa caused
by alcohol, (2) to the mutagenic agents generated in metabolism (acetaldehyde), and (3) to
the decreased DNA capacity associated with alcohol consumption [2,10].

Oral leukoplakias occurring in the absence of such identifiable risk factors are de-
scribed as idiopathic leukoplakias and are considered to have an underlying genetic ba-
sis [5]. The clinical features of oral leukoplakia may take different forms, defined in
accordance with the clinical pattern (homogeneous or non-homogeneous), the distribu-
tion or spread of the lesion (focal or disseminated), and their location within the oral
cavity [8,12].

The malignant transformation rate in oral leukoplakia varies from one site to another
within the mouth, from one population to another, and from one group to another. Ac-
cording to the reviewed articles, it is estimated to range between 0.13% and 3.5% [13–18].
Clinical appearance is a key factor, since non-homogeneous leukoplakia exhibits a ma-
lignant transformation potential 4–5 times higher than that of homogeneous leukoplakia.
In a study by Holmstrup et al. (2006) [15] involving 269 oral leukoplakia lesions, logistic
regression analysis showed a seven-fold increased risk (Odds ratio = 7.0) of malignant
development for non-homogeneous leukoplakia compared to homogeneous leukoplakia.
The risk of malignisation in proliferative verrucous leukoplakia is very high: 65.8% [18–22].

Histopathological diagnostic criteria for leukoplakia range from simple epithelial
hyperplasia with hyperparkeratosis or hyper(ortho)keratosis to epithelial dysplasia of
variable severity. A recent meta-analysis by Iocca et al. (2020) [23] of published articles
showed that moderate/severe dysplasia is significantly associated with a much greater
risk of malignant transformation compared to mild dysplasia, with an odds ratio (OR) of
2.4. Mild dysplasia exhibited an annual malignant transformation of 1.7%, whereas severe
dysplasia showed a rate of 3.57%.

The medical interventions currently used to prevent malignant transformation in OL
include surgical treatment (cryotherapy, laser treatment, and cold-knife surgery), photody-
namic therapy, and chemotherapy (vitamin A and retinoid, beta carotene or carotenoids,
non-steroidal anti-inflammatory drugs and herbal extracts, bleomycin, and Bowman–Birk
inhibitor) [24–30]. Nevertheless, no treatment has been shown to prevent recurrence or to
significantly reduce malignant development in long-term follow-up studies [26,29]. Given
that laser surgery is associated with low intraoperative and postoperative complication
rates, laser surgery is one of the most common surgical treatments for OL. The major
advantages of laser surgery are selective lesion removal and minimal damage to surround-
ing healthy tissues, excellent postoperative wound healing, and no visible scarring. In
addition, laser surgery can be performed on an outpatient basis. The outcomes of studies
investigating leukoplakias treated with CO2 laser are highly variable, especially in terms of
recurrence and malignant transformation [30–34].

The objective of this study is to assess the efficacy of CO2 laser treatment in oral
leukoplakia and to analyse the factors involved in the recurrence rate of oral leukoplakia
lesions 18 months after vaporisation.

2. Material and Methods

This prospective clinical study was conducted at the Clínica Odontológica Universi-
taria, belonging to Hospital Morales Meseguer in Murcia (Spain). Thirty-nine patients with
a total of 53 oral leukoplakias were included. All participants underwent the same proce-
dures throughout the trial with no deviation from the protocol, were informed about the
treatment, and gave written informed consent. The inclusion criterion was the presence of
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oral leukoplakia, as confirmed by histopathological study after exclusion of other diseases
(leukoedema, frictional keratosis, and having eliminated risk factors). Patients initially
diagnosed with oral squamous cell carcinoma (OSCC), erythroleukoplakia, or proliferative
verrucous leukoplakia were excluded, in accordance with the ethical guidelines of the
Declaration of Helsinki by the World Medical Association. The study required the approval
of the Research Ethics Committee of the University of Murcia (ID: 2225/2018). A medical
and dental history was taken, and possible aetiological factors were identified. All patients
were treated with surgical resection and counselled in relation to tobacco use and alcohol
consumption habits. The study collected data on habits (alcohol, tobacco), body mass in-
dex, oral hygiene (good/improvable) and bruxism (yes/no), lesion characteristics, clinical
form, location, and type of mucosa and size. In the histopathological study, lesions were
examined by the same pathologist. Histopathological diagnostic criteria for leukoplakia
range from simple epithelial hyperplasia with hyperparkeratosis or hyperorthokeratosis to
epithelial dysplasia of variable severity [5]. Epithelial dysplasia was scored according to the
World Health Organization (WHO) classification scale. Regardless of whether dysplasia
was present or not, a binary dysplasia scale (high or low grade) was used for the analysis.

In our study, both the clinician and patients followed the appropriate safety guidelines
for laser use: protective goggles, limited access to the surgical area, and the utilisation of
wooden tongue depressors for tissue separation and protection. The locations of lesions
were as follows: 26 on the gingiva, 10 on the buccal mucosa, 7 on the hard palate, 4 on the
tongue and 1 on the floor of the mouth.

In all patients, the surgical procedure was performed under local anaesthesia (4%
articaine with 1:100,000 epinephrine as first choice and 3% mepivacaine if vasoconstrictors
were contraindicated). Patients were asked to perform a preoperative rinse with 0.2%
chlorhexidine as an antiseptic method.

In all cases, the surgical treatment to remove the lesions was CO2 laser (Lasersat
20 W, Satelec®, Barcelona, Spain, Pierre Rolland, SATELEC®, S.A., Barcelona, Spain) in
continuous mode at a distance of approximately 10 mm from the oral mucosa and at
intervals of approximately 5–10 s. Lesions were eliminated with the laser using vertical
and horizontal movements (including 3 mm of clinically normal mucosa at the periphery).

Regarding the power of CO2 laser, our choice was based on published studies on
laser-treated leukoplakia by Monteiro et al. 2017 [30], who used a power range of 5–10 W,
depending on the operator’s criteria. After the surgery, gauze impregnated with 0.2%
chlorhexidine was applied to the wound for 20 min, and tissue regeneration was through
secondary intention. Postoperative instructions were provided to all patients, as well as
chitosan-chlorhexidine 0.2% post-intervention topical gel (ISDIN Bexident® Post Treatment
Topical Gel, Barcelona, Spain), to be applied three times per day for 10 days. (Figures 1–3).
The treatment and subsequent check-up and follow-up appointments were conducted by
the same operator. Post-surgery complications were recorded, and perceived pain was
assessed by utilising the visual pain scale from 1–10 (with 1 meaning no pain and 10 the
worst pain) one week after treatment. Follow-up periods were performed at 6 months,
12 months and 18 months post-surgery. Recurrence was defined as the reappearance of OL
at the surgical site, whereas if no visible changes were observed in the oral mucosa of the
treated area, the lesion was considered to have been successfully resolved.
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Figure 1. (A). Oral leukoplakia Before CO2. (B) Immediately after treatment.

Figure 2. (A) Lesion before CO2. (B) Immediately after carbon dioxide surgery.

Figure 3. (A) before removal with CO2 laser on lingual margin and (B) 3 months after treatment.

Statistical analysis: The results were expressed as absolute and relative frequencies.
The relationship between the oral leukoplakia location and clinical form was analysed by
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univariate analysis using the chi-square test. The differences were considered as statistically
significant at p-value < 0.05. In order to determine the effect of lesion-related variables
(clinical form, location, size, and dysplasia) and the variables regarding patient habits
(tobacco use, oral hygiene, body mass index, and bruxism) on recurrence, univariate
logistic regression models were applied. Cumulative recurrence of the lesion at 18 months
was analysed with the Kaplan-Meier method by creating a disease-free survival curve.

3. Results

Thirty-nine (39) patients with a total of 53 oral leukoplakia cases were included in
the study (5 patients, however, were excluded from the study because they did not give
consent/could not attend the follow-up appointments due to transportation difficulties).
Thus, the final study sample consisted of a total of 34 patients with 48 oral leukoplakias
treated by means of CO2 laser. Female patients represented 52.1% (n = 25) of leukoplakias
and male patients 47.9% (n = 23), with ages ranging from 48–81 years and an average age of
61.3 years (SD = 10). In 35.4% of cases, oral hygiene was considered as “improvable” because
of the presence of bacterial plaque, while in 64.6% of cases, oral hygiene was considered
as “good”; this was assessed by the same operator. None of the patients reported daily
alcohol consumption. Seventy-five percent of the lesions occurred in non-bruxing patients.
In terms of oral prostheses, 10.41% were removable partial denture wearers, 25% had fixed
dentures, and 31.25% had at least one implant-supported crown.

The clinical form non-homogeneous leukoplakia is the most common, since it repre-
sents a higher percentage (62.5%) in comparison with homogeneous leukoplakia (37.5%).

In 54.2% of cases, the lesion was less than 2 cm in size. In our histopathological
assessment, 37 (77.1%) of the studied oral leukoplakias showed no dysplasia. Dysplasia
was present in 11 lesions (10 with low grade and 1 with high grade). The location of the
lesion was not associated, in a statistically significant manner, with the homogeneous/non-
homogeneous clinical form (p-value = 0.107).

One week after CO2 laser vaporisation, follow-up was performed, and the grade of
pain was assessed on a scale from 1–10. Symptomatology was minimal in most cases;
only 10.4% presented a value higher than 6. Post-surgical complications included mild
bleeding in two cases and superinfected lesion in two cases. In the analysis of the final
results, 18 months after the beginning of treatment, a 43.75% success rate was observed
regarding the treatment of oral leukoplakia with CO2 laser, i.e., no pathology was observed
in the treated area during final follow-up. Oral leukoplakia did recur in 54.17% of cases,
and 2.08% of the treated leukoplakia cases progressed to oral squamous cell carcinoma. To
determine the effect of lesion-related variables and the variables regarding patient habits
on recurrence, univariate logistic regression models were applied; the results are shown
below in Tables 1 and 2. The results demonstrated that none of the lesion-related variables
had a statistically significant effect on the course of recurrence (Table 1). In relation to
the variables regarding patient habits (Table 2), the results also showed no statistically
significant effect on the course of recurrence. As seen in the survival curve developed by
means of Kaplan-Meier method, patient disease-free survival at 18 months was 23.3 ± 0.06,
with an estimated 10.2 ± 0.8 months (95% CI = 8.63–11.8) on average until recurrence of
the lesion (Figure 4).
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Table 1. CO2 laser treatment of oral leukoplakia:recurrence.

Recurrence, n (%) Univariate Logistic Regression

No Yes OR IC 95% p-Value

Clinical type

Leucoplakia Homogeneous 6 (33.3) 12 (66.7) 1

Leucoplakia
non-homogeneous 15 (50) 15 (50) 2 0.59–6.73 0.263

Location

Lining Mucosa 6 (46.2) 7 (53.8) 1

Masticatory Mucosa 13 (39.4) 20 (60,6) 1.319 0.36–4.81 0.675

Size

<2 cm 11 (42.3) 15 (57.7) 1

>2 cm 10 (45.5) 12 (54.5) 0.88 0.28–2.76 0.827

Dysplasia

No 14 (37.8) 23 (62.2) 1

Yes 7 (63.6) 4 (36.4) 0.348 0.09–1.41 0.138
OR: odds ratio. IC: confidence Interval.

Table 2. Effect of variables related to patient habits on recurrence.

Recurrence, n (%) Univariate Logistic Regression

No Yes OR IC 95% p-Value

Tobacco

No 10 (34.5) 19 (65.5)

Yes 9 (81.8) 2 (18.2) 0.163 0.02–1.40 0.098

former smoker 2 (25) 6 (75) 1.579 0.27–9.31 0.614

Oral hygiene

Good 14 (45.2) 17 (54.8)

Bad 7 (41.2) 10 (58.8) 1.176 0.36–3.90 0.790

Diabetes

No 19 (50) 19 (50)

Yes 2 (20) 8 (80) 4 0.75–21.35 0.105

Body mass index

Normal weight 4 (28.6) 10 (71.4)

overweight 17 (50) 17 (50) 0.400 0.11–1.53 0.180

Bruxism

No 17 (47.2) 19 (52.8)

Yes 4 (33.3) 8 (66.7) 1.789 0.46–7.02 0.404
OR: odds ratio. IC: confidence interval.
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Figure 4. Survival curve developed by the Kaplan-Meier method. Patient disease-free survival at
18 months was 23.3 ± 0.06, with an estimated 10.2 ± 0.8 months (95% CI = 8.63–11.8) on average
until recurrence of the lesion.

4. Discussion

The treatment of oral leukoplakia is a real challenge due to recurrence rate and malig-
nant transformation. This prospective clinical study showed that at 18 month follow-up
of oral leukoplakia cases treated with CO2 laser, the recurrence rate was 54.17% and the
malignant transformation rate was 2%.

Considering the question “does laser resection of oral leukoplakia impact recur-
rence and malignant transformation?”, a systematic review and meta-analysis by Pauli
Paglioni et al. (2020) [32] showed that surgical laser ablation of OL can reduce recurrence
rates, and that this therapy has no effect on malignant transformation when compared to
conventional treatments. Laser—unlike cold-knife surgery—presents a series of advan-
tages, such as instant sterilisation of the surgical wound, better visualization, non-contact
surgery and, therefore, no mechanical trauma to tissues [24]. Other advantages are healing
through secondary intention, reducing the duration of surgery and the distribution and
depth of scars, as well as less pain and inflammation in the treated area. Thus, in this study,
in only 10.4% of CO2 laser vaporisations, patients felt more than grade 6 pain in the first
days post-surgery.

Our results show that in patients with OL, the variables of tobacco, clinical form,
location, and size do not indicate a higher risk of recurrence after surgery [17,30].

Determining the margins in OL during surgery remains a challenge for lesion re-
currence. In a study by Kuribayashi et al. [35], a significant correlation between surgical
margins and OL recurrence after surgery was reported. A lower recurrence rate in patients
with >3 mm-wide resection margins was found; those authors suggested these margins
to be the optimal safety margins. A clinical trial by Romeo et al. [28] observed a 45.5%
recurrence rate in the treated group without margins versus a 36.4% recurrence rate in the
treated group with at least a 3 mm margin after 6 months of treatment.

Similarly, a study by Vilar-Villanueva et al. [30] included 58 patients with a mean
follow-up time 57.5 months and recurrence rate of 52.6%. Among all the studied vari-
ables, margin was the only one for which a statistically significant correlation with lesion
recurrence was demonstrated.

Optical adjunctive aids may be one way to to determine the margins of OL. Tiwari et al. [36]
conducted a review of the efficacy of direct optical fluorescence imaging as an adjunct to
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comprehensive oral examination in the clinical evaluation and surgical management of OL, and
concluded that optical fluorescence can provide indications for determining surgical margins.

Mogedas-Vegara et al. [27] found no statistically significant correlation between mul-
tiple lesions and recurrence or malignant transformation. In contrast, for proliferative
verrucous leukoplakia, other authors [20,21] described recurrence rates of 67.2% and 65.8%
respectively, and determined there is insufficient scientific evidence to conclude that no
treatment strategy is capable of reducing recurrence. In this study, OL cases which trans-
formed into OSCC experienced recurrence prior to OSCC transformation, resulting in a
significantly higher risk of malignant transformation for patients with recurrent OL in
comparison with those with non-recurrent OL.

In a systematic review and meta-analysis, Dong et al. [16] studied the malignant trans-
formation rate of oral leukoplakia treated with carbon dioxide laser. A total of 1546 patients
with 1864 lesions were included, and the overall rate of malignant transformation was
found to be 4.50% (95% CI 0.0305–0.0659). All leukoplakia cases, and not only those with
dysplasia, should be considered to be at risk of progressing to OSCC. It is clearly recognised
that patients diagnosed with OL who possess the following characteristics are at increased
risk of cancerisation: advanced age, female sex, leukoplakia greater than 200 mm2, non-
homogeneous type (e.g., erythroleukoplakia), the highest grades of dysplasia, etc. [16,37,38]
However, to date, there is no generally approved standard systemic therapy regimen to
treat oral leukoplakia in order to prevent oral cancer.

It is important to keep in mind that most studies monitoring recurrence rates of OL
after surgical excision are retrospective in design, and the results are difficult to compare
due to differences in designs, inclusion and exclusion criteria, treatment interventions,
surgical techniques, or follow-up times.

According to Holmstrup and Dabelsteen [38], an important aspect is the observation
of cancer development, even after surgical removal of clinical lesions. Intensive leuko-
plakia follow-up programs are important, regardless of surgical intervention, as cancer
transformation occurs in 3–11% of cases at the site of the resected lesion despite surgical
treatment [38–40]. There is another point to consider, i.e., surgery as an invasive treatment.
This may increase the risk of malignant transformation based on the ‘field cancerisation
concept’. It is easy to excise tissue whose appearance has changed, but it is very difficult
to eradicate all genetically altered cells, since there is genomic instability throughout the
epithelium. During the postoperative wound healing process, proliferation capacity of
residual altered cells is better than that of normal mucosal cells [40], and the molecular
signature generated in the microenvironment may stimulate cancer growth.

In addition, limitations should be taken into consideration. Firstly, as in the majority of
such studies, in our research, there was no control group because it is considered unethical
to leave any patient untreated due to the aforementioned high probability of progression
to cancer compared to healthy patients. We must also consider the small sample size as
a limitation of the study. Additionally, the follow-up period was 18 months, and longer
follow-ups are required to assess the malignant transformation rate.

5. Conclusions

Despite the fact that an effective treatment for OL has not yet been developed, CO2
laser vaporisation is a valid treatment, with a low rate of postoperative complications,
although it is not a guarantee against recurrence. Thus, further long-term prospective
clinical studies are essential. The assessment and study of molecular biomarkers could be a
potential monitoring tool to filter patients at risk of developing oral cancer and to follow
them up more closely.
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draft, A.R.-L., P.L.-J. and E.P.-F.L. All authors have read and agreed to the published version of
the manuscript.



Cancers 2022, 14, 5455 9 of 10

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki, and approved by the Institutional Research Ethics Committee of the University of Murcia
2018; (ID: 2225/2018) for studies involving humans.

Informed Consent Statement: All patients were informed and signed their consent.

Data Availability Statement: The authors hereby confirm that all the data of this research are
available within this manuscript.

Conflicts of Interest: All the authors declare any affiliation or significant financial involvement in
any organizations or entity with a direct financial interest in the subject matter or materials discussed
in the manuscript on this page. This includes employment, honoraria, consultancies, or relevant stock
ownership. The authors declare that they have no known competing financial interests or personal
relationships that could have appeared to influence the work reported in this paper.

References
1. Pentenero, M.; Sutera, S.; Lodi, G.; Bagan, J.V.; Farah, C.S. Oral leukoplakia diagnosis and treatment in Europe and Australia:

Oral Medicine Practitioners’ attitudes and practice. Oral Dis. 2022. epub ahead of print. [CrossRef] [PubMed]
2. Petti, S.; Scully, C. Association between different alcoholic beverages and leukoplakia among non- to moderate-drinking adults:

A matched case–control study. Eur. J. Cancer 2006, 42, 521–527. [CrossRef] [PubMed]
3. Petti, S. Pooled estimate of world leukoplakia prevalence: A systematic review. Oral Oncol. 2003, 39, 770–780. [CrossRef]
4. Warnakulasuriya, S.; Johnson, N.W.; van der Waal, I. Nomenclature and classifcation of potentially malignant disorders of the

oral mucosa. J. Oral. Pathol. Med. 2007, 36, 575–580. [CrossRef] [PubMed]
5. Warnakulasuriya, S.; Kujan, O.; Aguirre-Urizar, J.M.; Bagan, J.V.; González-Moles, M.; Kerr, A.R.; Lodi, G.; Mello, F.W.;

Monteiro, L.; Ogden, G.R.; et al. Oral potentially malignant disorders: A consensus report from an international seminar on
nomenclature and classification, convened by the WHO Collaborating Centre for Oral Cancer. Oral Dis. 2021, 27, 1862–1880.
[CrossRef]

6. González-Moles, M.; González Ruiz, L. Leucoplasia oral, una revisión de los aspectos esenciales de su diagnóstico y tratamiento.
Actual Med. 2018, 803, 49–51. [CrossRef]

7. Axell, T.; Pindborg, J.; Smith, C.; Van Der Waal, I. Oral white lesions with special reference to precancerous and tobacco. J. Oral
Pathol. Med. 1996, 25, 49–54. [CrossRef]

8. Martorell, A.; Botella, R.; Jv, B.; Sanmartín, O.; Guillén, C. Oral leukoplakia: Clinical, histopathologic, and molecular features and
therapeutic approach. Actas Dermosifiliogr. 2009, 100, 669–684.

9. Arduino, P.G.; Bagan, J.; El-Naggar, A.K.; Carrozzo, M. Urban legends series: Oral leukoplakia. Oral Dis. 2013, 19, 642–659.
[CrossRef]

10. Varela-Centelles, P.; Seoane, J.; Ulloa-Morales, Y.; Estany-Gestal, A.; Blanco-Hortas, A.; García-Pola, M.J.; Seoane-Romero, J.M.
Oral cancer awareness in North-Western Spain: A population-based study. Med. Oral Patol. Oral Cir. Bucal. 2021, 26, e518–e525.
[CrossRef]

11. Tenore, G.; Nuvoli, A.; Mohsen, A.; Cassoni, A.; Battisti, A.; Terenzi, V.; Della Monaca, M.; Raponi, I.; Brauner, E.; De Felice, F.; et al.
Tobacco, Alcohol and Family History of Cancer as Risk Factors of Oral Squamous Cell Carcinoma: Case-Control Retrospective
Study. Appl. Sci. 2020, 10, 3896. [CrossRef]

12. Villa, A.; Sonis, S. Oral leukoplakia remains a challenging condition. Oral Dis. 2018, 24, 179–183. [CrossRef]
13. Brouns, E.; Baart, J.; Bloemena, E.; Karagozoglu, H.; Van Der Waal, I. The relevance of uniform reporting in oral leukoplakia:

Definition, certainty factor and staging based on experience with 275 patients. Med. Oral Patol. Oral Cir. Bucal. 2013, 18, e19–e26.
[CrossRef]

14. Warnakulasuriya, S.; Ariyawardana, A. Malignant transformation of oral leukoplakia: A systematic review of observational
studies. J. Oral Pathol. Med. 2016, 45, 155–166. [CrossRef]

15. Holmstrup, P.; Vedtofte, P.; Reibel, J.; Stoltze, K. Long-term treatment outcome of oral premalignant lesions. Oral Oncol. 2006, 42,
461–474. [CrossRef]

16. Dong, Y.; Chen, Y.; Tao, Y.; Hao, Y.; Jiang, L.; Dan, H.; Zeng, X.; Chen, Q.; Zhou, Y. Malignant transformation of oral leukoplakia
treated with carbon dioxide laser: A meta-analysis. Lasers Med. Sci. 2019, 34, 209–221. [CrossRef]

17. Gandara-Vila, P.; Sayáns, M.P.; Suarez-Penaranda, J.; Gallas-Torreira, M.; Martín, J.M.S.; Lopez, R.; Blanco-Carrion, A.; Garcia-
Garcia, A. Survival study of leukoplakia malignant transformation in a region of northern Spain. Med. Oral Patol. Oral Cir. Bucal.
2018, 23, e413–e420. [CrossRef]

18. Kindler, S.; Samietz, S.; Dickel, S.; Mksoud, M.; Kocher, T.; Lucas, C.; Seebauer, C.; Doberschütz, P.; Holtfreter, B.; Völzke, H.; et al.
Prevalence and risk factors of potentially malignant disorders of the mucosa in the general population: Mucosa lesions a general
health problem? Ann. Anat. 2021, 237, 151724. [CrossRef]

19. Palaia, G.; Bellisario, A.; Pampena, R.; Pippi, R.; Romeo, U. Oral Proliferative Verrucous Leukoplakia: Progression to Malignancy
and Clinical Implications. Systematic Review and Meta-Analysis. Cancers 2021, 13, 4085. [CrossRef]

http://doi.org/10.1111/odi.14301
http://www.ncbi.nlm.nih.gov/pubmed/35792047
http://doi.org/10.1016/j.ejca.2005.07.038
http://www.ncbi.nlm.nih.gov/pubmed/16427777
http://doi.org/10.1016/S1368-8375(03)00102-7
http://doi.org/10.1111/j.1600-0714.2007.00582.x
http://www.ncbi.nlm.nih.gov/pubmed/17944749
http://doi.org/10.1111/odi.13704
http://doi.org/10.15568/am.2018.803.ao01
http://doi.org/10.1111/j.1600-0714.1996.tb00191.x
http://doi.org/10.1111/odi.12065
http://doi.org/10.4317/medoral.24401
http://doi.org/10.3390/app10113896
http://doi.org/10.1111/odi.12781
http://doi.org/10.4317/medoral.18756
http://doi.org/10.1111/jop.12339
http://doi.org/10.1016/j.oraloncology.2005.08.011
http://doi.org/10.1007/s10103-018-2674-7
http://doi.org/10.4317/medoral.22326
http://doi.org/10.1016/j.aanat.2021.151724
http://doi.org/10.3390/cancers13164085


Cancers 2022, 14, 5455 10 of 10

20. Proaño-Haro, A.; Bagan, L.; Bagan, J.V. Recurrences following treatment of proliferative verrucous leukoplakia: A systematic
review and meta-analysis. J. Oral Pathol. Med. 2021, 50, 820–828. [CrossRef]

21. Ramos-García, P.; González-Moles, M.; Mello, F.W.; Bagan, J.V.; Warnakulasuriya, S. Malignant transformation of oral proliferative
verrucous leukoplakia: A systematic review and meta-analysis. Oral Dis. 2021, 27, 1896–1907. [CrossRef] [PubMed]

22. Thompson, L.D.R.; Fitzpatrick, S.G.; Müller, S.; Eisenberg, E.; Upadhyaya, J.D.; Lingen, M.W.; Vigneswaran, N.; Woo, S.-B.;
Bhattacharyya, I.; Bilodeau, E.A.; et al. Proliferative Verrucous Leukoplakia: An Expert Consensus Guideline for Standardized
Assessment and Reporting. Head Neck Pathol. 2021, 15, 572–587. [CrossRef] [PubMed]

23. Iocca, O.; Sollecito, T.P.; Alawi, F.; Weinstein, G.S.; Newman, J.G.; De Virgilio, A.; Di Maio, P.; Spriano, G.; López, S.P.; Shanti, R.M.
Potentially malignant disorders of the oral cavity and oral dysplasia: A systematic review and meta-analysis of malignant
transformation rate by subtype. Head Neck 2020, 42, 539–555. [CrossRef]

24. Ishii, J.; Fujita, K.; Komori, T. Laser surgery as a treatment for oral leukoplakia. Oral Oncol. 2003, 39, 759–769. [CrossRef]
25. van der Hem, P.; Nauta, J.; van der Wal, J.; Roodenburg, J. The results of CO2 laser surgery in patients with oral leukoplakia: A 25

year follow up. Oral Oncol. 2005, 41, 31–37. [CrossRef]
26. Lodi, G.; Franchini, R.; Warnakulasuriya, S.; Varoni, E.M.; Sardella, A.; Kerr, A.R.; Carrassi, A.; MacDonald, L.C.;

Worthington, H.V. Interventions for treating oral leukoplakia to prevent oral cancer. Cochrane Database Syst. Rev. 2016,
2016, CD001829. [CrossRef]

27. Mogedas-Vegara, A.; Hueto-Madrid, J.-A.; Chimenos-Küstner, E.; Bescós-Atín, C. Oral leukoplakia treatment with the carbon
dioxide laser: A systematic review of the literature. J. Cranio-Maxillofacial Surg. 2016, 44, 331–336. [CrossRef]

28. Romeo, U.; Mohsen, M.; Palaia, G.; Bellisario, A.; Del Vecchio, A.; Tenore, G. CO2 laser ablation of oral leukoplakia: With or
without extension of margins? Clin. Ter. 2020, 171, e209–e215. [CrossRef]

29. Yang, S.-W.; Lee, Y.-S.; Chang, L.-C.; Yang, C.-H.; Luo, C.-M. An anatomical perspective on clinicopathological characteristics
and treatment outcomes of dorsal and ventrolateral tongue leukoplakia after carbon dioxide laser surgery. BMC Oral Health
2021, 21, 45. [CrossRef]

30. Monteiro, L.; Barbieri, C.; Warnakulasuriya, S.; Martins, M.; Salazar, F.; Pacheco, J.J.; Vescovi, P.; Meleti, M. Type of surgical
treatment and recurrence of oral leukoplakia, A retrospective clinical study. Med. Oral Patol. Oral Cir. Bucal. 2017, 22, e520–e526.
[CrossRef]

31. Paglioni, M.D.P.; Migliorati, C.A.; Faustino, I.S.P.; Mariz, B.A.L.A.; Roza, A.L.O.C.; Vargas, P.A.; Leme, A.F.P.; Brandão, T.B.;
Ribeiro, A.C.P.; Lopes, M.A.; et al. Laser excision of oral leukoplakia: Does it affect recurrence and malignant transformation? A
systematic review and meta-analysis. Oral Oncol. 2020, 109, 104850. [CrossRef]

32. Bagan, J.; Martorell, M.; Cebrián, J.L.; Rubert, A.; Bagán, L.; Mezquida, C.; Hervás, D. Effect of clinical and histologic features on
time to malignancy in 224 cases of oral leukoplakia treated by surgery. Clin. Oral Investig. 2022, 26, 5181–5188. [CrossRef]

33. Yao, Y.; Wang, Y.; Li, C.; Wu, L.; Tang, G. Management of oral leukoplakia by ablative fractional laser-assisted photodynamic
therapy: A 3-year retrospective study of 48 patients. Lasers Surg. Med. 2022, 54, 682–687. [CrossRef]

34. Kuribayashi, Y.; Tsushima, F.; Sato, M.; Morita, K.-I.; Omura, K. Recurrence patterns of oral leukoplakia after curative surgical
resection: Important factors that predict the risk of recurrence and malignancy. J. Oral Pathol. Med. 2012, 41, 682–688. [CrossRef]

35. Tiwari, L.; Kujan, O.; Farah, C.S. Optical fluorescence imaging in oral cancer and potentially malignant disorders: A systematic
review. Oral Dis. 2020, 26, 491–510. [CrossRef]

36. Brouns, E.; Baart, J.; Karagozoglu, K.; Aartman, I.; Bloemena, E.; Van Der Waal, I. Malignant transformation of oral leukoplakia in
a well-defined cohort of 144 patients. Oral Dis. 2014, 20, e19–e24. [CrossRef]

37. Evren, I.; Brouns, E.R.; Poell, J.B.; Wils, L.J.; Brakenhoff, R.H.; Bloemena, E.; de Visscher, J.G. Associations between clinical and
histopathological characteristics in oral leukoplakia. Oral Dis. 2021. epub ahead of print. [CrossRef]

38. Holmstrup, P.; Dabelsteen, E. Oral leukoplakia-to treat or not to treat. Oral Dis. 2016, 22, 494–497. [CrossRef]
39. Angadi, P.V.; Savitha, J.K.; Rao, S.; Sivaranjini, Y. Oral field cancerization: Current evidence and future perspectives. Oral

Maxillofac. Surg. 2012, 16, 171–180. [CrossRef]
40. Holmstrup, P.; Vedtofte, P.; Reibel, J. Stoltze K Oral premalignant lesions: Is a biopsy reliable? J. Oral Pathol. Med. 2007, 36,

262–266. [CrossRef]

http://doi.org/10.1111/jop.13178
http://doi.org/10.1111/odi.13831
http://www.ncbi.nlm.nih.gov/pubmed/34009718
http://doi.org/10.1007/s12105-020-01262-9
http://www.ncbi.nlm.nih.gov/pubmed/33415517
http://doi.org/10.1002/hed.26006
http://doi.org/10.1016/S1368-8375(03)00043-5
http://doi.org/10.1016/j.oraloncology.2004.06.010
http://doi.org/10.1002/14651858.CD001829.pub4
http://doi.org/10.1016/j.jcms.2016.01.026
http://doi.org/10.7417/CT.2020.2215
http://doi.org/10.1186/s12903-021-01403-8
http://doi.org/10.4317/medoral.21645
http://doi.org/10.1016/j.oraloncology.2020.104850
http://doi.org/10.1007/s00784-022-04486-x
http://doi.org/10.1002/lsm.23534
http://doi.org/10.1111/j.1600-0714.2012.01167.x
http://doi.org/10.1111/odi.13071
http://doi.org/10.1111/odi.12095
http://doi.org/10.1111/odi.14038
http://doi.org/10.1111/odi.12443
http://doi.org/10.1007/s10006-012-0317-x
http://doi.org/10.1111/j.1600-0714.2007.00513.x

	Introduction 
	Material and Methods 
	Results 
	Discussion 
	Conclusions 
	References

