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Abstract

Objective. To analyse the comparative clinical outcomes and clinicopathological significance
of vocal fold leukoplakia lesions treated by appearance classification and traditional methods.
Method. A total of 1442 vocal fold leukoplakia patients were enrolled. Group A patients were
treated according to appearance classification and Group B patients were treated according to
traditional methods.
Results. In Group A, 24.4, 14.9 and 60.6 per cent of patients had grade I, II and III dysplasia,
respectively. Grade I dysplasia (63.4 per cent) was more than twice as frequent in Group B
patients than in Group A patients, while grade II dysplasia (20.4 per cent) and grade III dys-
plasia (16.2 per cent) were significantly less frequent in Group B patients than in Group A
patients ( p = 0.000). There was a significant correlation between vocal fold leukoplakia
appearance and the degree of dysplasia ( p = 0.000). The recurrence and malignant transform-
ation rates (17.6 and 31 per cent, respectively) in Group B were significantly greater than those
in Group A (10.8 and 25.9 per cent, respectively) ( p = 0.000).
Conclusion. Vocal fold leukoplakia appearance classification is useful for guiding treatment
decision-making and could help to improve therapeutic accuracy.

Introduction

The pathological characteristics of vocal fold leukoplakia reflect the severity of the lesion.
Epithelial atypical hyperplasia of the vocal fold leukoplakia can occur as a continuum of
changes progressing from no dysplasia to mild, moderate or severe dysplasia and even
malignancy.1 During this process, vocal fold leukoplakia can be addressed initially with
aetiological therapy, also called non-operative treatment, and later by surgical treatment.
However, exploring a simple and scientific approach to identify vocal fold leukoplakia
lesions likely to undergo malignant transformation is a key imperative to guide treatment
decision-making.

As early as the 1970s, researchers stated that management decisions for vocal fold leu-
koplakia should be based on clinical manifestations rather than relying too much on
ambiguous histological reports.2 However, treatment decision-making is challenging in
the absence of pathological classification, therefore researchers have been looking for
some simple and practical methods to align the diagnosis of vocal fold leukoplakia
more closely with pathological status.

Studies have shown that the clinical features of vocal fold leukoplakia significantly cor-
relate with dysplasia, and treatment strategies are formulated accordingly.3 On this basis,
we have established an appearance classification method for vocal fold leukoplakia and
demonstrated a good correlation with the degree of dysplasia assessed by pathological
examination.4 In addition, other studies have found that videostroboscopy and narrow
band imaging have high sensitivity and specificity for differentiating vocal fold leukopla-
kia from laryngeal cancer.5,6

There is a lack of robust evidence to support the methods used to guide the treatment
of vocal fold leukoplakia. To date, although there has been some consensus on the diag-
nosis and treatment of vocal fold leukoplakia, a completely unified community has not
been formed internationally.

Carbon dioxide (CO2) laser surgery is an effective treatment for vocal fold leukoplakia.
Although early surgical intervention can prevent malignant transformation of vocal fold
leukoplakia, there is a lack of standardised treatment guidelines and surgical indications.
The pathological results can vary greatly as a result of the lack of consensus on the surgical
indications for vocal fold leukoplakia. For example, some low-risk lesions might be exces-
sively operated on, while high-risk lesions might not be actively treated. Hence, building
on our previous work, the present study primarily focused on the clinical outcomes of
vocal fold leukoplakia lesions that were treated according to the appearance classification
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to provide further evidence and reference for the clinical diag-
nosis and treatment of vocal fold leukoplakia.

Materials and methods

The Ethics Committee of the Eye, Ear, Nose and Throat
Hospital of Fudan University approved this study. A total of
1442 patients with vocal fold leukoplakia lesions who were
initially treated at the hospital between January 2003 and
December 2018 were screened. Patients with pseudomembran-
ous, mycetoid or tuberculoid lesions in the vocal fold leukopla-
kia were excluded. All cases were classified into two groups
based on the treatment strategy (Groups A and B).

Until 2014, vocal fold leukoplakia was mainly treated based
on traditional experience in our department. Subsequently,
these lesions were managed according to appearance. Group
A consisted of 503 patients treated according to the appear-
ance of the vocal fold leukoplakia lesion. Of 503 patients,
178 patients who required surgical treatment but refused
surgery were excluded. In total, 325 patients (315 men and
10 women, mean age 59 ± 9 years) who were surgically treated
were recruited. Eighty-four patients had bilateral vocal fold
leukoplakia lesions and 241 patients had unilateral lesions. A
total of 409 vocal fold leukoplakia specimens were enrolled.

According to the appearance of the vocal fold leukoplakia
under rigid laryngoscopy, lesions were classified into three
groups: smooth flat, smooth hypertrophic and rough. In
smooth flat leukoplakia, the lesions had smooth surfaces and
clear bounds, which were even with the mucosal surface of
the vocal folds. In smooth hypertrophy, although the lesions
were also homogeneous, they stood separate from the sur-
rounding mucosal surface of the vocal folds. Rough lesions
had an irregular and nonhomogeneous appearance or pre-
sented as spot-shaped, grain-shaped or verrucosa-shaped
lesions.

Smooth flat lesions were treated conservatively, while rough
lesions were resected surgically. Patients voluntarily selected
the treatment strategy for smooth hypertrophic lesions (con-
servative or surgical). Patients who opted for the conservative
treatment strategy underwent laryngoscopy once per month to
assess any changes in the lesion.

The following assessment criteria were applied in Group A:
(1) cure: complete disappearance of vocal fold leukoplakia
lesion; (2) improvement: reduction in vocal fold leukoplakia
by ≥50 per cent; (3) invalid treatment: no more than 25 per
cent decrease in the size of the lesion; and (4) progression:
increase in the extent of lesions by 25 per cent, appearance
of new lesions, transformation of lesion surface to rough
from smooth or even malignant transformation. Patients
with failed conservative therapy after six months or progres-
sion of the lesion were treated with surgery.4

A total of 1117 patients who presented at our hospital
between 2003 and 2014 were recruited in Group B, and all
of them had undergone surgery. There were 1078 men and
39 women, with an average age of 61 ± 11 years. These patients
were not treated according to our proposed guidance but
received traditional treatment. Some cases had no evident
change in vocal fold leukoplakia six months after the non-
surgical approach, and some underwent surgical resection
owing to suspected malignant transformation.

Overall, 465 patients had bilateral lesions and 705 patients
had unilateral lesions. A total of 1635 vocal fold leukoplakia
specimens were enrolled. The treating specialists were blinded
to the research objectives and had 10 years of working

experience. During the period of conservative treatment, the
patients were advised to rest their voices and abstain from
smoking and alcohol consumption.

Surgery was performed using a CO2 laser. The lesions were
excised under general anaesthesia administered by endo-
tracheal intubation. All specimens were preserved for clinico-
pathologic analysis. The degree of atypical dysplasia was
classified according to the World Health Organization: I, no
or mild dysplasia; II, moderate dysplasia; and III, severe or car-
cinoma in situ. Data were collected in the outpatient clinic
every two, four and six months for the first, second and
third post-operative years, respectively. After three years,
patients were followed up once per year. A second CO2 laser
surgery or partial laryngectomy was performed in cases of
relapse or malignant transformation. The median follow-up
period was 42 months (range, 24–86 months).

Statistical analysis

All statistical analyses were performed using SPSS software,
version 23.0. Between-group differences concerning vocal
fold appearance, degree of dysplasia, clinical outcomes and
sex composition were assessed using the chi-square test.
Between-group differences in age were assessed using student’s
t-test. The correlation test was performed by kappa analysis.
Two-tailed p values <0.05 were considered indicative of statis-
tical significance.

Results

All lesions were evaluated by post-operative pathological
examination and were classified as squamous epithelial hyper-
plasia associated with keratinisation, no or various degrees of
dysplasia, or carcinoma in situ. A strong correlation was
observed between the specialists for evaluating the vocal fold
leukoplakia appearances and dysplasia degrees ( p = 0.000,
kappa value = 0.872; p = 0.000, kappa value = 0.824). There
was no significant difference between Groups A and B con-
cerning age or sex composition ( p = 0.595, p = 0.717).

In Group A, 31, 161 and 217 cases were classified as smooth
flat, smooth hypertrophic and rough vocal fold leukoplakia,
respectively, based on appearance. Thirty-one cases of smooth
flat vocal fold leukoplakia, 57 cases of smooth hypertrophic
vocal fold leukoplakia and 12 cases of rough vocal fold leuko-
plakia were found to have grade I dysplasia. Forty-six of 161
smooth hypertrophic vocal fold leukoplakia lesions and 15
of 212 rough lesions had grade II atypical hyperplasia. In add-
ition, there were 58 and 190 patients with grade III dysplasia in
the smooth hypertrophic and rough vocal fold leukoplakia
groups, respectively.

There was a significant relationship between the appearance
of the vocal folds and the degree of dysplasia ( p = 0.000, kappa
value = 0.422). The appearance classification of vocal fold leu-
koplakia is shown in Figure 1.

In Group B, there were 1037, 133 and 465 cases with grade
I, II and III dysplasia, respectively. The constituent ratio of
atypical hyperplasia was significantly different from that in
Group A (100, 61 and 248 cases with grade I, II and III dys-
plasia, respectively, p = 0.000). The percentage of grade I dys-
plasia (1037 out of 1635 patients, 63.4 per cent) was more
than twice that in Group A (100 out of 409 patients, 24.4
per cent, p = 0.000). For grade II and III dysplasia, the results
were the opposite of those for grade I atypical dysplasia
between the groups. The proportions of cases with grade II
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and III dysplasia in Group A were 14.9 per cent (61 out of 409
patients) and 60.6 per cent (248 out of 409 patients), respect-
ively; the corresponding proportions in Group B were 8.1 per
cent (133 out of 1635 patients) and 28.4 per cent (465 out of
1635 patients), respectively. The rates of grade II and III dys-
plasia in Group A were significantly higher than those in
Group B ( p = 0.000). The relevant data are listed in Table 1.

During the follow-up period, 66 patients in Group A and 231
patients in Group B were lost to follow up. Overall, in Group B,
156 out of 886 patients (17.6 per cent) showed recurrence of
lesions and 275 out of 886 patients (31 per cent) showed malig-
nant transformation, which was significantly higher than the
values found in Group A (recurrence rate 10.8 per cent (28
out of 259), cancerous rate 25.9 per cent (67 out of 259), p =
0.000 for both). Nevertheless, the initial curative efficacy in
Group A (63.3 per cent, 164 out of 259 patients) was significantly
better than that in Group B (51.4 per cent, 455 out of 886
patients, p = 0.000). A second or third CO2 laser surgery and par-
tial laryngectomy were performed for recurrent and cancerous
lesions. No deaths occurred at the study endpoint.

Discussion

Vocal fold leukoplakia lesions are associated with a risk of malig-
nancy. However, most published studies reporting the malig-
nancy rate of vocal fold leukoplakia lesions are based on small
sample sizes and their results are quite different. According to
a meta-analysis by Weller et al., the overall malignant transform-
ation rate was 14 per cent and the average cancer duration was
5.8 years (range, 1.8–14.4 years), whereas the malignancy rate
reported by Bouquot et al. ranged from 1 to 40 per cent.7

More importantly, several studies have investigated the rela-
tionship between the degree of dysplasia and the cancer rate.
The reported malignancy rate for mild and moderate dysplasia
was 10.6 per cent, while that for severe dysplasia was 30.4 per
cent.8 According to a systematic review published in 2016, the
rate of malignant transformation ranges from 0 to 41.7 per

cent in mild dysplasia, from 0 to 48.0 per cent in moderate
dysplasia, from 14.3 to 44.4 per cent in severe dysplasia and
from 11.1 to 75 per cent in carcinoma in situ. In general,
the more severe the dysplasia, the greater the risk of cancer.

However, it is worth noting that moderate dysplasia is more
prone to malignant transformation than previously believed.9

Indeed, it is difficult to determine the true malignant trans-
formation rate of vocal fold leukoplakia because of the diffi-
culty in determining the stage of the lesions and whether the
lesions were already cancerous at the beginning without sur-
gery. Currently, surgery is indispensable in determining the
nature of lesions. These studies demonstrated that not all
vocal fold leukoplakia lesions necessarily undergo transform-
ation into laryngeal cancer and that surgical treatment for
this disease can be reduced. Our results also illustrate this
point. In our study, the rates of malignant transformation in
Groups A and B were 25.9 and 31 per cent, respectively.
This probability is within the range reported in the literature.

The cancer rate of patients in Group B was significantly
higher than that in Group A, which seems to imply that
some patients in Group B might not have received timely treat-
ment. From this perspective, treatment decision-making based
on the vocal fold leukoplakia appearance classification could
help to improve the prognosis.

Currently, CO2 laser treatment is the main surgical treat-
ment for vocal fold leukoplakia. However, there have been
few studies of the post-operative recurrence rates of vocal
fold leukoplakia, and the results have been inconsistent. In
published studies, the post-operative recurrence rates of
vocal fold leukoplakia have ranged from 9.5 to 46.4 per
cent.10–13 In the present study, 17.6 per cent of patients in
Group B developed recurrence compared to only 10.8 per
cent of patients in Group A. This recurrence rate is compar-
able to that reported in the literature. However, the difference
is that a subset of patients was treated according to the appear-
ance classification, suggesting that using the appearance classi-
fication of vocal fold leukoplakia to guide treatment could also

Figure 1. Typical images of vocal fold leukoplakia dysplasia (×20 magnification). (a) and (d) Mild atypical hyperplasia and smooth flat vocal fold leukoplakia.
(b) and (e) Moderate atypical hyperplasia and smooth hypertrophic lesion. (c) and (f) Severe atypical hyperplasia with even canceration and rough lesions.
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reduce recurrence compared to the traditional method.
Unfortunately, many patients were lost to follow up and a
more detailed study is needed.

The reported proportion of mild to moderate atypical
hyperplasia in vocal fold leukoplakia ranges from 18.3 to 73
per cent, while the reported proportion of severe atypical
hyperplasia and carcinoma in situ ranges from 5.9 to 35 per
cent.14 In our study, the rate of grade I dysplasia, including
no and mild dysplasia, was as high as 63.4 per cent (1037
out of 1635 patients) in the group treated with the conven-
tional therapeutic approach; the corresponding rate was sig-
nificantly lower in patients treated according to the
appearance classification of vocal fold leukoplakia (24.4 per
cent, 100 out of 409 patients, p = 0.000). Although this method
cannot completely avoid surgical removal of vocal fold leuko-
plakia lesions in grade I dysplasia, it can greatly reduce the sur-
gical treatment for these patients.

The resection rates of lesions with grade II (14.9 per cent, 61
out of 409 patients) and III (60.6 per cent, 248 out of 409
patients) atypical hyperplasias in Group A patients were
much higher than those in Group B patients (grade II 8.1 per
cent, 133 out of 1635 patients; grade III 28.4 per cent, 465
out of 1635 patients) and the published literature. This finding
indicates that severe atypical hyperplasia lesions that should be
surgically treated can be more easily identified using appearance
classification compared to the traditional approach.

In addition, we assessed the relationship between appearance
and pathological classifications. Although the kappa value was

only 0.422, which is a moderate level (0.4 < kappa≤ 0.6), the cor-
relation was statistically significant ( p = 0.000). This outcome
might have been affected by the sample size. The results suggest
that appearance classification is reliable for guiding the treatment
of vocal fold leukoplakia. This approach could reduce unneces-
sary operations and improve therapeutic efficacy.

With the application of narrow band imaging in recent years,
researchers have found that this technique offers good reso-
lution for lesions of various tissues.15 The most important prog-
nostic determinant of vocal fold leukoplakia is the identification
of high-risk lesions before treatment.16,17 Studies have shown
the good efficacy of narrow band imaging in early differenti-
ation between laryngeal carcinoma and precancerous lesions.

The intraepithelial papillary capillary loop of laryngeal pre-
cancerous lesions and carcinomas under narrow band imaging
was first described in detail by Ni et al. The reported sensitivity
and specificity of narrow band imaging for the differentiation of
laryngeal malignant and benign lesions (88.9 and 93.2 per cent,
respectively) were higher than those under white light, espe-
cially for invasive cancer.18 Popek et al. also reported an advan-
tage of narrow band imaging over white light in diagnosing
laryngeal cancer and precancerous lesions.19 However,
Pietruszewska et al. concluded that type III vocal fold leukopla-
kia lesions, according to the appearance classification on white
light imaging, are at risk for malignant transformation, while
with narrow band imaging, type V and VI lesions are at-risk
lesions.20 This finding indicates that appearance classification
also plays a role beyond narrow band imaging in some aspects.

In addition, the interpretation and manipulation of narrow
band imaging require more technical expertise, training and
special equipment, despite its superiority, which are difficult
to achieve for primary healthcare centres, especially in develop-
ing countries. In contrast, the appearance classification of vocal
fold leukoplakia lesions is more economical, useful, simple, fast
and intuitive, and can be applied in medical centres at all levels.

• It is difficult to distinguish high-risk vocal fold leukoplakia without biopsy
• Based on traditional methods, some vocal fold leukoplakia lesions are
surgically treated, but such aggressive therapy may be unnecessary and
leads to improper clinical management

• High consistency between the appearance and dysplasia degree of vocal
fold leukoplakia illustrates the viability of the appearance classification
method of diagnosis

• Compared with the traditional method of diagnosis, the appearance
classification method can significantly reduce recurrence and cancerous
transformation rates

• The appearance classification method can increase the diagnostic
sensitivity and specificity of vocal fold leukoplakia

The present study demonstrated that some patients with vocal
fold leukoplakia, especially those with smooth flat and smooth
hypertrophic lesions, might be overtreated surgically. This situ-
ation could be avoided to some extent if our guidance is applied
according to morphological classification. Our approach could
help to ease the burden on patients and society. Most patients
can be followed up for a relatively long time, and it is advised
that there should be no hurry in performing surgery. If a lesion
changes in size or develops a rough appearance, it is never too
late for surgery. Our results also suggest that the morphological
classification of vocal fold leukoplakia lesions is closely related
to the pathological diagnosis based on surgical specimens.
Our classification method could help to reduce excessive sur-
gery, especially for cases of smooth vocal fold leukoplakia,
and increase the surgical treatment rate for lesions with severe
dysplasia.

Table 1. The outcomes of 1442 vocal fold leukoplakia patients treated with
carbon dioxide laser surgery

Group A Group B p

Total number of patients (n) 325 1117

Age (years) 59 ± 9 61 ± 11 0.595

Sex (n)

– Male 315 1078 0.717

– Female 10 39

Total specimens (n) 409 1635

– Unilateral 241 705

– Bilateral 84 465

Dysplasia degree (n (%))

– I (no and mild) 100 (24.4) 1037 (63.4) 0.000

– II (moderate) 61 (14.9) 133 (20.4) 0.000

– III (severe and
carcinoma in situ)

248 (60.6) 465 (16.2) 0.000

Appearance
classification (n (%))

– Smooth flat 31 (7.6)

– Smooth hypertrophic 161 (39.4)

– Rough 217 (53.1)

Prognosis (n (%))

– Recurrence 28 (10.8) 156 (17.6) 0.000

– Canceration 67 (25.9) 275 (31) 0.000

– Cured 164 (63.3) 455 (51.4) 0.000

– Loss to follow up 66 (20.3) 231 (20.7)

Follow-up period (months (median)) 24–86 (42)
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Conclusion

Our findings suggest that our approach using the appearance
classification could help to improve treatment decision-
making for vocal fold leukoplakia and improve treatment
accuracy and prognosis. Because of the study’s retrospective
nature, unknown sources of bias might have influenced our
results. A prospective study is required to provide more defini-
tive evidence for the clinical value of vocal fold leukoplakia
appearance classification.
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