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Abstract

Objective. To evaluate risk factors for poor prognosis in vocal fold leukoplakia.

Methods. Clinical data were collected for 344 patients with vocal fold leukoplakia who received
surgical treatment in our otolaryngology department from October 2010 to June 2019.
Univariate and multivariate logistic regression analyses of the relevant factors were conducted.
Results. Among the 344 patients, 98 exhibited recurrence and 30 underwent a malignant
change. Multivariate logistic regression analysis showed that size of the lesion (p=0.03,
odds ratio=2.14), form of the lesion under white light (p<0.001), surgical method
(p <0.001, odds ratio=0.28) and pathological type (p <0.001) were independent factors
that affected the recurrence of vocal fold leukoplakia. In both univariate and multivariate ana-
lyses, the sole independent risk factor for malignant transformation of vocal fold leukoplakia
was pathological type (p <0.001).

Conclusion. The outlook for vocal fold leukoplakia depends on several clinical factors, espe-
cially pathological type. The more severe the pathological type, the more likely it is to recur or
become cancerous.

Introduction

A white spot on the vocal fold mucosa is a common sign of vocal fold leukoplakia. It
affects between 1 and 6 per cent of people.' The pathological types of vocal fold leukopla-
kia include hyperplasia, mild dysplasia, moderate dysplasia and severe dysplasia. Surgery
is the preferred treatment option. However, post-operative recurrence and malignant
transformation require additional attention. According to available data, the recurrence
rate of vocal fold leukoplakia ranges between 9.5 and 46.4 per cent.””

Vocal fold leukoplakia recurrence and malignant transformation risk factors are cur-
rently unclear. Some articles have suggested that the recurrence of vocal fold leukoplakia
may be linked to sex, smoking and alcohol consumption. According to Fang et al.,* the
number of peripheral inflammatory indicators is closely related to recurrence and malig-
nant transformation of vocal fold leukoplakia. In addition, blood coagulation status is a
sign of malignant transformation.” However, the impact of the above factors is debatable.

This study aimed to assess the recurrence and malignant transformation rates of vocal
fold leukoplakia with a two-year follow up and to evaluate the impact of clinical factors,
such as lifestyle, pathological categorisation, surgical techniques and morphological clas-
sification, on the outcomes of vocal fold leukoplakia. Thus, we conducted a retrospective
analysis of 344 vocal fold leukoplakia patients.

Materials and methods

We enrolled 344 vocal fold leukoplakia patients who received surgical treatment at The
First Affiliated Hospital of Soochow University from October 2010 to June 2019. The
selection criteria were as follows: (1) video endoscopic evidence of white mucosal lesions
on the vocal folds; and (2) post-operative pathological typing revealing hyperplasia with-
out dysplasia or hyperplasia with mild dysplasia, moderate dysplasia, or severe dysplasia.
The following were the criteria for exclusion: (1) pathological typing revealing vocal
nodules, polyps of the vocal fold, papillomas, laryngocarcinoma or a specific infection;
(2) vocal fold leukoplakia surgical history; and (3) non-adherence to post-operative
recommendations, such as quitting harmful behaviours. The ethics committee of The
First Affiliated Hospital of Soochow University reviewed and approved this study.

We gathered data on the following variables: age, sex, disease course, smoking
history, excessive alcohol use, site of the lesion, size of the lesion, anterior commissure involve-
ment, morphological categorisation, surgical method, pathological type, neutrophil-
to-lymphocyte ratio, monocyte-to-lymphocyte ratio and fibrinogen level. The requirements
for excessive alcohol intake were 40 g per day for more than four times per week and over
six months. Twenty packs per year for more than six months was the smoking criterion.
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Figure 1. Morphological types of vocal fold leukoplakia according to Chen and colleagues’ white-light 2019 classification system: (a) I, smooth and flat; (b) I,

smooth and elevated; and (c) Ill, rough.”

The size of lesions was graded, according to Young et al.,’
as either less than 50 per cent (the sum of all leukoplakia is less
than half the length of one entire vocal fold) or 50 per cent or
more (the sum of all leukoplakia is half or more than half the
length of one entire vocal fold).

According to Chen and colleagues’ white-light 2019 classi-
fication system,” there are three morphological types of vocal
fold leukoplakia (Figure 1): I, smooth and flat; II, smooth
and elevated; and III, rough. All blood samples were obtained
2 days prior to the operation.

Traditionally, lesions are often treated surgically with cold
instruments. Recently, carbon dioxide (CO,) laser surgical
procedures have dominated. Each patient underwent a video
endoscopic examination every three months for the first six
months and then every six months thereafter. The follow-up
period lasted two years. It was recommended that patients
abstain from smoking and drinking alcohol after surgery.

We conducted the statistical analysis using the SPSS version
22.0 program. The Kruskal-Wallis test was used to assess the
disparities between the three groups. The count data are dis-
played as percentages, which were validated using Pearson’s chi-
square test. The skewed measurement data were expressed as
median (lower quartile (Q1), upper quartile (Q3)) values, and
analysed using the Mann-Whitney U test. Logistic regression
analysis was used to evaluate the link between recurrence or
malignant transformation and potential clinical variables. A
two-sided p < 0.05 was considered statistically significant.

Results

Our study enrolled 344 individuals, including 334 males and
10 females. The median patient age was 60 + 9.8 years. The
average disease course was 7.2+49 months. A total of
202 patients (58.7 per cent) were smokers, and 188 patients
(54.7 per cent) consumed alcohol excessively. There were
148 patients (43.0 per cent) with bilateral lesions. Sixty-two
patients (18 per cent) exhibited anterior commissure involve-
ment. A total of 106 individuals (30.8 per cent) had a lesion
size of 50 per cent or more (the sum of all leukoplakia was
half or more than half the length of one entire vocal fold).
Ninety-eight individuals exhibited recurrence (28.5 per cent),
while 30 patients (8.7 per cent) had squamous cell carcinomas
(demonstrating a malignant change). Recurrence was unrelated

https://doi.org/10.1017/50022215123000762 Published online by Cambridge University Press

to age, disease course, smoking, excessive alcohol consumption,
anterior commissure involvement, neutrophil-to-lymphocyte
ratio, monocyte-to-lymphocyte ratio or fibrinogen level.
Table 1 summarises the clinical features.

The multivariate analysis showed that lesion size was an
independent prognostic factor for vocal fold leukoplakia
(p=0.03, odds ratio=2.14, 95 per cent confidence interval
(CI) =1.10-4.16; Table 2). Regarding Chen and colleagues’
white-light classification, of the 344 patients, 269 were stage
I, with 43 having recurrence, 58 were stage II, with 39 having
recurrence (compared to stage I, p <0.001, odds ratio = 14.15,
95 per cent CI =6.68-29.94; Table 2), and 17 were stage III,
with 16 having recurrence (compared to stage I, p <0.001,
odds ratio=63.26, 95 per cent CI=6.47-618.83; Table 2).
Figure 2 shows Chen and colleagues’” white-light classification
system grading according to recurrence.

A total of 251 patients underwent CO, laser surgery, of
whom 62 exhibited recurrence. The other 93 patients under-
went traditional surgery with cold instruments, of whom 36
exhibited recurrence. In multivariate analysis, the surgical
method was an independent prognostic factor for the recur-
rence of vocal fold leukoplakia (p <0.001, odds ratio =0.28,
95 per cent CI=0.14-0.57; Table 2).

The pathological type was: hyperplasia without dysplasia in
188 patients, and 30 of these patients had recurrence; mild-
moderate dysplasia in 126 patients, 43 of whom had recur-
rence (compared with the hyperplasia without dysplasia
group, p<0.001, odds ratio=3.84, 95 per cent CI=1.88-
7.83; Table 2); and severe dysplasia in 30 patients, 25 of
whom had recurrence (compared with the hyperplasia without
dysplasia group, p <0.001, odds ratio = 30.34, 95 per cent CI =
9.80-103.38; Table 2). The relationship between the patho-
logical type and recurrence is shown in Figure 3. The univari-
ate and multivariate analyses illustrated that pathological
type was closely tied to recurrence as an independent risk
factor (p <0.001; Tables 1 and 2).

When investigating malignant transformation, 1 patient
with hyperplasia without dysplasia, and 12 patients with
mild-moderate dysplasia, had malignant transformation
(compared with the non-dysplasia group, p=0.007, odds
ratio = 16.99, 95 per cent CI=2.16-133.86; Table 3), and 25
patients with severe dysplasia had malignant transformation
(compared with the non-dysplasia group, p<0.001, odds
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Table 1. Relationship between clinical factors and poor prognosis of vocal fold leukoplakia

Malignant

Recurrence? (n) transformation? (n)
Variables Value Yes No p Yes No p
Gender (n (%)) 0.64 1.0
- Male 334 (97.1) 94 240 29 305
- Female 10 (2.9) 4 6 1 9
Age (years) (n (%)) 0.11 0.38
- <60 164 (47.7) 40 124 12 152
- >60 180 (52.3) 58 122 18 162
Disease course (months) (n (%)) 0.88 0.33
- <6 212 (61.6) 61 151 16 196
->6 132 (38.4) 37 95 14 118
Smoker? (n (%)) 0.003 0.004
- Yes 202 (58.7) 70 132 25 177
- No 142 (41.3) 28 114 5 137
Excessive consumption of alcohol? (n (%)) 0.41 0.20
- Yes 188 (54.7) 57 131 13 175
- No 156 (45.3) 41 115 17 139
Side of lesion (n (%)) 0.16 0.11
- Unilateral 196 (57.0) 50 146 13 183
- Bilateral 148 (43.0) 48 100 17 131
Size of lesion* (n (%)) 0.01 0.47
- <50% 238 (69.2) 58 180 19 219
- >50% 106 (30.8) 40 66 11 95
Anterior commissure involved? (n (%)) <0.001 0.005
- Yes 62 (18.0) 29 33 11 51
- No 282 (82.0) 69 213 19 263
Chen et al. white-light classification (n (%)) <0.001 <0.001
- Stage | 269 (78.2) 43 226 17 252
- Stage Il 58 (16.9) 39 19 5 53
- Stage Il 17 (4.9) 16 1 8 9
Operation type (n (%)) 0.01 0.21
- CO, laser surgery 251 (73.0) 62 189 19 232
- Traditional surgery 93 (27.0) 36 57 11 82
NLR (median (Q1, Q3)) 2.67 (1.81, 4.24) 98 246 0.98 30 314 0.90
MLR (median (Q1, Q3)) 0.34 (0.23, 0.51) 98 246 0.53 30 314 0.13
Fibrinogen (median (Q1, Q3)) 2.96 (2.46, 3.69) 98 246 0.35 30 314 0.95
Pathology (n (%)) <0.001 <0.001
- Hyperplasia with non-dysplasia 188 (54.7) 30 158 1 187
- Mild-moderate dysplasia 126 (36.6) 43 83 12 114
- Severe dysplasia 30 (8.7) 25 5 17 13

*The size of lesions was graded, according to Young et al.,° as either less than 50 per cent (the sum of all leukoplakia is less than half the length of one entire vocal fold) or 50 per cent or
more (the sum of all leukoplakia is half or more than half the length of one entire vocal fold). CO, = carbon dioxide; NLR = neutrophil-to-lymphocyte ratio; Q1 =upper quartile; Q3 = lower

quartile; MLR = monocyte-to-lymphocyte ratio

ratio = 160.98, 95 per cent CI = 19.17-1352; Table 3). Figure 4
depicts the pathological type according to malignant trans-
formation. The univariate and multivariate analyses revealed
that pathological type was the sole independent risk factor
(p<0.001; Tables 1 and 3). Age, sex, disease course, smoking,
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excessive alcohol consumption, size and location of the lesion,
surgical method, white-light classification, anterior commis-
sure involvement, inflammatory markers and fibrinogen level
had no statistically significant association with vocal fold leu-
koplakia malignant transformation.
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Table 2. Multivariate analysis of factors for recurrence of vocal fold leukoplakia

Factor OR 95% CI P

Size of lesion*

- <50% 1

- >50% 2.14 1.10-4.16 0.03
Chen et al. white-light

classification

- Stage | 1

- Stage Il 14.15" 6.68-29.94" <0.001
- Stage Il 63.26" 6.47-618.83" <0.001
Operation type

- Traditional surgery 1

- CO, laser surgery 0.28 0.14-0.57 <0.001
Pathology

- Hyperplasia with 1

non-dysplasia

- Mild-moderate dysplasia 3.84** 1.88-7.83** <0.001
- Severe dysplasia 30.34° 9.80-103.38° <0.001
Smoker?

- No 1

- Yes 1.84 0.95-3.57 0.07
Anterior commissure

involved?

- No 1

- Yes 0.60 0.27-1.35 0.21

*The size of lesions was graded, according to Young et al.,® as either less than 50 per cent
(the sum of all leukoplakia is less than half the length of one entire vocal fold) or 50 per cent
or more (the sum of all leukoplakia is half or more than half the length of one entire vocal
fold). "Stage Il versus stage I. *Stage Ill versus stage I. **Mild-moderate dysplasia versus
hyperplasia with non-dysplasia. *Severe dysplasia versus hyperplasia with non-dysplasia.
OR = odds ratio; Cl=confidence interval; CO, = carbon dioxide

Discussion

The prognosis of vocal fold leukoplakia after surgery is of great
concern. Published studies have focused on the roles of age,
sex and lifestyle habits, such as alcohol consumption and

smoking, as risk factors for vocal fold leukoplakia
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Figure 2. White-light classification stage according to recurrence.
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Figure 3. Pathological type according to recurrence.

recurrence.™° In our study, sex, age, smoking and alcohol
abuse were not associated with recurrence or malignant trans-
formation. The strict control of alcohol and tobacco may have
contributed to this result. One article has suggested that anter-
ior commissure involvement increases the possibility of malig-
nant transformation of vocal fold leukoplakia.'’ In contrast,
our study found no difference, similar to the study by Fang
et al.* Sufficient exposure and radical resection of the lesion
may have contributed to this outcome. An increasing number
of reports have indicated that fibrinogen is related to tumour

Table 3. Multivariate analysis of factors for malignant transformation of vocal
fold leukoplakia

Factor OR 95% CI p
Anterior commissure

involved?

- No 1

- Yes 0.78 0.25-2.43 0.67
Chen et al. white-light

classification

Stage | 1

Stage Il 0.83* 0.25-2.83* 0.77
Stage Il 3.50" 0.72-16.95" 0.12
Smoker?

- No 1

- Yes 191 0.63-5.80 0.26
Pathology

- Hyperplasia with 1

non-dysplasia

- Mild-moderate dysplasia 16.99 2.16-133.86" 0.007
- Severe dysplasia 160.98** 19.17-1352** <0.001

*Stage Il versus stage |. 'Stage IIl versus stage I. *Mild-moderate dysplasia versus
hyperplasia with non-dysplasia. **Severe dysplasia versus hyperplasia with non-dysplasia.
OR = odds ratio; Cl = confidence interval
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Figure 4. Pathological type according to malignant transformation.

growth and metastasis.'>"> Vocal fold leukoplakia is consid-
ered a pre-cancerous lesion, but in our study there was insuf-
ficient evidence to demonstrate this relationship.

Lesion size is a representative clinical characteristic of vocal
fold leukoplakia. We found that the size of the lesion correlates
with the recurrence of vocal fold leukoplakia. Lesion size graded
as 50 per cent or more (whereby the sum of all leukoplakia is
half or more than half the length of one entire vocal fold)
had a higher recurrence risk than lesions graded as less than
50 per cent (in which the sum of all leukoplakia is less than
half the length of one entire vocal fold) (p =0.03, odds ratio
=2.14), similar to the findings of Lee et all* Consequently,
patients with larger lesions should receive greater attention.

Video endoscopy is an essential strategy for diagnosing
vocal fold leukoplakia. According to Chen et al,” there are
three lesion types (I, smooth and flat; II, smooth and elevated;
III, rough) that are related to the post-operative pathological
type. Our study demonstrated that lesion form under white
light is an independent factor influencing the outcome (p <
0.001). Extended resection may be the key to reducing recur-
rence, especially for the rough type (type III). Narrow band
imaging can also be used to differentiate between benign
and malignant lesions.'®> However, we did not have access to
the equipment for conducting narrow band imaging inspec-
tions of the patients treated early in this cohort. In a future
study, we will combine white light with narrow band imaging
to assess the lesions.

Surgery is a common treatment for vocal fold leukoplakia.
We revealed that, compared with cold instruments, the CO,
laser could effectively control the recurrence of vocal fold leuko-
plakia, in both the univariate analysis ( p <0.001) and the multi-
variate analysis (p < 0.001, odds ratio = 0.28). The CO, laser has
various advantages, including high brightness, a high energy
conversion rate, less bleeding and greater precision; therefore,
CO, laser surgery is an effective treatment.”">™'®

The pathological type of vocal fold leukoplakia varies from
hyperplasia to severe dysplasia. In retrospective research,
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Dispenza et al."” found that the recurrence rate of mild dyspla-
sia treated using surgery with cold instruments was 13 per
cent, and that of moderate dysplasia was 29 per cent. Gallo
et al”® found that the recurrence rate after CO, surgery
increased with increasing pathological heterogeneity, but
moderate dysplasia had a higher malignant transformation
rate than severe dysplasia (21.42 vs 9.37 per cent). In a
meta-analysis, Weller et al?' observed that the recurrence
and malignant transformation probability increased as the
histopathological type increased. Consistent with Weller
et al,”" our results revealed that a worse histopathological
type was associated with a worse prognosis, including recur-
rence (p<0.001) and malignant transformation (p <0.001).
In addition to resecting the lesion completely, individuals
with worse histopathological types should receive greater
attention during follow up.

There is a hypothesis that cancer originates from an inflam-
matory infection area.”” Fang et al.* verified that inflammatory
markers (neutrophil-to-lymphocyte ratio, monocyte-to-
lymphocyte ratio, platelet-to-lymphocyte ratio), particularly
neutrophil-to-lymphocyte ratio, are attributed to the develop-
ment of vocal fold leukoplakia, which contradicts our findings.
Notably, there was no multivariate analysis or other correlating
variables in that study, which may have contributed to the
disparity.

« Vocal fold leukoplakia may recur or become cancerous, but risk factors
are currently unclear

This study, based on both univariate analysis and multivariate analysis,
investigated more factors than previous research

« The results show that lesion size, lesion form under white light, surgical
method and pathological type are independent factors for vocal fold
leukoplakia recurrence

Pathological type is the sole independent risk factor for malignant
transformation of vocal fold leukoplakia

High-quality prospective studies with longer follow up are needed to
further identify suspicious risk factors

The strength of our study is that we considered more factors
than other studies. We used both univariate analysis and
multivariate analysis to obtain convincing results. However,
our study has some limitations, such as the need for geograph-
ical factors and the short follow-up period. We need high-
quality prospective studies to identify suspicious risk factors
in the future.

Conclusion

This research reveals that the prognosis of vocal fold leukopla-
kia is closely related to lesion size, operation method, lesion
form under white light and pathological type. The severity
of the pathology increases the likelihood of recurrence and
malignant transformation.
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