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Abstract     

Previous studies have shown that the presence of white substance on the 

esophageal mucosa is associated with tumor lesions of the flat esophageal 

mucosa. Since the early lesions of esophageal mucosa are mostly flat, we 

reasoned that the white substance might also be indicative of early 

esophageal squamous cell carcinoma and precancerous lesions. Objective: 

To investigate the diagnostic value of white substance in the detection of 

flat esophageal mucosal lesions and precancerous lesions associated with 

early esophageal squamous cell carcinoma Methods: Clinical and 

pathological data of patients diagnosed with flat esophageal mucosal 

disease were collected at the Affiliated Hospital of North Sichuan 

Medical College. The lesions were divided into a neoplastic group and a 

non-neoplastic group, and the clinicopathological differences between the 
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groups were analyzed. The patients were also divided into two groups 

based on the presence of white substance after endoscopic examination: a 

“white substance” group and a “non-white substance” group. The 

differences in sex, age, lesion location, pathological degree, pathological 

nature (neoplasm and non-neoplasm), and pathological results between 

the two groups were analyzed. The diagnostic value of white substance 

for detection of early esophageal squamous cell carcinoma and related 

precancerous lesions was calculated and the pathological nature of white 

substance inferred. Results: In total, 183 patients with flat esophageal 

mucosal lesions were enrolled, including 92 (50.3%) with neoplastic 

lesions and 91 (49.7%) with non-neoplastic lesions. Forty-nine cases 

(26.8%) presented white substance in the esophageal mucosa. White 

substance was mainly found in female patients (57.1%), middle 

esophagus (75.5%), and 60-69-year-old patients (51.0%). Moreover, 

white substance was more frequently found in neoplastic than in 

non-neoplastic lesions (43.5% vs. 11.0%, p < 0.05). Consistently, 

neoplastic lesions were more represented in the white substance group 

than in the non-white substance group and the difference was statistically 

significant (79.6 vs. 20.4%, p < 0.05). Fifty-one percent of the patients in 

the white substance group, but only 26.1% of those in the non-white 

substance group, had hyperkeratosis and necrosis, and the difference was 

statistically significant (p < 0.05). The diagnostic sensitivity of white 



substance for detection of early esophageal squamous cell carcinoma and 

precancerous lesions was 42.4% (95% CI, 32.8%–52.6%), the specificity 

89.0% (95% CI, 80.8%–94.1%), the positive predictive value 79.6% (95% 

CI, 66.2%–88.7%), and the negative predictive value 60.4% (95% CI, 

53.0%–68.3%). Conclusions: White substance in the mucosa of flat 

esophageal lesions exhibited high specificity for the diagnosis of early 

esophageal squamous cell carcinoma and precancerous lesions. Thus, the 

presence of white substance in the esophageal mucosa, even in the 

absence of obvious lesions, may reflect the presence of latent early 

esophageal squamous cell carcinoma and precancerous lesions. In these 

cases, careful endoscopy would be recommended. White substance was 

associated with hyperkeratosis and necrosis. However, the mechanism 

behind its occurrence is still unclear and needs further investigation.  

 

Keywords: Flat esophageal mucosal lesions; Early esophageal 

squamous cell carcinoma; Precancerous lesions; High-grade 

intraepithelial neoplasia; White substance; Diagnosis 

 

1. Introduction 

Esophageal cancer (EC) is the sixth deadliest cancer in the world, and 

is distinguished in two main pathological types: squamous cell carcinoma 

and adenocarcinoma
[1, 2]

. In 2012, there were about 450000 cases of 



esophageal cancer worldwide, of which 88% were squamous cell 

carcinomas and 12% adenocarcinomas
[3]

. Esophageal cancer has distinct 

regional characteristics: squamous cell carcinoma is the main type in 

China, the Middle East, and South Africa, while adenocarcinoma is 

typical of Western Europe and North America
[4-6]

. 

Early esophageal cancer (EEC) and precancerous lesions can be 

treated by endoscopic submucosal dissection (ESD), and regular 

endoscopic follow-up can significantly reduce mortality and improve 

prognosis
[4-6]

 Some patients with early esophageal cancer have no specific 

clinical symptoms and poor prognosis
[9-11]

. In the last decade, new 

endoscopic techniques, such as endoscopic ultrasonography and 

electronic staining, have improved the detection rate of early esophageal 

cancer and precancerous lesions, but they are not suitable for large-scale 

screening
[9-11]

. White light endoscopy (WLE) is the most widely used 

endoscopic technique, and the most suitable method to screen esophageal 

mucosal lesions
[13]

. However, despite the presence of macroscopic 

manifestations, some esophageal squamous cell carcinomas (ESCCs) and 

precancerous lesions are occult and flat, and are difficult to detect by 

ordinary white light endoscopy
[14]

. A screening trial among high-risk 

groups of esophageal cancer showed that about 40% of patients with 

early esophageal squamous cell carcinoma and precancerous lesions are 

overlooked by white light endoscopy
[15]

. Although the ability of white 



light endoscopy to diagnose early esophageal cancer and precancerous 

lesions is limited, this approach is widely used as it is relatively easy to 

apply. In fact, it is still the standard method to detect esophageal lesions 

in countries and regions with limited healthcare resources 
[13, 16]

. 

In a previous study, we found that white substance often appears in 

flat-type esophageal mucosal lesions, and has a high diagnostic 

specificity for flat esophageal mucosal neoplasia
[17]

. Early esophageal 

squamous cell carcinoma and precancerous lesions often appear in the 

form of flat esophageal mucosal lesions, which are, therefore, considered 

diagnostically relevant
[18]

. However, since the latter study was 

retrospective, the nature of white substance could not be explored. We 

speculated that the white substance might be associated with 

hyperkeratosis, inflammatory necrosis or other lesions. Thus, to 

investigate the diagnostic value of white substance for early esophageal 

squamous cell carcinoma and precancerous lesions, and explore its 

pathological properties, we retrospectively collected and analyzed the 

clinicopathological data of patients diagnosed with flat esophageal 

mucosal lesions at the Affiliated Hospital of North Sichuan Medical 

College from 2017 to 2019. The demonstration of a diagnostic value of 

white substance for the detection of early esophageal squamous cell 

carcinoma and precancerous lesions may substantially help endoscopists 

improve the diagnostic rate of white light endoscopy, which is 



particularly important for high-risk areas with limited healthcare 

resources. 

 

2. Methods and Patients 

2.1. Definitions 

The following definitions were used in this study: 

White substance: the white substance should meet the following 

characteristics: 1) present a clear boundary; 2) present a white adherent 

surface; 3) it should not be removable by washing (Fig. 1). 

Flat esophageal mucosal lesions: the macroscopic morphology of 

esophageal mucosal lesions conformed to Paris type 0-Ⅱ, with rough or 

uneven color change of the esophageal mucosa or iodine staining without 

color changes, with or without blood texture changes. The nature of the 

lesions could be either neoplastic or non-neoplastic (Fig. 2). 

Neoplastic lesions: included early esophageal squamous cell carcinoma, 

low-grade intraepithelial neoplasia (LIN), and high-grade intraepithelial 

neoplasia (HIN). 

Non-neoplastic lesions: chronic inflammation and squamous 

hyperplasia/thickening, in accordance with the morphological 

characteristics of flat esophageal mucosal lesions. 



 

Fig. 1 White substance has a clear boundary, can be distributed in flakes or as single spots, and 

cannot be easily washed away with water. Its shape is different from that of esophageal 

leukoplakia. 

 

Fig. 2 By white light endoscopy, the esophageal mucosa appears slightly rough and focally eroded 

but there is no obvious narrowing, ulcer or mass. The focal achromatic area can be detected by 

iodine staining. 

Hyperkeratosis: this term refers to the excessive thickening of the 

cuticle of mucocutaneous skin, which can occur in any part of the human 

body, often because of the exposure to chemicals or viruses (Fig. 3). 



 

Fig. 3 Hyperkeratosis (400 × magnification): the cell boundaries are unclear, the nucleus is not 

observable, and hyperkeratosis is clearly accompanied by the thickening of the granular layer and 

by obviously abnormal hyaluronic granules. 

 

2.2. Patients 

The patients included in this study underwent endoscopy at the 

Gastroenterology Center of the Affiliated Hospital of North Sichuan 

Medical College from 2017 to 2019 for various reasons. They were 

diagnosed with esophageal mucosal lesions after examination by different 

endoscopists. The patients diagnosed with early esophageal squamous cell 

carcinoma and precancerous lesions underwent the relevant auxiliary 

examinations at the Affiliated Hospital of North Sichuan Medical College 

to exclude metastasis, followed by ESD. Complete auxiliary examination 

results and postoperative pathological data were available for these 

patients. 

 

2.3. Research foundation 



All endoscopic images were obtained from the Digestive Endoscopy 

Center of the Affiliated Hospital of North Sichuan Medical College, an 

advanced medical center in a Chinese area with high incidence of EC. All 

endoscopic examinations and diagnoses were performed by endoscopists 

with more than 2 years of experience. High-resolution white light imaging 

endoscopy (EVIS LUCERA CLV-260; Olympus, Tokyo, Japan) and a 

video processor (EVIS LUCERA CLV-260; Olympus) were used. The 

pathological specimens were evaluated by senior pathologists. The study 

was approved by the Ethics Committee of the Affiliated Hospital of North 

Sichuan Medical College, and because of its retrospective nature, 

informed consent from patients was not required. 

 

2.4. Inclusion and exclusion criteria 

2.4.1. Inclusion criteria: 

(1) Esophageal lesions conformed to the characteristics of flat esophageal 

mucosal lesions. 

(2) Complete pathological data and corresponding auxiliary examination 

results were available. 

(3) The endoscopic picture was clear.  

2.4.2. Exclusion criteria: 

(1) The patients presented other neoplasias or immunodeficiency. 

(2) The pathological specimens were seriously deteriorated and could not 



be examined. 

(3) The pathological findings were suggestive of adenocarcinoma or 

Barrett's esophagus. 

 

2.5. Methods 

Step1: The clinicopathological data (including general information, 

endoscopic images, pathological results, and other auxiliary examination 

results) of patients with flat esophageal mucosal lesions diagnosed in our 

hospital from 2017 to 2019 were retrospectively collected and analyzed 

according to the research objectives, and all eligible patients were 

screened according to the inclusion and exclusion criteria. 

Step2: The pathological specimens of the patients included in the 

study were interpreted twice by senior pathologists and the pathological 

results were recorded. According to the nature of the lesions, the selected 

patients were divided into a neoplastic lesion group and a non-neoplastic 

lesion group, and the clinicopathological characteristics of each group 

were recorded. 

Step 3: The endoscopic images were reviewed by two experienced 

endoscopists, and the presence and distribution of white substance were 

recorded. The patients were divided into a „white substance group‟ and a 

„non-white substance group‟, and the clinicopathological characteristics 

of the two groups were recorded. 



Step 4: A comprehensive analysis of clinicopathological data in each 

group was performed by using professional statistical methods and 

software (Fig. 4). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4 Flow diagram of patients enrolled in this study 

 

2.6. Statistical methods 

Patients with esophageal mucosal lesions 

diagnosed in hospital from 2017 to 2019 

(n=4785) 

Patients diagnosed with flat 

esophageal mucosal lesions (n=204) 

Exclusion: esophageal 

adenocarcinoma, severe deterioration 

of pathological specimens (n=21) 

Final patients (n=183) 

Neoplastic lesion group 

(n=92) 

Non-neoplastic lesion 

group (n=91) 



Data were statistically analyzed by using SPSS V.22.0 software, and 

categorical data were compared using the chi-square test or Fisher's exact 

test. To evaluate the diagnostic value of white substance for early 

esophageal squamous cell carcinoma and precancerous lesions, the 

sensitivity, specificity, and corresponding 95% confidence interval (CI) 

were considered. The positive predictive value (PPV) and negative 

predictive value (NPV) were calculated using standard formulas. 

Two-tailed p < 0.05 was considered statistically significant. 

 

3. Results 

From 2017 to 2019, 4785 patients underwent upper gastrointestinal 

endoscopy and pathological biopsy at the Endoscopy Center of North 

Sichuan Medical Affiliated Hospital due to the presence of esophageal 

mucosal lesions. Of the 204 patients who met the inclusion criteria, 21 

were excluded due to the presence of other neoplasias or severe alteration 

of the pathological specimens. Finally, the clinicopathological data of 183 

patients with flat esophageal mucosal lesions were statistically analyzed. 

 

3.1 Age distribution of neoplastic and non-neoplastic patients with 

flat esophageal mucosal lesions 

The mean age of 183 patients with flat esophageal mucosal lesions 

was 61.7 years. The number of patients with neoplastic lesions increased 



with age, reaching a peak of 49 (38.8%) at the age of 60-69 years, and 

declining to 16 (17.4%) at the age of 70-79 years. Patients with 

non-neoplastic lesions were rare before age 40, but their number was 

comparable across age groups after age 40 (Fig. 5). 

 

Figure 5. Age distribution of neoplastic and non-neoplastic lesions 

 

3.2. Clinical and pathological characteristics of patients with flat 

esophageal mucosal lesions 

Flat esophageal mucosal lesions were more frequent among male than 

female patients (57.9% vs.42.1%). Most lesions were located in the 

middle part of the esophagus (71.7%). The most numerous age groups 

consisted of patients aged 60-69 years (71 patients, 38.8%). Of these, 92 

(50.3%) had neoplastic lesions and 91 (49.7%) non-neoplastic lesions. 

Pathological examination revealed 47 cases of hyperkeratosis (25.7%), 8 

cases of necrosis (4.4%), 60 cases of hyperkeratosis combined with 
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necrosis (32.8%), 68 cases without keratosis or necrosis (37.2%). White 

substance was present in 49 patients with flat esophageal mucosal lesions, 

accounting for 26.8% of the total population. The basic characteristics of 

patients with flat esophageal mucosal lesions are shown in Table 1. 

Table 1. Basic characteristics of patients with flat esophageal mucosal 

lesions (n=183) 

items results 

Sex, n (%)  

Males 

Females  

106 (57.9%) 

77 (42.1%) 

Age, n (%)  

<40 years  4 (2.2%) 

40–49 years  23 (12.6%) 

50–59 years  45 (24.6%) 

60–69 years  71 (38.8%) 

70–79 years  40 (21.9%) 

Lesion location, n (%)  

Upper segment esophagus 

Middle segment esophagus  

Lower segment esophagus 

22 (12.0%) 

132 (72.1%) 

29 (15.9%)  

Nature of the lesion, n (%)  

Neoplastic lesions  92 (50.3%) 

Non-neoplastic lesions 91 (49.7%) 

Pathological results, n (%)  

Necrosis 8 (4.4%) 

Hyperkeratosis 47 (25.7%) 



Hyperkeratosis with necrosis  60 (32.8%) 

No hyperkeratosis or necrosis 68 (37.2%) 

White substance, n (%)  

Presence  49 (26.8%) 

Absence 134 (73.2%) 

 

3.3. Clinical and pathological differences between patients with 

neoplastic and non-neoplastic lesions 

Neoplastic lesions were mostly found in males (53.3%). The lesions 

were mostly located in the middle esophagus (81.5%), and patients aged 

60–69 years presented the largest proportion of lesions (53.3%). 

Hyperkeratosis and necrosis were more common in patients with 

neoplastic lesions (63.0%), while 69.2% patients with non-neoplastic 

lesions had neither hyperkeratosis nor necrosis. White substance was 

mostly found in the neoplastic lesion group (43.5% vs.11.0%, p < 0.001). 

The clinical and pathological characteristics of the neoplastic and 

non-neoplastic group are shown in Table 2. 

z 

 

Table 2. Clinical and pathological characteristics of neoplastic and 

non-neoplastic patients 

items Neoplastic group 

(n=92) 
Non-neoplastic group 

(n=91) 
p-value 



Sex, n (%)   
P =0.199 

Males  49 (53.3%) 57 (62.6%)  

Females 43 (46.7%) 34 (37.4%) 
 

Age, n (%)   P <0.001 

<40 years  2 (2.2%) 2 (2.2%) 
 

40–49 years  5 (5.4%) 18 (19.8%) 
 

50–59 years  20 (21.7%) 20 (21.7%) 
 

60–69 years  49 (53.3%) 22 (24.1%) 
 

70–79 years  16 (17.4%)  24 (26.4%) 
 

Lesion location, n (%)   P =0.016 

Upper esophagus   8 (8.7%) 14 (15.4%) 
 

Middle esophagus 75 (81.5%) 57 (62.6%) 
 

Lower esophagus 9 (9.8%) 20 (22.0%) 
 

Pathological results, n (%)   p < 0.001 

Necrosis 2 (2.2%) 6 (6.6%) 
         

Hyperkeratosis  27 (29.3%) 20 (22.0%)  

Hyperkeratosis with 

necrosis 

58 (63.0%) 2 (2.2%)  

No hyperkeratosis or 

necrosis  

5 (5.4%) 63 (69.2%) 
 

White substance, n (%)   p < 0.001 

Presence 39 (43.5%) 10 (11.0%) 
 

Absence 53 (56.5%) 81 (89.0%) 
 

 

3.4. Clinicopathological differences between the white substance 



group and the non-white substance group 

Of the patients included in the study, 49 had white substance in the 

esophageal mucosa, accounting for 26.8% of total patients. White 

substance was more common in female patients (57.1%), predominantly 

located in the middle esophagus (78.38%), and was most frequently found 

in the 60–69 year age group (51.0%). Patients of the white substance 

group had more neoplastic lesions than non-neoplastic lesions (79.6% vs 

20.4%, p < 0.05), whereas there was no statistical significance in the 

neoplastic lesion group (p > 0.05). The hyperkeratosis/necrosis 

combination was observed in 51% of the patients with white substance, 

but only in 26.1% of those of the non-white substance group, and the 

difference was statistically significant (p < 0.05). The differences in 

clinicopathological characteristics between patients with and without 

white substance are shown in Table 3. 

Table 3 Clinicopathological differences between patients with and 

without white substance. 

items Presence (n=49) Absence (n=134)  p-value 

Sex, n (%)   p = 0.013 

Males  21 (42.9%) 85 (63.4%)  

Females 28 (57.1%) 49 (36.6%)  

Age, n (%)   p = 0.018 

<40 years  3 (6.1%)  1 (0.7%)  



40–49 years  5 (10.2%) 18 (13.4%)  

50–59 years  11 (22.4%) 34 (25.4%)  

60–69 years  25 (51.0%) 46 (34.3%)  

70–79 years  5 (10.2%) 35 (26.1%)  

Lesion location, n (%)     p = 0.424 

Upper esophagus 7 (14.3%) 15 (11.2%)  

Middle esophagus 37 (75.5%) 95 (70.9%)  

Lower esophagus 5 (10.2%) 24 (17.9%)  

Nature of the lesion, n (%)   p < 0.001 

Non-neoplastic lesions 10 (20.4%) 81 (60.4%)  

Neoplastic lesions 39 (79.6%) 53 (39.6%) p = 0.962 

LIN  10 (27.03%) 15 (22.73%)  

HIN 20 (54.05%) 25 (54.55%)  

Early carcinoma 9 (18.92%) 13 (22.73%)  

Pathological results, n (%)   p = 0.011 

Necrosis  2 (4.2%) 6 (4.5%)  

Hyperkeratosis 11 (22.4%) 36 (26.9%)  

Hyperkeratosis with necrosis 25 (51%) 35 (26.1%)  

No hyperkeratosis or necrosis 11 (22.4%) 57 (42.5%)  

 

3.5. Diagnostic value of white substance for early esophageal 

squamous cell carcinoma and precancerous lesions 

The overall distribution rate of white substance was 26.8%, 42.4%, 

and 11.0% among patients with flat esophageal mucosal lesions, 

neoplastic lesions, and non-neoplastic lesions, respectively, and the 



differences were statistically significant (p < 0.05). The prevalence of 

early esophageal squamous cell carcinoma and precancerous lesions 

among patients with flat esophageal mucosal lesions was 50.3% (95% CI, 

43.1%–57.4%). The diagnostic sensitivity of white substance in the 

esophageal mucosa for early esophageal squamous cell carcinoma and 

precancerous lesions was 42.4% (95% CI, 32.8% –52.6%), the specificity 

89.0% (95% CI, 80.8%–94.1%), the PPV 79.6% (95% CI, 66.2%–  

88.7%), and the NPV 60.4% (95% CI, 53.0% –68.3%) (Table 4). 

Table 4. Diagnostic value of white substance for early esophageal 

squamous cell carcinoma and intraepithelial neoplasia 

items results  

Prevalence (95% CI) 50.3% (43.1–57.4%)  

Sensitivity (95% CI) 42.4% (32.8–52.6%)  

Specificity (95% CI) 89.0% (80.8–94.1%)  

Positive predictive value (95% CI)  79.6% (66.2–88.7%)  

Negative predictive value (95% CI) 60.4% (53.0–68.3%)  

 

4. Discussion  

The treatment and prognosis of esophageal cancer depend on the 

stage of the lesion. Therefore, early diagnosis is extremely important
[19]

. 

White light endoscopy is cost-effective and can be carried out in primary 

medical units. It is still the main screening method in areas with high 



incidence of ESCC. Some early ESCC and precancerous lesions have 

occult onset, In these patients, the mucosa appears macroscopically 

normal. These lesions are difficult to detect by white light endoscopy, 

resulting in missed diagnosis
[20]

. In this study, white substance could be 

observed by white light endoscopy without additional staining or other 

high-end endoscopic techniques, thus minimizing the risk of missed 

diagnosis. 

Our data showed that the incidence of early esophageal squamous cell 

carcinoma and precancerous lesions among patients with flat esophageal 

mucosal lesions was low before 40 years of age, and gradually increased 

after this age, reaching a peak at 60–69 years, with lesions mostly located 

in the middle esophagus. Therefore, in areas with high incidence of ESCC, 

the presence of early esophageal cancer and precancerous lesions should 

be monitored in patients over 40 years of age presenting with flat 

esophageal mucosal lesions in the middle esophagus. 

The frequency of white substance was much higher among patients 

with neoplastic lesions compared to patients with non-neoplastic lesions 

(43.5% vs.11.0%, p < 0.05), and the frequency of neoplastic lesions in the 

white substance group was significantly higher than in the non-white 

substance group (79.6% vs.39.6%, p < 0.05). This indicated that white 

substance was closely related to early esophageal squamous cell 

carcinoma and precancerous lesions, and could be used as an endoscopic 



marker. 

White substance exhibited high specificity and PPV for the 

diagnosis of early esophageal squamous cell carcinoma and precancerous 

lesions, independently of lesion location and extent. The detection of this 

white material anywhere in the esophageal mucosa by white light 

endoscopy should alert clinicians to the chance of early esophageal 

squamous cell carcinoma and precancerous lesions, even in the absence 

of obvious abnormalities. Notably, due to the lack of adequate sensitivity, 

high-quality endoscopy should be performed whenever possible in 

patients at high risk for esophageal neoplasia in high-risk areas, even in 

the absence of white substance in the esophageal mucosa.             

The data of this study indicated that the presence of white substance 

might reflect hyperkeratosis with some necrosis. Hyperkeratosis is a 

common lesion in the head and neck, and its risk factors include smoking, 

alcohol, age, and low socioeconomic status
[21-23]

. There was no 

hyperkeratosis in normal oral, esophageal and throat mucosa. A previous 

study showed that hyperkeratosis is associated with esophageal squamous 

epithelial neoplasia and head and neck squamous epithelial lesions, but 

the specific pathogenetic mechanism remains unclear
[24]

. In this study, 

hyperkeratosis combined with necrosis was found to be much more 

frequent in patients with neoplastic lesions than in those with 

non-neoplastic lesions (63.0% vs.2.2%, p < 0.05), suggesting that the 



combination of hyperkeratosis and necrosis was associated with early 

esophageal squamous cell carcinoma and related precancerous lesions. 

However, to date, few studies have investigated the association between 

hyperkeratosis and ESCC, and the pathogenetic mechanism is still 

unclear. 

The results of this study showed that white substance was more 

common in females and patients aged 60-69 years (p < 0.05), but its 

incidence was not affected by lesion location and extent (low-grade, 

high-grade intraepithelial neoplasia, early squamous cell carcinoma) (p > 

0.05). Previous studies showed that the distribution of white substance is 

not affected by sex or age (p > 0.05)
[17]

. This discrepancy may be because 

these previous studies were retrospective, and based on incomplete data 

on invasion depth, tumor metastasis, and other aspects. This may have led 

to the consideration of advanced tumors or adenocarcinomas as 

neoplastic lesions. In the present study, distant metastasis was excluded 

by auxiliary examination in all patients with neoplastic lesions, which 

were confirmed to be early esophageal squamous cell carcinomas and 

precancerous lesions by postoperative pathological examination. 

The white substance of esophageal mucosa is of significance in the 

diagnosis of early esophageal squamous cell carcinoma and precancerous 

lesions. Moreover, it can be observed by white light endoscopy without 

additional staining or other high-level endoscopic techniques. White 



substance may help endoscopists detect hidden esophageal mucosal 

lesions, especially in primary medical units or areas with poor medical 

resources, to reduce missed diagnosis and improve prognosis.  

There are a few shortcomings in this study. For example, the number 

of patients included in the study was small, and the results could be 

biased. 

 

5. Conclusions 

Among subjects with flat esophageal mucosal lesions, white 

substance was most common in female patients of 60–69 years of age, 

and was predominantly found in the middle esophagus. White substance 

was a highly specific diagnostic marker for early esophageal squamous 

cell carcinoma and precancerous lesions. Therefore, the evaluation of 

white substance may support white light endoscopy in the detection of 

occult early esophageal squamous cell carcinoma and precancerous 

lesions. On the other hand, since the diagnostic sensitivity was low, the 

absence of white substance from flat esophageal mucosal lesions should 

not induce the clinicians to „let their guard down‟. Our data showed that 

the pathological consequence of white substance was hyperkeratosis 

combined with partial necrosis, albeit the specific mechanism underlying 

white substance occurrence is still unclear and requires further 

investigation. 
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