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INTRODUCTION

Esophageal cancer is the eighth most common cancer 
and the sixth leading cause of  cancer‑related deaths 

worldwide.[1] Almost all patients with esophageal cancer 
have poor prognoses because they have advanced‑stage 
disease at the time of  diagnosis.[2] However, because of  
improvements in endoscopic techniques, clinicians can 
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now identify more early‑stage esophageal cancers, and these 
patients may have more favorable prognoses if  endoscopic 
resection or surgery is possible.[3,4] Conventional white light 
endoscopy with biopsy remains the standard procedure 
for detection of  early‑stage esophageal carcinoma. 
Several techniques can improve endoscopic detection, 
such as Lugol’s chromoendoscopy, electronic/optical 
chromoendoscopy, confocal laser endomicroscopy, 
high‑resolution microendoscopy, and endocystoscopy.[5] 
Lugol’s chromoendoscopy has been widely used worldwide, 
because it is easy to perform, accurate, inexpensive, and 
widely available.[6-8]

Lugol’s chromoendoscopy employs iodine staining, 
in which the initial yellow color changes to pink after 
2–3 min, known as the pink-color sign (PCS).[9] Previous 
research reported that the PCS had a sensitivity of  88% 
and a specificity of  95% in the diagnosis of  high-grade 
intraepithelial neoplasia (HGIN) and invasive cancer.[3] 
The PCS may form because of  a disruption of  the 
normal epithelial structure and early leakage of  iodine.[10] 
Since development of  the PCS is an iodine‑fading 
process, we hypothesized that the time required for 
development of  the PCS may be associated with 
histopathology. Thus, we examined the relationship 
of  the time needed for the PCS with a diagnosis of  
esophageal HGIN/invasive cancer.

MATERIALS AND METHODS

Patients
All patients, who were suspected of  early‑stage esophageal 
cancer and received Lugol’s chromoendoscopy from 
January 2015 to March 2018 in the Fujian Provincial 
Hospital, were included. If  a patient had multiple suspected 
lesions, each lesion was regarded as an independent lesion. 
The Ethics Committee of  Fujian Provincial Hospital 
approved this study and all patients provided written 
informed consent before enrollment.

Chromoendoscopy
Each patient received an upper gastrointestinal endoscopy. 
The esophageal mucosa was initially examined under 
white light for identification of  any abnormal morphology 
or color. Any abnormality suspected of  being an 
early-stage esophageal cancer was examined using Lugol’s 
chromoendoscopy. For this procedure, one endoscopist 
sprayed 20 mL of  a 1.0% Lugol’s solution onto the upper 
esophagus to the esophagogastric junction and immediately 
began to observe color changes in the esophageal 
mucosa. At the same time, another endoscopist timed the 
development of  the PCS using a stopwatch, for up to 2 min. 

When both endoscopists agreed on the presence of  the 
PCS, the time was recorded. To decrease the duration of  
the procedure, and because iodine stimulates chest pain in 
some patients, a 1.0% Lugol’s solution was used. Since use 
of  a low concentration of  Lugol’s solution may accelerate 
development of  the PCS, we adjusted the observation time 
to 2 min. Thus, a suspected lesion that turned pink within 
2 min was identified as PCS-positive, and the time of  PCS 
appearance was recorded [Figure 1].

Histological evaluation
After evaluation of  iodine staining, biopsy, or endoscopic 
resection of  suspected early esophageal cancer, 
specimens were collected for histological examination. 
All specimens were taken from a region with a PCS from 
patients who were PCS‑positive, embedded in paraffin, 
and stained with hematoxylin and eosin. Cancer stage and 
histological grade were determined using the World Health 
Organization guidelines.[11]

Statistical analysis
The relationship between the time of  PCS appearance 
and histopathology was determined in the PCS‑positive 
group. If  a patient had multiple suspected lesions, each 
lesion was classified as an independent lesion for statistical 
analysis. Patients were classified into four groups according 
to time of  PCS appearance  (0–30, 31–60, 61–90, and 
91–120 s). Histological evaluation was used to classify 
patients as having inflammation/low‑grade intraepithelial 
neoplasia  (LGIN) or HGIN/invasive cancer. Factors 

Figure  1: Representative endoscopic images under white light 
showing  (a) a small depression and a red area in the middle 
intrathoracic esophagus,  (b) a demarcated iodine‑unstained area 
immediately after spraying Lugol’s dye, and (c) a demarcated reddish 
lesion (green arrow), that was diagnosed as pink‑color sign positive at 
40 s after iodine staining. The lesion was removed (d) by endoscopic 
submucosal dissection, (e) Lugol’s dye was sprayed on the resected 
specimen to identify the area with the pink‑color sign  (blue arrow), 
and (f) the resected specimen with the pink‑color sign  (blue arrow) 
was histologically diagnosed as squamous cell carcinoma, with 
invasion up to the muscularis mucosae based on hematoxylin and 
eosin staining (×100)
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associated with HGIN/invasive cancer were analyzed by 
logistic regression analysis. Adjusted odds ratios  (aORs) 
and 95% confidence intervals  (CIs) were calculated to 
describe associations between variables and histopathology. 
A P value below 0.05 was considered statistically significant. 
All statistical analyses were performed using SPSS 
software (version 19.0).

RESULTS

We identified 521 lesions in 495  patients as suspected 
early-stage esophageal cancer from January 2015 to 
March 2018. In all cases, we administered Lugol’s 
chromoendoscopy for histological diagnosis. Ten lesions in 
8 patients were excluded because these patients previously 
received radiation therapy; 21 lesions in 19 patients were 
excluded because these patients previously received 
esophageal endoscopic submucosal dissection  (ESD) 
or surgery, and 34 lesions in 30 patients were excluded 
because the endoscopy records had no descriptions 
or images of  the PCS results. Finally, we included 456 
lesions (87.5%) of  438 patients (88.5%) in the study. The 
pathological specimens were collected by biopsy (n = 221, 
48.5%), endoscopic mucosal resection (n = 53, 11.6%), or 
ESD (n = 182, 40.0%).

Among the 456 lesions, 287  (62.9%) were PCS-positive 
and 169  (37.1%) were PCS-negative. We diagnosed 244 
of  the 287 lesions (85.0%) in the PCS-positive group as 
HGIN/invasive cancer, and 46 of  the 169 lesions (27.2%) 
in the PCS‑negative group as HGIN/invasive cancer. The 
use of  PCS positivity for the diagnosis of  HGIN/invasive 
cancer had a sensitivity of  84.1% and a specificity of  72.7%.

Further analysis of  the PCS‑positive group indicated that 
the time of  PCS appearance after Lugol’s staining was not 
recorded in 119 of  287 lesions (41.5%). Thus, we examined 
168 lesions in 165  patients  [Figure  2 and Table  1]. We 
then classified these lesions into four groups, according 
to the time of  PCS appearance (0–30, 31–60, 61–90, and 
91–120 s). Fifty-nine of  60 lesions (98.3%) were diagnosed 
as HGIN/invasive cancer in the 0–30-s group, 62 of  
67 lesions  (92.5%) were diagnosed as HGIN/invasive 
cancer in the 31–60-s group, 11 of  29 lesions  (37.9%) 
were diagnosed as HGIN/invasive cancer in the 61–90-s 
group, and 2 of  12 lesions  (16.6%) were diagnosed as 
HGIN/invasive cancer in the 91–120-s group [Table 2].

Univariate analysis [Table 3] showed significant associations 
of  histological diagnosis with age, circumferential 
extension, and time of  PCS appearance. Multivariate 
analysis [Table 4] showed that the time of  PCS appearance 

was significantly and independently associated with 
HGIN/invasive cancer (aOR = 10.2, 95% CI: 4.5–23.0). 
A Hosmer–Lemeshow test indicated that our multivariate 
model had sufficient goodness of  fit (P = 0.043).

We used receiver operating characteristic analysis to identify 
the optimal cutoff  value for the time of  PCS appearance 
in the diagnosis of  HGIN/invasive cancer [Figure 3]. The 
area under the curve was 0.897, indicating good validity. 
This analysis indicates that appearance of  the PCS by 60 
s provided a satisfactory accuracy for the diagnosis of  
HGIN/invasive cancer. Thus, we diagnosed 121 of  127 
lesions with PCS times less than 60 s as HGIN/invasive 
cancer, and 13 of  41 lesions with PCS times more than 60 
s as LGIN/inflammation. This corresponded to diagnostic 
accordance rate of  88.6% for HGIN/invasive cancer, 
better than use of  the PCS at 2 min  (79.7%, P < 0.05; 
Table 5).

DISCUSSION

Early diagnosis and treatment of  esophageal cancer 
can decrease cancer‑related mortality.[12,13] White light 
endoscopy has limited ability to identify early neoplastic 
changes in the esophagus, leading to low rates of  early 

Table 1: Baseline demographic and clinical characteristics of 
patients (168 lesions in 165 patients)
Characteristic n (%)

Sex
Male 114 (31.0)
Female 51 (69.0)

Median age (years) (range) 61 (38-82)
Lesion location

Cervical 1 (0.6)
Upper intrathoracic 14 (8.3)
Middle intrathoracic 99 (58.9)
Lower intrathoracic 54 (32.2)

Pathological specimen
Biopsy 81 (48.2)
EMR 8 (4.8)
ESD 79 (47.0)

Histological diagnosis
Inflammation 11 (6.5)
LGIN 23 (13.7)
HGIN 65 (38.7)
Invasive cancer 69 (41.1)

EMR: Endoscopic mucosal resection, ESD: Endoscopic submucosal 
dissection, HGIN: High‑grade intraepithelial neoplasia, LGIN: Low‑grade 
intraepithelial neoplasia

Table 2: Association between the time of pink‑color sign 
appearance and histological diagnosis
Time of pink‑color 
sign appearance (s)

LGIN/Inflammation 
(n)

HGIN/Invasive 
cancer (n)

0-30 1 59
31-60 5 62
61-90 18 11
91-120 10 2
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Table 3: Univariate analysis of the association of histological diagnosis with the characteristics of patients and lesions
Inflammation/LGIN HGIN/Invasive cancer OR (95% CI) P

Sex 1.8 (0.7-4.6) 0.072
Male 27 90
Female 7 44

Median age (years) (range) 58 (38-82) 61 (41-78) 0.9 (1.0-1.0) 0.035
Location 1.3 (0.7-2.6) 0.302

Cervical 0 1
Upper intrathoracic 2 12
Middle intrathoracic 19 80
Lower intrathoracic 13 41

Circumferential extensiona 0.3 (0.1-0.6) 0.003
<1/2 25 64
1/2-2/3 9 48
>2/3 0 22

PCS timeb (s) 10.2 (4.7-21.9) <0.001
0-30 1 59
31-60 5 62
61-90 18 11
91-120 10 2

aRatio of the extension to the whole circumference of the lumen. bPCS time: Time of pink‑color sign appearance

Table 4: Multivariate analysis of the association between histological diagnosis and characteristics of patients and lesions
Inflammation/LGIN HGIN/Invasive cancer OR (95% CI) P

Sex 1.4 (0.3-5.0) 0.677
Male 27 90
Female 7 44

Median age (years) (range) 58 (38-82) 61 (41-78) 0.9 (0.9-1.0) 0.589
Location 0.9 (0.3-2.6) 0.998

Cervical 0 1
Upper intrathoracic 2 12
Middle intrathoracic 19 80
Lower intrathoracic 13 41

Circumferential extension 0.4 (0.1-1.0) 0.057
<1/2 25 64
1/2-2/3 9 48
>2/3 0 22

PCS time (s) 10.2 (4.5-23.0) <0.001
0-30 1 59
31-60 5 62
61-90 18 11
91-120 10 2

detection and diagnosis.[6] Thus, multiple reports have 
examined the sensitivity of  Lugol’s chromoendoscopy, 
a relatively simple technique, for detection of  early‑stage 
esophageal carcinoma.[14,15] This reaction produces a 
dark brown stain in normal mucosa, due to a reaction 
between iodine and glycogen. In contrast, abnormal 
mucosa, such as inflammatory tissue, dysplasia, or 
neoplastic lesions, lack glycogen and initially present as 
unstained (white-yellow),[16,17] followed by a dramatic change 
to pink after 2–3 min, designated as the PCS. Clinicians 
typically perform biopsies of  tissue that is PCS‑positive, 

because the PCS is indicative of  HGIN and invasive cancer. 
It is clinically important to distinguish inflammation/LGIN 
from HGIN/invasive cancer because resection is required 
if  HGIN/invasive cancer is present.[18-20]

Our results showed that use of  the PCS for diagnosis 
of  HGIN/invasive cancer had a sensitivity of  84.1% 
and a specificity of  72.7%, somewhat lower than in 
previous studies  (sensitivity: 80.5–97.9%, specificity: 
88.2–95.0%).[3,21,22] However, we used a lower concentration 
of  the iodine solution than in these previous studies to 
reduce the incidence of  adverse events. No previous reports 
have shown that use of  a 1.0% Lugol’s dye decreases the 
rate of  PCS positivity. Additional studies in our center are 
also examining the use of  different concentrations of  the 
iodine solution on the rate of  PCS positivity and the timing 
of  PCS appearance. An advantage of  the present study is 
that it had more cases than many previous reports, because 

Table 5: Accordant lesions and diagnostic accordance rate 
of pink‑color sign positivity within 2 min and 1 min for 168 
confirmed lesions

Within 2 min Within 1 min χ2 P

Accordant lesions 134 149
Accordance rate 79.7% 88.6% 5.04 0.025
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our center is in an area of  China with a high incidence of  
esophageal cancer.[23]

Several previous studies have examined the underlying 
mechanism of  the PCS. It may be caused by early leakage of  
iodine into the esophageal lumen, because of  an impaired 
epithelium.[10] If  so, it seems likely that a rapid appearance 
of  the PCS is indicative of  a highly disrupted epithelium. 
Our multivariate analysis indicated that the time of  PCS 
appearance was significantly and independently associated 
with HGIN/invasive cancer. We also performed ROC 
analysis to determine the optimal PCS cutoff  time for 
diagnosis of  HGIN/invasive cancer. Use of  a PCS cutoff  
time of  60 s provided a diagnostic accordance rate of  
88.6% for HGIN/early esophageal carcinoma, better than 
that for a PCS cutoff  time of  2 min (79.7%, P < 0.05).

However, there is some subjectivity in identification of  
the PCS sign. Ishihara et  al.[3] performed a quantitative 
analysis of  the characteristics of  the color in the PCS. They 
confirmed the color change from yellow to pink using the 
L*, u* and v* color space, as defined by the International 
Commission on Illumination, and reported a sensitivity of  
88% and a specificity of  95%. However, this quantitative 
analysis of  color change increases the procedure time and 
requires a skilled endoscopist who can capture all images 
at similar distances and angles.

M a g n i f y i n g  e n d o s c o p y  w i t h  n a r r o w - b a n d 
imaging (ME-NBI) and Lugol’s chromoendoscopy are the 
most common methods used to detect early esophageal 
cancer, and they have similar diagnostic accuracy.[22] 
However, Lugol’s chromoendoscopy requires an increased 

examination time and is associated with allergy to 
the iodine solution and chest pain in some patients. 
Especially, a higher concentration of  Lugol’s stain (3–5%) 
is associated with a higher risk of  complications.[24] 
However, Lugol’s chromoendoscopy is commonly used 
in primary hospitals in developing countries, because it 
is readily available, affordable and efficient.[25] Use of  a 
low concentration of  iodine may decrease the discomfort 
and examination time for patients and thereby reduce 
one of  the disadvantages of  Lugol’s chromoendoscopy 
relative to ME-NBI.

This study had some limitations. First, although each 
of  the five experts had at least 10  years of  experience 
in gastrointestinal endoscopy, they only evaluated and 
reviewed patient records from a single center in China. 
Further, large multicenter prospective studies are necessary 
to evaluate use of  the time of  PCS appearance with diagnosis 
of  esophageal cancer. Second, only a single pathological 
specimen was taken from each biopsy, making the accuracy 
limited, and possibly leading to an underestimation of  
lesion pathology and depth of  invasion.[26-28] Third, 
when a patient has several unstained areas after spraying 
Lugol’s solution, it is difficult to determine the earliest 
time of  the PCS for all lesions. Fourth, the concentration 
of  iodine solution may affect the timing of  the PCS, so 
our conclusions are not applicable to other studies that 
employ Lugol’s chromoendoscopy with different iodine 
concentrations. Because a high iodine concentration may 
increase the time of  PCS appearance, a PCS appearing 
after 2–3  min in the iodine-unstained area may still 
require biopsy. Fifth, although Lugol’s chromoendoscopy 
significantly improves diagnostic efficiency, it also increases 
the examination time by 3–5 min.

Figure 3: Receiver operating characteristic curve for the diagnosis 
of HGIN/invasive cancer based on appearance of the pink‑color sign 
within 60 s

Figure 2: Disposition of patients with suspected esophageal cancer 
who received Lugol’s chromoendoscopy from January 2015 to March 
2018 in the Fujian Provincial Hospital
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CONCLUSION

In conclusion, Lugol’s chromoendoscopy is a cost-effective 
tool that is widely used in developing countries that have 
high incidences of  esophageal cancer. Our results indicate 
that appearance of  the PCS within 1  min after iodine 
staining provides high accordance rate in the diagnosis of  
esophageal HGIN/invasive cancer.
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