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Abstract
AIM: To investigate the reasons for the occurrence of 
the pink-color sign of iodine-unstained lesions.

METHODS: In chromoendoscopy, the pink-color sign 
of iodine-unstained lesions is recognized as useful for 
the diagnosis of esophageal squamous cell carcinoma. 
Patients with superficial esophageal neoplasms treated 
by endoscopic resection were included in the study. 
Areas of mucosa with and without the pink-color sign 

were evaluated histologically. The following histologic 
features that were possibly associated with the pink-
color sign were evaluated. The keratinous layer and 
basal cell layer were classified as present or absent. 
Cellular atypia was classified as high grade, moder-
ate grade or low grade, based on nuclear irregularity, 
mitotic figures, loss of polarity, chromatin pattern and 
nuclear/cytoplasmic ratio. Vascular change was as-
sessed based on dilatation, tortuosity, caliber change 
and variability in shape. Vessels with these four findings 
were classified as positive for vascular change. Endo-
scopic images of the lesions were captured immediately 
after iodine staining, 2-3 min after iodine staining and 
after complete fading of iodine staining. Quantitative 
analysis of color changes after iodine staining was also 
performed.

RESULTS: A total of 61 superficial esophageal neo-
plasms in 54 patients were included in the study. The 
lesions were located in the cervical esophagus in one 
case, the upper thoracic esophagus in 10 cases, the 
mid-thoracic esophagus in 33 cases, and the lower tho-
racic esophagus in 17 cases. The median diameter of 
the lesions was 20 mm (range: 2-74 mm). Of the 61 le-
sions, 28 were classified as pink-color sign positive and 
33 as pink-color sign negative. The histologic diagno-
sis was high-grade intraepithelial neoplasia (HGIN) or 
cancer invading into the lamina propria in 26 of the 28 
pink-color sign positive lesions. There was a significant 
association between pink-color sign positive epithelium 
and HGIN or invasive cancer (P  = 0.0001). Univariate 
analyses found that absence of the keratinous layer 
and cellular atypia were significantly associated with 
the pink-color sign. After Bonferroni correction, there 
were no significant associations between the pink-color 
sign and presence of the basal membrane or vascular 
change. Multivariate analyses found that only absence 
of the keratinous layer was independently associated 
with the pink-color sign (OR = 58.8, 95%CI: 5.5-632). 
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can be expected after treatment with esophagectomy[2,3], 
chemoradiotherapy[4,5] or endoscopic resection[6-9] if  the 
cancer is detected at an early stage.

Conventional endoscopy has limited usefulness for 
the treatment of  esophageal cancer, because it is not easy 
to identify early neoplastic changes[10,11]. Chromoendos-
copy with iodine staining is reported to be more sensitive 
for the early diagnosis of  esophageal squamous cell car-
cinoma[12,13], but has low specificity and requires multiple 
biopsy specimens[10,14]. A dramatic color change after 
iodine staining, from the initial yellow color to a pink 
color 2-3 min later, is known as the pink-color sign, and 
is useful for identifying cancerous lesions[15,16]. This sign 
has been reported to dramatically improve specificity for 
esophageal high-grade intraepithelial neoplasia (HGIN) 
and invasive cancer[15,16]. Choosing adequate biopsy sites is 
sometimes difficult, especially in patients with scattered-
type staining of  the esophagus, which is characterized by 
multiple Lugol-voiding lesions[17]. Some of  these iodine-
unstained lesions may indicate inflammation or low-grade 
intraepithelial neoplasia (LGIN), and in such cases a lack 
of  iodine staining is not a good indication for taking 
a biopsy specimen. Because of  its high specificity, the 
pink-color sign is a good indicator for choosing adequate 
biopsy sites in patients with scattered-type staining. How-
ever, the mechanism underlying the occurrence of  the 
pink-color sign has not been fully investigated. Improved 
understanding of  this mechanism may improve our un-
derstanding of  the characteristics of  the relevant lesions, 
and increase the likelihood of  accurate diagnosis. This 
study therefore aimed to clarify the histologic changes 
responsible for the occurrence of  the pink-color sign in 
esophageal squamous neoplasia.

MATERIALS AND METHODS
Endoscopic examination and resection
The current clinical investigation was conducted during 
routine endoscopic procedures for resection of  esopha-
geal squamous lesions. Patients with superficial esopha-
geal neoplasia confirmed by histologic examination were 
included in the study. Superficial esophageal neoplasia 
was defined as a lesion limited to the submucosa. Typi-
cal endoscopic findings were superficial protruding type, 
superficial flat type and superficial excavated type. If  a le-
sion had a large broad-based protrusion, crater and stiff-
ened wall, it was diagnosed as advanced cancer. Patients 
were excluded if  they had previously undergone surgery, 
chemotherapy or radiotherapy for esophageal cancer. The 
endoscopic procedures were performed using a high-
resolution magnifying upper-gastrointestinal endoscope 
(GIF-Q240Z or GIF-H260Z; Olympus, Tokyo, Japan). 
The structure enhancement function of  the video pro-
cessor was set at level B8 for narrow-band imaging (NBI). 
A black soft hood (MB-162 for GIF-Q240Z or MB-46 
for GIF-H260Z; Olympus) was mounted on the tip of  
the endoscope to maintain an adequate distance between 
the tip of  the endoscopic zoom lens and the mucosal 
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Quantitative analysis was performed on 10 superficial 
esophageal neoplasms with both pink-color sign posi-
tive and negative areas in 10 patients. Pink-color sign 
positive mucosa had a lower mean color value in the 
late phase (pinkish color) than in the early phase (yel-
lowish color), and had similar mean color values in the 
late and final phases. These findings suggest that pink-
color positive mucosa underwent color fading from the 
color of the iodine (yellow) to the color of the mucosa 
(pink) within 2-3 min after iodine staining. Pink-color 
sign negative mucosa had similar mean color values in 
the late and early phases (yellowish color), and had a 
lower mean color value in the final phase (pinkish col-
or) than in the late phase. These findings suggest that 
pink-color sign negative mucosa did not undergo color 
fading during the 2-3 min after iodine staining, and 
underwent color fading only after spraying of sodium 
thiosulfate.

CONCLUSION: The pink-color sign was associated 
with absence of the keratinous layer. This sign may be 
caused by early fading of iodine staining.

© 2013 Baishideng. All rights reserved.

Key words: Chromoendoscopy; Esophageal cancer; 
Esophageal squamous neoplasia; Iodine staining; Pink-
color sign

Core tip: The pink-color sign of iodine-unstained lesions 
is useful for the diagnosis of esophageal squamous 
cell carcinoma. We investigated histologic findings of 
esophageal neoplasms, and found that absence of the 
keratinous layer because of neoplastic cell proliferation 
may be responsible for the pink-color sign. Quantitative 
analysis of color showed that pink-color sign positive 
mucosa underwent early color fading from the color of 
the iodine (yellow) to the color of the mucosa (pink) 
within 2-3 min. Based on these results, we speculated 
on the mechanism underlying the pink-color sign. 
These findings may improve our understanding of the 
characteristics of esophageal neoplasms.
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INTRODUCTION
Esophageal cancer is the sixth most common cause of  
cancer-related mortality worldwide[1]. The overall survival 
of  patients with esophageal cancer remains poor, regard-
less of  histologic type. However, a favorable prognosis 



surface during observations. The endoscopic procedure 
was performed under intravenous sedation with midazol-
am (Dormicam; Yamanouchi Pharma, Tokyo, Japan) and 
pentazocine (Pentazin; Sankyo Pharmaceuticals, Tokyo, 
Japan). 

The esophageal mucosa was initially examined us-
ing white-light imaging or NBI. A catheter was then 
used to spray 20-40 mL of  0.6%-1.2% iodine solution 
until the esophageal mucosa was evenly stained, and the 
subsequent color changes were observed. Immediately 
after spraying of  the iodine solution, the normal mucosa 
was dark brown, whereas abnormal mucosa suspicious 
of  dysplasia or cancer was yellow. The iodine-unstained 
(yellow) areas were classified as pink-color sign positive 
or pink-color sign negative. In pink-color sign positive 
mucosa, the yellow areas changed to pink within 2-3 min 
of  spraying, and in pink-color sign negative mucosa, 
these areas remained yellow after 3 min. Representative 
areas (2-5 mm diameter) were marked with marker dots, 
and the lesions were resected by endoscopic submucosal 
dissection or endoscopic mucosal resection. Iodine stain-
ing and marking of  pink-color sign positive and nega-
tive areas were performed immediately before resection. 
Considering the potential disadvantages of  intraoperative 
endoscopy and iodine staining, patients requiring surgical 
resection were excluded. To ensure that the study pro-
tocol was strictly followed, marking before endoscopic 
resection and confirmation of  marking after endoscopic 
resection were performed by one of  two endoscopists 

(Ishihara R or Kanzaki H). Procedures that were per-
formed without these two endoscopists in attendance 
were excluded from the study. Written informed consent 
was obtained from all patients before endoscopic exami-
nation and resection of  lesions. Institutional review board 
approval was granted for a retrospective chart review and 
analysis of  the data.

Histologic evaluation
All specimens were cut into 2-mm slices and embedded 
in paraffin. Sections were cut from the paraffin blocks 
and stained with hematoxylin and eosin. The pink-color 
sign positive and negative lesions marked by the marker 
dots were examined histologically. The depth of  cancer 
involvement was classified according to the Japanese 
Classification of  Esophageal Carcinoma[18], and intraepi-
thelial neoplasms were classified as LGIN or HGIN, 
according to the World Health Organization classifica-
tion[19]. Intraepithelial cancer was included in HGIN.

The following histologic features that were possibly 
associated with the pink-color sign were evaluated. The 
keratinous layer (Figure 1) and basal cell layer were classi-
fied as present or absent. Cellular atypia was classified as 
high grade, moderate grade or low grade, based on nuclear 
irregularity, mitotic figures, loss of  polarity, chromatin pat-
tern and nuclear/cytoplasmic ratio. Vascular change was 
assessed based on dilatation, tortuosity, caliber change and 
variability in shape. Vessels with these four findings were 
classified as positive for vascular change[20]. All histologic 
assessments were performed by the same pathologist (SI), 
who was blinded to the endoscopic and clinical findings.

Quantitative analysis of color 
This study included esophageal cancers those have both 
pink-color sign positive and pink-color sign negative 
areas. The esophageal mucosa was initially examined 
with white-light imaging or NBI. A catheter was used to 
spray 20-40 mL of  1.2% iodine solution until the normal 
esophageal mucosa was evenly stained, and the subse-
quent color changes were examined. Sodium thiosulfate 
solution was then sprayed to relieve symptoms caused 
by the iodine, which also accelerated the color fading by 
reduction of  the iodine. 

The digital images were used to perform quantitative 
analysis of  the color changes after iodine staining. Endo-
scopic images of  the lesions were captured immediately 
after iodine staining, 2-3 min after iodine staining and after 
complete fading of  iodine staining, taking care to ensure 
that all images were obtained from a similar direction and 
a similar distance, to enable accurate analysis (Figure 2). All 
the images were captured under the instruction of  one 
endoscopist (Ishihara R). The images were stored in bit-
map format (.bmp) with a resolution of  640 × 480 pixels. 
A small region of  interest was chosen in both the pink-
color sign positive and pink-color sign negative areas. 
These regions of  interest were carefully chosen to be of  
similar size in each area (Figure 3). The red-green-blue 
components of  each region of  interest were calculated 
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Figure 1  Histologic findings of esophageal lesions. A: Esophageal lesion 
with keratinous layers, shown by black parentheses; B: Esophageal lesion with-
out keratinous layers.
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was resected from a patient, each lesion was considered 
separately for the purposes of  statistical analysis. Univari-
ate analyses of  the relationships between the pink-color 
sign and the histologic findings were performed using 
the χ 2 test with Yates’ correction. Factors independently 
associated with the pink-color sign were identified using 
multivariate logistic regression analysis. The model fit was 
assessed using the Hosmer-Lemeshow test. A two-sided P 
value of  < 0.05 was considered statistically significant. A 
Bonferroni-adjusted P-value was used for multiple com-
parisons to control for experimental errors due to multiple 
testing. All analyses were performed using SPSS software 
version 11.0 (SPSS Inc, Chicago, IL, United States).

RESULTS
Histologic evaluation of pink-color sign positive areas
A total of  97 patients with superficial esophageal cancer 
were treated by endoscopic resection at the Osaka Medi-
cal Center for Cancer and Cardiovascular Diseases from 
May 31, 2011 to March 1, 2012. Of  these, 10 patients were 
excluded because of  previous radiation, 29 were excluded 
because endoscopic resection was performed without the 
attendance of  the two endoscopists (Ishihara R or Kanzaki 
H) and 4 were excluded because no images were captured 
at 2-3 min after iodine staining. A total of  61 superficial 
esophageal neoplasms in 54 patients were included in the 
study. The lesions were located in the cervical esophagus 
in one case, the upper thoracic esophagus in 10 cases, the 
mid-thoracic esophagus in 33 cases, and the lower thoracic 
esophagus in 17 cases. The median diameter of  the le-
sions was 20 mm (range: 2-74 mm) (Table 1). Of  the 61 
lesions, 28 were classified as pink-color sign positive and 
33 as pink-color sign negative. The histologic diagnosis 
was HGIN or cancer invading into the lamina propria in 
26 of  the 28 pink-color sign positive lesions. Two lesions 
that were classified as pink-color sign positive were diag-
nosed as LGIN. One of  these lesions had a thin kerati-
nous layer and mild cellular atypia. This lesion showed an 
obscured pink-color sign, which was classified as positive 
in this study. In retrospect, it is possible that this lesion 
should have been classified as pink-color sign negative. 

using Image J software (National Institutes of  Health, 
Bethesda, MD, United States), and color diagrams were 
created using the graphing function of  Microsoft Excel 
(Microsoft Corp., Redmond, WA, United States). 

The LU’V’ color system is a uniform color space that 
was adopted by the Commission Internationale de l’E’ 
clairage in 1976 and is used to systematically represent 
the different colors[21,22]. A color system is a model for 
representing colors in terms of  intensity values. Gener-
ally, colors are described using color systems with three 
or four dimensions (red-green-blue or cyan-magenta-
yellow-black). The diagram of  the LU’V’ system has U’ 
and V’ coordinates that represent the chromaticity values 
of  each color. This color space is designed to be per-
ceptually uniform, meaning that a given change in value 
roughly corresponds to the same perceptual difference 
over any part of  the space. Using this system, color can 
be quantified and evaluated on a two-dimensional plane. 
However, determining the range of  color is challenging 
because there is no clear border between colors.

Statistical analysis
The relationships between the pink-color sign and each 
histologic finding were analyzed. If  more than one lesion 

A B C

Figure 2  Endoscopic image of type IIc esophageal cancer. A: Endoscopic image of type IIc esophageal cancer immediately after iodine staining; B: Endoscopic 
image of type IIc esophageal cancer 2 min after iodine staining. The pink-color sign is observed on the right side of the lesion; C: Endoscopic image of type IIc esoph-
ageal cancer 3 min after sodium thiosulfate spraying. 

R: 229.9
G: 130.2
B: 75.5

R: 217.3
G: 98.3
B: 79.6

Figure 3  A small region of interest was chosen in both the pink-color sign 
positive and pink-color sign negative areas. These regions of interest were 
carefully chosen to be of similar size in each area. The red-green-blue compo-
nents of each region of interest were calculated using Image J software.

Ishihara R et al . Pink-color sign in esophageal cancer
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The other lesion did not have a keratinous layer and had 
moderate cellular atypia. However, this lesion showed 
surface differentiation and was diagnosed as LGIN be-
cause obvious cytological abnormalities were confined to 
the lower half  of  the squamous epithelium. There was a 
significant association between pink-color sign positive 
epithelium and HGIN or invasive cancer (P = 0.0001) 
(Table 2). There was also a significant association be-
tween the presence of  a keratinous layer and HGIN or 
invasive cancer (P = 0.0007).

Univariate analyses (Table 3) found significant as-
sociations between the pink-color sign and absence of  
the keratinous layer or cellular atypia. After Bonferroni 
correction, there were no significant associations between 
the pink-color sign and presence of  the basal membrane 
or vascular change. Multivariate analyses (Table 4) showed 
that absence of  the keratinous layer was independently 
associated with the pink-color sign (OR = 58.8, 95%CI: 
5.5-632). Hosmer-Lemeshow testing indicated that the 
model achieved a sufficient goodness-of-fit (P = 0.678).

Quantitative analysis of the pink-color sign
A total of  1373 patients underwent esophagogastro-
duodenoscopy at the Osaka Medical Center for Cancer 
and Cardiovascular Diseases from September 21, 2012 

to December 5, 2012. Of  these, 29 were diagnosed with 
esophageal squamous cell carcinoma. Fourteen of  these 
29 patients were excluded for the following reasons: his-
tory of  chemoradiotherapy (8 patients), the entire lesion 
was pink-color sign positive (4 patients), or the pink-color 
sign was negative (2 patients). Ten of  the 15 patients 
that had lesions with both pink-color sign positive and 
pink-color sign negative areas were examined under the 
instruction of  the endoscopist (Ishihara R) and were in-
cluded in the analysis. Endoscopic images of  the lesions 
immediately after iodine staining (early phase), 2-3 min 
after iodine staining (late phase) and after complete fading 
of  iodine staining (final phase) were analyzed (Figure 4). 
The mean U’ and V’ values of  the pink-color sign posi-
tive and negative areas are shown in Figure 5. Pink-color 
sign positive mucosa had a lower mean V’ value in the 
late phase (pinkish color) than in the early phase (yellowish 
color), and had similar mean U’ and V’ values in the late 
and final phases (Figure 5A). These findings suggest that 
pink-color positive mucosa underwent color fading from 

Table 1  Characteristics of patients and lesions

Characteristics n
Gender
   Male 50
   Female   4
Age (yr)
   Median (range)   67 (45-82)
Lesion location
   Cervical esophagus   1
   Upper thoracic esophagus 10
   Middle thoracic esophagus 33
   Lower thoracic esophagus 17
Lesion size (mm)
   Median (range) 20 (2-74)
Histological diagnosis of the marked area
   LGIN 21
   HGIN 37
   LPM   3

LGIN: Low-grade intraepithelial neoplasia; HGIN: High-grade intraepi-
thelial neoplasia; LPM: Cancer invading into the lamina propria.

Table 2  Associations between histologic diagnosis, keratinous 
layer and pink-color sign

HGIN or invasive cancer LGIN P value

Pink-color-sign 0.0001
   Positive 26   2
   Negative 14 19
Keratinous layer 0.0007
   Present 19 20
   Absent 21   1

HGIN: High-grade intraepithelial neoplasia; LGIN: Low-grade intraepi-
thelial neoplasia. 

Table 3  Associations between pink-color sign and histologic 
findings (univariate analysis)

Pink-color-sign 
positive

Pink-color-sign 
negative

P  value

Keratinous layer < 0.0001
   Present   7 32
   Absent 21   1
Cellular atypia1  0.004
   Mild   1 13
   Moderate 20 19
   Severe   7   1
Presence of basal membrane  0.018
   Yes 14 27
   No 14   6
Vascular change  0.070
   Severe 20 15
   Mild   8 18

1Cellular atypia was classified based on nuclear irregularity, mitotic fig-
ures, loss of polarity, chromatin pattern and nuclear/cytoplasmic ratio.

Table 4  Associations between pink-color sign and histologic 
findings (multivariate analysis)

OR (95%CI) P  value

Keratinous layer 0.001
   Present 1
   Absent        58.8 (5.5-632)
Cellular atypia1 0.580
   Mild 1
   Moderate   3.5 (0.3-35.5)
   Severe    3.4 (0.07-165)
Presence of basal membrane
   Yes 1 0.610
   No 1.6 (0.3-9.3)
Vascular change
   Mild 1 0.770
   Severe 1.3 (0.3-6.3)

1Cellular atypia was classified based on nuclear irregularity, mitotic fig-
ures, loss of polarity, chromatin pattern and nuclear/cytoplasmic ratio.

Ishihara R et al . Pink-color sign in esophageal cancer



4305 July 21, 2013|Volume 19|Issue 27|WJG|www.wjgnet.com

the color of  the iodine (yellow) to the color of  the muco-
sa (pink) within 2-3 min after iodine staining. Pink-color 
sign negative mucosa had similar mean U’ and V’ values 
in the late and early phases (yellowish color), and had a 
lower mean V’ value in the final phase (pinkish color) 
than in the late phase (Figure 5B). These findings suggest 
that pink-color sign negative mucosa did not undergo 
color fading during the 2-3 min after iodine staining, and 
underwent color fading only after spraying of  sodium 
thiosulfate.

DISCUSSION
Analysis of  the endoscopic and histologic findings of  
this study found that absence of  the keratinous layer was 
independently associated with the pink-color sign. Quan-
titative analysis of  color changes found that pink-color 
sign positive mucosa changed from yellowish to pinkish 
within 2-3 min after iodine staining, suggesting that the 
mucosa underwent early color fading from the color of  
the iodine (yellow) to the color of  the mucosa (pink). 

This study did not include all patients who met our 
inclusion criteria, because we wanted to ensure that all 

procedures were of  high quality to obtain accurate results. 
Marking before endoscopic resection and confirmation 
of  marking after endoscopic resection were performed 
by one of  two endoscopists (Ishihara R or Kanzaki H) to 
accurately identify the region of  interest. All endoscopic 
images were captured under the instruction of  one en-
doscopist (Ishihara R) to ensure that they were captured 
under similar conditions. This may have caused some se-
lection bias, but it was felt necessary to limit the number 
of  endoscopists involved for this detailed analysis.

Figure 6 shows our speculated mechanism for the 
occurrence of  the pink-color sign. Locally administered 
iodine is usually absorbed into the epithelium by passive 
diffusion[23]. In normal esophageal epithelium, absorbed 
iodine combines with glycogen in the micro-granules of  
the prickle cells[24]. The resulting glycogen-iodine complex 

0.54

0.52

0.50

0.48

0.46

V'

0.15                     0.20                       0.25                     0.30
U'

Yellow

Red

Pink

Immediately after iodine staining
2-3 min after iodine staining
3-5 min after sodium thiosulfate spraying 

A

B Immediately after iodine staining
2-3 min after iodine staining
3-5 min after sodium thiosulfate spraying

0.54

0.52

0.50

0.48

0.46

V'

0.15                     0.20                       0.25                     0.30
U'

Yellow

Red

Pink

Figure 4  The U’ and V’ values of the pink-color sign positive mucosa and 
negative mucosa in the early, late and final phases were plotted on a color 
diagram. A: Pink-color sign positive mucosa; B: Pink-color sign negative mucosa.
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Figure 5  Mean U’ and V’ values of the mucosa in the early, late and final 
phases were plotted on a color diagram. A: Pink-color sign positive mucosa 
had a lower mean V’ value in the late phase (pinkish color) than in the early 
phase (yellowish color), suggesting that the pink-color sign positive mucosa 
underwent a color change from yellow to pink. The mucosa had similar mean 
U’ and V’ values in the late and final phases, suggesting that the color of pink-
color sign positive mucosa in the late stage was similar to the color of mucosa 
after complete fading of iodine staining; B: Pink-color sign negative mucosa had 
similar mean U’ and V’ values in the early and late phases (yellowish color), 
suggesting that pink-color sign negative mucosa did not change in color during 
this time period.
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gives the epithelium a brown color. In the epithelium of  
neoplastic lesions, the prickle-cell layer is usually replaced 
by neoplastic cells, and no glycogen-iodine complex is 
formed. The yellow iodine solution therefore gives the 
epithelium a yellow color.

In the epithelium of  neoplastic lesions, the yellow 
color may fade because of  reduction of  the iodine, ab-
sorption of  iodine into the bloodstream, or leakage of  
iodine into the esophageal lumen. Application of  sodium 
thiosulfate solution reduces the adverse effects of  iodine 
staining and accelerates color fading by reduction of  the 
iodine[25]. However, iodine is a strong oxidizing agent[26], 
and reduction of  iodine requires a strong reducing agent. 
Absorption of  iodine by the blood stream may occur in 
the esophagus[27]. However, iodine is mainly absorbed in 
the small intestine[28] and the amount of  iodine absorbed 
by the esophagus is not large. Leakage of  iodine into the 
esophageal lumen may therefore be the main cause of  
color fading, rather than reduction of  iodine or absorp-
tion of  iodine into the bloodstream.

Epithelium plays an important role in regulating the 
permeability of  mucosa, and serves as a barrier between 
the outside world and the internal milieu of  the organ-
ism[29,30]. The barrier function of  epithelium is determined 
by its microstructure, and varies among different types of  

epithelium. The keratin layer of  squamous epithelium has 
a barrier function[29,30], and may play an important role in 
preventing leakage of  iodine from the epithelium. Dis-
ruption of  the normal epithelial structure, especially of  
the keratin layer, may increase early leakage of  iodine and 
early color fading. Considering the association between 
the absence of  the keratinous layer and the pink-color 
sign, this may be the mechanism underlying the occur-
rence of  the sign.

Neoplastic lesions show less staining when exposed 
to iodine solution than normal mucosa. However, both 
cancer and LGIN result in iodine-unstained areas. As-
sessment of  iodine staining without assessment of  the 
pink-color sign is therefore not very accurate for the 
diagnosis of  cancer[10,14]. The keratinous layer was found 
to be absent in areas where most of  the epithelium was 
replaced by neoplastic cells. Most areas that were pink-
color sign positive had a proliferation of  neoplastic cells 
in the upper half  of  the epithelium. The pink-color sign 
was associated with HGIN or cancer, those are both 
characterized by abnormal cells in the upper half  of  the 
epithelium. Accurate endoscopic diagnosis of  esophageal 
lesions is therefore possible by assessment of  the pink-
color sign after iodine staining. 

Differentiating HGIN or cancer from LGIN is im-

Cancer

Iodine penetrates into the epithelium by passive diffusion

Before iodine 
staining

Iodine staining

Original color of iodine Iodine glycogen 
reaction

Iodine exudes from the epithelium

Color fade by reductive reaction of sodium thiosulfate solution

2-3 min after
iodine staining

After sodium 
thiosulfate 
spraying

Figure 6  Speculated mechanism of the pink-color sign. 

Cancer

Histologic image Endoscopic image
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portant when deciding on a treatment strategy, because 
resection of  the lesion is required for HGIN and can-
cer[19]. Histologic diagnosis of  biopsy specimens may re-
sult in misdiagnosis if  the correct area was not biopsied. 
Areas that are pink-color sign positive should always be 
biopsied, because this finding is closely associated with 
HGIN and cancer. Moreover, the keratinous layer is usu-
ally absent in areas that are pink-color sign positive, and it 
may therefore be relatively easy to biopsy neoplastic cells 
from these areas. However, if  further studies confirm 
that the accuracy of  endoscopic diagnosis is similar to 
that of  biopsy diagnosis, cancer could eventually be di-
agnosed based on the pink-color sign without a need for 
biopsy.

In conclusion, the pink-color sign was closely associ-
ated with absence of  the keratinous layer. The pink-color 
sign may be caused by early leakage of  iodine into the 
esophageal lumen because of  impaired barrier function 
of  the epithelium.

COMMENTS
Background
A dramatic color change after iodine staining, from the initial yellow color to 
a pink color 2-3 min later, is known as the pink-color sign, and is useful for 
identifying cancerous lesions of the esophagus. This sign has been reported to 
dramatically improve specificity for esophageal squamous high-grade intraepi-
thelial neoplasia and invasive cancer. 
Research frontiers
The mechanism underlying the occurrence of the pink-color sign has not been 
fully investigated. Improved understanding of this mechanism may improve our 
understanding of the characteristics of the relevant lesions, and increase the 
likelihood of accurate diagnosis.
Innovations and breakthroughs
This study clarified the histologic changes responsible for the occurrence of the 
pink-color sign in esophageal squamous neoplasia as follows. Analysis of the 
endoscopic and histologic findings of this study found that absence of the kera-
tinous layer was independently associated with the pink-color sign. Quantitative 
analysis of color changes found that pink-color sign positive mucosa changed 
from yellowish to pinkish within 2-3 min after iodine staining, suggesting that the 
mucosa underwent early color fading from the color of the iodine (yellow) to the 
color of the mucosa (pink). The pink-color sign may be caused by early leakage 
of iodine into the esophageal lumen because of impaired barrier function of the 
epithelium.
Applications
The pink-color sign is a good indicator for choosing adequate biopsy sites, 
because of its high specificity. Improved understanding of this mechanism may 
improve their understanding of the characteristics of the relevant lesions, and 
increase the likelihood of accurate diagnosis.
Terminology
Pink-color sign: A dramatic color change after iodine staining, from the initial 
yellow color to a pink color 2-3 min later. Keratinous layer: The outer layer of 
the squamous epithelium, which contain a tough, fibrous protein. This layer acts 
as a protective barrier against outside elements.
Peer review
This study investigated the detailed histologic findings of esophageal neo-
plasms, and found that absence of the keratinous layer because of neoplastic 
cell proliferation may be responsible for the pink-color sign. Quantitative analy-
sis of color changes showed that pink-color sign positive mucosa changed 
from yellowish to pinkish within 2-3 min after iodine staining, suggesting that 
the mucosa underwent early color fading from the color of the iodine (yellow) to 
the color of the mucosa (pink). Based on these results, the authors speculated 
on the mechanism underlying the pink-color sign. These findings may improve 
understanding of the characteristics of these lesions, and increase the accuracy 

of diagnosis of esophageal neoplasms.
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