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INTRODUCTION

Narrow-band imaging (NBI) with magnifying endoscopy 
(ME) has been widely applied clinically in the endoscopic 
diagnosis of diseases of the digestive tract in recent years.1-10 
NBI utilizes an optical filter with narrow bandwidths of two 
different central wavelengths (415 nm and 540 nm). NBI with 

ME can clearly visualize both the subepithelial microvascular 
architecture and the microsurface structure.5 Yao et al. discov-
ered that during NBI with ME of gastric epithelial neoplasms 
and chronically inflamed gastric mucosa, a white substance 
opaque to endoscopic light is present within the epithelium 
and obscures the subepithelial microvascular pattern.1,11,12 
They referred to this white substance as a “white opaque sub-
stance (WOS)” in their reports.1,11,12 Furthermore, they report-
ed that the WOS in gastric cancer shows an irregular morphol-
ogy; however, that in adenoma shows a regular morphology, 
thus making the morphological finding of WOS a potentially 
useful marker for establishing the differential diagnosis be-
tween adenoma and early carcinoma (intramucosal or sub-
mucosal [SM] invasive carcinoma).11 Subsequent histopatho-
logical studies demonstrated that the WOS comprises minute 
lipid droplets accumulated within the mucosal epithelium of 
gastric neoplasms.13,14 Moreover, in NBI with ME of colorectal 
epithelial neoplasms, the subepithelial microvessels are also 
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obscured by the WOS in some cases. Hisabe et al. reported the 
presence of WOS in colorectal epithelial neoplasms15 and at a 
high prevalence in hyperplastic polyps as well.16 Subsequently, 
Imamura et al. reported that the WOS in the colon, as in the 
stomach, comprises minute lipid droplets accumulated in the 
neoplastic epithelium.17 However, there have been few reports 
on the clinical significance of colorectal WOS and no prospec-
tive studies on the morphology of colorectal WOS as a poten-
tial endoscopic marker for establishing a differential diagnosis 
between adenoma and early carcinoma. Thus, a prospective 
study was conducted to determine whether the morphology 
of the WOS facilitates differential diagnosis between adenoma 
and early carcinoma. 

MATERIALS AND METHODS

Patients
All patients who underwent colonoscopy at the Fukuoka 

University Chikushi Hospital who were scheduled to under-
go colorectal endoscopic resection or surgical excision of a 
colorectal epithelial neoplasm (adenoma or early carcinoma) 
were included, excluding those with: (1) inflammatory bowel 
diseases; (2) advanced cancer; (3) prior colorectal surgery; 
(4) familial adenomatous polyposis; (5) serious underlying 
disorders; (6) lesions without a histopathological diagnosis of 
adenoma or carcinoma; and (7) poor preparation or bleeding, 
among other things, that resulted in difficulty with observa-
tion.

No target sample size could be established because there 
have been no reports of any study on the morphology of the 
WOS in colorectal epithelial neoplasms conducted with the 
same design as in the present study. Thus, it was decided to 
gather cases over approximately a year between December 
2015 and November 2016. Given our hospital’s record of 
performing colorectal endoscopic treatment for about 500 pa-
tients annually, approximately 350 cases were anticipated.

This study was approved by the Medical Ethics Committee 
of the Fukuoka University Chikushi Hospital (R15-025) and 
was registered with the University Hospital Medical Informa-
tion Network (UMIN 000021167). The study was conducted 
with ethical considerations carefully taken into account, and 
with each patient personally receiving extensive information 
of the study on a patient information sheet and providing 
informed consent by signing and dating an informed consent 
form prior to enrollment.

A policy for the complete removal of neoplastic lesions that 
were detected was adopted. In cases in which a lesion was ob-
served, the surface of the neoplasm was rinsed with water, and 

the entire lesion was examined using NBI with ME, with the 
endoscopic images captured and recorded in a filing system. 
The lesion was endoscopically resected if endoscopic treat-
ment was deemed possible or surgically excised if surgery was 
deemed necessary.

The presence or absence of the WOS was determined based 
solely on the magnifying NBI endoscopic images saved in the 
patient filing system before the pathological diagnosis was 
confirmed. Two independent endoscopists, one experienced 
(number of colonoscopies performed ≥5,000 [TH]) and the 
other inexperienced (number of colonoscopies performed 
<5,000 [HI]), reviewed all the endoscopic images.

Neoplasms were classified macroscopically based on the 
Paris classification.18 The location of each neoplasm was clas-
sified as right colon (cecum to transverse colon), left colon 
(descending colon to sigmoid colon), or rectum. The histo-
pathological findings of the resected lesions were considered 
the gold standard in this study. 

Endoscopic specification and procedures
All patients were administered 2–3 L of polyethylene gly-

col-electrolyte solution in the morning on the day of the ex-
amination as preparation. Scopolamine butylbromide or glu-
cagon was administered in the absence of contraindications, 
and midazolam was used for conscious sedation only when a 
patient complained of discomfort or pain. 

The endoscopies were performed using an electronic en-
doscopy system (EVIS LUCERA ELITE; Olympus Co., Ltd., 
Tokyo, Japan) with magnifying colonoscopy (PCF-Q240AZI, 
PCF-Q260AZI, CF-H260AZI, CF-HQ290AZI; Olympus). 
The NBI with ME observation condition was set to structure 
enhancement A8. The endoscopic examinations were con-
ducted with a black soft rubber hood mounted at the tip of the 
endoscope for magnified observation. The lesion was visual-
ized using incremental movements of the tip of the endoscope 
to bring the image into focus, with a distally attached soft black 
hood to stabilize the tip of the endoscope without causing mu-
cosal injury.

Definition of white opaque substance-positive and 
its morphology

WOS-positive was defined as the presence of a WOS in any 
part of a lesion on NBI with ME. Images of WOS-negative and 
WOS-positive lesions are shown in Fig. 1.

The WOS-positive lesions in which the WOS was present 
in no less than half of the area under maximal magnification 
were evaluated to determine whether the WOS showed a reg-
ular or irregular morphology (Fig. 2). It is challenging to assess 
the morphology of WOS in cases where the WOS is present 
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over less than half of the area under maximal magnification. 
In such cases, we can assess the microvascular pattern and the 
microsurface pattern as markers for magnifying endoscopic 
diagnosis of neoplasms.

Morphological findings of the WOS were classified as reg-

ular or irregular according to the report by Yao et al.11 and as 
defined below.

A regular WOS was defined as a well-organized and sym-
metrical distribution of the dense WOS in a regular reticular, 
maze-like, or speckled pattern.

Fig. 1. Endoscopic findings of white opaque substance (WOS)-positive and WOS-negative colorectal epithelial neoplasms. (A) Image of a WOS-negative colorectal 
epithelial neoplasm observed with white light. (B) Magnifying narrow-band imaging (NBI) endoscopic view of the square area. The WOS is absent, with the microves-
sels clearly visible. (C) Image of a WOS-positive colorectal epithelial neoplasm observed with white light. (D) Magnifying NBI endoscopic view of the square area. The 
WOS is present, with the microvessels practically obscured.

A

C

B

D

Fig. 2. Determination of whether a lesion is white opaque substance (WOS)-positive. (A) The morphology of the WOS can be visualized. The WOS is present in no 
less than half of the area when visualized under maximal magnification. (B) The morphology of the WOS cannot be evaluated. Although the WOS is seen in the areas 
identified by red arrows when visualized under maximal magnification, it is present in less than half of the overall area.

A B
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An irregular WOS was defined as a disorganized and asym-
metrical distribution of the fine WOS in an irregular reticular, 
speckled pattern.

Images of irregular WOS and regular WOS lesions are 
shown in Fig. 3.

Histopathological investigations
Resected specimens were mounted on a plate and sliced 

at 2-mm intervals after overnight fixation in a 20% buffered 
formalin solution. These specimens were embedded in paraf-
fin and cut into 5-μm-thick tissue sections. The sections were 
subsequently stained with hematoxylin and eosin. Histopatho-
logical findings of resected specimens classified as Category 3 
(low-grade adenoma) and those classified as Category 4 (high-
grade adenoma, a non-invasive carcinoma, or intramucosal 
carcinoma) or Category 5 (carcinoma invading the submucosa 
or beyond) according to the revised Vienna classification19 
were reclassified as adenoma and carcinoma, respectively.

Neoplasms with shallow SM invasion were defined as SM-s 
cancer (the depth of SM invasion was limited to less than 1,000 
μm), and those with deep SM invasion were defined as SM-d 
cancer (the depth of SM invasion was over 1,000 μm).

Outcome measures
The primary outcome was the diagnostic performance (ac-

curacy, sensitivity, specificity, positive predictive value [PPV], 
and negative predictive value [NPV]) of the irregular WOS as 
a marker of colorectal carcinoma in colorectal epithelial neo-
plasms (adenomas and early carcinomas).

The secondary outcomes were as follows: (1) differences in 
the prevalence of an irregular WOS by the depth of invasion 
in early colorectal carcinoma; (2) comparison of the presence/
absence of lymph node metastases between regular and irreg-

ular WOS-positive lesions in early colorectal carcinoma; and 
(3) the intraobserver agreement (TH) and the interobserver 
agreement (TH and HI), with the second evaluation, per-
formed 2 months later on the same endoscopic images that 
had been randomized (TH).

Statistical analysis
Comparisons of the prevalence between the two groups 

were made using Fisher’s exact test or Pearson’s chi-square test. 
P-values <0.05 were considered significant. SPSS version 21 
J for Windows (IBM SPSS Statistics, Chicago, IL, USA) was 
used for all statistical analyses.

RESULTS

Recruitment and participant flow
A total of 511 lesions were identified in 296 patients by col-

orectal endoscopy over a 1-year period from December 2015 
to November 2016 for inclusion in the study. Of these lesions, 
30 could not be evaluated due to mucous or other reasons, 
and 268 WOS-negative lesions (252 adenomas and 16 early 
carcinomas) were excluded. The WOS was present in 213 
lesions, including 145 adenomas, 52 early carcinomas, and 16 
hyperplastic polyps or sessile serrated adenomas/polyps (SSA/
Ps). The prevalence of WOS-positivity was 100% (16/16) in 
hyperplastic polyps, 36.5% (145/397) in adenomas, and 76.5% 
(52/68) in early carcinomas. Of the 213 lesions, 16 were diag-
nosed as hyperplastic polyps or SSA/Ps, and 72 lesions with 
the WOS present over less than half of the area under maximal 
magnification were excluded. The remaining 125 lesions in 96 
patients were analyzed (Fig. 4).

Fig. 3. Morphological findings of the white opaque substance (WOS). (A) Regular WOS: morphology of the WOS shows a well-organized and symmetrical distribu-
tion of a regular reticular pattern. (B) Irregular WOS: morphology of the WOS shows a disorganized and asymmetrical distribution of an irregular speckled pattern.

A B
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Clinicopathological features
The 96 patients included 52 men and 44 women, with a 

mean age of 64.4 years at diagnosis. Lesion characteristics are 
presented in Table 1. The mean tumor size was 14.0 mm, with 
52 of the lesions located in the right colon, 49 in the left colon, 
and 24 in the rectum. The macroscopic classification of the 
neoplasms were 0-IIa, 0-IIc, or 0-IIa +IIc in 34 lesions and 
0-Is, 0-Isp, or 0-Ip in 91 lesions. Furthermore, the 125 lesions 
included 82 adenomas and 43 early carcinomas.

Fig. 4. Participant flow. HP, hyperplastic polyp; SSA/P, sessile serrated adenoma/polyp; WOS, white opaque substance.

Study population
n=511

Analysis population set
n=125

WOS-positive
n=213 (adenoma, 145; early carcinoma, 52; HP or SSA/P, 16)

• Not evaluable due to mucous n=30
• WOS-negative n=268 (adenoma, 252; early carcinoma, 16)
• Inflammatory bowel diseases n=0
• Advanced cancer n=0
• Prior colorectal surgery n=0
• Familial adenomatous polyposis n=0
• Serious underlying disorders n=0

• HP or SSA/P n=16
• WOS <50% n=72

Excluded

Excluded

Table 1. Clinicopathological Findings of the Analyzed Lesions (n=125)

Tumor size (mean size±SD, mm) 14.0±10.0

Lesion location

Right colon 52 (41.6%)

Left colon 49 (39.2%)

Rectum 24 (19.2%)

Macroscopic classification

0-IIa, IIc, IIa+IIc 34 (27.2%)

0-Is, Isp, Ip 91 (72.8%)

Histologic type

Adenoma 82 (65.6%)

Intramucosal carcinoma 29 (23.2%)

Submucosal invasive carcinoma 14 (11.2%)

SD, standard deviation.

Outcomes

Diagnostic performance
A total of 3/82 lesions (3.7%) showed an irregular WOS, 

while 79/82 lesions (96.3%) showed a regular WOS. Of the 
43 early carcinomas, 30 lesions (69.8%) showed an irregular 
WOS, and 13 lesions (30.2%) showed a regular WOS. The 
prevalence of an irregular WOS was significantly higher in 
early carcinomas than in adenomas (p<0.001, Fisher’s exact 
test; Table 2). With an irregular WOS as a marker of early car-
cinoma in the differential diagnosis between early carcinoma 
and adenoma, the sensitivity was 91%, specificity was 86%, 
PPV was 70%, NPV was 96%, and accuracy was 87% (Table 3).

Table 2. Prevalences of a Regular White Opaque Substance and an Irregular 
White Opaque Substance in Colorectal Adenomas and Early Carcinomas

Irregular WOS
n=33

Regular WOS
n=92 p-value

Early carcinoma 

n=43 30 (69.8%) 13 (30.2%)

Adenoma 

n=82 3 (3.7%) 79 (96.3%) <0.001

Pearson Chi-Square test.
WOS, white opaque substance.
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Table 3. Diagnostic Performance with the Irregular White Opaque Substance as a Marker of Carcinoma

Sensitivity
(95% CI)

Specificity
(95% CI)

PPV
(95% CI)

NPV
(95% CI)

Accuracy
(95% CI)

0.91
(0.81–1.00)

0.86
(0.78–0.92)

0.70
(0.56–0.83)

0.96
(0.92–1.00)

0.87
(0.81–0.93)

CI, confidence interval; NPV, negative predictive value; PPV, positive predictive value. 

Table 4. Clinicopathological Findings of Early Carcinomas by White Opaque Substance Morphology

Irregular WOS 
n=30

Regular WOS 
n=13 p-value

Neoplasm size (mean size±SD, mm) 19.8±10.6 20.5±14.4 0.541

Lesion location 

Right colon 9 5 0.418

Left colon 12 4 0.413

Rectum 9 4 0.615

Macroscopic classification 

0-IIa, 0-IIc, 0-IIa+IIc 12 4 0.414

0-Is, 0-Isp, 0-Ip 18 9

Depth of invasion

Intaramucosal carcinoma, SM-s carcinoma 21 10 0.727

SM-d carcinoma 9 3

Fisher’s exact test.
SD, standard deviation; SM-d, the depth of submucosal invasion is over 1,000 μm; SM-s, the depth of submucosal invasion is limited to 
less than 1,000 μm; WOS, white opaque substance.

Clinicopathological findings by white opaque substance 
morphology

Mean neoplasm sizes, lesion locations, macroscopic clas-
sifications, and depths of invasion of the early carcinomas 
are presented by the WOS morphology in Table 4. In early 
carcinomas, lesions with a regular WOS and lesions with an 
irregular WOS showed no significant difference in terms of 
mean neoplasm size, lesion location, and macroscopic classi-
fication. By the depth of invasion of an early carcinoma, 21/31 
intramucosal carcinomas or SM-s carcinomas (67.8%) showed 
an irregular WOS, while 9/12 SM-d carcinomas (75%) showed 
an irregular WOS, indicating no significant difference in the 
prevalence of an irregular WOS between intramucosal carci-
nomas or SM-s carcinomas and SM-d carcinomas (p=0.727) 
(Table 4). A total of 8/12 SM-d carcinomas underwent surgical 
treatment; however, only one with a regular WOS was con-
firmed to have lymph node metastasis.

Intraobserver and interobserver agreement 
For WOS morphology, the interobserver agreement (TH 

and HI) was categorized as moderate (κ=0.587), whereas the 
intraobserver agreement (TH) was categorized as good to fair 
(κ=0.653).

DISCUSSION

The present study demonstrated the usefulness of the mor-
phology of the WOS, a new optical marker for NBI with ME, 
for differentiating between adenoma and early carcinoma in 
colorectal epithelial neoplasms.

Hisabe et al.15 reported the presence of the WOS in approx-
imately 40% of colorectal epithelial neoplasms, and that the 
prevalence of WOS-positivity was significantly higher in early 
carcinomas than in adenomas (66% vs. 31.8%), and it was 
significantly higher in SM carcinomas than in intramucosal 
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carcinomas (75.9% vs. 59.0%). The present study provided 
similar results; the prevalence of WOS-positivity was 36.5% in 
adenomas and 76.5% in early carcinomas. Nevertheless, it is 
still challenging to differentiate between carcinomas and ad-
enomas based on the presence or absence of the WOS alone. 
Yao et al.11 proposed an algorithm for cases of gastric epithelial 
neoplasms with the WOS obscuring the microvessels; magni-
fying endoscopic diagnosis should be made alternatively with 
WOS morphology as a marker of the microsurface structure. 
In cases of gastric epithelial neoplasms with the extensive 
presence of the WOS, using an irregular WOS as a marker of 
carcinoma has allowed differentiation between carcinoma and 
adenoma with a sensitivity of 97.7% and a specificity of 96.0%, 
making it possible to determine whether a lesion is carcino-
matous. Similarly, the analysis of the morphology of the WOS 
seems to be useful for an accurate diagnosis, as demonstrated 
in this study.

A retrospective study of the morphology of the WOS in 
colorectal epithelial neoplasms reported that among 71 lesions 
with a regular WOS, adenomas accounted for 54.9%, and 
high-grade dysplasias (HGDs) and SM-s carcinomas account-
ed for 43.7%, indicating that the regular WOS is a marker for 
adenoma or HGDs/SM-s carcinomas.20 The present study, on 
the other hand, showed different results; specifically, a regular 
WOS is characteristic of adenomas, while an irregular WOS 
is a characteristic finding associated with HGDs and SM-s 
carcinomas. In fact, the prevalence of an irregular WOS was 
significantly higher in early carcinomas than in adenomas 
(69.8% vs. 3.7%, respectively, p<0.001). In the differential di-
agnosis between early carcinoma and adenoma, the use of the 
irregular WOS as a marker of early carcinoma provided high 
sensitivity (91%), specificity (86%), and accuracy (87%). As 
seen with gastric epithelial neoplasms, the WOS is also present 
extensively in colorectal epithelial neoplasms. In cases where 
the WOS obscures the vessel pattern, it is important to over-
look the vessel pattern and use the morphology of the WOS as 
an alternative surface-pattern marker to establish a magnifying 
endoscopic diagnosis. However, in our study, three cases with 
irregular WOS had established the diagnosis of adenoma, and 
13 cases with regular WOS had established the diagnosis of 
early carcinoma. Even in early carcinoma, it is challenging to 
evaluate the morphology of WOS as irregular if the lesion has 
a weak histological and structural atypia on the surface. On 
the other hand, adenoma with strong structural atypia on the 
surface may be evaluated as malformed.

A retrospective study by Kawasaki et al.20 on WOS mor-
phology stratified by the depth of invasion of the carcinoma 
showed that irregular WOS was present in 82.4% of carcino-
mas that had invaded deeply into the SM layer and in 14.7% 
of HGDs and SM-s carcinomas, indicating that the irregular 

WOS is a marker of deep SM invasive carcinoma. Further-
more, the risk of lymph node metastasis has been higher in 
deep SM invasive carcinomas with irregular WOS than in 
those without WOS. In the present study, however, 67.8% of 
intramucosal or SM-s carcinomas and 75% of SM-d carci-
nomas showed an irregular WOS, indicating no significant 
difference in the prevalence of irregular WOS. Thus, it is 
challenging to diagnose the depth of invasion of a carcinoma 
based on the WOS morphology, and cases with a confirmed 
irregular WOS must be subsequently evaluated by pit pattern21 
diagnosis using chromoendoscopy. Moreover, none of the 
SM-d carcinomas positive for an irregular WOS had lymph 
node metastasis, showing no relationship between lymph 
node metastasis and irregular WOS. We speculate that the 
retrospective review of the recorded endoscopic images has 
limitations for assessing the prevalence or the morphology of 
WOS because the WOS is not uniformly present in a diffuse 
manner in one neoplasm but rather in a patchy manner on 
the surface of the neoplasm. When we take into consideration 
such limitations, the data obtained from this prospective study 
seems to be more reliable because prospective endoscopic ob-
servation can be more sensitive towards a WOS that is present 
in a patchy manner.

There are some limitations to this study. First, it was a 
single-site study in which only two endoscopists performed 
the evaluations. The κ-value in the study was moderate for 
interobserver agreement and good to fair for intraobserver 
agreement, showing good reproducibility in determining the 
WOS morphology. Nonetheless, a multicenter study involving 
many endoscopists is needed. Moreover, colorectal epithelial 
neoplasms include carcinomas in adenoma; however, this 
study did not evaluate whether the part evaluated for the WOS 
under NBI with ME was consistent with the part showing a 
high histopathological grade.

It is important to note, however, that the present study 
demonstrated in a prospective cohort of patients that the 
morphology of the WOS in colorectal epithelial neoplasms 
has the potential to serve as a highly reproducible marker in 
endoscopic procedures. Presently, the NBI classification,3,22-26 
including the Japan NBI Expert Team (JNET) classification, 
does not provide any criteria about the morphology of the 
WOS. Given the considerable number of cases with the WOS 
obscuring the vessel pattern, the morphological finding of the 
WOS has the potential to become a surface pattern marker.

In conclusion, this study demonstrated the potential use-
fulness of the morphology of the WOS on NBI with ME as a 
marker in the differential diagnosis between carcinoma and 
adenoma in cases of colorectal epithelial neoplasm with the 
WOS obscuring the microvessels.
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