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Abstract
AIM: To evaluate the efficacy of computer-assisted col-
or analysis of colorectal lesions using a novel auto-fluo-
rescence imaging (AFI) system to distinguish neoplastic 
lesions from non-neoplastic lesions and to predict the 
depth of invasion.

METHODS: From January 2013 to April 2013, consec-
utive patients with known polyps greater than 5 mm in 
size who were scheduled to undergo endoscopic treat-
ment at The Jikei University Hospital were prospectively 
recruited for this study. All lesions were evaluated using 
a novel AFI system, and color-tone sampling was per-
formed in a region of interest determined from narrow 
band imaging or from chromoendoscopy findings with-
out magnification. The green/red (G/R) ratio for each 
lesion on the AFI images was calculated automatically 
using a computer-assisted color analysis system that 
permits real-time color analysis during endoscopic pro-
cedures.

BRIEF ARTICLE

Online Submissions: http://www.wjgnet.com/esps/
wjg@wjgnet.com
doi:10.3748/wjg.v19.i41.7146

7146 November 7, 2013|Volume 19|Issue 41|WJG|www.wjgnet.com

World J Gastroenterol  2013 November 7; 19(41): 7146-7153
 ISSN 1007-9327 (print)  ISSN 2219-2840 (online)

© 2013 Baishideng Publishing Group Co., Limited. All rights reserved.

RESULTS: A total of 88 patients with 163 lesions were 
enrolled in this study. There were significant differences 
in the G/R ratios of hyperplastic polyps (non-neoplastic 
lesions), adenoma/intramucosal cancer/submucosal 
(SM) superficial cancer, and SM deep cancer (P  < 
0.0001). The mean ± SD G/R ratios were 0.984 ± 0.118 
in hyperplastic polyps and 0.827 ± 0.081 in neoplastic 
lesions. The G/R ratios of hyperplastic polyps were sig-
nificantly higher than those of neoplastic lesions (P  < 
0.001). When a G/R ratio cut-off value of > 0.89 was 
applied to determine non-neoplastic lesions, the sensi-
tivity, specificity, positive predictive value (PPV), nega-
tive predictive value (NPV), and accuracy were 83.9%, 
82.6%, 53.1%, 95.6% and 82.8%, respectively. For 
neoplastic lesions, the mean G/R ratio was 0.834 ± 
0.080 in adenoma/intramucosal cancer/SM superficial 
cancer and 0.746 ± 0.045 in SM deep cancer. The G/R 
ratio of adenoma/intramucosal cancer/SM superficial 
cancer was significantly higher than that of SM deep 
cancer (P  < 0.01). When a G/R ratio cut-off value of 
< 0.77 was applied to distinguish SM deep cancers, 
the sensitivity, specificity, PPV, NPV, and accuracy were 
80.0%, 84.4%, 29.6%, 98.1% and 84.1%, respectively.

CONCLUSION: The novel AFI system with color analy-
sis was effective in distinguishing non-neoplastic lesions 
from neoplastic lesions and might allow determination 
of the depth of invasion.

© 2013 Baishideng Publishing Group Co., Limited. All rights 
reserved.
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Core tip: Recently, a novel auto-fluorescence imaging 
(AFI) system with has higher resolution and higher 
flame rate than those offered by previously used AFI 
systems has become commercially available in Japan. 
We evaluated the efficacy of computer-assisted color 



that allows a higher frame rate, although the overall 
brightness of  the endoscopic images is the same as that 
in first-generation AFI systems. The use of  a brighter 
lamp produces less flickering and color splitting in the 
endoscopic images. The second major improvement is 
in the image-processing algorithm used, specifically the 
noise-reduction algorithm, which results in higher resolu-
tion images with less noise interference (Figure 1). In ad-
dition, software that enables real-time color analysis has 
been developed and is available.

The aim of  this study was to prospectively evalu-
ate the efficacy of  computer-assisted color analysis of  
colorectal lesions by using the novel AFI system to at-
tempt to distinguish non-neoplastic lesions from neo-
plastic lesions. In addition, if  a the colorectal neoplasm 
invades the submucosal layer, which contains where au-
tofluorescent substances such as, collagen, nicotinamide 
adenine dinucleotide hydrate (NADH), flavin adenine 
dinucleotide, lysosome granules, and porphyrin[6-8], auto-
fluorescence would be expected to be attenuated. There-
fore, we hypothesized that the AFI system would be 
useful in determining the depth of  invasion of  colorectal 
neoplasms. To verify our hypothesis, we evaluated the ef-
fectiveness of  the novel system in permitting diagnosis 
of  the depth of  invasion of  colorectal neoplasia.

MATERIALS AND METHODS
This study was approved by the ethical committee of  our 
institution [registration number 24-188(6954)] and was 
registered in the University Hospital Medical Information 
Network (UMIN) in Japan under registration number 
24-188(6954): UMIN R000011404. Written informed 
consent for examination and treatment was obtained 
from all patients prior to the procedures. From January 
2013 to April 2013, consecutive patients with known pol-
yps over 5 mm in size who were scheduled to undergo 
endoscopic treatment at The Jikei University Hospital 
were prospectively recruited for this study.

The exclusion criteria were refusal to participate, ages 
less than 19 or more than 91 years, and the presence of  
inflammatory bowel disease (IBD), familial adenomatous 
polyposis, or serrated sessile adenoma/polyp (SSA/P) le-
sions confirmed by pathological findings after endoscop-
ic resection. Patients with SSA/P lesions were excluded 
because the histological diagnostic criteria for SSA/P are 
controversial in Japan at present[9].

Endoscopic procedure
All patients received total bowel cleansing with polyethyl-
ene glycol solutions (Niflec; Ajinomoto Pharmaceuticals 
Co. Ltd., Tokyo, Japan) after 12 h of  nil per os (NPO) 
status. All colonoscopies were performed using the novel 
AFI system with a colonoscope designed for AFI obser-
vation (CF-FH260AZI; Olympus Medical Systems, To-
kyo, Japan) by 5 endoscopists, each of  whom possesses 
more than 5 years of  experience in colonoscopy and 
treats more than 500 cases a year.
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analysis using the novel AFI system for distinguishing 
colorectal neoplasia and non-neoplasia and for predict-
ing depth of invasion. The green/red ratios, which were 
obtained by dividing green color intensity by red color 
intensity, were significantly different between hyper-
plastic polyps, adenoma/intramucosal cancer/SM super-
ficial cancer, and SM deep cancer. The novel AFI system 
was effective in distinguishing non-neoplastic lesions 
from neoplastic lesions and might have potential to 
predict the depth of invasion.
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INTRODUCTION
Colonoscopy is the most effective method for the detec-
tion of  colonic neoplastic lesions in the earlier and more 
curable stages. According to the National Polyp Study, 
colorectal cancer incidence was decreased by the endo-
scopic removal of  polyps detected during colonoscopy 
screenings[1].

Accurate endoscopic determination of  the histology 
of  colorectal polyps could prevent unnecessary polypecto-
mies and may allow the proposal of  adequate surveillance 
recommendations. The strategy of  “resect and discard” 
for diminutive colorectal polyps has been suggested by 
The American Society for Gastrointestinal Endoscopy[2]. 
However, a report evaluating real-time optical biopsy anal-
ysis of  polyps with narrow band imaging (NBI) concluded 
that only 25% of  community-based gastroenterologists 
assessed polyps with > 90% accuracy[3]. Therefore, easy 
and objective methods for distinguishing colorectal neo-
plastic lesions from non-neoplastic lesions are required.

We previously reported the effectiveness of  auto-
fluorescence imaging (AFI) systems in distinguishing 
colorectal non-neoplastic lesions from neoplastic le-
sion[4,5]; however, in that study, the number of  lesions 
examined was limited.

In an AFI system, white light is separated into excita-
tion light and green light and used to irradiate onto the 
colon mucosa. After blocking the reflected light, a false 
color image is displayed on the monitor based on the 
balance of  autofluorescence intensity and green light in-
tensity. Recently, a novel AFI system composed of  light 
sources (EVIS LUCERA ELITE CLV-290SL; Olympus 
Medical Systems, Tokyo, Japan) and video processors 
(EVIS LUCERA ELITE CV-290; Olympus Medical 
Systems, Tokyo, Japan) was developed. The newer AFI 
systems feature two major improvements over previously 
available AFI systems (EVIS LUCERA CLV-260SL, 
EVIS LUCERA CV-260S; Olympus Medical Systems, 
Tokyo, Japan) The first improvement is a brighter lamp 



All endoscopic procedures were performed under 
conditions of  CO2 insufflation[10]. First, colonoscopy was 
performed using the white light imaging (WLI) function 
of  the AFI system. When colorectal lesions were de-
tected, they were observed by switching to the NBI mode 
using a button on the control head of  the endoscope. 
Subsequently, the lesions were observed by chromoen-
doscopy (CE) using 0.4% indigo carmine and the WLI 
mode. The region of  interest (ROI) was then determined 
from the NBI findings without magnification or CE. We 
determined the placement of  the ROI in regions where 
characteristic endoscopic findings for SM deep invasion, 
such as expansion appearance, a large nodule equal to or 
greater than 10 mm in size, redness, or demarcated de-
pressed areas[11,12] were found, we determined the place-
ment of  the ROI based on the individual characteristics 
of  the lesion (Figure 2). In lesions without these findings, 
the ROI was placed at the center of  the lesion. After 
washing the indigo carmine with water insufflation, real-
time color analysis of  the ROI on the AFI images was 
conducted using a personal computer with software for 
color analysis connected to the endoscopy system. On 

the computer monitor, the ROI was placed using a cur-
sor (10 × 10 pixels). The green/red (G/R) ratio, which is 
obtained by dividing the green color tone intensity by the 
red color tone intensity, was calculated automatically dur-
ing the endoscopic procedures (Figure 3). Finally, mag-
nifying endoscopy with NBI and CE using crystal violet 
was performed to estimate the depth of  invasion of  the 
encountered lesion[13]. 

If  the estimated depth of  invasion was limited to the 
mucosa or superficial SM (less than 1000 μm from the 
muscularis mucosae), the lesions were endoscopically re-
moved. Lesions diagnosed as SM deep cancer (1000 μm 
or more from the muscularis mucosae) from magnified 
endoscopic findings were surgically resected.

Histological assessment
All tissue specimens were fixed in 10% buffered formalin 
and cut into 2-mm slices. The specimens were then exam-
ined microscopically to determine depth of  invasion and 
histological type. Histological diagnoses were based on 
the Japanese classification system for cancer of  the colon 
and rectum[14] and on the Vienna classification system[15]. 
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A B
Figure 1  Comparisons of images obtained with the previ-
ous autofluorescence imaging system and with the novel 
autofluorescence imaging system. The major improvement 
in the novel autofluorescence imaging (AFI) system is in the 
image-processing algorithm, specifically the noise-reduction 
algorithm, which results in higher resolution images with less 
noise interference. An AFI image from the previous AFI system 
(A: EVIS LUSERA ERITE CLV-290) is clearer than an image 
from the novel AFI system (B: EVIS LUSERA CLV-260).

A B

Figure 2  A determination of region of interest. A: A white light image of a flatelevated lesion located in the sigmoid colon; B: A depressed area observed on chro-
moendoscopy (the area surrounded by yellow arrows). The region of interest for color tone analysis was chosen by the endoscopist based on the findings of non-
magnifying narrow-band imaging or chromoendoscopy. 

Region of interest
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were significant differences between the G/R ratios of  
the hyperplastic polyps (non-neoplastic lesions), adeno-
ma/intramucosal cancer/SM superficial cancer, and SM 
deep cancer (P < 0.0001) (Figure 4A). The mean G/R 
ratios were 0.984 ± 0.118 in hyperplastic polyps and 0.827 
± 0.081 in neoplastic lesions. The G/R ratios of  hyper-
plastic polyps were significantly higher than those of  
neoplastic lesions (P < 0.001) (Figure 4B), and the area 
under the receiver operating characteristic (ROC) curve 
sensitivity and 1-specificity of  the G/R ratio in dis-
criminating between hyperplastic polyps and neoplastic 
lesions was 0.8795. When a G/R ratio cut-off  value of  
> 0.89 was applied to determine non-neoplastic lesions, 
the sensitivity, specificity, positive predictive value (PPV), 
negative predictive value (NPV), and accuracy were 
83.9%, 82.6%, 53.1%, 95.6%, and 82.8%, respectively 
(Figure 5A). Regarding the use of  endoscopic diagnosis 
by experienced endoscopists to distinguish neoplastic 
lesions from non-neoplastic lesions using magnifying 
endoscopy with NBI and/or CE, the sensitivity, specific-
ity, PPV, NPV, and accuracy were 93.5%, 97.0%, 87.9%, 
98.5% and 96.3%, respectively. The accuracy of  color 
analysis for distinguishing neoplastic lesions from non-
neoplastic lesions was 90.1% for flat/depressed types 
and 70.8% for protruded types. The diagnostic accuracy 
for the flat/depressed type was significantly higher than 
that for the protruded type (Table 1).

For neoplastic lesions, the mean G/R ratio was 0.834 
± 0.080 in adenoma/intramucosal cancer/SM superficial 
cancer and 0.746 ± 0.045 in SM deep cancer (Figure 4C). 
The G/R ratio of  adenoma/intramucosal cancer/SM 
superficial cancer was significantly higher than that of  
SM deep cancer (P < 0.01), and the area under the ROC 
curve sensitivity and 1-specificity of  the G/R ratio in 
discriminating between adenoma/intramucosal cancer/
SM superficial cancer and SM deep cancer was 0.8381. 
When a G/R ratio cut-off  value of  < 0.77 was applied 
to distinguish SM deep cancers, the sensitivity, specific-
ity, PPV, NPV, and accuracy were 80.0%, 84.4%, 29.6%, 
98.1% and 84.1%, respectively (Figure 5B). Regarding 
the endoscopic diagnosis of  depth of  invasion by experi-

The final pathological assessments were conducted by a 
pathologist who was blinded to this study and to the re-
sults of  the color analyses.

Endoscopic diagnosis
The endoscopist assessed whether the lesions were neo-
plastic or non-neoplastic and determined the depth of  
invasion (SM deep or not) on the basis of  the findings of  
magnified observation using NBI and CE. After comple-
tion the color analysis, the diagnoses were related to the 
study coordinator by the endoscopist.

Statistical analysis
Statistical analysis was performed using SPSS for Win-
dows (SPSS, release 6.0, 1993; SPSS Inc., Chicago, Il-
linois, United States). Data are expressed as the mean 
± SD. To determine differences in the mean G/R ratio, 
comparisons between groups were performed using one-
way analysis of  variance (ANOVA) followed by multiple 
comparison testing using the Bonferroni-Dunn method. 
Continuous variables were analyzed using a t test. A P 
value < 0.05 was considered statistically significant.

RESULTS
A total of  191 patients were recruited for this study. The 
following patients were excluded from this study based 
on the exclusion criteria: 89 patients who refused to 
participate, 9 patients who had SSA/P lesions, and 5 pa-
tients diagnosed with IBD. Finally, 88 patients with 163 
lesions were enrolled in this study. The mean patient age 
was 63.0 ± 10.4 years, the male-to-female ratio was 1:0.51, 
and the mean lesion size was 15.0 ± 12.6 mm. Histologi-
cally, of  the 163 lesions, there were 31 hyperplastic pol-
yps (19.0%), 82 tubular/tubulovillous adenomas (50.3%), 
40 mucosal or SM superficial cancers (24.5%), and 10 
SM deep cancers (6.1%). Macroscopic types included 
72 protruded (44.2%) and 91 flat elevated or depressed 
(55.8%) lesions. Tumor locations included 13 in the 
cecum (8.0%), 63 in the right colon (38.7%), 64 in the 
left colon (39.3%), and 23 in the rectum (14.1%). There 

A

Figure 3  A method for real-time color intensity analysis calculated software. A: A personal computer with software that enables real-time color tone analysis was 
connected to the endoscopy system. B: The user interface of the personal computer for color tone analysis. The region of interest was chosen using the cursor (yellow 
square). The color tone intensity (blue square) and the green/red ratio (red square), which is obtained by dividing the green color tone intensity by the red color tone 
intensity, were calculated automatically. 

R:     174

G:     150

B:     127

G/R: 0.8620

B
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enced endoscopists using magnifying endoscopy for SM 
deep cancers, the sensitivity, specificity, PPV, NPV, and 
accuracy were 60.0%, 100%, 100%, 96.8%, and 84.1%, 
respectively (Table 2).

DISCUSSION
The NBI system, which enables precise observation of  
microvasculature and surface strictures of  colorectal le-
sions[16-18], is considered an effective method for distin-
guishing non-neoplastic lesions from neoplastic lesions, 
and an international expert group has proposed the NBI 
International Colorectal Endoscopic (NICE) classifica-
tion to distinguish adenomas from hyperplastic polyps[19]. 
However, because diagnosis of  colorectal neoplasia us-
ing the NBI system is based on the subjective judgment 
of  the endoscopist, the accuracy of  diagnosis differs 
between expert endoscopists and community-based 
gastroenterologists[3]. Therefore, a method that permits 
objective and real-time diagnosis with respect to for dis-
tinguishing colorectal non-neoplastic lesions from neo-
plastic lesions is needed.

G
/R

 r
at

io

1.2

1.0

0.8

0.6

b

Non-neoplastic 
lesions G/R ratio 
(mean ± SD): 
0.984 ± 0.118

Adenomas/ 
Intramucosal cancers/
SM superficial cancers 

G/R ratio (mean ± 
SD): 0.834 ± 0.080

SM deep cancers G/R 
ratio (mean ± SD): 

0.746 ± 0.045

A

G
/R

 r
at

io

1.2

1.0

0.8

0.6

b

Non-neoplastic lesions 
G/R ratio (mean ± SD): 

0.984 ± 0.118

Neoplastic lesions G/R 
ratio (mean ± SD): 

0.827 ± 0.081

B

G
/R

 r
at

io

1.1

1.0

0.9

0.8

0.7

0.6

b

Adenomas/ Intramucosal 
cancers/SM superficial 

cancers G/R ratio (mean ± 
SD): 0.834 ± 0.080

SM deep cancers G/R 
ratio (mean ± SD): 

0.746 ± 0.045

C

Figure 4  Distribution of green/red ratios. A: Between non-neoplastic lesions, 
adenoma/intramucosal cancer/submucosal (SM) superficial cancer, and SM 
deep cancer, there was a significant difference in the green/red (G/R) ratios of 
non-neoplastic lesions, adenomas/intramucosal cancer/SM superficial cancer, 
and SM deep cancer (bP < 0.01); B: Between non-neoplastic lesions and neo-
plastic lesions, There was a significant difference between non-neoplastic and 
neoplastic lesions (bP < 0.01); C: Between adenoma/intramucosal cancer/SM 
superficial cancer, and SM deep cancer, there was a significant difference be-
tween the two groups (bP < 0.01). SM superficial cancer: Submucosal invasion 
was defined as less than 1000 µm from the muscularis mucosae; SM deep 
cancer: Submucosal invasion was defined as 1000 µm or more from the mus-
cularis mucosae.
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Figure 5  Receiver operating characteristic curve. A: For discriminating be-
tween hyperplastic polyps and neoplastic lesions, the area under the receiver 
operating characteristic curve (AUC) was 0.8795; B: For discriminating between 
adenoma/intramucosal cancer/SM superficial cancer and SM deep cancer, the 
area under AUC was 0.8381. G/R: Green/red.
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The results of  the present study indicate that color 
analysis using the novel AFI system is an effective 
method for the objective diagnosis of  colorectal lesions, 
although the sensitivity/specificity/PPV/NPV for deter-
mining neoplastic lesions obtained in this study were in-
ferior to those previously reported[5] using an earlier AFI 
system. The mean G/R ratios of  colorectal lesions (non-
neoplastic lesions, 0.984; neoplastic lesions, 0.827) in the 
present study were lower than the ratios reported in a 
previous study (non-neoplastic, 1.12; neoplastic, 0.86)[5]. 
The improvements in the novel AFI system, including the 
noise-reduction algorithm, higher frame rate, and brighter 
light source, may affect color tone intensity. In addition, 
in a previous report, color tone sampling was performed 
in one area of  the lesion that was judged to represent a 
particular AFI color tone[5]; however, in the present study, 
color tone sampling was performed on an ROI, that, 
was determined using chromoendoscopy under WLI. 
Moreover, the present study was limited to patients with 
polyps over 5 mm in size; however, there were no size 
limitations on polyps in the previous report[5]. The use of  
different methods of  color tone sampling and different 
inclusion criteria are possible reasons for the differences 
in the results. However, the lower G/R ratios obtained 
in the present study might indicate that the novel AFI 
system permits clearer visualization of  colorectal lesions 
than the former AFI system.

The results of  the present study also indicate the po-
tential of  color tone analysis to predict the depth of  inva-
sion of  colorectal neoplasia. Standard methods in use for 
predicting the depth of  invasion of  colorectal neoplasia 
for planning treatment strategies are pit pattern classifi-
cation using magnifying endoscopy and/or endoscopic 
ultrasonography[20-26], both of  which require long proce-
dure times. A color tone analysis that involves a shorter 
procedure time and that permits objective diagnosis of  
the depth of  invasion of  colorectal neoplasia may pro-
vide significant benefits, especially to less endoscopists. 
However, because the number of  SM deep lesions exam-

ined in this study was limited, larger studies are needed to 
further validate this method. The current study has sev-
eral limitations. First, because it was difficult to estimate 
the effectiveness of  color tone analysis in distinguishing 
neoplastic lesions from non-neoplastic lesions using the 
novel AFI system, the sample size was not calculated for 
this study. Second, the colonoscopies and ROI determi-
nations performed in this study were conducted by expe-
rienced endoscopists; therefore, the results of  this study 
might not be reproducible when patients are assessed by 
non-experienced clinicians. Finally, the lesions included 
in this study were limited to those over 5 mm in size, and 
the number of  SM deep lesions was limited. 

In conclusion, the results of  the present study indi-
cate that computer-assisted real-time color analysis using 
the novel AFI system was effective in distinguishing non-
neoplastic lesions from neoplastic lesions. Color tone 
analysis, which is an objective and time-saving method, 
may have potential as a methods for predicting the depth 
of  invasion of  colorectal neoplasia, although the number 
of  SM deep lesions examined in the present study was 
limited. Further studies are needed to determine the ef-
fectiveness of  color tone analysis for predicting the depth 
of  invasion of  colorectal neoplasia.

COMMENTS
Background
Colonoscopy is the most effective method for the detection of colonic neoplastic 
lesions in their earlier and more curable stages. Accurate endoscopic determi-
nation of the histology of colorectal polyps could prevent unnecessary polypec-
tomies and may allow the proposal of adequate surveillance recommendations. 
The authors have reported the effectiveness of autofluorescence imaging (AFI) 
systems in distinguishing colorectal non-neoplastic lesions from neoplastic 
lesions. Recently, a novel AFI system that employs second-generation light 
sources (EVIS LUCERA ELITE CLV-290SL; Olympus Medical Systems, Tokyo, 
Japan) and video processors (EVIS LUCERA ELITE CV-290; Olympus Medical 
Systems, Tokyo, Japan) was developed. In addition, software that enables real-
time color analysis was developed.
Research frontiers
AFI systems can be used to visualize fluorophores (autofluorescent substanc-

Sensitivity Specificity Positive predictive value Negative predictive value Accuracy

  Diagnosis based on the color analysis 83.9% 82.6% 53.1% 95.6% 82.8%
  Flat or depressed type 93.1% 79.0% 94.4% 75.0% 90.1%
  Protruded type 66.7% 91.7% 97.6% 35.5% 70.8%
  Diagnosis based on the endoscopic findings1 93.5% 97.0% 87.9% 98.5% 96.3%

Table 1  Diagnostic value of colorectal lesions (for distinguishing neoplastic lesions from non-neoplastic lesions)

1Using magnifying endoscopy with narrow band imaging and chromoendoscopy.

Sensitivity Specificity Negative predictive value Positive predictive value Accuracy

  Diagnosis based on the color analysis 80.00% 84.40% 29.60% 98.10% 84.10%
  Diagnosis based on the endoscopic findings1 60.00% 100% 100% 96.80% 84.10%

Table 2  Diagnostic value of colorectal lesions (For distinguishing intramucosal lesions/SM superficial cancer from SM deep cancer)

1Using magnifying endoscopy with narrow band imaging and/or chromoendoscopy. Submucosal (SM) superficial cancer: Submucosal invasion was defined 
as less than 1000 µm from the muscularis mucosae; SM deep cancer: Submucosal invasion was defined as 1000 µm or more from the muscularis mucosae.
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es) in the gastrointestinal (GI) tract. Several studies have demonstrated that 
the autofluorescence emitted by neoplastic lesions in the colon has a relatively 
longer wavelength than the autofluorescence emitted by surrounding normal 
mucosa. The aim of this study was to prospectively evaluate the efficacy of 
computer-assisted color analysis of colorectal lesions using a novel AFI system 
to distinguish non-neoplastic lesions from neoplastic lesions. The authors also 
evaluated the effectiveness of the system in determining the depth of invasion 
of colorectal neoplasms.
Innovations and breakthroughs
The results of the present study indicate that color tone analysis using the novel 
AFI system is an effective method for the objective diagnosis of colorectal le-
sions. The improvements in the novel AFI system, including the noise reduction 
algorithm, higher frame rate, and brighter light source may affect color tone 
intensity. In addition, in the present study, color tone sampling was performed 
on the region of interest, which was determined using chromoendoscopy under 
white light imaging. The results of the present study also indicate the potential 
of color tone analysis for use in predicting the depth of invasion of colorectal 
neoplasia. A color tone analysis that involves a shorter procedure time and 
permits objective diagnosis of the depth of invasion of colorectal neoplasia may 
provide significant benefits to endoscopists, especially to those who are less 
experienced.
Applications
The study results suggest that computer-assisted real-time color analysis us-
ing the novel AFI system was effective in distinguishing non-neoplastic lesions 
from neoplastic lesions. In addition, color tone analysis, which allows objective 
and time-saving prediction of the depth of invasion of colorectal neoplasia, has 
potential for use in determining appropriate treatment strategies for colorectal 
neoplasia.
Terminology
AFI systems can be used to visualize fluorophores (autofluorescent substanc-
es) in the GI tract. In an AFI system, a rotation filter divides the light from the 
xenon light source and permits only blue and green light to pass. The returning 
reflection from the tissue, including fluorescent light, is captured by the CCD 
via a special barrier filter. Image processing then generates the AFI image. The 
novel AFI system has a brighter lamp that permits a higher frame rate, and pro-
duces, less flickering and color splitting, resultings in higher-resolution images 
with less noise interference.
Peer review
This study prospectively evaluated the efficacy of computer-assisted color 
analysis of colorectal lesions using a novel AFI system to distinguish non-neo-
plastic lesions from neoplastic lesions. In addition, the authors also evaluated 
the effectiveness of the system in diagnosing the depth of invasion of colorectal 
neoplasia. They found that the novel AFI system with color analysis was effec-
tive in distinguishing non-neoplastic lesions from neoplastic lesions and that it 
may allow determination of the depth of invasion. The study is interesting, and 
the manuscript is well-written. 
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