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Abstract
Background The aim of this pilot study is to investigate the diagnostic yield of probe-based confocal laser endomicroscopy
(pCLE) in the evaluation of depth of invasion in colorectal lesions.
Methods Patients with colorectal lesions eligible for either endoscopic treatment or surgery were enrolled in the study. Tumor’s
depth of invasion was classified as mucosal or slight submucosal (M-SM1) and deep submucosal invasion or deeper (SM2 or
deeper). White light endoscopy (WLE), magnifying narrow band imaging (M-NBI), and magnifying chromoendoscopy (M-CE)
were used to assess colorectal lesions, and pCLE was used to identify tumor’s features related to SM2 or deeper. The diagnostic
classification of depth of invasion was obtained by correlating pCLE findings with histology results (on-site diagnosis). All
colorectal lesions were stratified by a second endoscopist who was blinded to any clinical and histological information with the
use of WLE, M-NBI, M-CE, and pCLE (off-line review).
Results A total of 22 colorectal lesions were analyzed: seven were adenoma, ten intramucosal cancer, and five SM2 or deeper
cancer. With respect to pCLE findings, loss of crypt structure was seen in all SM2 or deeper cancers and only in one M-SM1
lesion. Sensitivity, specificity, and accuracy of WLE, M-NBI, and M-CE in off-line review were 60/94/86, 60/94/86, and 80/94/
91%, respectively. Sensitivity/specificity/accuracy of pCLE in off-line review were 80/94/91%, respectively. The inter-observer
agreement of pCLE between on-site diagnosis and off-line review was 0.64 (95%CI 0.27–1.0).
Conclusions pCLE may represent a useful tool to evaluate the depth of invasion in colorectal lesions.
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Introduction

Endoscopic resection is commonly used to remove colo-
rectal neoplasms with a negligible risk of lymph node me-
tastasis. Specifically, endoscopic submucosal dissection
(ESD) was developed in order to allow the en bloc resec-
tion of gastrointestinal (GI) lesions regardless of their
shape and size. Because of such possibility to remove le-
sions in one piece, ESD has been shown to be associated to
a low recurrence rate and to facilitate a precise histological
assessment of the resected specimen [1–3]. It is well-
known in literature that colorectal cancers confined to the
intramucosal layer or invading less than 1000 μm of the
submucosa, with no lymphovascular involvement or poor
differentiated histology, have a negligible risk of lymph
node metastasis [4]. Guidelines for the treatment of colo-
rectal lesions suggested endoscopic resection as the
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treatment of choice for intramucosal carcinoma or carcino-
ma with slight submucosal invasion (≤ 1000 μm) (M-SM1)
[2, 5, 6]. Surgery with lymph node dissection is instead
recommended for submucosal deep invasive cancers (>
1000 μm) or deeper (SM2 or deeper), given the risk of
lymph node metastasis. Therefore, the evaluation of tu-
mor’s depth of invasion is of main importance to select
the best treatment option.

In the last years, advanced imaging techniques have been
developed to facilitate the evaluation of lesions’ depth of in-
vasion [7]. In particular, magnifying crystal violet
crhomoendoscopy (M-CE) with mucosal pit pattern diagnosis
and magnifying narrow band imaging (M-NBI) have been
shown to be very helpful in evaluating lesions’ depth of inva-
sion [8–10]. However, such techniques, as well as full-zoom
endoscopes, are not widely used yet, especially in Western
countries.

Probe-based confocal laser endomicroscopy (pCLE) is a
new technique for real-time, in vivo high-resolution evalua-
tion of GI mucosa at a cellular level. There are a few data in
literature on pCLE use and its feasibility, safety, and reliability
in differentiating non-neoplastic from neoplastic colorectal
lesions [11, 12]. We believe that pCLE may be helpful to
predict tumor’s depth of invasion in colorectal lesions and
an alternative modality of M-CE and M-NBI. For this reason,
we carried on this pilot study with the aim to assess
the diagnostic yield of pCLE for colorectal tumors
(UMIN000016557).

Material and methods

Patients

Patients with colorectal lesions eligible for either endoscop-
ic treatment or surgery and referred to two cancer centers
were enrolled in the study. Inclusion criteria were as fol-
lows: age between 20 and 79 years, ECOG performance
status 0–2, white blood cell ≥ 3000/mm3, hemoglobin ≥
8.0 g/dl, platelet ≥ 100,000/μl, aspartate aminotransferase
≤ 100 IU/l, alanine aminotransferase ≤ 100 IU, creatinine ≤
1.5 mg/dl. Patients allergic to fluorescein or with contrain-
dications to its intravenous administration and patients who
could not stop antithrombotic therapy according to
Japanese guidelines on antithrombotic treatment were ex-
cluded from the study [13].

On-site diagnosis

Bowel preparation was obtained with 2–3 l of polyethylene
glycol-electrolyte solution administered orally early morning
on the day of the procedure.

Prior to examination, scopolamine butylbromide (10 mg)
or glucagon (0.5 mg) was administered intravenously in pa-
tients with no contraindication to these drugs, in order to re-
duce bowel peristalsis. Expert endoscopists (Y.S. and Y.O.),
who had performed > 5000 colonoscopies but with little ex-
perience in pCLE, as they had never used it before, carried out
all the procedures. A video endoscope system (EVIS
LUCERA SPECTRUM; Olympus, Optical Co., Ltd., Tokyo,
Japan) and full-zoom colonoscopes (PCF-Q260AZI, CF-
H260AZI, Olympus, Optical Co., Ltd., Tokyo, Japan) were
used in this study. When a lesion was found, its depth of
invasion was initially assessed with white light endoscopy
(WLE) and classified as M-SM1 or SM2 or deeper, according
to endoscopic features [9]. Regions of interest, such as depres-
sion, large nodules, or reddened areas, were accurately
assessed as well [8]. M-NBI was subsequently used on the
region of interest or the center of the lesion to evaluate blood
vessel and surface pattern, in order to estimate the depth of
invasion according to Sano’s classification (CP-I: non-neo-
plastic, CP-II: adenomatous polyp, CP-IIIA: intramucosal or
superficial submucosal invasive cancer, CP-IIIB: deep submu-
cosal invasive cancer). CP-II and IIIA lesions corresponded to
M-SM1 and CP-IIIB to SM2 or deeper [10]. After M-NBI
analysis, M-CE with crystal violet staining was used to eval-
uate pit pattern and to estimate the depth of invasion according
to the clinical classification of pit pattern (non-invasive pat-
tern: M-SM1; invasive pattern: SM2 or deeper) [8]. pCLEwas
used after WLE, M-NBI, and M-CE assessment. In particular,
we used a pCLE system (Cellvizio; Mauna Kea Technologies,
Paris, France) together with a 2.5-mm diameter (GastroFlex-
UHD probe (Mauna Kea Technologies)). This probe can be
used through the accessory channel of any standard colono-
scope and has a field of view of 240 μm. The probe was
advanced through the working channel and then fully ap-
posed to the region of interest after intravenous administra-
tion of fluorescein. Image scans were obtained at a rate of
12 frames per second. As the endoscopists had never used
pCLE before, prior to the start of this study, they completed
a web-based diagnostic tutorial on pCLE image interpreta-
tion (http://www.cellvizio.net/learn/image-interpretation).
In vivo pCLE analysis included an initial intravenous
administration of 2.5 ml of 10% fluorescein sodium
solution (Alcon Parma, Tokyo, Japan). Soon after
fluorescein injection, the confocal probe was advanced
through the working channel and then applied to the
region of interest previously evaluated with M-NBI and
M-CE. The pCLE examination was video-recorded. pCLE
findings were divided into two categories—crypt findings
(round/slit/stellate opening/villiform/irregular/lack of
structure) and epithelial findings (uniform/irregular/dark/
thickened; more than one finding could be found in the
same lesion)—and were classified according to Miami clas-
sification [14]. Moreover, an expert endoscopist (Y.S.)
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proposed a diagnostic classification of tumor’s depth of
invasion by correlating pCLE findings with histological
results.

Off-line review

An off-line review was performed for all colorectal lesions by
a second endoscopist, who was blinded to any clinical and
histological information (S.A.). The endoscopist was not also
informed which treatment was performed for any lesions.
Prior to the start of the study, this endoscopist completed the
web-based diagnostic tutorial on pCLE image interpretation,
as mentioned before.

Lesions were assessed with WLE, M-NBI, and M-CE in
the same order, and depth of invasion was evaluated by using
each imaging technique. The video of pCLE analysis was
available to be reviewed, in order to evaluate microsurface
and microvascular pattern and, therefore, to estimate tumor’s
depth of invasion according to diagnostic classification. The
second endoscopist was allowed to watch the video as many
times as needed.

Histology

All neoplastic lesions were removed either with endoscopic
treatment or surgery according to the endoscopist’s decision
during the on-site diagnosis. The resected specimens were
retrieved, fixed in 10% buffered formalin solution and ex-
amined by expert pathologists with the use of hematoxylin
and eosin staining. Lesions removed endoscopically were
serially sectioned at 2–3-mm intervals, while lesions re-
moved with surgery at 4–5-mm intervals. The histological
classification was done according to the Japanese
Classification of Colorectal Carcinoma [15]. According to
depth of invasion, lesions were classified as adenoma,
intramucosal carcinoma, or superficial submucosal inva-
sive carcinoma (≤ 1000 μm from muscularis mucosae)
(pM-SM1), or deep submucosal invasive carcinoma (>
1000 μm) or deeper (pSM2 or deeper). Depth of submuco-
sal invasion was measured from the lowest part of
muscularis mucosae to the deepest area of invasion [16].
If muscularis mucosae was difficult to identify because of
tumor invasion, depth of invasion was measured starting
from tumor’s surface. Pedunculated lesions were classified
according to modified Haggitt’s classification [16].
Pedunculated lesions with head invasion were classified
as SM1, and those with s talk invas ion as SM2.
Intramucosal cancer corresponds to high-grade dysplasia
according to the Japanese classification and to mucosal
high-grade neoplasia according to the World Health
Organization and revised Vienna classification [17, 18].

Statistical analysis

Continuous variables were expressed as medians and ranges,
and categorical variables were expressed as numbers and fre-
quencies. This study evaluated the sensitivity, specificity, and
accuracy of each of the aforesaid endoscopic imaging tech-
niques in on-site diagnosis and off-line review for the evalua-
tion of tumor’s depth of invasion. Inter-observer agreement
for pCLE findings between on-site diagnosis and off-line re-
viewwas analyzed by using the kappa test. Statistical analyses
were performed with EZR version 1.27 (Saitama Medical
Center, Jichi Medical University, Japan) [19].

Results

A total of 24 lesions found in 21 patients were analyzed.
Histology showed that 22 out of 24 lesions had neoplastic
features: 7 adenomas, 10 mucosal cancers, 4 deep submucosal
invasive cancers, and 1 deeper cancer invading to muscularis
propria. No superficial submucosal invasive cancer was
found. Seventeen lesions were classified as pM-SM1 and five
were pSM2 or deeper. The median size of the 22 neoplastic
lesions was 25mm (range 3–60mm) (Table 1). The remaining
two lesions were non-neoplastic polyps and were therefore
excluded from the study.

With respect to the on-site diagnosis, the sensitivity, spec-
ificity, and accuracy of WLE, M-NBI, and M-CE were 100/
94/95, 100/100/100, and 100/100/100%, respectively
(Table 2). A score was assigned to each pCLE finding, accord-
ing to histology examination (Table 3). Loss of crypt structure
was common in SM2 or deeper (5/5) (Fig. 1) and rare in M-
SM1 (1/17) (Fig. 2). There was little correlation between the
epithelial pattern and histology. Epithelial thickening and loss
of crypt structure were identified in three out of five SM2 or
deeper cancers. Initially, we wanted to evaluate also blood
vessels pattern, but as it was difficult to recognize and to
interpret in many of the lesions, we decided not to consider
it for tumor’s analysis. Therefore, loss of crypt structure was
chosen as the pCLE finding indicative of SM2 or deeper in on-
site diagnosis. For lesions with loss of crypt structure classi-
fied as SM2 or deeper according to histology classification,
pCLE in on-site diagnosis showed a sensitivity, specificity,
and accuracy of 100, 94, and 95%, respectively.

Sensitivity, specificity, and accuracy of WLE, M-NBI, and
M-CE in off-line review were 60/94/86, 60/94/86, and 80/94/
91%, respectively. Sensitivity, specificity, and accuracy of
pCLE in off-line review were 80, 94, and 91%, respectively
(Table 4). The inter-observer agreement of pCLE between on-
site diagnosis and off-line review was 0.64 (95% confidence
interval 0.27–1.0). No adverse event associated with intrave-
nous fluorescein administration was reported.
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Discussions

The aim of this pilot study was to describe our initial experi-
ence with pCLE for the diagnosis of depth of invasion in
colorectal lesions. On-site analysis identified loss of crypt
structure as the pCLE finding indicative of SM2 or deeper.
Based on this finding, a simple pCLE classification for the
diagnosis of tumor’s depth of invasion was proposed.
Moreover, the diagnostic performance of pCLE for the eval-
uation of depth of invasion was validated by off-line review,
with good inter-observer agreement (kappa value = 0.64).
Even though the endoscopists who performed the procedures
had little experience with pCLE in on-site diagnosis and off-
line review, this study showed that pCLE could be useful to
predict the depth of invasion in colorectal neoplasms and,
thus, it may help in choosing the best treatment option.

Magnifying image-enhanced endoscopy was developed in
order to allow an accurate evaluation of histology type and
depth of invasion in colorectal tumors. M-NBI was shown to
be able not only to differentiate between non-neoplastic and
neoplastic lesions but also to estimate the depth of invasion in
neoplastic polyps [20, 21]. NBI has been shown to have
84.8% sensitivity, 88.7% specificity, and 87.7% accuracy in
differentiating between SM1 and SM2, according to Sano’s
classification. Although there are many classifications based
on M-NBI, the Japan NBI Expert Team (JNET) has recently
proposed a universal classification for colorectal tumors

(JNET classification), which was not published yet when we
started this pilot study [10]. In our study, we were able to
accurately estimate tumor’s depth of invasion through pit pat-
tern analysis, as it has been already done in previous studies
[22]. Matsuda et al. showed that sensitivity, specificity, and
diagnostic accuracy of M-CE in differentiating between M-
SM1 and SM2 lesions were 85.6, 99.4, and 98.8%, respec-
tively [8]. In Japan, pit pattern analysis with CE is considered
as a standard method to predict the depth of invasion, and M-
NBI is an alternative option [10, 23, 24]. Both these diagnostic
techniques require a full-zoom magnifying colonoscope,
which has the capability to magnify the endoscopic view up
to 100 times. In the Western countries, this kind of endoscope
is rarely used and there are also technical limitations in the use
of magnifying endoscopy, mainly with respect to the ability to
focus on a target lesion and take pictures, as the majority of
endoscopists did not have a specific training. Some studies in
literature analyzed the learning curve for magnifying endos-
copy in colorectal polyps assessment, but most of them were
image interpretation studies using images taken by expert
endoscopists [25].

pCLE is an advanced imaging technique which allows for
the in vivo visualization of the mucosal layer and subcellular
structures in the GI tract. The flexible miniprobe has a diam-
eter of 2.5 mm and can be advanced through the working
channel of any colonoscope. Moreover, the confocal system
allows the in vivo visualization of microscopic cellular struc-
ture at 60 μm from the surface, without the need of adjusting
the focus. This is done by simply apposing the probe to the
epithelium, as the pinhole filter inside the probe cuts the fluo-
rescent light out-of-the-focus. Some studies showed that
pCLE is an easy-to-learn and promising diagnostic new meth-
od for in vivo analysis of colorectal polyps and inflammatory
bowel diseases (IBD) [11, 26]. Our study supported the idea
that the learning period for the use of pCLE was short.

Table 3 pCLE features according to histology (on-site diagnosis)

Adenoma M SM1 SM2 or deeper Total

Crypt pattern

Round 1 1 0 0 2

Slit 1 0 0 0 1

Villiform 4 7 0 0 11

Irregular 1 1 0 0 2

Lack of structure 0 1 0 5 6

7 10 0 5 22

Epithelium

Uniform 3 5 0 0 8

Irregular 2 3 0 1 6

Dark 1 3 0 5 9

Thickened 1 1 0 3 5

Multiple choices were accepted

Table 1 Lesion characteristics

Macroscopic appearance, n 0-Is, 0-Ip 8
0-IIa, 0-IIb 11
0-IIc 3

Median tumor size (range), mm 25 (3–60)

Location Rectum 7

Left side colon 2

Right side colon 13

Histology, n adenoma 7

adenocarcinoma 15

Depth of invasion M-SM1 17

SM2 4

MP 1

M-SM1 intramucosa or superficial submucosal invasion, SM2 deep sub-
mucosal invasion, MP muscularis propria

Table 2 Sensitivity, specificity, and diagnostic accuracy of depth of
invasion in on-site diagnosis

Sensitivity (%) Specificity (%) Accuracy (%)

WLE 100 94 95

M-NBI 100 100 100

M-CE 100 100 100
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In 2004, Kiesslich et al. classified colorectal tissue into
normal, regenerative, and neoplastic, and compared these sub-
types with the underlying pathological diagnosis [27].
However, this classification was not helpful in treatment strat-
egy decision. A classification system for normal and patho-
logical states in the GI tract using pCLE was proposed during
a meeting held in Miami, Florida, in 2009 (Miami classifica-
tion), and is now widely accepted [14]. Even though this clas-
sification could be very helpful to predict histology type of the
lesion, since three to four pCLE findings per GI disease were
proposed, it was unclear which one was the most indicative of
tumor’s depth of invasion. With our study, we showed that
loss of crypt structure was the most significant pCLE feature
associated to SM2 or deeper cancer. We believe that loss of
crypt structure may represent the atypia indicative of invasive
cancer in pCLE analysis, similarly to VI or VN pit pattern in the
pit pattern diagnosis. Endocytoscopy was recently developed to
allow the analysis of mucosal structures at a cellular level. A
target is stained with an absorptive contrast agent (methylene
blue for cell nucleus, crystal violet for cell cytoplasm and glands

ducts), and then particular lens are used to collect highly mag-
nified images up to 450 times in order to visualize subcellular
structures. Kudo et al. proposed an endocytoscopic (EC) clas-
sification and reported that the EC3b category, characterized by
unclear gland formation and agglomeration of distorted nuclei,
was indicative of SM2 or deeper invasive lesions [28].
Endocytoscopy allows the diagnosis of tumor’s depth of inva-
sion through the evaluation of nuclear morphology, which is
not possible with pCLE. However, endoscytoscopy requires a
longer learning period in order to acquire the ability to focus on
a target lesion and take pictures compared to pCLE.

To our best knowledge, there is only one study in literature
on the evaluation of depth of invasion in colorectal lesions
with pCLE. This study by Kim et al. classified colorectal
submucosal findings as negative or indicative of carcinoma
infiltration, and blood vessels pattern was rarely mentioned. In
this study, submucosal carcinoma infiltration seen with pCLE
was associated to dark and irregular nests of cells with irreg-
ular architecture and little or no mucin. Based on rates of
correlation with pathological findings, the sensitivity,

Fig. 1 a WLE showing a reddish
depressed lesion with thickened
and elevated margins in the lower
rectum. The depressed area was
selected as region of interest. b
M-NBI showing avascular
surface, classified as Type IIIB
according to Sano’s classification.
c M-CE with crystal violet
staining showing irregular and
distorted pit pattern in the
depressed area, which was
classified as Vi invasive pattern. d
pCLE showing loss of structure in
the region of interest. e
Histological analysis of the
resected specimen (removed with
surgery) showing deep
submucosal invasive
adenocarcinoma (2000 μm from
the surface)
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specificity, and accuracy of the submucosal carcinoma infil-
tration classification were 91.7, 86.8, and 88.0%, respectively
[29]. However, it was not sure whether the aforesaid findings
were really associated to submucosal invasion, as pCLE al-
lows the visualization of cellular structure up to 60 μm from
the epithelial surface, which means that confocal laser beam
could not reach the submucosal layer.

As mentioned above, although the sufficient diagnostic
performance of M-CE was already shown in several studies,
these advanced image modalities were not commonly used

due to the limited availability and use of a full-zoom endo-
scope and crystal violet staining, and the technical limitations
in the use of magnifying endoscopy, especially in the West.
Thus, it was hard to say that M-CE was a global standard
method to predict the depth of invasion in colorectal neo-
plasms. In addition to C-CE, M-NBI could not also be an
alternative modality due to the limited availability and use of
a full-zoom colonoscope. On the other hand, pCLE is appli-
cable for any colonoscope and allows for easier use without
long training period compared with M-CE and M-NBI.
Additionally, pCLE is more commonly available than full-
zoom endoscope in the West. Therefore, we believed that
pCLE was a good alternative option. Further randomized con-
trolled trials are warranted to compare the diagnostic perfor-
mance amongst M-CE, M-NBI, and pCLE. Furthermore,
pCLE is applicable for functional imaging and molecular im-
aging of colorectal disease in future which we will not be able
to develop using currently available magnifying endoscopy.
Thus, we need to introduce standard pCLE use in Japan before
the introduction of advanced imaging technology [30, 31].

Fig. 2 a Flat elevated lesion
located in the rectosigmoid colon.
The slightly depressed area on the
distal side was selected as region
of interest. b M-NBI showing
irregular vascular pattern with
mesh-like structures. These
findings were classified as Type
IIIA according to Sano’s
classification. c M-CE with
crystal violet staining showing
irregular arrangement and size of
pit pattern. These findings were
classified as Vi non-invasive
according to pit pattern
classification. d pCLE analysis
showing irregular structures with
dark epithelium. e Histological
analysis of the resected specimen
(removed with ESD) showing
well-differentiated tubular
adenocarcinoma confined to
mucosal layer

Table 4 Sensitivity, specificity, and diagnostic accuracy in off-line
review

Sensitivity (%) Specificity (%) Accuracy (%)

WLE 60 94 86

M-NBI 60 94 86

M-CE 80 94 91

pCLE 80 94 91
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Our study has some limitations. Firstly, there was a poten-
tial carryover effect due to other imaging techniques. Indeed,
pCLE analysis was inevitably affected by WLE, M-NBI, and
M-CE results. The region of interest was examined withWLE
first, followed by M-CE and M-NBI; moreover, during pCLE
examination, the probe was kept in contact with lesion’s sur-
face, and this made the acquisition of good qualityM-NBI and
M-CE pictures difficult. Secondly, blood vessels architecture
was not analyzed, as it was not visible many of the time. Loss
of crypt structure alone may represent a helpful finding to
predict the depth of invasion when analyzing target regions
with pCLE, but the combination of blood vessels and cellular
structures analysis may provide better diagnostic outcomes.
Thirdly, SM1 lesions eligible for endoscopic treatment could
not be included in the study.

In conclusion, pCLE may represent a useful tool for esti-
mating the depth of invasion in colorectal lesions. Large-scale,
multicenter, prospective clinical studies are needed to further
evaluate the clinical impact of such technology for the assess-
ment of GI lesions. We will continue to use pCLE analysis in
order to collect more data, which could possibly support the
use of intravenous fluorescein in Japan in the next future.
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