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Abstract

BACKGROUND

Transanal total mesorectal excision (TaTME) allows patients with ultralow rectal cancer
to be treated with sphincter-saving surgery. However, accurate delineation of the distal
resection margin (DRM), which is essential to achieve R0 resection for low rectal cancer

in TaTME, is technically demanding,.

AIM
To assess the feasibility of optical biopsy using probe-based confocal laser

endomicroscopy (pCLE) to select the DRM during TaTME for low rectal cancer.

METHODS

A total of 43 consecutive patients who were diagnosed with low rectal cancer and
scheduled for TaTME were prospectively enrolled from January 2019 to January 2021.
pCLE was used to determine the distal edge of the tumor as well as the DRM during
surgery. The final pathological report was used as the gold standard. The diagnostic

accuracy of pCLE examination was calculated.

RESULTS

A total of 86 pCLE videos of 43 patients were included in the analyses. The sensitivity,
specificity and accuracy of real-time pCLE examination were 90.00% [95% confidence
interval (CI): 76.34%-97.21%], 86.96% (95%CI: 73.74%-95.06%) and 88.37% (95%CI:
79.65%-94.28%), respectively. The accuracy of blinded pCLE reinterpretation was
86.05% (95%CL 76.89%-92.58%). Furthermore, our results show satisfactory
interobserver agreement (x = 0.767, standard error = 0.069) for the detection of cancer
tissue by pCLE. There were no positive DRMs (< 1 mm) in this study. The median DRM
was 7 mm [interquartile range (IQR) = 5-10 mm]. The median Wexner score was 5 (IQR

= 3-6) at 6 mo after stoma closure.
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CONCLUSION
Real-time in vivo pCLE examination is feasible and safe for selecting the DRM during

TaTME for low rectal cancer (clinical trial registration number: NCT04016948.)
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Core Tip: Transanal total mesorectal excision (TaTME) allows patients even with ultra-
low rectal cancer to be treated with sphincter-saving surgery. However, low rectal
cancer resection with sphincter preservation may lead to a positive distal resection
margin (DRM), with a high risk for local recurrence. Confocal laser endomicroscopy
(CLE) enables the real-time, in vivo optical biopsy of living tissue. Real-time in vivo
probe-based CLE examination can provide optical biopsy and is feasible and safe for

selecting the DRM during TaTME for low rectal cancer.

1
INTRODUCTION

Colorectal cancer is the third most prevalent type of cancer and the second primary
cause of cancer-related mortality worldwidelll. Low rectal carcinoma often requires
abdominoperineal resection and permanent abdominal colostomy, and it places major
economic and psychological burdens on patients(?. Transanal total mesorectal excision
(TaTME) is increasingly adopted by colorectal surgeons in the treatment of patients
with low rectal cancerl®¥. This technique gives patients, even those with ultralow rectal
cancer, the opportunity to undergo sphincter-saving surgery. However, low rectal

cancer resection with sphincter preservation may lead to a positive distal resection

3/15




margin (DRM), with a high risk for local recurrencel>7). To date, no devices have been
used in the surgical field to guide resection margin selection. Frozen biopsy is
recommended during surgery for low rectal cancer to confirm a negative DRM.
However, it cannot be used to guide selection of the resection margin in real time, and it
is a time-consuming, irreversible, and traumatic process. Accordingly, accurate
delineation of the DRM is essential to achieve R0 resection for low rectal cancer.
Recently, several studies have reported that confocal laser endomicroscopy (CLE)
enables the real-time, in vivo optical biopsy of living tissuel®12l. It has the potential to
fundamentally change the role of biopsy in the gastrointestinal field, and a state-of-the-
art classification system (Miami classification) has been proposed for normal and
pathological states in gastrointestinal diseases based on probe-based CLE (pCLE)3l.
However, no studies have investigated the feasibility of optical biopsy using pCLE in
the real-time in vivo selection of the DRM during TaTME for low rectal cancer. We
hypothesize that real-time in vivo pCLE examination can help surgeons select the DRM
accurately and might contribute to improving the oncological and functional prognosis
of low rectal cancer after treatment with TaTME. The aim of this study was to evaluate
the feasibility of optical biopsy using pCLE for selecting the DRM during TaTME in the

treatment of low rectal cancer.

MATERIALS AND METHODS

Study design

This was a prospective, single-center study that was approved by the Institutional
Review Board of Nanfang Hospital of Southern Medical University. The study protocol
was registered at ClinicalTrials.gov (No. NCT04016948).

Patients
Patients who were diagnosed with low rectal cancer by preoperative endoscopic biopsy
and scheduled for TaTME were prospectively enrolled in this study. Written informed

consent was obtained from each patient prior to participation. Inclusion criteria were as
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follows: Diagnosis of low rectal cancer (tumor lying within 5 cm from the anal verge)
and planned treatment with TaTME; age of at least 18 years; and American Society of
Anesthesiologists class 1-3. The exclusion criteria were as follows: (1) T4b cancer as
determined by computed tomography, magnetic resonance imaging or endoscopic
examination; (2) Emergent case with obstruction or perforation; (3) Coagulopathy
(international normalized ratio > 1.5 or prothrombin time < 50%); (4) Impaired renal
function (creatinine level > 1.2 mg/dL); (5) Pregnancy; (6) Breastfeeding; and (7) Past
history of allergies.

Equipment and procedure

During surgery, pCLE was used to determine the distal edge of the tumor as well as to
examine the preselected DRM. pCLE was performed using the Cellvizio
Endomicroscopy System [Mauna Kea Technologies (MKT), Paris, France]. The ColoFlex
UHD probe, a flexible mini-probe with a lateral resolution of 1 pm, was used in our
study. The pCLE imaging data were collected at a scan rate of 12 frames/s. The probe
has a field of view of 240 pm and can image at a depth of 60 pm below the mucosal
surface, and it allows optical biopsies with 1000 times magnification.

Before image acquisition, fluorescein sodium was injected intravenously. The
fluorescent agent used was 10% fluorescein sodium (Baiyunshan Mingxing
Pharmaceutical Company, Guangzhou, China). The fluorescein sodium (0.5 mL)
hypersensitivity test was implemented 20 min before pCLE examination. Then, 2.5 mL
of fluorescein sodium diluted with 2.5 mL of 0.9% sodium chloride was injected
intravenously 5 min prior to pCLE imaging. After strict sterilization, one end of the
probe was connected to the laser outlet of Cellvizio, and the other end was placed on
the surgical table. Adequate exposure of the tumor lesion was achieved using a
colorectal retractor (CooperSurgical Lone Star colorectal retractor, Beijing Xinya S&T
Co., Ltd., Beijing, China), and pCLE imaging was performed by the surgeon under
direct vision by using the probe in direct contact with the tissues (Figure 1). The pCLE

video recording was initiated when the probe contacted the lesion, and it terminated
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when the probe moved away from the lesion. The pathologist analyzed the pCLE
videos and evaluated the margin between the abnormal tissue of the lesion and the
surrounding normal mucosa in real time. A dot was marked with an electric scalpel at
the distal edge of the tumor as determined by pCLE (Figures 1B and 1C). If the
pathologist could not determine the distal edge of the tumor, then the dot was marked
at a nontumor site identified by pCLE imaging as the closest healthy tissue below the
macroscopic lesion. Then, the DRM was located 5-10 mm below the marked dot (Figure
1B). Finally, pCLE examination was performed preceding the surgical resection to
ensure a negative DRM. Conventional samples were collected for histology at the
marked dot and the DRM (Figure 1D). Histopathological analysis of the samples and
the final resection specimen was performed as the gold standard, and the diagnosis
made by pCLE was compared with that of the final pathological reports. All pCLE
videos were stored on a personal computer in the form of MKT files (proprietary

format, MKT Software, Paris, France).

pCLE optical biopsy diagnostic criteria

The pCLE optical biopsy diagnostic criteria were according to the “Miami criteria”[13]
and Kuiper et alll¥'s diagnostic classification. Briefly, the diagnostic criteria include the
crypt architecture and vessel architecture classification. The crypt architecture was
divided into three types. Normal mucosa was scored as crypt type 1 and presented
normal regular luminal openings, size, and distribution of crypts covered by a
homogeneous layer of epithelial cells, including goblet cells. Hyperplastic polyps and
inflammatory lesions were scored as crypt Type 2 and presented regular-shaped or star-
shaped luminal crypt openings with normal or reduced goblet cells. Neoplastic lesions
were scored as crypt Type 3, which included variable width of epithelial lining with
tubular-shaped crypts and loss of goblet cells (striped dark epithelium) and irregular
and decreased volume of lamina propria. For vessel architecture, normal mucosa was
scored as vessel Type 1 and presented a hexagonal, honeycomb appearance that

presented a network of capillaries outlining the luminal openings of the crypts.

6/ 15




Hyperplastic polyps and inflammatory lesions were scored as vessel Type 2, presented
hexagonal, honeycomb appearance with mild (or no) increase in the number of
capillaries or increased amounts of normal vessels without leakage. Neoplasia was
scored as vessel type 3, presenting dilated and distorted vessels with elevated leakage
and irregular architecture with little or no orientation to adjunct tissue. We analyzed the
pCLE imaging features and made relative diagnoses according to the above categories.
For the patients who received neoadjuvant chemoradiotherapy, we adopted a pCLE
scoring classification system created by Safatle-Ribeiro ef all'®l, assigning one point to
the presence of each feature as follows: Vascular features including fluorescein leakage
and an increased vessel/crypt ratio; and epithelial features including dark irregular
crypts, intratumoral budding, back-to-back glands, and a cribriform pattern. Hence, in
our study, patients with 0-1 points were diagnosed with complete response (no residual
neoplasia), and those with 2-6 points were diagnosed with partial response (residual
neoplasia). Consequently, we analyzed the diagnostic accuracy of pCLE in patients with

neoadjuvant chemoradiotherapy according to the above classification.

Evaluation of pCLE videos

During the surgery, one pathologist (observer A) made a real-time interpretation of the
findings of the pCLE examination. Then, reinterpretation of the same pCLE videos was
performed by another pathologist (observer B) who was blinded to the real-time
diagnosis and final histopathology report. Finally, the real-time and blinded
interpretations of the pCLE videos were compared with the final pathological report.
Both observers had been trained in the pCLE system and image interpretation and had
read more than 100 pCLE images of the colorectum. The quality of all videos was
evaluated, and the diagnosis was made according to the “Miami criteria”[13l. We also
adopted the colonic crypt architecture and vessel architecture classification for pCLE
established by Kuiper et all'4l. The sensitivity, specificity, accuracy, positive predictive
value (PPV), negative predictive value (NPV) and interobserver agreement of pCLE

optical biopsy in distinguishing between normal and cancerous tissue were calculated.
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Specimen quality assessment

The TME specimen quality should be assessed based on the following features. Grade 1
represents low quality: Incomplete mesorectum; mesorectum fascia defects deeper than
5 mm; conical gross specimen. Grade 2 represents moderate quality: Relatively intact
mesorectum; mesorectum fascia defects deeper than 5 mm; no visible muscularis
propria with adequate resection margin; approximately conical gross specimen. Grade 3
represents high quality: Intact mesorectum; no mesorectum fascia defects deeper than 5
mm; no visible muscularis propria; cylindrical specimen. A circumferential resection
margin (CRM) was defined as positive when it was less than 1 mm, and a positive CRM
or positive DRM was considered R1 resection. All TME specimens were evaluated by

pathologists after surgery.

Sample size calculation

From January 2019 to June 2019, the average time for intraoperative diagnosis by frozen
section was 25 + 10 min in our hospital. We hypothesized that the average time of
intraoperative diagnosis by pCLE would be 20 min, and 43 cases were determined.
With this number of cases, the study would have 90% power to detect a difference
between the two techniques to prove the superiority of pCLE (two-sided type I error =
0.05).

Statistical analysis

Patient demographic and clinical data and pCLE image characteristics were evaluated
by descriptive statistics. The data of continuous variables are represented as the mean +
SD or median [interquartile range (IQR)], and the data of categorical variables are
presented as numbers and frequencies. The intraobserver agreement was calculated by
means of intraclass correlation coefficients (ICCs). Based on the 95% confidence interval
(CI) of the ICC estimate, values less than 0.5, between 0.5 and 0.75, between 0.75 and

0.9, and greater than 0.90 are indicative of poor, moderate, good, and excellent
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reliability, respectively. Cohen’s kappa (k) was calculated to assess the interobserver
agreement of the two observers. The x value was graded as follows: Poor (0.01-0.20);
fair (0.21-0.40); moderate (0.41-0.60); substantial (0.61-0.80); and excellent (0.81-1.00).
Statistical Package for the Social Sciences software (Release 22.0, SPSS, Inc., 2012) was

applied for statistical analyses.

RESULTS

Patient demographics and tumor characteristics

From January 2019 to January 2021, a total of 43 consecutive patients were enrolled
according to the predefined inclusion and aclusion criteria. Patient demographics and
tumor characteristics are shown in Table 1. There were 29 males (67.4%) and 14 females
(32.6%), with a median age of 57 (IQR = 47-65) years. The median tumor height (the
height from the anal verge to the distal edge of the tumor) was 4 cm (IQR = 3.6-4.6 cm).
Preoperative neoadjuvant chemoradiotherapy was administered to 21 patients (48.8%),
three of whom showed a complete response (no viable cancer cells). Finally, 43 marked
dots and 43 DRMs were analyzed by comparing the pCLE diagnosis with the
pathological reports. All pCLE procedures were performed successfully and safely, and

no adverse reactions were observed following fluorescein injection.

pCLE optical biopsy

In total, 43 patients underwent pCLE examination, including 21 patients who
underwent neoadjuvant chemoradiotherapy. Representative pCLE images and matched
images of hematoxylin and eosin-stained rectal tissues are shown in Figure 2. In normal
rectal tissues, pCLE images presented normal round crypt structures with regular
luminal openings, covered by a homogeneous single-cell-layered epithelium with dark
goblet cells, and regular narrow vessels with hexagonal, honeycomb appearance
surrounding crypts (Figure 2A). In rectal neoplastic tissues, pCLE images presented
dark and irregularly thickened epithelium with decreased volume of lamina propria

and dilated, distorted vessels with elevated leakage (Figure 2C). We analyzed the tissue
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features in 86 pCLE videos and made relative diagnoses. The intraoperative real-time
pCLE imaging correctly diagnosed 36 tumor lesions and 40 normal lesions in 40
pathological tumor lesions and 46 pathological normal lesions.

In 21 patients who underwent neoadjuvant chemoradiotherapy, 3 patients had a
complete response, while 18 had a partial response after mneoadjuvant
chemoradiotherapy according to the pathological reports after surgery. Representative
endoscopic images and corresponding pCLE images are shown Figure 3. All patients
received endoscopic examination before surgery to evaluate the residual lesions. Seven
patients” endoscopic reports showed a complete response, presenting a residual scar
(Figure 3A). Fourteen patients’ endoscopic reports showed a partial response,
presenting a residual tumor lesion (Figure 3C). In complete response rectal tissues (no
neoplastic features), the typical pCLE images showed regular crypts with thickening
epithelium and enlarged vessels with fibrotic stroma (Figure 3B). The pCLE images of
residual neoplasia showed atypical glands with dark and irregular crypts and enlarged
twisty vessels (Figure 3D). The pCLE imaging correctly diagnosed 15 cases of residual

neoplasia (scored in range 2-6 points) in 18 cases of pathological partial response.

pCLE diagnostic accuracy

A total of 86 pCLE videos from 43 patients were included in the analyses. The
sensitivity, specificity, PPV, and NPV of real-time pCLE examination (observer A) in
distinguishing between cancerous and normal tissue were 90.00% (95%CIl: 76.34%-
97.21%), 86.96% (95%CI: 73.74%-95.06%), 85.71% (95%CI: 71.46%-94.57%), and 90.91%
(95%Cl: 78.33%-97.47%), respectively (Table 2). The overall rate of accuracy was 88.37 %
(95%Cl: 79.65%-94.28%). In the blinded pCLE reinterpretation after surgery (observer
B), the sensitivity, specificity, PPV, NPV and accuracy of the pCLE examination were
87.50% (95%CIL: 73.20%-95.81%), 84.78% (95%CI: 71.13%-93.66%), 83.33% (95%ClI:
68.64%-93.03%), 88.64% (95%ClL: 75.44%-96.21%), and 86.05% (95%CL 76.89%-92.58%),

respectively (Table 2).
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The neoadjuvant chemoradiotherapy group showed a lower sensitivity (83.33% uvs
95.45%, P = 0.485), specificity (77.27% vs 95.83%, P = 0.153), accuracy (80.00% vs 95.65%,
P = 0.055), and PPV (75.00% vs 95.45%, P = 0.147) than the nonneoadjuvant treatment
group (Table 3). In our study, the mean ICC was 0.839 (95%CI: 0.763-0.892), which
means that the intraobserver agreement was good. The interobserver agreement was
substantial for the detection of rectal cancer, with a mean x of 0.764 (standard error =

0.083).

Surgical and functional outcomes

The surgical and functional outcomes are shown in Table 4. No positive DRMs were
detected in our study. All TME specimens were evaluated by pathologists after surgery.
There were 40 specimens defined as grade 3 and 3 specimens defined as grade 2. The
median distance from the lowest edge of the tumor to the DRM was 7 mm (IQR = 5-10
mm). The median operative duration was 240 min (IQR = 202-265 min), while the
median intraoperative pCLE examination duration was 17 min (IQR = 15-18 min). The
time required to select the DRM decreased over time.

The median Wexner score was 4 (IQR = 3-6), as evaluated at six months after stoma
closure. The median follow-up period was 24 (range, 22-46) mo. One patient had
anastomotic stenosis. Two patients had liver metastasis at 6 mo and 13 mo after surgery.
One patient died one year after metastasis, and another died 18 mo after metastasis.

Notably, one patient had cancer recurrence 18 mo after surgery.

DISCUSSION

Sphincter-saving low rectal cancer resection is technically challenging, especially in
obese patients with large tumors. The narrow pelvis and the forward angle of the distal
rectum restrict the laparoscopic view, making it difficult to perform laparoscopic
procedures. TaTME provides an open approach from the anus to cancerous lesions and
provides an excellent view of the surgical field, allowing the tumor to be seen directly

from the bottom to the top. In our study, the transanal approach allowed the pCLE
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probe to directly contact the tissues without endoscopy. Therefore, pCLE can provide
continuous and stable imaging of the tissue architecture and cellular morphology in the
mucosal layer during TaTME. The pCLE analysis evaluated both epithelial and vascular
patterns of malignancy, including the Cannizzaro-Spessotto scale, vessel/crypt ratio,
stroma, dark crypts, budding, back-to-back glands and cribriform pattern('5l. To our
knowledge, this is the first study of optical biopsy using pCLE to select the DRM in
TaTME for low rectal cancer.

To date, surgeons only “experientially” determine the DRM using surgical
instruments or macroscopic examination of the tumor margin, which may lead to an
insufficient or excessive DRM. de Lacy ef all®l reported that patients with low rectal
cancer treated with TaTME had a positive DRM rate of 7.8 %. pCLE can provide in vivo
microscopic imaging of the colorectal mucosa and submucosa, enabling the real-time
histological diagnosis of superficial and submucosal cancer infiltration®!%., In some
studies, pCLE showed high agreement with true histopathology, reaching an accuracy
of 88%-94.44%[81016] In our study, the accuracy of real-time pCLE examination was
88.37% (95%CI: 79.65%-94.28%). A direct and stable plane can be provided in TaTME
for pCLE examination without the use of endoscopy.

Our study demonstrates that pCLE examination can be useful for detecting cancer
infiltration and selecting the DRM. In our study, the diagnosis made by pCLE showed a
good correlation with that made by histopathology as the gold standard. Real-time
pCLE examination could differentiate between cancerous and normal tissue with a
favorable accuracy of 88.37%. In particular, the sensitivity (90.00%) and NPV (90.91%)
were high, resulting in high accuracy in not selecting a positive DRM. Wijsmuller ef all'7]
reported that neoadjuvant chemoradiotherapy could significantly alter pCLE rendering
due to subsequent inflammation, edema, fibrosis and crypt distortion. Our results show
a lower sensitivity (83.33% wvs 95.45%, P = 0.458), specificity (77.27% wvs 95.83%, P =
0.153), accuracy (80.00% vs 95.65%, P = 0.055), and PPV (75.00% vs 95.45%, P = 0.147) in
the neoadjuvant chemoradiotherapy group than in the nonneoadjuvant treatment

group. However, these differences between the two groups were not statistically
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significant. Therefore, pCLE examination is suitable for patients with or without
neoadjuvant chemoradiotherapy. It is undeniable that the response to neoadjuvant
chemoradiotherapy may lead to crypt distortion with epithelial irregularities due to
inflammation, edema and fibrosis (Figure 2C), and these may increase the incidence of
diagnostic errors. Therefore, awareness of neoadjuvant chemoradiotherapy before
pCLE examination may be helpful to improve the diagnostic accuracy.

Several studies have reported that a DRM of 1 cm or less did not compromise
oncological safetyl!819. Therefore, we were relatively liberal with the selection of the
DRM as long as it was confirmed to be negative intraoperatively by pCLE. There were
no positive DRMs in our study, confirming the feasibility of optical biopsy using pCLE
as an accurate method to select a tumor-free DRM in TaTME. As reported in a recent
studyl2’], the mean DRM distance of patients who underwent TaTME for the treatment
of low rectal cancer was 17.7 mm, which was much longer than our result of 7 mm.
Previous studies investigating anorectal function after anterior resection for rectal
cancer have suggested that a shorter remaining rectum might contribute to more
disordered postoperative anorectal function because the rectal anal inhibitory reflex is
generally preserved with higher levels of anastomosis and a longer residual
rectum(?t22l, In this study, the median Wexner score was 5 (range, 3-6) at 6 mo after
stoma closure, which means that patients in our study had satisfactory anorectal
function after surgery. In summary, real-time pCLE examination may help reduce the
tumor-free DRM and potentially contribute to the postoperative restoration of anorectal
function in patients with low rectal cancer.

In this study, we first used pCLE to evaluate the tumor margin and select the DRM
with satisfactory accuracy. We recommend pCLE examination as a routine test to help
surgeons select the DRM in TaTME and perform “tailored surgery” for low rectal
cancer patients. The limitation of this study was based on a single center, and the
sample size was relatively small, which might limit the power of the study. Therefore, a
large-scale multicenter, prospective, randomized controlled trial needs to be performed.

The cancer cells sometimes crawl mainly submucosa rather than the mucosal layer, such
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as poorly differentiated adenocarcinomas. Due to the limitation of current technology,
the pCLE imaging depth is restricted to 60 pm. Therefore, in our experience, patients
who have been diagnosed with poorly differentiated adenocarcinoma preoperatively

should receive submucosal intraoperative frozen biopsy to ensure distal margin safety.

CONCLUSION

In conclusion, real-time in vivo pCLE examination is feasible and safe for selecting the
DRM during TaTME for low rectal cancer, with high accuracy and a particularly high
NPV. The pCLE examination is convenient, timesaving and easy for surgeons to
perform and could thus be promoted as a regular examination for selecting the DRM

during TaTME for low rectal cancer.

ARTICLE HIGHLIGHTS

Research background

Transanal total mesorectal excision (TaTME) allows patients even with ultra-low rectal
cancer to be treated with sphincter-saving surgery. However, accurate delineation of the
distal resection margin (DRM), which is essential to achieve R0 resection for low rectal
cancer in TaTME, is technically demanding. Probe-based confocal laser endomicroscopy
(pCLE) enables the real-time, in vivo optical biopsy of living tissue, which means it
might help making intraoperative real-time diagnosis for suspicious tumor lesions.
Therefore, we investigated whether pCLE can provide optical biopsy for DRM selection

and help tailored surgery in low rectal cancer.

Research motivation

No studies have investigated the feasibility of optical biopsy using pCLE in the real-
time in vivo selection of the DRM during TaTME for low rectal cancer. This study aimed
to explore whether real-time in vivo pCLE examination can help surgeons select the
DRM accurately and contribute to improving the surgical outcome and oncological and

functional prognosis of low rectal cancer after treatment with TaTME. To our
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knowledge, this is the first study of optical biopsy using pCLE to select the DRM in

TaTME for low rectal cancer.

Research objectives
This study investigated whether real-time in vivo pCLE examination is feasible and safe

for selecting the DRM during TaTME for low rectal cancer.

Research methods
The pCLE exaination was used to determine the distal magin during surgery. The final
pathological report was used as the gold standard. The diagnostic accuracy of pCLE

examination was calculated.

Research results

Real-time in vivo pCLE examination is feasible and safe for selecting the DRM during
TaTME for low rectal cancer, with high accuracy and a particularly high negative
predictive value. The pCLE examination is convenient, timesaving and easy for

surgeons to perform and could thus be promoted as a regular examination for selecting

the DRM during TaTME for low rectal cancer.

Research conclusions
Real-time in vivo pCLE examination can provide optical biopsy for distal margin

selecting in TaTME for low rectal cancer.

Research perspectives
Real-time in vivo pCLE can be used to determine the distal margin in TaTME surgical

procedure for low rectal cancer.
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