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Abstract

Featuring some advantages of endoscopy and microsurgery, transanal endoscopic microsurgery (TEM) was first in-
troduced in treating local early-stage rectal lesions in 1983. However, its applications to rectal surgery have remained
virtually unchanged over the past 38 years. This review aims to describe some well-accepted indications for TEM and
showecase other novel but successful applications. In this review, we conducted a thorough English literature review
on the applications of transanal endoscopic microsurgery in the PubMed database. Published original articles, case
reports, and letters from 1983 to 2020 were included. Retrieved articles were discussed and conclusions were made.
The results showed that applications of TEM could be more flexible and extended, namely, TEM’s niche applications
in advanced rectal cancer after neoadjuvant chemoradiotherapy, neuroendocrine tumor, gastrointestinal stromal
tumor, fistula, solitary rectal ulcer syndrome, benign stricture, and transanal total mesorectal excision are promising,
while prospective studies are needed.
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tumor, indication.

Introduction tages such as earlier discharge, fewer perioperative
complications, and satisfactory regional recurrence
have been reported as well [4].

Although widely used, the major applications of
TEM have remained barely unexpanded for the past
three decades. Its novel applications are yet to be
explored. This might partially be because clinicians
were comparatively conservative about its theoreti-
cally general applicability.

Transanal endoscopic microsurgery (TEM) was first
introduced by Buess et al. in 1983 as a technique that
combined features of endoscopy and microsurgery
to acquire full-thickness excisions with disease-free
margins [1, 2]. With the help of its magnified vision
by stereoscopes and inflated endoluminal space by
carbon dioxide insufflation, not only could surgeons
have a clearer view of the neoplasm, but they could
easily reach lesions in the middle to upper rectum
without laparotomy. Moreover, owing to its milder
surgical impacts, TEM was reported to be a palliative To present some well-accepted indications for TEM
procedure for advanced tumors, too [3]. Other advan-  and showcase its other novel but practical applications.
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Material and methods

A comprehensive literature search was conduct-
ed in the PubMed database for all relevant English
papers published between 1983 and 2020. When
a new result was regarded as relevant, a thorough
search would be performed both in acronyms and full
names. Keywords we initially used were “rectal car-
cinoma”, “transanal endoscopic microsurgery”, “ap-
plication”, “indication”. Even if recent articles were
prioritized, earlier works with meaningful results and
relevant new applications were referenced if neces-
sary. Extended research keywords were: “gastroin-
testinal stromal tumor”, “neuroendocrine tumor”,
“solitary rectal ulcer syndrome”, “benign stricture”,
“transanal total mesorectal excision”, “neoadjuvant
therapy” and “fistula”. Note that the technique of
TEM we discuss here refers specifically to the surgical
system produced by Richard Wolf GmbH (generally
known as the Wolf corporation). Published articles
on similar equipment, for instance, using transanal
endoscopic operation devices, were excluded.

Studies published as case reports and letters
were also considered valid. Oral reports from meet-
ings and seminars were excluded. After distinguish-
ing germane titles, apropos abstracts were reviewed,
and full-text papers were identified for their eligibil-
ity. Retrieved articles were independently extracted
then discussions were made.

Traditional indications
Benign adenomas

The original indications of TEM were well de-
fined by Buess et al. as sessile rectal adenomas and
pT1 staging low-risk carcinomas [1, 2]. For benign
adenomas, a full-thickness excision was considered
as a standard procedure and because of this, TEM
tended to acquire a lower local recurrence rate than
other piecemeal dissection procedures [2].

Large sample series had shown promising post-
operative outcomes of TEM in treating rectal ade-
nomas; the local recurrence rate was reported to
be less than 5%, when local recurrence was de-
tected, supplementary second time TEM (re-TEM)
was feasible and its results were satisfactory [5,
6]. Platell found in a prospective study that the
5-year cumulative incidence for local recurrence
in 128 cases was 3.1% after a median follow-up of
4.2 years [7]. This is so far the only recorded pro-
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spective study regarding the treatment of rectal
adenoma by TEM.

Some researchers investigated further to explore
connections between TEM and its regional recur-
rence rate in benign adenomas. Allaix et al. investi-
gated 293 cases and reported that a positive margin
was verified to be an independent risk factor for local
recurrence [8], which was in line with previous stud-
ies by Whitehouse et al. [9, 10]. Note that tumor size
was not a contraindication against TEM. A retrospec-
tive study by Arezzo et al. suggested that large cir-
cumferential adenomas (7 cm in median longitudinal
extent) were also resectable via TEM while no signif-
icant difference in local recurrence was found [11].

When comparing TEM with other techniques
in treating benign adenomas, TEM was preferable
in one aspect or another. A retrospective study in-
volving 292 patients showed that TEM had a low-
er early recurrence rate than that in endoscopic
mucosal resection (EMR), while the late recurrence
rates showed no difference [12]. A subsequent ran-
domized controlled trial (RCT) was conducted by
the same team, in which non-inferiority of EMR still
could not be demonstrated [13]. EMR’s other draw-
back was that lesions larger than 2 cm could only
be resected piecemeal and more than one-half tend-
ed to recur [14]. De Graaf et al. compared transanal
excision (TAE) with TEM in 259 patients; the results
showed that TEM had all-wave superiority over TAE,
due to its shorter operation time and less morbid-
ity, whereas the adenoma-free margin rate and en
bloc rate were higher; the recurrence was 28.7% af-
ter TAE but 6.1% after TEM (p < 0.001) [15]. Results
of a systematic review and meta-analysis indicated
that the complete resection rate in the endoscop-
ic submucosal dissection (ESD) patients was 74.6%
and 88.5% in the TEM group; the postoperative com-
plication rate showed no significant difference (8.0%
vs. 8.4%, respectively; p = 0.874); the overall need
of further abdominal procedures for either compli-
cations or pathological results was 8.4% in the ESD
group yet 1.8% in TEM patients (p < 0.001) [16].

Based on the above-mentioned studies, we can
conclude that TEM shows good consistency of local
recurrence in treating benign rectal adenomas. To
date, TEM’s general indication, for less circumfer-
ential adenomas [17], might also be expanded due
to its promising oncological outcome and compar-
atively low recurrence rate in large circumferential
adenomas.
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Selected T1 rectal cancer

Morino et al. reviewed 107 patients who un-
derwent TEM for T1 rectal cancer after a mean
54-month follow-up; patients with superficial sub-
mucosal (sm1) and middle to deep (sm2-3) tumor
infiltration showed significant differences in local
recurrence (0% vs. 22.7%, respectively; p < 0.05),
a multivariate analysis was then conducted and its
results showed that alongside tumor grading, sub-
mucosal infiltration was an independent risk factor
for tumor local recurrence [18].

Further studies suggested that the tumor size
and staging were key factors that should be consid-
ered when defining the indication for TEM in treat-
ing rectal cancer. Doornebosch et al. reported that tu-
mors with diameters larger than 3 cm would present
a higher 3-year regional recurrence rate than their
smaller counterparts (39% vs. 16%, respectively;
p < 0.03), while tumors between 2 and 3 cm showed
no significant difference from smaller ones (33 vs.
15%, respectively; p = 0.1) [19]. Studies showed that
the local recurrence rate of TEM in treating T1 rectal
cancer varied from 4.1% to 24% [20-23]. Borschitz
et al. explored the connection between histopatho-
logical outcomes and disease prognosis then sug-
gested that rectal cancer with distinct pathological
differentiation varied significantly in terms of the
local recurrence rate [24]. Given the fact that TEM
in treating early-stage rectal cancer was associated
with a fluctuating local recurrence rate, its indication
in primary rectal cancer was restricted to pTINOMO,
well or moderately differentiated rectal cancer [25].

On the other hand, although radical surgery
could have better lymph node yields, it showed no
superiority over TEM in handling highly selected T1
rectal cancer, and the long-term postoperative life
quality following TEM in those patients was better,
some researchers suggested that this was partly be-
cause radical operations would be more destructive,
and the perioperative mortality and morbidity were
higher, too [26, 27]. Yet as stated, currently TEM is
applied on carefully selected T1 stage patients with
“low-risk” carcinomas, and thus the conclusion that
TEM had a similar local recurrence rate compared
with total mesorectal excision could be drawn [28].
Another systematic review involving three RCTs also
reached a similar conclusion; regardless of the fact
that TEM presented a slightly higher local recurrence
rate, significance could not be reached [29]. Howev-
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er, no superiority of TEM in T2 or higher stage cancer
could be confirmed [6, 30].

By adding up all supportive articles and data,
TEM seems to be an optimal tactic for early rectal
cancer with the following features: tumor extends
less than 40-50% of the rectal circumference [31,
32], a diameter less than 3 cm [19], confined within
the upper one-third of the submucosal layer, mod-
erate to well-differentiated tumor, cTINO without
neurovascular metastasis.

Novel applications
TEM after neoadjuvant chemoradiotherapy

Neoadjuvant chemoradiotherapy (nCRT) has suc-
ceeded in lowering the local recurrence rate. Besides
a clean margin and lymph node resection, massive
studies have shown that the pathological complete
response (pCR) might be a good indicative factor in
predicting tumor recurrence as the tumor residue
was nil in the resected organ [33-38]. As mentioned
above, TEM alone in treating high-risk T1 stage or
advanced rectal carcinomas could not demonstrate
a satisfactory effect [6, 22, 30]. Whether the com-
bination of nCRT with TEM could produce a better
result calls for more studies.

Existing data in retrospective studies and pro-
spective RCTs all indicate that clinical T2-3 rectal
cancer after nCRT undergoing TEM might be feasible
[39-41]. A prospective RCT in selected clinical T2 rec-
tal cancer patients found that the local recurrence
rates, distant metastases, and disease-free survival
showed no statistically significant difference after
5-year minimum follow-up in post-nCRT patients re-
ceiving TEM or total mesorectal excision (TME) [41].
Marks et al. also reported that 82% of anal wounds
caused by TEM following nCRT were minor, and
91% could recover without any intervention [42].
The combination of nCRT and TEM not only showed
a satisfactory local recurrence rate, but it also took
advantage of TEM’s minimal invasive feature in pro-
tecting patients’ anal function, causing lower distur-
bance of patients’ life quality and physical reserves
[43-46].

On the other hand, the idea of watch-and-wait
has drawn the attention of researchers; that is, in se-
lected patients with an estimated clinical complete
response (cCR) after nCRT, close follow-ups could
be an alternative to radical operations [47]. Howev-
er, this strategy needs more investigation as there
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was no consensus on evaluating cCR [48], and some
procedures in the watch-and-wait strategy, such as
conducting magnetic resonance imaging scanning
once a month, were less practical in remote areas.
Another limitation of this strategy is that it has been
reported that 3.2% to 17% of ypTO tumors were
lymph node-positive [49, 50]. On the other hand,
the technique of TEM could work both diagnostically
and therapeutically in suspected cCR patients, for it
could resect not only the potential residual tumor
but also part of the mesorectum and regional lymph
nodes.

Note that in patients with a nearly complete re-
sponse, a higher incomplete resection rate would be
achieved once the tumor recurred [51]; therefore we
assumed in tumors with an unfavorable pathologic
feature, radical surgery should be performed as soon
as possible.

Neuroendocrine tumor

Neuroendocrine tumors (NETs) account for about
1% of all gastrointestinal cancers; possibly owing
to the prevalence of bowel cancer screening tech-
niques such as colonoscopy, the incidence of rectal
neuroendocrine tumor has increased approximate-
ly 10-fold in the past 30 years. The rectum was the
most vulnerable organ for gastrointestinal tract
NETs [52-54]. Notwithstanding the low metastasis
rate (< 20%) and small size, it was recommended for
local resection once detected [55].

Kumar et al. conducted a retrospective analysis
covering 24 patients who underwent TEM for the
primary or supplementary treatment of rectal NETs;
all cases were marginal negative and no recurrence
was reported during a 12-year follow-up [56]. Our
personal experience based on 59 patients with rec-
tal NETs who underwent full-thickness TEM excision
(38 cases for primary surgery, 21 cases for supple-
mentary) showed no recurrence during a mean
3-year follow-up [57]; this was by far the largest
published series on NET treated with TEM.

If we are to investigate the complete resection
rate and possibility for salvage surgery between ma-
jor endoscopic techniques such as EMR, ESD, endo-
scopic full-thickness resection (eFTR), and their vari-
ants, available data indicate that EMR had the least
satisfactory results in en bloc resection. Moreover,
although there was no significant superiority of TEM
over some other techniques such as ESD in complete
resection at the first attempt in smalltumors (< 1 cm),
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TEM showed better efficacy in salvage surgery over
other procedures and in treating NETs larger than
1 cm; therefore patients’ overall results within a sin-
gle hospitalization turned out to be better one way
or another [58-61].

Risk factors for NET recurrence included atypical
appearance, greater size, and lymphatic invasion. Re-
cent research indicated that for a tumor with typical
appearance and size smaller than 2 cm in diameter,
even if there was incomplete snare excision during
colonoscopy, TEM or re-TEM would be safe and fea-
sible, while in those with higher risk factors, further
research was needed [55, 56].

Gastrointestinal stromal tumor

A gastrointestinal stromal tumor (GIST) is a rare
mesenchymal tumor that affects the gastrointestinal
tract. A well-accepted consensus on its treatment
protocol is that a lesion greater than 2 cm should
be considered for surgery because in this scenario
the tumor’s malignancy would increase. On the oth-
er hand, as reports of lymph node metastases have
been limited, conventional radical resection would
be an over-treatment [62].

Although sporadically reported, a combination of
imatinib down-sizing together with TEM operation be-
comes an eye-catching new attempt in treating large,
localized GIST [63-65]. It seems to offer an alternative
pathway for radical resection, with potential advan-
tages of minimal trauma, faster recovery, lower com-
plication rate, and better life quality. A retrospective
study analyzed data and outcomes from 25 cases of
GIST with muscle invasion that underwent TEM with
preoperative imatinib downsizing; among them 8 pa-
tients were considered as high risk for large tumor size
or unpreferable pathological features. After a median
follow-up of 36 months, no local recurrence or distant
metastasis was observed [66]. As for the long-term
outcomes, Bai et al. analyzed results of 42 cases after
a median follow-up of 77 months; although the over-
all survival was 100%, local recurrence occurred in
3 patients and one of them developed distant metas-
tasis 112 months after the surgery; this was reported
to be by far the largest study on GIST treated by TEM
[67]. Note that a negative margin was a key factor of
less local recurrence; in those with positive margins,
re-TEM or imatinib adjuvant therapy should be taken
into consideration [68].

By summarizing available studies we can con-
clude that a novel treatment protocol might be es-
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tablished in medical centers with the experience of
performing TEM, that is, when the rectal GIST was
confirmed after biopsy, for small ones located with-
in 7 cm of the anal verge, transanal local excision
would be the first choice. Neoadjuvant imatinib
therapy could be adopted in tumors with the follow-
ing features: tumor diameter > 3 cm, immunohis-
tochemical positive for CD117, adhesion between
tumor and its surrounding tissue, with or without
a high mitotic index (> 5/50 high power field), after
a dosage of 400 mg of imatinib mesylate per day
for 6 months; the mean maximum tumor diameter
should significantly decrease and then the transanal
surgery should be performed. Postoperative adju-
vant therapy would be optional according to the
pathological outcomes [66, 67].

Fistula between the rectum and its adjacent organs

Fistulae are common complications in general
surgery, gynecology, and urology; they are caused
by iatrogenic misoperation or congenital defects. In
complex ones, multidisciplinary works for radical re-
pair were needed. Most operations were conducted
either transsphincterically or transperineally [69].
Kanehira et al. reported a 10-patient study using
TEM treating rectovesical fistula (RVF); all fistulae
were iatrogenically caused after prostatectomy, no
intraoperative and postoperative complications were
reported and a total cure rate of 70% was achieved
[70]. They concluded that the other 3 failed repairs
were owing to patients’ large fistula orifices or com-
plicated medical histories, such as a history of multi-
ple operations or high intensity focused ultrasound
ablation (HIFU). However, other reports offered some
successful examples of TEM treating post-HIFU fis-
tulae; the fistula’s complexity, rather than how long
the patient’s history was or what organ the rectum
connected to seemed to be a determining factor for
a successful repair [71, 72].

Due to the rarity of this procedure, large-scale
studies on RVF that underwent TEM were lacking,
and most cases were sporadically reported. A retro-
spective study involving 13 patients revealed that
after a median follow-up of 25 months, 1 patient ex-
perienced recurrence, and her RVF was repaired us-
ing TEM again [73]. In our experience in treating re-
current rectovaginal fistula, sclerotic scars and their
surrounding tissues were major causes of recurrent
fistula; with the help of TEM’s 3-dimensional view
and up to 6-fold magnification vision, those tissues
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could be removed precisely by needle diathermy
without sacrificing too much normal tissue [74]. Con-
sequently, a relief of tension between the sutured
edges could be achieved.

Solitary rectal ulcer syndrome (SRUS) and benign
stricture

Solitary rectal ulcer syndrome (SRUS) is a chronic
nonspecific anorectal disease with the main symp-
toms of hematochezia, mucous stool, anorectal pain,
and dyschezia. It is more common in adults and has
no gender difference. The characteristic endoscopic
features of SRUS are erythema and polypoid lesion
in the distal rectum, with solitary ulcer [75]. Pub-
lished retrospective studies have reported several
cases that were treated as malignant tumors but
confirmed as solitary rectal ulcers by pathological
examinations; no local recurrence was found after
close follow-ups [76—-78]. On the other hand, with
the help of its magnified vision and inflated endolu-
minal space, TEM has also been used as a support-
ing platform in benign stricture laser ablation since
1997 [79]. Baatrup et al. pushed this indication a step
forward by adopting TEM’s full-thickness resection
feature, namely, the feasibility of the full-thickness
resection of anal fibrosis by purely using TEM equip-
ment was confirmed, and satisfactory long-term an-
atomical and functional results were observed [80].

Transanal total mesorectal excision

First reported by Sylla et al. [81] in 2010, tran-
sanal total mesorectal excision gained worldwide
attention for its revolutionary “bottom to up” ap-
proach and promising outcomes. This technique
was an attempt to solve some bothersome issues in
the traditional TME technique, for instance, correct-
ly locating the distal edge of the tumor, operating
within a narrow pelvic space, dissecting the lower
two-thirds of the peripheral rectum, and so on. Me-
ta-analysis research involving 573 patients showed
that transanal total mesorectal excision (TaTME) had
no differences from traditional laparoscopic TME
in lymph node dissection, distal resection margin
(DRM), and positive DRM rate. Moreover, it present-
ed a higher rate of achieving complete mesorectal
excision, as well as a longer circumferential resec-
tion margin (CRM) and less involvement of positive
CRM. Although perioperative outcomes, hospital
stay, intraoperative complications, and readmission
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were comparable, a noteworthy lower rate of overall
postoperative complications was also observed [82].
Additional studies showed that intraoperative blood
loss, operation time, and readmission rate were also
comparable or lower in the TaTME group [83, 84].

Depending on the different apparatus TaTME
may employ, TaTME can be divided into TaTME via
TEM, also referred to as TEM-TME, or TaTME via the
TAMIS platform (transanal minimally invasive sur-
gery approach, TAMIS-TME). No comparison between
these two procedures has been made yet. Whereas
the former platform requires specific equipment
and rich experience in TEM technique, it takes full
advantage of TEM’s clear vision and constant en-
doluminal air insufflation. Published data showed
that experimental TEM-TME was performed earlier
and more frequently on swine and cadavers than its
counterpart [85-87]. Rouanet et al. reported a series
involving 30 patients with advanced or recurrent rec-
tal cancers treated with TEM-TME; every patient had
either unfavorable tumor characteristics or anatom-
ical defects, a complete resection rate of 87% was
obtained amongst them, 4 patients reported local
recurrence after a mean 21-month follow-up, and
the overall 1-year survival rate was 96.6% [88].

Up to now, TaTME is still in its infancy. Since its
learning curve is comparatively long and long-term
outcomes remained to be examined, large trials on
live patients with either TEM-TME or TAMIS-TME
have been lacking. A worldwide consensus has
not been established on TaTME’s application in ad-
vanced rectal cancer yet. Hence, more studies on this
new technique are to be expected and more studies
comparing TEM-TME versus TAMIS-TME are awaited.
For surgeons who are skilled in TEM procedures, the
curve might be flattened.

Conclusions

Although first introduced 38 years ago, TEM has
proved itself a vibrant technique and fundamental
platform in treating diseases of other disciplines.
We assume that its primal indication of small be-
nign adenomas was comparatively mature yet the
application of TEM could be expanded to larger
ones, its application in rectal cancer could be more
flexible and early-stage cancer should not limit the
popularization of TEM in large medical institutions,
especially in selected patients after neoadjuvant
chemoradiotherapy.
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TEM’s niche applications in NET, GIST, RVF, SRUS,
and benign stricture were found to be promising
even if prospective studies have been limited. It
would provide a novel perspective for clinical stud-
ies. Its role in TaTME would be a feasible example
of combining natural orifice transluminal endoscop-
ic surgery and minimally invasive surgery. We look
forward to more and more bold and creative applica-
tions of TEM in the future.
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