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Simple Summary: Rectal cancer accounts for one-third of colorectal cancer cases annually. It is pre-
ventable with early screening and appropriate management of precancerous lesions. Advancements
in diagnostic and therapeutic strategies are ongoing and have contributed to improving patient
outcomes. In this review, we summarize the available minimally invasive endoscopic and surgical
management options of rectal neoplasia.

Abstract: Rectal cancer demonstrates a characteristic natural history in which benign rectal neoplasia
precedes malignancy. The worldwide burden of rectal cancer is significant, with rectal cancer account-
ing for one-third of colorectal cancer cases annually. The importance of early detection and successful
management is essential in decreasing its clinical burden. Minimally invasive treatment of rectal
neoplasia has evolved over the past several decades, which has led to reduced local recurrence rates
and improved survival outcomes. The approach to diagnosis, staging, and selection of appropriate
treatment modalities is a multidisciplinary effort combining interventional endoscopy, surgery, and
radiology tools. This review examines the currently available minimally invasive endoscopic and
surgical management options of rectal neoplasia.

Keywords: rectum; neoplasia; adenoma; submucosal invasion; cancer; polyp; endoscopic resection;
minimally invasive; surgery

1. Introduction

Colorectal cancer (CRC) is the third leading cause of cancer death worldwide, with
rectal cancer accounting for 29% of new cases annually [1]. There is substantial evidence
that CRC can be prevented by endoscopic detection and removal of adenomatous polyps [2].
While endoscopic resection is favored for benign lesions or early cancers, minimally in-
vasive surgical techniques such as laparoscopic or robotic surgery tend to be preferred
for advanced malignancies. However, there remains controversy as to what defines an
estimated risk of lymph node (LN) metastasis in malignant lesions and the need for subse-
quent surgical therapy. This article will review the current literature pertaining to rectal
neoplasia and the existing minimally invasive therapies.

Rectal cancer demonstrates a characteristic natural history. Rectal neoplasia comprises
benign or malignant lesions, with benign neoplasia being a known precursor for most
rectal cancers. Benign rectal polyps are neoplastic rectal lesions that have no histologic
evidence of underlying malignancy. These encompass benign polyps with no malignant
potential (e.g., hyperplastic) and neoplastic polyps with malignant potential (namely
tubular, tubulovillous or villous adenomas). The latter may contain dysplastic changes
(low- or high-grade dysplasia), which are considered noninvasive if they are located above
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the lamina propria. Malignant rectal polyps are lesions with malignant cells that have
penetrated the muscularis mucosa and invaded the submucosa but have not extended
into the muscularis propria [3]. These lesions are classified as pT1 in the 8th edition of the
TNM classification system (AJCC staging system). A synonymous term for such lesions is
submucosally invasive lesions/polyps. The relevance of submucosal invasion (SMI) lies
in the fact that it coincides with possible lymphatic and/or vascular metastasis. Low-risk
features of deep SMI include <1 mm (1000 mm) of SMI and absence of poor differentiation,
lymphovascular invasion, and exclusion of tumor budding. When one of these criteria is not
fulfilled, endoscopic resection might be inadequate, and surgical resection with lymph node
dissection is recommended due to the associated high risk of residual cancer (specifically
lymph node metastases) after endoscopic resection [4,5]. Although most polyps are benign,
the incidence of malignant polyps increases with polyp size and has been reported as high
as 40% in polyps ≥2 cm in size [6].

The therapeutic approach to rectal neoplasia is determined by several factors [3]. This
includes lesion histology and anatomic stage, as determined macro- and microscopically,
as well as radiologically. Size tends to be a more minute concern, as most large lesions
are resectable endoscopically irrespective of size. The choice between an endoscopic or
surgical approach may also differ based on resource availability, clinical expertise, and
other factors. The clinical dilemma that is encountered by malignant polyps is whether
surgical resection of the affected rectal segment is necessary following endoscopic resection.
This is dependent on certain endoscopic and histologic features that aid in risk stratification.
A modified version of the American Gastroenterological Association algorithm for the
recognition and management of malignant polyps is seen in Figure 1. Certain endoscopic
features are associated with a higher risk of superficial SMI. These include large polyp
size (≥2 cm), depressed or sessile morphology in nongranular lateral spreading tumors
(LST-NG), and discrete nodules in granular lateral spreading tumors (LST-G) (Table 1).
To optimize histopathologic assessment, lesions with these features should be considered
for en bloc endoscopic resection. If R0 resection is achieved, endoscopic surveillance
is recommended. If there is evidence of deep SMI, risk of LN involvement is 10–18%,
so surgical consultation is recommended [4]. US NCCN guidelines recommend that
patients with rectal polyps containing invasive cancer removed endoscopically with a
“fragmented specimen or margin(s) that cannot be assessed” undergo additional surgical
resection due to risk of lymphovascular invasion [7]. When compared to surgery, ESD,
being less invasive, was also found to have shorter procedure times and hospitalizations
in retrospective comparisons with transanal resection (TAR) and transanal endoscopic
microsurgery (TEM), with potentially lower recurrence rates [8]. More recently, a meta-
analysis and systematic review included six retrospective studies that compared ESD with
TEM or transanal minimally invasive surgery (TAMIS). It was concluded that ESD and
surgical techniques do not differ in terms of local recurrence, en bloc and R0 resection rates,
procedure duration, length of hospitalization, or adverse event (AE) rates [9]. However,
the limited number of cohort studies available only provides low certainty of evidence. To
date, there are no randomized controlled trials that compare ESD and surgical approaches.

Table 1. Criteria for definition of high-risk and low-risk features for submucosal invasion (SMI).

High Risk Low Risk

Poor differentiation Well and moderate differentiation
>1 mm (1000 mm) of SMI <1 mm (1000 mm) of SMI

Presence of tumor budding Absence of tumor budding
Presence of lymphovascular invasion Absence of lymphovascular invasion

Large polyp size (≥2 cm)
Depressed or sessile morphology in nongranular

lateral spreading tumors (LST-NG)
Discrete nodules in granular lateral spreading

tumors (LST-G)
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Figure 1. Algorithm for approach to rectal polyp assessment and management.

2. Approach to Diagnosis and Staging

Early endoscopic detection of high-risk features for SMI is critical to help determine
the best management strategy. This is attained through precise assessment of lesion mor-
phology, surface architecture and vessel patterns, all of which require endoscopic expertise.
Optical diagnostic techniques using blue-light imaging (BLI) such as narrow-band imaging
(NBI) or image-enhanced endoscopy (i-SCAN) combined with high-definition white-light
imaging (HD-WLE) are becoming standard on most modern endoscopes. These utilize
reflective light of varying wavelengths to highlight the surface and microcapillary archi-
tecture of the mucosa. Dye-based chromoendoscopy (CE) using contrast dyes such as
methylene blue (MB) or indigo carmine also plays a role in visual analysis. This involves
staining the rectal mucosa and thus increasing the contrast between normal mucosa and
neoplasia, which allows for more detailed detection of mucosal structural variation and
surface and vessel patterns. Dye and blue-light imaging are therefore complementary
techniques as they provide subtly different information on surface integrity.

Several endoscopic classifications have been validated. Kudo classification requires
magnifying endoscopy to classify polyps based on their pit pattern according to their
appearance, structure, and staining patterns. Type I and II are considered benign changes
(normal, hyperplastic, or inflammatory polyps), and types III–V are considered neoplastic
and malignant changes [10]. NBI International Colorectal Endoscopic (NICE) classification
uses vascular patterns and surface patterns to distinguish between hyperplastic (Type 1)
and adenomatous (Type 2) colon polyps. Type 3 represents features suggestive of deep
SMI [11]. The WASP classification method (Figure 2) is an adjunct to the NICE classification
which initially identifies type 1 lesions, followed by several sessile serrated lesion (SSL)
features to differentiate between hyperplastic polyps and SSLs [11]. The BLI Adenoma
Serrated International Classification (BASIC) system also classifies polyps into hyperplastic
and adenomatous based on surface architecture, pit pattern, and vascular structure [12].
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Figure 2. NBI International Colorectal Endoscopic (NICE) and (WASP) classifications for distinguish-
ing between hyperplastic and adenomatous polyps.

Features suggestive of deep SMI include a severely disrupted pit pattern with dye
(Kudo classification types VN and VI) [10] and absent or irregularly thickened vessels using
NBI (NICE classification type 3) [13]. Targeted biopsies from endoscopically suspicious
areas are important for accurate diagnosis. That being said, the chance of false-negative
biopsies in a lesion that harbors dysplasia or malignancy is not negligible, reaching up to
15.2% [14].

With regard to morphology, homogeneous LST-Gs (Figure 3a) are associated with a
very low risk of SMI (0.5%), while nodular mixed LST-Gs (Figure 3b) have a higher risk
of SMI (6%) in the presence of a dominant nodule. LST-NGs have a much higher risk of
SMI (10.5% in NG flat elevated LSTs (Figure 3c) and 31.6% in NG pseudodepressed LSTs
(Figure 3d)) [15]. Pseudodepressed LST-NG lesions are usually associated with multifocal
invasion, the foci of which are often difficult to predict endoscopically [16]. In addition,
these lesions are frequently associated with fibrosis, making EMR a less favorable option.
Meanwhile, granular mixed LSTs (LST-GM) have an intermediate risk of covert SMI, leaving
uncertainty as to the most appropriate endoscopic approach, specifically the need for en
bloc resection [17,18]. Piecemeal resection of an LST-GM with unexpected covert SMI could
lead to unnecessary surgery due to suboptimal histopathologic evaluation of degree of
SMI and status of lateral margins [17]. This is especially relevant in the rectum, due to
the negative impact of post-endoscopic surgery on postsurgical quality of life [19,20]. An
analysis of data from 693 patients who underwent endoscopic resection (EMR or ESD) in
patients with LST-GM found the risk of covert SMI to be approximately 10%. LST-GMs of
4 cm or more and a rectal location were found to be more high risk, and en bloc resection is
therefore recommended [21].
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Figure 3. Classification of laterally spreading tumors. (a) Homogeneous granular laterally spread-
ing tumor (LST-G); (b) nodular mixed type granular laterally spreading tumor (LST-MG); (c) flat
nongranular laterally spreading tumor (LST-NG); (d) pseudodepressed nongranular laterally spread-
ing tumor.

In the presence of features suggestive of deep SMI, endoscopic resection should be
avoided. This is because of the high risk for incomplete resection and LN metastasis.
Instead, targeted biopsies from endoscopically suspicious areas should be performed,
and the lesion should be marked distally with a tattoo to aid in detection at subsequent
surgical resection [22]. In these situations, further evaluation for locoregional staging to
detect lymph node involvement is also warranted. Endoscopic ultrasound (EUS) and
pelvic MRI both have a well-established role in this regard. A meta-analysis concluded
that improved diagnosis with EUS decreased the need for additional surgery and other
associated problems from 24% to 5% [23]. Rectal EUS is superior to MRI at defining
the depth of invasion of the muscularis mucosa and distinguishing T1 from T2 tumors
(specificity 86% vs. 69%, p = 0.02) [24]. For T3 lesions, EUS was more sensitive (90% vs. 82%,
p = 0.003). EUS also plays a significant role in early disease or smaller lesions that would
not be seen on MRI, especially when local resection is contemplated. Although EUS was
initially a mainstay for preoperative staging, advances in MRI have diminished this role.
The NCCN clinical practice guidelines for rectal cancer suggest EUS for staging only if MRI
is contraindicated [7]. MRI is preferred because EUS cannot identify the mesorectal fascia
and in locally advanced disease fails to identify the circumferential resection margin (CRM),
which are essential in determining the need for neoadjuvant chemotherapy [25]. MRI allows
for adequate local staging (T stage and CRM involvement) and clear delineation of anatomic
location with regard to sphincter involvement. Nodal staging is more challenging, as all
modalities are equally insensitive in the range of 55% to 69% [26]. Although EUS and MRI
can identify specific morphologic features of lymph nodes, these are often nondiagnostic.
Lymph node size alone cannot be used to distinguish between benign reactive or malignant,
as small lymph nodes may still harbor malignant cells [27]. Regardless of the modality
selected, it is critical that it meets quality standards to provide precise conclusions.
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3. Endoscopic Approaches to Therapy
3.1. Endoscopic Mucosal Resection

Endoscopic mucosal resection (EMR) can be considered for lesions that are definitely
confined to the mucosal layer (Tis). EMR entails lifting the lesion by locally injecting a
physiological saline or viscous solution into the underlying mucosa of the lesion. The lesion
is then entrapped with a snare and resected with electrocautery. This can be done en bloc
for lesions ≤2 cm in size or piecemeal for larger lesions to decrease the risk of deep mural
injury (DMI). However, piecemeal resection is not without its shortcomings as it limits the
ability to evaluate invasion depth and to determine a free margin. It is important to limit
the number of resected specimens, as local recurrence rate increases with a greater number
of resected pieces, so en bloc resection is typically preferred [28].

Several variations of EMR have come into favor, including cold EMR, which does
not involve using electrocautery (Figure 4). There is growing evidence to suggest that
cold EMR is safe and efficacious in removing polyps ≥10 mm in size, especially sessile
serrated lesions (SSLs). An initial study found that the removal of SSLs could be performed
effectively using cold EMR techniques, with a residual lesion rate of <1% [29]. A more
recent retrospective study including 566 SSLs >10 mm in size from 312 patients found the
residual lesion rate to be 8% [30]. A meta-analysis that included 14 studies found that
cold EMR for SSLs ≥10 mm was safe and had low residual polyp rates. Compared to hot
EMR, cold EMR was associated with a lower rate of delayed bleeding, but there was no
difference in residual polyp rate or other outcomes [31]. Cold snare polypectomy (CSP)
without submucosal injection has also been used to resect large SSLs with a low recurrence
rate. Several studies have also shown that piecemeal CSP is technically equally efficacious
to EMR, with negligible recurrence in long-term follow-up. It has also been shown to be
extremely safe, essentially eliminating the risk of post-EMR bleeding and deep mural injury
(DMI) [32–34]. Due to the differences in techniques compared to hot EMR, it is suggested
that cold snare resection be performed by using a dedicated cold snare while aiming for
smaller pieces with attention to overlapping and obtaining wide healthy margins. Thermal
ablation of the defect margin after EMR of large nonpedunculated colorectal polyps has
been shown to significantly reduce residual or recurrent adenoma at first surveillance
colonoscopy and is therefore recommended as adjunct therapy [35–37]. Another variant of
cold EMR can also be performed underwater, known as underwater EMR (uEMR), which
has the benefit of not requiring submucosal injection. Overall, EMR is a good option for
most rectal polyps in the absence of extensive fibrosis or SMI, and for larger lesions in
which en bloc resection is not deemed critical.

Figure 4. Cold EMR of sessile serrated ascending colon polyp: (a) Sessile serrated polyp in ascending
colon following submucosal injection; (b,c) piecemeal resection with cold snare, taking into consideration
adequate overlap of resection pieces and clear margins; (d) post-resection mucosal defect.
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3.2. Endoscopic Full-Thickness Resection

Endoscopic full-thickness resection (eFTR) using a full-thickness resection device
(FTRD) is a technique that permits deep resection of select lesions that are not amenable
to conventional polypectomy or EMR. This approach entails performing circumferential
markings of the lateral margins of the lesion with coagulation. A transparent cap with
a 12.3 mm over-the-scope clip (OTSC) is then placed on a standard colonoscope. Once
the lesion is reached, a grasping forceps is advanced through the working channel of the
colonoscope to grasp the lesion and retracted into the cap until the lateral margins are
visible in the cap. The OTSC is then deployed, isolating the target lesion to allow for
resection. A preloaded polypectomy snare is then closed above the clip, and resection of
the specimen is performed. Although FTRD has been found to be useful for fibrotic lesions
either due to prior manipulation or SMI, the major limitation of this technique is that it
cannot be used for lesions >3 cm in size [38].

Overall, the major AE rates reported with use of the FTRD are low. A multicenter
prospective study that included patients from a large eFTR registry reported low overall
AE rate (9.3% (n = 34/367)) for complex colorectal lesions [39].

3.3. Endoscopic Submucosal Dissection

Endoscopic submucosal dissection (ESD) has emerged in the past decade as an adjunct
approach to EMR for management of colorectal lesions. An example of ESD of a rectal
polyp is seen in Figure 5. The lesion is seen in retroflexion (Figure 5a). As with EMR,
ESD also involves submucosal injection of a viscous solution (Figure 5b). In ESD, the
surrounding circumferential normal mucosa of the lesion is initially incised using an ESD
electrosurgical knife (Figure 5c). This is followed by submucosal dissection while expanding
the submucosal space using a submucosal injection solution (Figure 5d), which allows
for en bloc resection of lesions irrespective of size. Several variations of ESD have been
described, and the Japan Gastroenterological Endoscopy Society guidelines provide specific
terminology to distinguish each technique [40]. “Pure” or “conventional ESD” describes
the technique in which submucosal dissection is completed with the electrosurgical knife
without using a snare. “Precut EMR” involves making a circumferential incision at the
outer margins of a lesion with a knife, followed by snare resection of the lesion without
submucosal dissection. Conversely, “hybrid ESD” involves dissection of the submucosal
layer with an electrosurgical knife or snare tip, followed by snare resection. The ultimate
goal from all techniques is to achieve en bloc resection. Traction methods are often used
during ESD and have been found to lead to shorter procedure times, improved R0 resection
rates, and lower risk of perforation compared to conventional ESD [41]. These methods
are constantly being adapted and involve the use of a combination of endoscopic clips,
snares, sutures, and/or rubber bands [42]. Compared to EMR, ESD is more technically
challenging and has a higher complication rate (perforation rate of 1.8% vs. 2.4%, OR = 0.56,
p = 0.04) [43] and therefore requires dedicated training [44,45]. Although initially adopted
in Asia long before it was introduced in North America, training opportunities and uptake
of ESD in North American centers are increasing [46,47]. A recent large prospective study
on ESD in North America found R0 resection rates to be 84.2% and 78.3% in colon and
rectal ESD, which is close to target benchmarks achieved in Asian countries [48]. In this
study bleeding and perforation were reported in 2.3% and 2.9% of the cases, respectively.

The primary advantage of ESD compared to EMR is a higher en bloc resection rate of
large rectal lesions that would have been resected surgically prior to the introduction of
ESD. ESD also has a lower recurrence rate compared to EMR (0.9–2% vs. 12.2–14%), which
is dependent on the number of specimens removed during EMR, as well as histopatholog-
ical features [49,50]. En bloc resection is particularly important for lesions in which SMI
is suspected, as it provides precise prognostic histopathological information. ESD also
plays a role for lesions with significant submucosal fibrosis, due to either prior tattooing or
manipulation by partial resection or extensive biopsies. The American Society for Gastroin-
testinal Endoscopy also recommends en bloc resection by EMR or ESD of endoscopically
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visible dysplastic lesions in patients with inflammatory bowel disease (IBD) [51]. A recent
meta-analysis including seven studies concluded that nonpolypoid dysplasia associated
with IBD can be resected endoscopically with a low recurrence rate, especially by ESD [52].

Figure 5. ESD of rectal polyp: (a) Rectal polyp seen in retroflexion; (b) mucosal injection with viscous
solution and methylene blue; (c) mucosal incision using DualKnife J; (d) submucosal dissection;
(e) resection site defect; (f) final 3 cm Paris classification Isp + IIa LST-mixed granular type.

4. Surgical Approaches to Therapy

The surgical approach to rectal cancer (be it local or radical excision), depends upon the
clinical stage, size, and location of the primary tumor. A local excision is usually performed
transanally, while radical excision is performed transabdominally with either a sphincter-
sparing procedure such as low anterior resection or an abdominoperineal resection.

4.1. Transanal Approaches

The transanal approach affords the opportunity to avoid open surgery for very early
rectal cancer with favorable features. Transanal minimally invasive surgery (TAMIS) is
a technique developed to essentially perform single-port laparoscopic surgery through
the open anal sphincter complex to locally excise low- to mid-rectal tumors. Although
an early tumor can be fully excised with a TAMIS technique, the specimen is a simple
full-thickness excision and thus lacks the TME component that has been shown to be such
a major contributor to limiting local recurrence. Thus, a TAMIS approach employs specific
selection criteria to ensure that only the lowest risk tumors for lymph node metastases are
eligible. The primary tumor must be less than 3 cm in size, demonstrate well- or moderately
differentiated histopathology without lymphovascular or perineural invasion, and have
minimal submucosal invasion (e.g., sm1 or sm2 by Kikuchi classification) [7].

Long-term survival of surgically resectable rectal cancer is closely associated with
local recurrence. Therefore, improvements to surgical techniques that are associated with
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reduced local recurrence can have a major impact on long-term outcomes. The greatest
advance in our understanding of the surgical care of rectal cancer in the last thirty years is
the understanding that equally important to a negative circumferential margin (i.e., “no ink
on tumor”) is the en bloc prophylactic lymphadenectomy of the surrounding mesorectal
fat packet known as a total mesorectal excision (TME). Widespread adoption of resection
in the TME plane has led to serially reproduced local recurrence rates dropping from
approximately 20% to less than 5% [53]. This technique remains the gold-standard rectal
cancer care today and is applicable to both low anterior and abdominoperineal resections.

While the need for TME remains for most rectal cancer care, how one achieves a com-
plete TME specimen continues to evolve. The anatomy of the pelvis is not always amenable
to a meticulous TME plane dissection, and laparoscopic and robotic-assisted transabdom-
inal techniques have been introduced to help overcome these difficulties. In addition,
minimally invasive techniques are known to have faster recovery and less pain [54]. Non-
inferiority studies of these novel approaches have demonstrated mixed results. The quality
of TME with a laparoscopic approach failed noninferiority to open surgery in both the
Australasian Laparoscopic Cancer of the Rectum Randomized Clinical Trial (ALaCaRT) and
the U.S.-based Alliance Z6051 trial [55]. However, early long-term results from both studies
have shown no statistically significant difference in local recurrence [56]. Robotic-assisted
techniques have not been shown to affect technical difficulty or short-term outcomes com-
pared to conventional laparoscopy [57]. Another technique currently under investigation is
the use of a combined transabdominal and transanal approach that facilitates laparoscopic
or robotic-assisted transanal dissection of the mesorectal plan (taTME) to overcome the
difficulties of transabdominal dissection. taTME largely remains investigational at this time
with results expected from a major taTME series by 2024. In aggregate, these findings sug-
gest that each approach may have a role in the surgeon’s armamentarium with appropriate
selection based on surgeon experience and patient-specific factors.

4.2. Locally Advanced Rectal Cancer

Although treatment success (e.g., improved 5-year survival, reduced local recurrence)
for rectal cancer has steadily improved over the last two decades, bulky, locally advanced
tumors continue to be a challenge. With locally invasive tumors that have histopatho-
logically favorable features (e.g., no violation of the mesorectal fascia, no invasion of the
intersphincteric plane), recurrence rates are less than 2%. However, conventional multi-
modal therapy for T4 tumors extending beyond the mesorectal plane has recurrence rates
greater than 20% [58].

Reducing the recurrence rate in locally advanced rectal cancer remains an active area
of investigation. In these cases, the paradigm extends beyond total mesorectal excision
to push the boundaries of resectability. There are three distinct scenarios of locally ad-
vanced disease that guide surgical decision-making. First, the best-studied scenario is
when adjacent organs are secondarily involved in a large, bulky rectal primary. En bloc
resection, or pelvic exenteration, of the rectum with the involved middle (vagina) and
anterior (bladder) compartments of the pelvis confer a survival benefit for otherwise locally
contained disease [59,60].

Second, a more recent consideration is whether lateral pelvic lymph nodes represent
locally advanced or metastatic disease. The 8th edition of the American Joint Committee
on Cancer regards lymph nodes along the internal and external iliac vessels as metastatic
disease. However, evidence continues to mount that nodal involvement of the lateral pelvic
lymph nodes has a prognosis more consistent with nonmetastatic mesorectal lymph node-
positive disease, and thus should be staged and managed as locally advanced disease [61].
Based on this new perspective, lateral lymphadenectomy in addition to total mesorectal
excision with neoadjuvant chemoradiotherapy is recommended when clinically positive
nodal disease is present in these anatomic regions [7,62]. A future area of investigation
remains whether prophylactic lateral lymphadenectomy may be indicated given the benefits
demonstrated by total mesorectal excision, another form of prophylactic lymphadenectomy.
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The final scenario of locally advanced cancer is a primary tumor that appears resectable on
preoperative imaging but presents intraoperatively with a threatened margin of an unresectable
adjacent structure. Given the considerations for adjacent organ and lymph node resection
described above, the most common presentation of this scenario is a locally advanced rectal
tumor with favorable imaging but intraoperatively is found to have dense fibrosis to the
bony pelvis, and a microscopic disease-free plane cannot be fully appreciated—a threatened
R1 resection. In these select cases, intraoperative radiation therapy (IORT) is an adjunctive
therapeutic option that may be superior to conventional surgical resection and chemoradiation
therapy alone for preventing local recurrence [63]. Guidelines emphasize that IORT is not
appropriate for cases of gross disease involvement (R2) where further consideration of extreme
resection or palliation would be more appropriate [7].

5. Future Directions

Ongoing refinement of endoscopic and surgical devices and techniques has signifi-
cantly impacted the growth of the field. New traction devices to facilitate ESD have come
into play, such as the through-the-scope Tracmotion device by Fujifilm (Lexington, MA,
USA). Robotic manipulation devices such as the EndoMaster EASE System (EndoMaster
Pte Ltd., Singapore) that can actively guide accessory instruments in various directions to
allow for easier retraction and dissection are also being studied in animal models [64,65].
All of these advances aim to facilitate the performance and safety of ESD and increase
utilization. Development of diagnostic imaging modalities to help distinguish benign from
malignant tumors, assess tumor grade, delineate tumor extent, and define risk factors
that may influence are also under development. These include functional and molecular
imaging techniques such as diffusion-weighted MR, perfusion CT, and hybrid PET/CT
imaging. Blood oxygenation level-dependent MRI and MR spectroscopy represent other
advanced imaging modalities that are available but still underutilized, all of which may
provide clinical advantages [66]. Emerging also are artificial intelligence systems involv-
ing real-time computer-aided detection (CADe) to aid detection of colorectal neoplasia
by flagging suspected lesions with visual and acoustic notifications. Available evidence
established that the incorporation of artificial intelligence results in a significant increase in
detection of colorectal neoplasia, especially nonadvanced adenomas and polyps [67,68].

As novel diagnostic and therapeutic regimens evolve, the role of a multidisciplinary
team (MDT) for risk stratification and defining optimal treatment plans becomes more
critical. The goal of an MDT include providing recommendations based on the team con-
sensus while integrating the complementary areas of expertise; reaching evidence-based
recommendations based on national and international guidelines; ensuring effective com-
munication for the coordination of care; educating team members of developments within
specific areas of expertise; data collection and audit of outcomes; ongoing quality improve-
ment in diagnosis, staging, treatment and surveillance; and encouraging participation in
clinical trials. Multidisciplinary management should be implemented as the standard of
care worldwide, with an aim to ensure that we work to continually improve quality and
outcomes in rectal cancer [69].

6. Conclusions

Rectal neoplasia represents a substantial disease burden worldwide, with CRC being
the third leading cause of cancer death worldwide and rectal cancer accounting for one-
third of new cases annually [1]. Diagnosis and staging require a multimodal approach
that involves endoscopy, EUS, and imaging modalities. Advancements in these strategies
will aid more targeted therapies and allow for better risk stratification of patients who
require further surgical management following endoscopic resection. Treatment plans
require thorough MDT planning involving endoscopists, surgeons and radiologists to
determine the most appropriate therapeutic approach. Generally, in the absence of features
suggestive of deep SMI, endoscopic resection is predominantly feasible. Prospective studies
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comparing the currently available minimally invasive techniques are required to enhance
implementation and improve outcomes.
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