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Abstract Early rectal cancer (cT1 and cT2) has been increas-
ingly detected due to the wide application of colorectal cancer
screening program. Total mesorectal excision (TME) is a gold
standard for the treatment of this early stage disease. However,
postoperative complications, unfavorable functional out-
comes, and risk of permanent stoma following TME are not
uncommon. In contrast, local excision (LE) is less invasive
and more tolerable to frail patients and those with severe co-
morbidities. Simultaneously, both functional and sexual out-
comes following LE were not disturbed and the patient could
avoid abdominoperineal resection. The drawback of LE is
leaving perirectal lymph node yielding unknown actual path-
ological nodal staging—which partly leads to more recurrence
comparing to TME. This article aimed to review the current
evidence of TME and LE in early rectal cancer, to critically
review the role and consequence of chemoradiation in LE, and
to update ongoing trials on this subject.
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Introduction

Nearly half of 100,000 rectal cancer cases were newly diag-
nosed each year partly due to the widespread introduction of
population-based screening programs [1]. Management of
rectal cancer patients is one of the most challenging problems
in surgical practice. The principles of rectal cancer surgery
include removal of tumor and node-baring area aiming to
achieve long-term oncologic outcomes and, if possible, resto-
ration of bowel function and avoidance of permanent stoma.
Since total mesorectal excision (TME) results in excellent
oncologic outcomes, this surgical technique is widely accept-
able as a gold standard for the treatment of rectal cancer. TME
allows accurate and complete pathological staging. It is
regarded as a curative procedure for either early T stage or
node-positive rectal cancer. This radical resection could be a
low anterior resection (LAR) with coloanal anastomosis or an
abdominoperineal resection (APR) with a permanent colosto-
my. However, TME has been associated with postoperative
mortality rate of 2–3% and morbidity rate of 20–30% includ-
ing anastomotic leakage [2]. Furthermore, TME may result in
poor functional outcomes adversely affecting quality of life
such as sexual and urinary dysfunction, infertility, unsatisfac-
tory bowel function, and the possibility for a permanent stoma
[3–5].

Comparing to TME, local excision (LE) of rectal cancer
yields fewer postoperative complications, less blood loss,
shorter hospital stay, and quicker recovery. However, while
LE is less invasive, it might be associated with poorer onco-
logic outcomes due to failure to remove occult lymph node
metastases in the mesorectum. As a result, appropriate selec-
tion of patients and tumors as well as an intense postoperative
surveillance to detect any recurrence is crucial when LE is
considered as a treatment option for rectal cancer. With the
current advances in diagnosis and treatment modalities
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including endoscopic submucosal dissection, transanal endo-
scopic microsurgery, and (neo-)adjuvant chemoradiation, LE
has now become a much more viable alternative to radical
surgery in early rectal cancer.

Similar to TME, LE aims to optimize oncologic outcomes
while minimizing postoperative morbidities [6]. However,
there are some controversial issues regarding surgical treat-
ments in early clinical stage I (cT1–cT2) rectal cancer—espe-
cially between TME and LE. This article aims to critically and
comprehensively review the current status of surgical options
in cT1–cT2 early rectal cancer.

Techniques of Local Excision and Criteria for Patient
Selection in Early Rectal Cancer

For early rectal cancer (cT1–cT2N0M0), most surgeons rec-
ommend radical resection (i.e., TME). In recent years, the
tendency of surgery in early rectal cancer has shifted toward
less invasive procedures (i.e., LE) because it could avoid ma-
jor complications and unfavorable bowel function following
TME. Techniques of LE have been developed for many years
including transanal excision (TAE), trans-sphincteric local ex-
cision or the York Mason procedure [7], and trans-sacral local
excision or the Kraske procedure [8]. Technically, TAE is
suitable for mobile tumor in distal rectum with a tumor diam-
eter of less than 3 cm and occupying less than one third of
bowel circumference [9]. For more proximal lesion, the tumor
can be approached by trans-sacral or trans-sphincteric exci-
sions. However, trans-sacral or trans-sphincteric excision
had high complication rate and undesirable functional
outcomes.

The advent of transanal endoscopic microsurgery (TEM)
described by Gerhard Buess of Tubingen, Germany, in 1980
seems to resolve the limitation of TAE and reduce unfavorable
complications of the trans-sacral or the trans-sphincteric exci-
sion [10]. This technique has had a slow clinical implementa-
tion because of its technically demanding nature and the cost
of special instrumentation. Until 2009, a group from the min-
imally invasive surgery center of FL, USA, proposed a tech-
nique called trans-anal minimally invasive surgery (TAMIS).
The procedure was started by using a single-port platform
placed at the anal canal to maintain a seal for air insufflation
into the rectum then performing TAEwith a video camera and
laparoscopic instruments [11]. TAMIS leads to a reconsidera-
tion using endoscopic excision in early rectal carcinoma as it
is cheaper than TEM but anticipated similar results of TEM.
Endoscopic visualization for trans-anal minimally invasive
surgery (eTAMIS) has been reported in some literature with
limited long-term follow-up [12].

Endoscopic submucosal dissection (ESD) is another ad-
vanced endoscopic technique which has recently become
one of the treatment options for early colorectal cancer. This
procedure was originally pioneered in Japan in 1999 [13].

Being a partial-thickness resection, ESD is only suitable for
treating rectal cancer invading into the submucosa of less than
1000 μm or the so-called sm1 lesion [14, 15]. However, de-
termining the depth of tumor invasion prior to performing
ESD is currently challenging.

Practically, LE should be considered for curative intent only
in T1N0 rectal cancer with low-risk histopathological features—
which include the tumor with the following characteristics: (1)
well to moderately differentiated, (2) absence of lympho-
vascular invasion, (3) absence of perineural invasion, and (4)
absence of mucinous components. For tumor with high-risk
histopathological features, LE should not be performed as a
curative procedure because of a significant risk of nodal metas-
tasis (about 10–15%) [16]. Unfortunately, while current strin-
gent criteria are followed for selecting patients with LE, high
recurrence is still widely reported [4, 17, 18].

Outcomes of LE Versus TME in T1 Rectal Cancer

Data available regarding oncologic outcomes of LE emanates
from case series with a limited number of studies comparing
LE to radical resection. Due to the retrospective nature of
these studies, selection bias of patient was unavoidable. For
example, Willett and his colleagues reported a comparable 5-
year recurrence-free survival and local control rate between
TAE and APR only when T1 rectal cancer with favorable
histology was selected [19]. On the other hand, different stud-
ies have demonstrated that TAE had a higher rate of local
recurrence (7–18%) compared to TME (0–3%)—with an in-
ferior 5-year overall survival [3, 4, 20–22]. Recently, a report
from the Memorial Sloan-Kettering Cancer Center has em-
phasized on the application of TAE for T1 low-risk rectal
cancers. With a median follow-up of 5.6 years, there was a
significant difference in 5-year disease-specific and overall
survival between TAE and TME, favoring TME [23].

Since T1 lesion may carry a different risk of nodal metas-
tasis, Kikuchi and his co-workers demonstrated that a deeper
level of submucosal invasion was associated with a higher
incidence of perirectal lymph node metastasis. The authors
equally divided submucosal layer (between muscularis muco-
sae and muscular propria) into three parts: sm1, sm2, and sm3.
For tumor slightly invading into the submucosa (sm1), lymph
node metastasis was barely detected. For tumor invading the
deepest one third of the submucosa (sm3), lymph node me-
tastasis was approximately 25% [24]. However, it is impossi-
ble to determine the depth of submucosal invasion (sm level)
in specimen resected by LE that does not include full thick-
ness of rectal wall, e.g., ESD. As a result, Kitajima and his
colleagues further analyzed the depth of submucosal invasion
in microns from muscularis mucosae and found that T1 rectal
tumor invading submucosa deeper than 1000 μm had a 5-fold
increased risk of lymph node metastasis than those with lesser
invasion [25].
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Outcomes of LE Versus TME in T2 Rectal Cancer

LE in T2 rectal cancer carries a higher local recurrence
than T1 lesions, ranging from 13 to 30%. For TME in T2
rectal cancer, rate of local recurrence was around 7%. A
higher local recurrence rate of LE in T2 lesion is likely
due to an increased risk of perirectal lymph node metas-
tasis (28–38%) [26]. Local recurrence following LE in T2
lesion resulted in worse overall survival when compared
to TME. This was confirmed by a US nationwide study in
2007 [27], which demonstrated an inferior overall survival
of LE (68%) to radical surgery (77%). However, the 5-
year disease-free survival was not different between LE
and radical surgery (90 vs 92%). It is argued that patient’s
factors such as advanced age and multiple co-morbidities
rather than type of surgery determine overall survival
[28]. To date, TME is recommended as a standard of care
in T2 rectal cancers while LE is only reserved for T2
rectal cancer patients with advanced age or patients with
a prohibitive risk to undergo major surgery.

Outcomes of Other LE Techniques in T1 and T2 Rectal
Cancer

TAE is the most common LE technique. It has been performed
by colorectal surgeons for more than three decades. Recent LE
techniques include TEM, TAMIS, and ESD. TEM and
TAMIS bare the same principles and comparable technique.
Because of the superior visualization and delicate instrumen-
tations, TEM and TAMIS can reachmore proximal lesion than
TAE and the former could yield more complete en bloc resec-
tion of the tumor. Despite the fact that TEM had a lower rate of
R1 resection than TAE (2 vs 16%) [29], achieving R0 resec-
tion by TEM did not prevent local recurrence [30].
Reportedly, local recurrence after TEM in low-risk T1 rectal
cancer could be as high as 17% [30]. There was also no sig-
nificant difference in 5-year recurrence of early rectal cancer
treated by either TAE or TEM [29]. This could be the result of
the incomplete removal of potential nodal metastasis in some
forms of LE [18].

A limited number of trials have reported outcomes between
TEM and TME—with some conflicting results. For example,
a small prospective study comparing outcomes of 50 T1 rectal
cancer patients undergoing either TEM or radical surgery
demonstrated that 5-year local recurrence after TEM was
4.1% but none in TME group. However, with a median
follow-up of 3.5 years, 5-year overall survival was compara-
ble between the two techniques [31]. In contrast, with a larger
sample size, the TME Dutch trial showed a higher local recur-
rence in TEM group [32]. Hence, TEM should be performed
with caution in the treatment of early rectal cancer. Criteria for
patient selection as of conventional TAE must be exercised.

Salvage Surgery After Local Excision

In general, LE has a significant higher rate of local recurrence
than TME in high-risk T1 and T2 rectal cancers. Therefore,
LE is not standard of care in such cases—instead, TME is the
potentially curative operation of choice in these circum-
stances. Tumor recurrence after LE may occur in the rectal
wall, mesorectum, or regional lymph nodes. If recurrent or
residual disease is detected early, salvage surgery may be per-
formed with a curative intention. However, several studies
reported that significant disease progression, including distant
metastasis, was evident prior to the detection of local
recurrence.

Friel and his colleagues reported that, within intensive sur-
veillance, 93% of patients with local recurrence presented
with stage III disease and curative R0 resection was achieved
in only 79% of the patients [33]. Another study from the
Memorial Sloan-Kettering Cancer Center showed that 94%
of patients with local recurrence after LE could undergo cura-
tive resections, but most of them required extensive pelvic
operation. In spite of an aggressive salvage operation,
disease-free survival was quite low [34]. Timing of salvage
surgery after LE is extremely crucial as described by Baron
and his team. Their study retrospectively compared the results
between immediate salvage surgery after LE with unfavorable
histology and salvage surgery performed when local recur-
rence was clinically detected. The authors demonstrated that
5-year disease-free survival was significantly higher in pa-
tients undergoing immediate salvage surgery (94%) compar-
ing to those in the delayed salvage surgery (56%) [35]. The
oncologic advantage of immediate salvage surgery was
highlighted by Hahnloser and his colleagues. They showed
that the oncologic outcome of immediate salvage surgery after
LE was comparable to an initial radical surgery in early rectal
cancer [36]. Hence, immediate salvage radical surgery is rec-
ommended for patients with high-risk T1 and T2 lesions who
have a higher chance of local recurrence. If such high-risk
patients especially with T2 lesions refuse immediate salvage
surgery, they have to be informed that they carry a significant
risk of local recurrence even with intensive and close surveil-
lance program. Extensive salvage operations and decreased
survival are inevitable when local recurrence occurred.
Delay in diagnosis until symptoms occur makes salvage sur-
gery substantially less feasible [37].

Adjuvant Chemoradiation After Local Excision

Adjuvant chemoradiation may have a role in reducing local
recurrence after LE especially in patients with high-risk T1 or
T2 rectal cancer. A retrospective study comparing LE alone to
LE followed by radiation in early rectal cancer found no dif-
ference in 5-year local recurrence and disease-free survival
between the two groups. But, in high-risk T1 and T2 rectal
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cancer, local recurrence in those with postoperative radiation
therapy was significantly lower than those without (37 vs
85%)—with a modestly better disease-free survival in the ad-
juvant setting [38].

A phase II prospective multicenter trial conducted by the
Radiation Therapy Oncology Group (RTOG) evaluating ad-
juvant chemoradiation after LE has been reported. This study
divided patients into three groups: (1) low-risk T1 lesions with
negative margin managed by clinical surveillance, (2) high-
risk T1 or more than T2 lesions managed by postoperative
standard dose of chemoradiation, and (3) patients similar to
the second group but with positive margin managed by a
higher dose of chemoradiation. With median follow-up of
approximately 6 years, local recurrence was around 12% in
all groups. The risk of recurrence depended on resection mar-
gin and T stage (4% in T1, 16% in T2, and 23% in T3). The 5-
year free of pelvic relapse was 86% in the latter two groups
with chemoradiation. The recurrence rate especially in T2 and
T3 tumors in this study was comparable to patients treated
with radical surgery. These findings supported the beneficial
effects of adjuvant chemoradiation therapy in high-risk early
rectal cancer patient who underwent LE [39].

Another prospective multicenter trial from the Cancer and
Leukemia Group B (CALGB) revealed treatment outcomes
between 59 patients with T1 lesions treated by LE alone and
51 patients with T2 lesions treated by LE plus postoperative
chemoradiation. With a median follow-up of 7 years, recur-
rence rate was 7% for T1 and 14% for T2. The 10-year overall
survival and disease-free survival were 84 and 75% for T1, 66
and 64% for T2 [40]. The authors concluded that LE alone for
T1 was associated with low recurrence and good long-term
survival while T2 lesions treated by LE and adjuvant therapy
had higher recurrence rate.

Although a randomized controlled trial examining the ad-
vantage of adjuvant therapy after LE is lacking, there was a
tendency of lower recurrence and better disease-free survival
in those receiving adjuvant chemoradiation. To date, a multi-
center randomized trial named TESAR trial is ongoing con-
ducted to compare outcomes between TME and postoperative
chemoradiation in high-risk T1 or T2 rectal cancer treated by
LE with endoluminal excision technique (TEM, TAMIS,
ESD) [41].

Local Excision After Neoadjuvant Chemoradiation

This is a relatively new area in oncology because some pa-
tients with rectal cancer (typically T2 or T3) who received
neoadjuvant chemoradiation undergo LE due to their poor
status for radical surgery or refuse of major operation. Many
retrospective reviews with small number of patients and short-
term follow-up revealed promising results from this approach.
A comparative study between 26 rectal cancer patients with
neoadjuvant chemoradiation followed by LE and 405 patients

with the same chemoradiation regimen followed by TME
found that LE group had a 5-year local recurrence rate of
6% and an overall survival rate of 86% comparing to 8 and
81%, respectively, in TME group [42]. However, there was a
selection bias because a tendency toward less advanced dis-
ease and a better response to chemoradiation were seen in LE
group. Lezoche and co-workers reported 100 patients with T2
or T3 rectal cancers treated with radiation or chemoradiation
followed by TEM [43]. The 5-year local recurrence and over-
all survival rates were 5 and 72%, respectively. The same
authors also conducted a prospective randomized trial com-
paring TEM to laparoscopic TME in 70 T2N0 rectal cancer
patients having neoadjuvant chemoradiation. Interestingly,
pathologic complete response was high (35%) in both groups.
With a median follow-up of 84 months, local recurrence rate
was 5.7% in TEM group and 2.8% in laparoscopic TME
group [44•]. The local recurrence rates in this study were sig-
nificantly lower than the expected rate of lymph node metas-
tasis in patients with T2 tumors. This result is probably due to
the effect of neoadjuvant treatment in perirectal lymph node
metastasis in these patients.

Recently, the American College of Surgeons Oncology
Group (ACOSOG) reported the ACOSOG Z6041 trial which
was a phase II trial determining 3-year disease-free survival
rate of cT2cN0 rectal cancer patients staged by endorectal
ultrasonography or endorectal coil MRI and underwent neo-
adjuvant chemoradiation followed by LE. Chemoradiation
regimen comprised capecitabine and oxaliplatin with a total
radiation dose of 50.4–54 Gy. With a median follow-up of
56 months, there was a 3-year disease-free survival rate of
88.2% in an intention-to-treat basis. The authors emphasized
that chemoradiation followed by LE for T2N0 rectal cancer
resulted in a very high complete pathologic response (49%)
and negative resection margin (99%). Although the observed
3-year disease-free survival in this study was slightly lower
than previously reported, the authors suggested that neoadju-
vant chemoradiation followed by LE might be considered as
an organ-preserving alternative in carefully selected T2N0
rectal cancer patients who refuse or are not candidates for
TME [45••]. Since the ACOSOG Z6041 trial was an open-
label, non-randomized, phase II trial with a small sample size
of 79 patients with highly selective T2N0 low rectal cancer
(tumor <4 cm in diameter involving <40% of rectal circum-
ference), a prospective randomized phase III trial comparing
oncological and functional outcomes between neoadjuvant
chemoradiation followed by LE versus radical surgery for
T2N0 rectal cancer with longer follow up is definitely war-
ranted. Moreover, the drawbacks of preoperative chemoradi-
ation have to be discussed with patients because its toxic ef-
fects were quite high as demonstrated in this study (29% gas-
trointestinal and 15% hematological adverse events).

The European multicenter prospective study, known as the
CARTS study, investigated cT1–cT3N0 rectal cancer patients
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treated with long-course radiation and concurrent capecita-
bine. Six weeks after completion of neoadjuvant therapy, the
patients were re-evaluated and classified into good clinical
responder (cT0 to cT2 or scar) and no clinical responder (more
than cT2). No clinical responders underwent TME8–10weeks
after chemoradiation then follow-up whereas good responders
underwent TEM 8–10 weeks after chemoradiation then fur-
ther managements based on pathological results (ypT2 or
more after TEM underwent salvage TME and ypT0/ypT1
after TEM would be followed up). The enrolled patients in-
c l uded 10 cT1N0 , 29 cT2N0 , and 16 cT3N0 .
Chemoradiation-related complications of at least grade 3 oc-
curred in 23 of 55 patients, with two deaths from toxicity, and
two patients did not have TEM or major surgery. Among 47
patients who had TEM, ypT0-1 disease was found in 30 pa-
tients, ypT0 N1 in one patient, ypT2 in 15 patients, and ypT3
in one patient. Local recurrence developed in three of the nine
patients with ypT2 tumors who declined further surgery.
Postoperative complications grades I–IIIb occurred in 13 of
47 patients after TEM and in 5 of 12 after salvage surgery.
After a median follow-up of 17 months, four local recurrences
had developed in overall, three ypT2 patients after TEM who
refused further TME, and one out of nine ypT1 patients after
TEM. None of the 21 patients with ypT0 lesions after TEM
developed a local recurrence. The authors concluded that
TEM after chemoradiation enabled organ preservation in
one-half of rectal cancer patients [46•]. However, either tox-
icities or mortality caused by chemoradiation as well as the
higher rate of complications in surgery after chemoradiation
should be a concern and discussed with patients who opt for
this alternative treatment.

An ongoing phase II multicenter randomized controlled
trial called the transanal endoscopic microsurgery and radio-
therapy in early rectal cancer (TREC) trial has been reported
[47]. This trial will be conducted to compare between TME
and short-course radiation therapy followed by TEM 8–
10 weeks later in early rectal cancer. In the meantime, a phase
III trial protocol that combined the phase II protocols, the
TREC and CARTS trials called STAR-TREC trial, has been
proposed [48]. The authors will enroll early rectal cancer pa-
tients whowill be randomized to one of three groups in a 1:1:1
basis: (1) TME only, (2) short-course radiation therapy follow-
ed by watch and wait or TEM or TME, and (3) long-course
radiation with concurrent capecitabine followed by watch and
wait or TEM or TME.

Conclusion

Accurate clinical staging is the key for success and guidance
of appropriate management in early (cT1/cT2) rectal cancer.
To date, endorectal ultrasonography and high-resolution rectal
MRI are the investigations of choice to define accurate

preoperative clinical staging. For cT1N0M0 rectal cancer, lo-
cal excision may be performed with a full thickness excision.
There is a tendency to gain more acceptable margin if TEM
was applied comparing to conventional TAE technique partic-
ularly in more proximal rectal lesion.

If the excised specimen has low-risk features (such as
pT1sm1 or carcinoma invading submucosa less than
1000 μm), intensive and close surveillance after LE is appro-
priated. If the excised specimen has high-risk features (such as
poorly differentiated, positive lymphatic or vascular inva-
sions, threatened or positive resected margin, pT1sm2 or
sm3, carcinoma invading submucosa more than 1000 μm,
and pT2 or more), immediate salvage TME should be per-
formed. Otherwise, postoperative chemoradiation should be
initiated in patients who refuse or are not a good candidate
for TME.

In patients with cT2N0M0 rectal cancer, TME should al-
ways be offered. If patients are too frail for radical surgery or
deny major operation, neoadjuvant chemoradiation followed
by LE might be an alternative. Patients must be advised for
potential toxicities andmortality of chemoradiation alongwith
higher complication rate of LE after chemoradiation.
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