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Abstract
Background: Local excision (LE) is a feasible treatment approach for rectal cancers in stage pT1 and presents low
pathological risk, whereas total mesorectal excision (TME) is a reasonable treatment for more advanced cancers. On
the basis of the pathology findings, surgeons may suggest TME for patients receiving LE. This study compared the
survival outcomes between LE with/without chemoradiation and TME in mid and low rectal cancer patients in
stage pT1/pT2, with highly selective intermediate pathological risk.
Methods: This retrospective study included 134 patients who received TME and 39 patients who underwent LE
for the treatment of intermediate risk (pT1 with poor differentiation, lymphovascular invasion, perineural invasion,
relatively large tumor, or small-sized pT2 tumor) rectal cancer between 1998 and 2016.
Results: Overall survival (OS), disease-free survival (DFS), and cumulative recurrence rate (CRR) were similar between
the LE (3-year DFS 92%) and TME (3-year DFS 91%) groups. Following subgrouping into an LE with adjuvant
therapy group and a TME without adjuvant therapy group, the compared survival outcomes (OS, DFS, and CRR)
were found not to be statistically different. The temporary and permanent ostomy rates were higher in the TME
group than in the LE group (p < 0.001). Rates of early and late morbidity following surgery were higher in the TME
group (p = 0.005), and LE had similar survival compared with TME.
Conclusion: For patients who had mid and low rectal cancer in stage pT1/pT2 and intermediate pathological risk,
LE with chemoradiation presents an alternative treatment option for selected patients.
Keywords: Rectal cancer, Local excision, Total mesorectal excision, Chemoradiation, Sphincter-sparing surgery

Background
Total mesorectal excision (TME) is the standard surgical
treatment for resectable mid and low rectal adenocarcinomas. The treatment decision for patients with mid and
low rectal cancer is crucial for considerations related to
quality of life (QoL). TME may cause high operative
morbidity, including fecal incontinence, urinary incontinence or retention, high permanent stoma rate, and
sexual dysfunction [1–5].
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Local excision (LE), including transanal excision,
transanal polypectomy, and transanal endoscopic microsurgery, might be able to improve the QoL of patients
by achieving similar oncological outcomes. Currently, a
number of studies have and continue to focus on this
issue [6, 7]. Despite its advantages, LE cannot achieve
TME or provide pathological node (N) status. Therefore,
LE was selected for patients indicating both clinically
and pathologically low risk factors. Recently, the development of adjuvant concurrent chemoradiation (CCRT)
has shown improvement in oncological outcomes, with
more studies suggesting LE with adjuvant CCRT as an
option for selected patients. However, debates involving

© The Author(s). 2019 Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0
International License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and
reproduction in any medium, provided you give appropriate credit to the original author(s) and the source, provide a link to
the Creative Commons license, and indicate if changes were made. The Creative Commons Public Domain Dedication waiver
(http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated.

Lai et al. World Journal of Surgical Oncology

(2019) 17:212

TME or LE as options remain controversial [8–15].
According to current National Comprehensive Cancer
Network (NCCN) 2018 guidelines, patients receiving LE
in stage pT1 and without high-risk features can be
followed-up via observation. High-risk features include
positive margins, lymphovascular invasion, poorly differentiated tumors, and submucosal invasion to the lower
third of the submucosal level (SM3 invasion). High-risk
pathological features and pT2 status are generally indicative of the need for TME.
An ongoing randomized-control trial (TESAR trial
[16], rectal preservation treatment for early rectal cancer) attempted to resolve the controversy pertaining to
types of treatment. The trial included participants receiving LE and indicated stage pT1/pT2 and intermediate
pathological risk as factors for receiving this treatment.
Participants were categorized into three groups: low risk,
intermediate risk, and high risk. In the intermediate risk
group, after receiving LE, patients were randomly assigned
to the concurrent chemoradiation therapy (CCRT) or
TME group. The TESAR trial intended to demonstrate LE
with CCRT as non-inferior to TME in the intermediate
risk group [16].
Using the careful selection method adopted in the
trial, our study aimed to demonstrate LE with CCRT as
oncologically equivalent to TME for mid and low rectal

Fig. 1 Flow chart of patient selection
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cancer in stage pT1/pT2, with intermediate pathological
risk. Our findings pertaining to a 20-year period of
therapeutic outcomes were shared at a tertiary medical
center.

Methods
Patients and materials

Detailed data of 1522 patients who were diagnosed with
pT1 or pT2 stage rectal adenocarcinoma and treated by
LE or TME between January 1998 and December 2016
were retrospectively retrieved from the Colorectal Section Tumor Registry at Chang Gung Memorial Hospital,
Taiwan. This study and its protocols were approved by
the institutional review board of the Taoyuan branch of
Chang Gung Memorial Hospital (105-1130D). Clinical
staging was determined using computed tomography
(CT), magnetic resonance imaging (MRI), or positron
emission tomography. Patients were excluded from this
study for the following reasons: clinical evidence of distant metastases, occurrence of a tumor 8 cm above the
anal verge (n = 572), occurrence of any synchronous,
and/or metachronous cancer (n = 118), and neoadjuvant CCRT (n = 136) for rectal cancer (Fig. 1).
Among the remaining patients, 173 who met any one
of the following three criteria were enrolled in this study:
(1) pT1 tumor < 3 cm in size and pathology exhibiting
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one or more risk factors, including poor differentiation
and/or lymphovascular invasion (LVI) and/or perineural
invasion (PNI); (2) pT1 tumor ≥ 3 cm and < 5 cm in
size, with or without any pathological risk factors; and
(3) pT2 tumor < 3 cm in size and pathology revealing no
evidence of poor differentiation, LVI, or PNI (Fig. 2).
Patients were divided into either LE or TME group
according to surgical strategies, where LE included
colonoscopic polypectomy, endoscopic mucosal resection (EMR), and transanal excision (TAE) via various
transanal platforms. On the other hand, TME referred to
radical trans-abdominal resection, including low anterior
resection (LAR) and abdominoperineal resection (APR).
The available medical records included data pertaining
to age, sex, body mass index, family cancer history,
tumor location (centimeters away from the anal verge),
maximal tumor diameter, preoperative carcinoembryonic antigen (CEA), albumin level, and hemoglobin level.
All preoperative laboratory parameters were measured
within 24 h following admission. Pathological reports,
including resection margin, pT and pN stage, tumor differentiation, LVI, and PNI, were examined by a specialized pathologist. Operative records included the surgery
method and the creation of a temporary or permanent
ostomy. Adjuvant therapy included chemotherapy or
CCRT. Several chemotherapy regimens were adopted,
including an oral form combining tegafur and uracil,
intravenous fluorouracil (5-FU) and leucovorin, and oxaliplatin plus intravenous 5-Fu/LV (FOLFOX). Adjuvant
radiotherapy with long-course radiotherapy (5040 cGy,

Fig. 2 Inclusion criteria
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delivered in 28 fractions) was implemented in the case
of CCRT.
Postoperative complications were classified as early
and late morbidity. Early morbidity was defined as
postoperative complications occurring within 30 days,
including wound-related (wound infection or wound dehiscence), pulmonary (atelectasis or pneumonia), cardiovascular (myocardial infarction, stroke, or embolism),
urinary (urinary tract infection or neurogenic bladder),
gastrointestinal (ileum obstruction or bleeding), and
anastomosis-related (leakage or stenosis) complications.
Late morbidity was defined as complications occurring
after discharge and any event of readmission. Postoperative mortality was defined as death occurring within 30
days following surgery.
A number of physicians in the same department of
this institute adopted similar follow-up routines. At the
discretion of an individual physician, all patients were
subjected to a follow-up program that included outpatient visits every 3 months with physical examinations,
including digital rectal exams, CEA tests, CT or MRI
scans, and colonoscopy. Recurrent disease was confirmed by histology of colonoscopy biopsy specimens, reoperation, or radiological studies. Prognoses were
evaluated based on disease-free survival (DFS) and overall survival (OS). The DFS interval was defined as the
duration between the date of initial surgery and the date
of confirmation of recurrence or date of death. The OS
interval was defined as the duration between the date of
initial surgery and date of death. The CRR was referred
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to as the cumulative probability of recurring rectal cancer during follow-up.
Statistical analysis

All analyses were performed using the Statistical Package
for the Social Sciences (statistics software, version 24,
IBM). Clinicopathologic characteristics were compared
using the chi-square test for categorical variables and
Student’s t test for continuous data. Cumulative recurrence rate, DFS, and OS were computed using univariate
analyses according to the Kaplan–Meier method. Differences were estimated using the log-rank test. Statistical
significance was set at p < 0.05.
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Table 1 Patient characteristics
Variable

TME (N = 134)
number (%)

LE (N = 39)
number (%)

P value

Age (y/o)

63.0 ± 12.9

59.7 ± 13.9

0.178

BMI (kg/m2)

24.3 ± 3.5

25.3 ± 4.4

0.226

Sex

1.000

Male

68 (50.7)

20 (51.3)

Female

66 (49.3)

19 (48.7)

Family cancer history

43 (32.1)

16 (41.0)

0.339

CEA (ng/mL)

2.88 ± 3.5

2.14 ± 1.1

0.757

Albumin < 3.5 (g/dL)

8 (6.0)

1 (2.9)

0.688

Hemoglobin < 10 (g/dL)

7 (5.2)

1 (2.6)

0.685

No

69 (51.5)

36 (92.3)

Temporary

50 (37.3)

1 (2.6)

Permanent

15 (11.2)

2 (5.1)

Adjuvant therapy

Ostomy

Results
Of the 173 intermediate risk rectal cancer patients, 134
received TME, and 39 received LE of a tumor. Among
the 39 LE patients, 10 patients received transanal endoscopic microsurgery (TEM), three patients received
EMR via colonoscopy, and 26 patients received TAE.
Among the 134 TME patients, 124 patients received
LAR, and 10 patients received APR. Seven patients initially received LE (three EMR and four TAE), but received TME within 1 month postoperatively because of
pathology-proven cancer or because the resection margin is positive or non-evaluable.
The mean age of patients was 62.3 years. The demographic data for the TME and LE groups are shown in
Table 1. No statistical difference was detected based on
age, BMI, gender, cancer history of family members, preoperative CEA level, or preoperative hypoalbuminemia
or anemia between groups. The temporary and permanent ostomy rates were both significantly higher in the
TME group than in the LE group. The LE group had a
significantly higher rate of receiving adjuvant therapy
compared with the TME group (TME vs LE, 15.7% vs
43.6%, p < 0.001). The TME group had significantly
higher early and late postoperative morbidity than the
LE group. One patient in the TME group died following
surgery from heart failure and sepsis because of underlying cirrhosis.
Pathological data are shown in Table 2. The mean
maximal diameter of tumor was not significantly different between the two groups. The distance of the tumor
from the anal verge in the LE group was shorter than
that in the TME group (TME vs LE, 5.93 vs 4.59 cm, p <
0.001). The resection margin in the LE group was significantly closer than that in the TME group (TME vs LE,
1.54 vs 0.14 cm, p < 0.001). Lymph node yield in the
TME group was on average 16.5 (10.0–26.3). Histological differentiation and the presence of LVI and PNI
were similar in the two groups. The proportion of T2 tumors was significantly higher in the TME group

< 0.001

21 (15.7)

17 (43.6)

Chemotherapy

*21 (15.7)

**1 (2.6)

CCRT

0 (0)

**16 (41.0)

38 (28.4)

2 (5.1)

Early

25 (18.7)

2 (5.1)

0.045

Late

22 (16.4)

0 (0)

0.005

Post-op morbidity

< 0.001

0.002

TME total mesorectal excision, LE local excision, BMI body mass index, CEA
carcinoembryonic antigen, CCRT concurrent chemoradiation
*Including tegafur and uracil in 17 patients, intravenous form 5-FU and
leucovorin in 3 patients, and oxaliplatin plus intravenous 5-Fu/LV (FOLFOX) for
6 months in 1 patient
**Including tegafur and uracil in 1 patient, tegafur, and uracil with long-course
radiotherapy in 14 patients, and 5-FU/LV with long-course radiotherapy in
2 patients

compared with the LE group (p < 0.001). In the TME
group, the N1 rate was 14.2%, and the N2 rate was 2.2%.
The median follow-up time was 96.3 months in the
TME group and 73.6 months in the LE group. Fourteen
patients (8.1%) were found to exhibit six local recurrence
events and 12 distant metastases events in total
(Table 3). The estimated OS, DFS, and CR rates are
shown in Fig. 3. The survival rates are listed in 1-year, 3year, and 5-year blocks, respectively (Table 3). No survival
difference was observed between the TME and LE groups.
In additional comparisons, we distributed 113 patients
into a TME without adjuvant therapy group and 17 patients into an LE with adjuvant therapy group. There
was one N1 patient in the TME without adjuvant therapy group and no N2 patient. The estimated 3-year OS
rate was 94% in the TME without adjuvant therapy
group and 100% in the LE with adjuvant therapy group
(Fig. 4a, p = 0.787). The estimated 3-year DFS rate was
90% in the TME without adjuvant therapy group and
94% in the LE with adjuvant therapy group (Fig. 4b, p =
0.691). The estimated 3-year CRR was 6% in the TME
group and 6% in the LE group (Fig. 4c, p = 0.661).
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Table 2 Pathological data

Discussion
We grouped our early stage rectal cancer patients into
three groups: low risk, intermediate risk, and high risk.
As is current practice, we generally arranged LE for low
risk patients. In a review of current studies, no studies
were found comparing the oncological outcomes of patients with intermediate risk between LE and TME. Our
study attempted to conclude that if a pathological intermediate risk rectal cancer remained after curative LE,
chemoradiation may be an alternative treatment option.

Variable

TME (n = 134) LE (n = 39) P
number (%)
number (%) value

Maximal diameter of tumor (cm)

2.55 ± 0.75

2.75 ± 0.98

0.193

Tumor distance from anal verge
(cm)

5.93 ± 1.83

4.59 ± 1.92

<
0.001

Resection margin (cm)

1.54 ± 0.98

0.14 ± 0.25

<
0.001

Lymph nodes yield*

16.5 [10.026.3]

-

-

Well

31 (23.1)

13 (33.3)

Concurrent chemoradiation

Moderate

98 (73.1)

25 (64.1)

Poor

5 (3.7)

1 (2.6)

Perioperative radiotherapy downsizes or downstages the
primary tumor and reduces the risk of intraoperative
tumor seeding [17]. Some patients may even achieve
complete cancer resolution. Regarding the possibility of
resolution, we excluded patients receiving neo-adjuvant
long-course or short-course radiotherapy.
By subgrouping patients into a TME without adjuvant
therapy group and an LE with adjuvant therapy group,
we observed that these two groups had similar oncological outcomes. Among the 113 cases selected for
TME without adjuvant therapy, 10 experienced cancer
recurrence. One of the 10 patients had a pN1b status.
The patient refused adjuvant therapy because of old age
and experienced brain metastasis 3 years following LAR.
Among the 17 patients who received LE and adjuvant
therapy, one had lung metastasis postoperatively at 21
months. Among the remaining 22 patients who received
LE without adjuvant therapy, three had local recurrence
postoperatively at 6, 38, and 52 months (Table 4).
Preoperative or postoperative CCRT can give rise to a
number of side effects. Several studies have reported side
effects such as diarrhea, proctitis, fistula, perforation, and
permanent incontinence. The complication rate ranged
from 6.5 to 52% [17–19]. In our study, 17 of 39 patients
received LE with CCRT. Long-course radiotherapy (5040
cGy, delivered in 28 fractions) was implemented in 16
cases. No radiotherapy-related complications or morbidity
was noted.

Differentiation

0.427

Lymphovascular invasion

11 (8.2)

7 (17.9)

0.131

Perineural invasion

4 (3.0)

0 (0)

0.576

T stage

<
0.001

T1

48 (35.8)

31 (79.5)

T2

86 (64.2)

8 (20.5)

N0

112 (83.6)

-

N1

19 (14.2)

-

N2

3 (2.2)

-

N stage

-

TME total mesorectal excision, LE local excision
*Median [1st quartile–3rd quartile]

Table 3 Recurrence status and the prediction of survival in TME
or LE
Variable

TME (n = 134)

LE (n = 39)

P value

Recurrence (events)
Local recurrence

3 (2.2%)

3 (7.7%)

0.104

Distant metastasis

9 (6.7%)

3 (7.7%)

0.846

1-year

98%

100%

3-year

94%

97%

5-year

89%

88%

1-year

98%

97%

3-year

91%

92%

5-year

84%

83%

1-year

0%

3%

3-year

5%

5%

5-year

8%

12%

Overall survival (OS)

0.456

Disease-free survival (DFS)

T stage, resection margin, and recurrence

0.364

Cumulative recurrence rate (CRR)

0.597

TME total mesorectal excision, LE local excision

In our study, the TME and LE groups had different
compositions regarding T stage distribution (Table 4). To
our knowledge, T stage is a predisposing factor and presents a high risk for the presence of a T2 tumor. However,
with the evolution of transanal microsurgery and adjuvant
therapy, more studies suggest LE for selected T2 patients
[20–24]. According to the selection criteria in this study,
patients with T1 tumors indicated a larger tumor size or
higher histological risk than patients with T2 tumors. In
order to standardize the therapeutic effect, we focused
only on the 134 patients who received TME and conducted additional survival analysis. In this analysis, we
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Fig. 3 Survival analyses on all 173 patients (OS, DFS, and CRR). a OS of 134 patients received TME vs. 39 patients received LE. b DFS of 134
patients received TME vs. 39 patients received LE. c CRR of 134 patients received TME vs. 39 patients received LE

found that patients with T1 or T2 tumors showed
no significant difference regarding disease-free survival (Fig. 5, p = 0.689), local-recurrence-free survival (p = 0.976), or distant metastasis-free survival
(p = 0.432).
Resection margin is a predisposing factor for postoperative local recurrence in rectal cancer [25–28].
A 0.3-cm clear margin was acceptable for LE, and a
1 to 2-cm distal resection margin was adequate for
TME [29]. Despite a systematic review drawing conclusions against the 1-cm rule, a 1-cm resection

margin still had borderline significance (p = 0.09) on
five-year local recurrence [30]. In our study, patients
who experienced local recurrence had a lower resection margin (0.1 cm or closer in the LE group; 0.5
to 1.0 cm in the TME group). Furthermore, patients
who received LE had higher local recurrence rates
than those who received TME (7.7% vs 2.2%, p =
0.104). A retrospective study showed similar findings,
i.e., that a resection margin ≤ 0.1 cm correlated with
local recurrence in pT1 rectal cancers following
TEM [27].

Fig. 4 Survival analyses with subgrouping. a OS of 113 patients received TME without adjuvant therapy vs. 17 patients received LE with adjuvant
therapy. b DFS of 113 patients received TME without adjuvant therapy vs. 17 patients received LE with adjuvant therapy. c CRR of 113 patients
received TME without adjuvant therapy vs. 17 patients received LE with adjuvant therapy
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Table 4 Local recurrence and distant metastasis in TME or LE
Patients Sex Age Operation

Adjuvant
therapy

Local
recurrence

Distant
metastasis

DAV
(cm)

Tumor diameter
(cm)

T
stage

N
stage

Resection margin
(cm)

LE 1

F

51

TEM

No

Excision site

Lung

5

4.0

T1

n/a

0.1

LE 2

M

31

TEM

CCRT

No

Lung

5

1.0

T1

n/a

0.1

LE 3

F

74

Polypectomy No

Excision site

Lung

5

3.8

T1

n/a

< 0.1

LE 4

F

26

TRE

No

Excision site

No

3

4.0

T1

n/a

< 0.1

TME 1

M

58

LAR

No

Anastomosis

Liver

3

3.2

T1

N0

0.5

TME 2

F

49

LAR

No

No

PA nodes

8

2.0

T2

N0

1.7

TME 3

M

54

LAR

No

Anastomosis

No

4

2.0

T2

N0

0.7

TME 4

M

71

LAR

No

Presacral

Lung

6

2.0

T2

N0

1.0

TME 5

F

68

LAR

No

No

Lung

5

2.0

T2

N0

0.7

TME 6

F

63

LAR

No

No

Lung

8

2.7

T2

N0

2.0

TME 7

F

55

APR

No

No

Lung

3

2.5

T2

N0

3.0

TME 8

M

75

APR

No

No

Lung

3

2.4

T2

N0

3.0

TME 9

M

76

LAR

No

No

Brain

5

2.1

T2

N1b

0.6

TME 10 M

72

APR

No

No

Lung

2.5

4.5

T1

N0

2.5

APR Abdomino-perineal resection, CCRT concurrent chemoradiation, DAV distance from anal verge, LAR low anterior resection, LE local excision, PA para-aortic,
TEM trans-anal endoscopic surgery, TME total mesorectal excision, TRE trans-rectal excision

Fig. 5 DFS of T1 vs T2 in 134 patients received TME. This figure illustrated the DFS of T1 (48 cases) vs. T2 (86 cases). By standardizing the
treatment effect, we selected only patient received TME
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Local recurrence and distant metastasis in LE and TME

Early stage cancer recurrence is frustrating to both the
patient and the surgeon. In stage I rectal cancer, the 5year local recurrence rates ranged from 4 to 20% after
LE and from 0 to 10% after TME [31, 32]. In our study,
an insufficient resection margin may be the reason why
the LE group had a higher local recurrence rate than the
TME group. No statistical difference in distant metastasis was found between the LE and TME groups. Local
recurrence found in the pelvic cavity or endoluminally
should be treated with radical salvage resection [33]. In
our study, local recurrences were treated with salvage
LAR or APR. Among the three local recurrences after
LE, two of them had local recurrence postoperatively
after 6 months and 52 months. Both of them received
salvage APR. One of them experienced lung metastasis
postoperatively after 43 months, while another one died
from other cause after 3 years follow-up. The last one of
the three patients was detected with local recurrence
postoperatively after 38 months and lung metastasis almost at the same time.
Additionally, LE with neo-adjuvant CCRT or adjuvant
CCRT/radiotherapy may decrease local recurrence rate
[20, 21, 23, 24]. In our study, 17 patients who received
LE followed by CCRT had no local recurrence. It is
worth noting that if local recurrence still occurs, CCRT
may increase the difficulty of salvage resection and give
rise to a higher R1 resection rate [34].
Postoperative morbidity and prognosis

LE causes lower morbidity (e.g., a sphincter-sparing
procedure), lower mortality, and rapid postoperative recovery. The colostomy rate, perioperative mortality/
complications, and low anterior resection syndrome
(LARS) rate in the LE group were relatively low, but the
local recurrence rate was higher [2, 4, 13]. The symptoms of LARS (including fecal incontinence or urgency,
frequent or fragmented bowel movements, emptying difficulties, and increased intestinal gas) have an immense
impact on patients’ QoL. Dr. Nancy You drew the same
conclusion by utilizing the National Cancer Database
(NCDB) [35]. In our study, the LE group had a lower
postoperative morbidity rate (5.1% vs 28.4%) and permanent ostomy rate (5.1% vs 11.2%), compared with the
TME group.

Limitations
There were several potential limitations to this study.
First, the study was limited by its retrospective design
and limited sample size, which may have given rise to inherent biases among patients or in treatment characteristics in a long-term follow-up study. Second, owing to
this retrospective nature, the presence of symptoms, severity of disease, comorbidity, and patient preference
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may have altered treatment choice, thereby contributing
to patient selection bias. Third, patients were assigned to
the LE or TME group based on CTs/MRIs, colonoscopy,
and digital rectal examination. The distribution of pT1/
pT2, for example, was different in both groups. Though
pT2 tumors were considered to lead to inferior outcomes, pT1/pT2 tumors were considered to pose similar
risks in our study because of the specific patient selection criteria.

Conclusions
In conclusion, LE with adjuvant chemoradiation is an alternative treatment option for mid and low early stage
rectal cancer with intermediate pathological risk (poor
differentiation, lymphovascular invasion, perineural invasion, relatively large tumor, and T2 tumor). Long-term
survival outcomes were not statistically different between patients who received LE and those who received
TME. Patients who received LE had lower postoperative
incidence of morbidity and temporary or permanent
ostomy.
Abbreviations
APR: Abdominoperineal resection; BMI: Body mass index; CCRT: Concurrent
chemoradiation; CEA: Carcinoembryonic antigenCRRCumulative recurrence
rate; CT: Computed tomography; DFS: Disease-free survival; EMR: Endoscopic
mucosal resection; LAR: Low anterior resection; LE: Local excision;
LVI: Lymphovascular invasion; OS: Overall survival; PNI: Perineural invasion;
QoL: Quality of life; TAE: Transanal excision; TEM: Transanal endoscopic
microsurgery; TME: Total mesorectal excision
Acknowledgements
Thanks for the medical team in Chang-Gung Memorial Hospital in related
with colorectal departments who include surgeons, nurses and nurse with
specialty, oncologists, radiologists, radio-oncologists, and pathologists. The
detailed patients’ databases generated and analyzed during this study are
not publicly available due to appropriate protection of patients’ personal information but are available from the corresponding author on reasonable
request.
Authors’ contributions
IL, YH, JY, WT, YC, CL, and JC made the concept and design of this study.
Collection and assembly of data was done by IL, and then the data analysis
and interpretation was done by IL, YH, JY, WT, and YC. IL, YH, YC, JY, and WT
wrote and edited the manuscript. CY, SC, RT, and JC provided patients for
this study. All authors read and approved the final manuscript.
Funding
This study was not funded by any outside source.
Availability of data and materials
The detailed patients’ databases generated and analyzed during this study
are not publicly available due to appropriate protection of patients’ personal
information but are available from the corresponding author on reasonable
request.
Ethics approval and consent to participate
The study protocol was approved by the institutional review board of
Taoyuan branch of Chang Gung Memorial Hospital as 105-1130D. Due to the
retrospective design of the study, the local ethic committee confirmed that
informed consent was not necessary from participants.
Consent for publication
Not applicable.

Lai et al. World Journal of Surgical Oncology

(2019) 17:212

Competing interests
The authors declare that they have no competing interests.
Received: 19 September 2019 Accepted: 28 November 2019

References
1. Paun BC, Cassie S, MacLean AR, Dixon E, Buie WD. Postoperative complications
following surgery for rectal cancer. Ann Surg. 2010;251:807–18.
2. Emmertsen KJ, Laurberg S, Rectal Cancer Function Study G. Impact of bowel
dysfunction on quality of life after sphincter-preserving resection for rectal
cancer. Br J Surg. 2013;100:1377–87.
3. Bregendahl S, Emmertsen KJ, Lindegaard JC, Laurberg S. Urinary and sexual
dysfunction in women after resection with and without preoperative
radiotherapy for rectal cancer: a population-based cross-sectional study.
Colorectal Dis. 2015;17:26–37.
4. Emmertsen KJ, Laurberg S. Low anterior resection syndrome score:
development and validation of a symptom-based scoring system for bowel
dysfunction after low anterior resection for rectal cancer. Ann Surg. 2012;
255:922–8.
5. den Dulk M, Smit M, Peeters KCMJ, Kranenbarg EM-K, Rutten HJT, Wiggers T,
Putter H, van de Velde CJH. A multivariate analysis of limiting factors for
stoma reversal in patients with rectal cancer entered into the total
mesorectal excision (TME) trial: a retrospective study. Lancet Oncol. 2007;8:
297–303.
6. Fenech DS, Takahashi T, Liu M, Spencer L, Swallow CJ, Cohen Z, Macrae HM,
McLeod RS. Function and quality of life after transanal excision of rectal
polyps and cancers. Dis Colon Rectum. 2007;50:598–603.
7. Lynn PB, Renfro LA, Carrero XW, Shi Q, Strombom PL, Chow O, GarciaAguilar J. Anorectal function and quality of life in patients with early stage
rectal cancer treated with chemoradiation and local excision. Dis Colon
Rectum. 2017;60:459–68.
8. Stornes T, Wibe A, Nesbakken A, Myklebust TA, Endreseth BH. National early
rectal cancer treatment revisited. Dis Colon Rectum. 2016;59:623–9.
9. Jeong JU, Nam TK, Kim HR, Shim HJ, Kim YH, Yoon MS, Song JY, Ahn SJ,
Chung WK. Adjuvant chemoradiotherapy instead of revision radical
resection after local excision for high-risk early rectal cancer. Radiat Oncol.
2016;11:114.
10. Arenal-Vera JJ, Tinoco-Carrasco C, del Villar-Negro A, Labarga-Rodriguez F,
Delgado-Mucientes A, Citores MA. Colorectal cancer in the elderly:
characteristics and short term results. Rev Esp Enferm Dig. 2011;103:408–15.
11. Hwang Y, Yoon YS, Bong JW, Choi HY, Song IH, Lee JL, Kim CW, Park IJ, Lim
SB, Yu CS, Kim JC. Long-term transanal excision outcomes in patients with
T1 rectal cancer: comparative analysis of radical resection. Ann Coloproctol.
2019;35:194–201.
12. Shaikh I, Askari A, Ouru S, Warusavitarne J, Athanasiou T, Faiz O. Oncological
outcomes of local excision compared with radical surgery after neoadjuvant
chemoradiotherapy for rectal cancer: a systematic review and meta-analysis.
Int J Colorectal Dis. 2015;30:19–29.
13. Kidane B, Chadi SA, Kanters S, Colquhoun PH, Ott MC. Local resection
compared with radical resection in the treatment of T1N0M0 rectal
adenocarcinoma: a systematic review and meta-analysis. Dis Colon Rectum.
2015;58:122–40.
14. Nash GM, Weiser MR, Guillem JG, Temple LK, Shia J, Gonen M, Wong WD,
Paty PB. Long-term survival after transanal excision of T1 rectal cancer. Dis
Colon Rectum. 2009;52:577–82.
15. Stitzenberg KB, Sanoff HK, Penn DC, Meyers MO, Tepper JE. Practice patterns
and long-term survival for early-stage rectal cancer. J Clin Oncol. 2013;31:
4276–82.
16. Borstlap WA, Tanis PJ, Koedam TW, Marijnen CA, Cunningham C, Dekker E,
van Leerdam ME, Meijer G, van Grieken N, Nagtegaal ID, et al. A multicentred randomised trial of radical surgery versus adjuvant
chemoradiotherapy after local excision for early rectal cancer. BMC Cancer.
2016;16:513.
17. Smart CJ, Korsgen S, Hill J, Speake D, Levy B, Steward M, Geh JI, Robinson J,
Sebag-Montefiore D, Bach SP. Multicentre study of short-course
radiotherapy and transanal endoscopic microsurgery for early rectal cancer.
Br J Surg. 2016;103:1069–75.
18. Komori K, Kimura K, Kinoshita T, Sano T, Ito S, Abe T, Senda Y, Misawa K, Ito
Y, Uemura N, et al. Complications associated with postoperative adjuvant
radiation therapy for advanced rectal cancer. Int Surg. 2014;99:100–5.

Page 9 of 9

19. Restivo A, Zorcolo L, D'Alia G, Cocco F, Cossu A, Scintu F, Casula G. Risk of
complications and long-term functional alterations after local excision of
rectal tumors with transanal endoscopic microsurgery (TEM). Int J Colorectal
Dis. 2016;31:257–66.
20. Jawitz OK, Adam MA, Turner MC, Gilmore BF, Migaly J. Neoadjuvant
chemoradiation followed by transanal local excision for T2 rectal cancer
confers equivalent survival benefit as traditional transabdominal resection.
Surgery. 2019.
21. Sasaki T, Ito Y, Ohue M, Kanemitsu Y, Kobatake T, Ito M, Moriya Y, Saito N.
Postoperative chemoradiotherapy after local resection for high-risk T1 to T2
low rectal cancer: results of a single-arm, multi-institutional, phase II clinical
trial. Dis Colon Rectum. 2017;60:914–21.
22. O'Neill CH, Platz J, Moore JS, Callas PW, Cataldo PA. Transanal endoscopic
microsurgery for early rectal cancer: a single-center experience. Dis Colon
Rectum. 2017;60:152–60.
23. Lee L, Kelly J, Nassif GJ, Atallah SB, Albert MR, Shridhar R, Monson JRT.
Chemoradiation and local excision for T2N0 rectal cancer offers equivalent
overall survival compared to standard resection: a National Cancer Database
Analysis. J Gastrointest Surg. 2017;21:1666–74.
24. Lezoche E, Baldarelli M, Lezoche G, Paganini AM, Gesuita R, Guerrieri M.
Randomized clinical trial of endoluminal locoregional resection versus
laparoscopic total mesorectal excision for T2 rectal cancer after neoadjuvant
therapy. Br J Surg. 2012;99:1211–8.
25. Bhangu A, Ali SM, Darzi A, Brown G, Tekkis P. Meta-analysis of survival based
on resection margin status following surgery for recurrent rectal cancer.
Colorectal Dis. 2012;14:1457–66.
26. Leo E, Belli F, Miceli R, Mariani L, Gallino G, Battaglia L, Vannelli A, Andreola
S. Distal clearance margin of 1 cm or less: a safe distance in lower rectum
cancer surgery. Int J Colorectal Dis. 2009;24:317–22.
27. Junginger T, Goenner U, Hitzler M, Trinh TT, Heintz A, Roth W, Blettner M,
Wollschlaeger D. Analysis of local recurrences after transanal endoscopic
microsurgery for low risk rectal carcinoma. Int J Colorectal Dis. 2017;32:265–71.
28. Nishikawa Y, Horimatsu T, Nishizaki D, Kohno A, Yokoyama A, Yoshioka M,
Hida K, Sakanaka K, Minamiguchi S, Seno H, et al. Qualitative and
quantitative analysis of posttreatment strategy after endoscopic resection
for patients with T1 colorectal cancer at high risk of lymph node metastasis.
J Gastrointest Cancer. 2019.
29. Benson AB, Venook AP, Al-Hawary MM, Cederquist L, Chen YJ, Ciombor KK,
Cohen S, Cooper HS, Deming D, Engstrom PF, et al. Rectal cancer, Version 2.
2018, NCCN Clinical Practice Guidelines in Oncology. J Natl Compr Canc
Netw. 2018;16:874–901.
30. Pahlman L, Bujko K, Rutkowski A, Michalski W. Altering the therapeutic
paradigm towards a distal bowel margin of < 1 cm in patients with lowlying rectal cancer: a systematic review and commentary. Colorectal Dis.
2013;15:e166–74.
31. Lee W, Lee D, Choi S, Chun H. Transanal endoscopic microsurgery and
radical surgery for T1 and T2 rectal cancer. Surg Endosc. 2003;17:1283–7.
32. Palmer G, Martling A, Cedermark B, Holm T. A population-based study on
the management and outcome in patients with locally recurrent rectal
cancer. Ann Surg Oncol. 2007;14:447–54.
33. Stipa F, Giaccaglia V, Burza A. Management and outcome of local
recurrence following transanal endoscopic microsurgery for rectal cancer.
Dis Colon Rectum. 2012;55:262–9.
34. Perez RO, Habr-Gama A, Sao Juliao GP, Proscurshim I, Fernandez LM, de
Azevedo RU, Vailati BB, Fernandes FA, Gama-Rodrigues J. Transanal
endoscopic microsurgery (TEM) following neoadjuvant chemoradiation for
rectal cancer: outcomes of salvage resection for local recurrence. Ann Surg
Oncol. 2016;23:1143–8.
35. You YN, Baxter NN, Stewart A, Nelson H. Is the increasing rate of local excision
for stage I rectal cancer in the United States justified?: a nationwide cohort
study from the National Cancer Database. Ann Surg. 2007;245:726–33.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

