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Introduction

Natural orifice specimen extraction surgery 
(NOSES) in colorectal cancer has been explored in 
many clinical studies [1, 2]. Compared with conven-
tional laparoscopic (CL) surgery, NOSES reduces as-
sisted incision and related postoperative pain and 

incisional complications as well as obtaining faster 
recovery and better cosmetic effects [3, 4]. However, 
few studies showing long-term results of NOSES for 
colorectal cancer resection have been reported, and 
the long-term safety of NOSES has not been fully 
proven [5–7]. 
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A b s t r a c t

Introduction: To date, long-term safety including functional outcomes of transanal natural orifice specimen ex-
traction surgery (NOSES) for colorectal cancer resection has not been confirmed.
Aim: To explore the short- and long-term outcomes as well as anal function of transanal NOSES versus conventional 
laparoscopic surgery for sigmoid colon or rectal cancer resection.
Material and methods: A retrospective review of data from a prospectively maintained database was performed to 
analyze the data of 69 patients who underwent transanal NOSES for sigmoid colon or rectal cancer resections and 
another 69 matched patients who underwent conventional laparoscopic (CL) surgery. Anal function of patients was 
evaluated using the Wexner fecal incontinence scale postoperatively.
Results: Transanal NOSES resulted in faster recovery of intestinal function, shorter postoperative length of stay, less 
incisional pain, fewer postoperative complications and shorter scars than CL surgery (p < 0.05). The two groups had 
similar overall survival (p = 0.863) and disease-free survival (p = 0.961). Wexner scores of the NOSES group at 1, 3 
and 6 months after surgery were higher than in the CL group (p < 0.05), and there was no difference between the 
two groups at 12, 18 and 24 months after surgery.
Conclusions: Transanal NOSES achieves similar survival outcomes to CL surgery. Transanal NOSES has the advantag-
es of faster recovery, shorter postoperative hospital stay, less incisional pain, shorter scars, etc. However, transanal 
NOSES can indeed impair anal function, needing more attention.

Key words: colorectal cancer, laparoscopic surgery, long-term follow-up, natural orifice specimen extraction surgery, 
anal function.
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Anal damage may occur during the removal and 
anastomosis of the intestinal tube through the anus 
[3, 8, 9]. In practice, many patients refused transanal 
NOSES out of the concern about the risk of fecal in-
continence. Besides oncological outcomes, the safe-
ty of the new technique should include the function-
al safety. To date, no long-term dynamic assessment 
of anal function after NOSES colorectal resection has 
been reported.  

Aim

Therefore, we completed a  retrospective study 
with up to 112 months follow-up to explore the 
long-term outcomes of transanal NOSES and CL 
sigmoid colon and rectal cancer resection. Also, the 
anal function after surgery was evaluated using the 
Wexner fecal incontinence grading scale dynami-
cally, which consists of five questions and the total 
score ranging from 0 (perfect continence) to 20 (to-
tal incontinence) [10, 11].

Material and methods
Patients

A  retrospective review of data from a  prospec-
tively maintained database of patients underwent 
transanal NOSES for sigmoid colon or rectal cancer 
resections between January 2012 and May 2016 was 
performed. The exclusion criteria included: 1) the tu-
mor was over 6 cm in diameter; 2) acute abdomen, 
including intestinal obstruction and perforation;  
3) patients in American Joint Committee on Cancer 
(AJCC) pTNM Staging IV; 4) body mass index (BMI)  
> 35 kg/m²; 5) lower margin of a tumor < 5 cm from 
the anal verge; 6) incomplete data. Based on the 
prospectively maintained database, 69 patients who 
underwent transanal NOSES sigmoid colon or rectal 
colon cancer resection were identified and allocated 

to the NOSES group. In order to reduce the selection 
bias, these 69 patients were matched individually by 
age, gender, BMI, neoadjuvant therapy, tumor loca-
tion, tumor size, tumor differentiation, pTNM stage, 
and history of abdominal surgery in the same period 
with 69 patients who underwent CL sigmoid colon 
or rectal colon cancer resection, and these patients 
were allocated to the CL group. 

In addition to the above matching information, 
data were collected for the two groups including op-
eration related variables, postoperative variables and 
follow-up data. The pain scores of the two groups of 
patients measured using the numerical rating scale 
(NRS) from 0 to 10 on the first, third and seventh 
days after surgery were collected. The Wexner fecal 
incontinence grading scale [11] (Table I) was used 
to evaluate the anal function of patients dynami-
cally at 1 month, 3 months, 6 months, 12 months, 
18 months and 2 years after surgery through mail, 
email or social software. Perianal operation history 
and obstetric history, two factors that may affect 
anal function, were also determined [12]. This study 
has been approved by the Ethics Committee of Bei-
jing Shijitan Hospital (2012000019), and written in-
formed consent was obtained from all patients.

Operation

All procedures were performed by the surgeons 
of one team in our department who had extensive 
experience in laparoscopic colorectal surgery. All pa-
tients were administered polyethylene glycol electro-
lyte powder (Compound Macrogol 4000 Powder for 
Oral Solution) for intestinal preparation one day be-
fore the operation. Venous-inhalation combined gen-
eral anesthesia was used in all the patients. In gener-
al, cephalosporins were used in every patient 30 min 
before operation, while aminoglycosides were used 
in those patients with cephalosporin allergy. 

Table I. Wexner fecal incontinence scoring system [11]

Type of incontinence Frequency

Never Rarely Sometimes Usually Always

Solid 0 1 2 3 4

Liquid 0 1 2 3 4

Gas 0 1 2 3 4

Wears pads 0 1 2 3 4

Lifestyle alteration 0 1 2 3 4

Never – 0, Rarely ≤ once/month, once/month ≤ Sometimes ≤ once/week, once/week ≤ Usually ≤ once/day, Always ≥ once/day.
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The patient was placed in the  traditional litho-
tomy position with pneumoperitoneum pressure 
maintained at 12–14 mm Hg. The operation was per-
formed according to different diseases and locations 
of tumors. General principles of total mesorectal exci-
sion (TME) or complete mesocolic excision (CME) and 
functional protection were followed, including the 
“no-touch  isolation”  technique, en bloc resection of 
the tumor combined with the surrounding involved 
tissues, sufficient length of negative margins, thor-
ough lymph node dissection and careful abdominal 
lavage. In the NOSES group, the specimen was pulled 
out through the anus and in the CL group the spec-
imen was removed through an assisted abdominal 
incision on the mid-line. Patient-controlled analgesia 
was used for all the patients after surgery. Intraopera-
tive evaluation indices included operative time, blood 
loss, intraoperative complications, number of harvest-
ed lymph nodes, and the integrity of the specimen.

Follow-up

Every patient underwent long-term follow-up by 
reexamination and telephone interview. Follow-up 
was in accordance with the guidelines of the Na-
tional Comprehensive Cancer Network and adjusted 
according to patients’ will, including: 1) physical ex-
amination, carcinoembryonic antigen (CEA), carbo-
hydrate antigen 19-9 (CA-199) every 3–6 months for 
the first 3 years, then every 6 months from the third 
year; 2) chest, abdominal and pelvic computed to-
mography (CT) or magnetic resonance imaging (MRI) 
once a year in the first 5 years; 3) colonoscopy within 
1 year, 3 years and five years after the operation. The 
long-term endpoints of this study were 5-year and 
8-year overall survival (OS) and disease-free surviv-
al (DFS). According to the guidelines of the National 
Comprehensive Cancer Network, all patients with 
T3/T4 or positive lymph nodes underwent adjuvant 
chemotherapy and there was no bias in chemother-
apy between the two groups.

Ethics approval and consent to participate

This study has been approved by the Ethics Com-
mittee of Beijing Shijitan Hospital (2012000019), 
and written informed consent was obtained from 
all patients. All procedures performed were in accor-
dance with the ethical standards of the institution 
and with the 1964 Helsinki Declaration and its later 
amendments or comparable ethical standards.

Statistical analysis

Statistical analysis was performed using SPSS 
22.0 statistical software (SPSS Inc., Chicago, Illi-
nois, USA). Continuous variables were presented as 
mean ± standard deviation (SD) and compared us-
ing Student’s t-test or the Wilcoxon rank-sum test. 
Categorical variables were presented as numbers 
(percentages) and compared using the c2 test or 
Fisher’s exact test. Kaplan-Meier plots and log-rank 
tests were used for survival analyses. P-values were 
derived from either one-tailed or two-tailed tests, 
and p < 0.05 was set as the threshold for statistical 
significance. 

Results

One hundred and thirty-eight patients were in-
cluded in this study. The clinical and pathological 
characteristics of the two groups were compara-
ble (p > 0.05) (Table II). Operation related variables 
are presented in Table III. The operation time in the 
NOSES group was significantly longer than that in 
the CL group (241.18 ±75.57 vs. 202.51 ±71.24 min, 
p < 0.001). The blood loss and number of harvested 
lymph nodes were similar between the two groups 
(p = 0.301 and p = 0.721, respectively). There was no 
positive margin or tumor rupture in the two groups. 
Table IV presents the postoperative evaluation. The 
recovery time of bowel function was 3.21 ±1.38 days 
in the NOSES group, which was significantly short-
er than 4.35 ±1.46 days in the CL group. Postoper-
ative length of stay in the NOSES group was also 
significantly shorter than that in the CL group (10.18 
±3.27 vs. 13.65 ±5.69 days, p < 0.001). The compli-
cation rate in the CL group was higher than that of 
the NOSES group (13.04% vs. 33.33%, p = 0.047). In 
particular, none of the patients in the NOSES group 
had incisional infection, whereas 6 cases occurred in 
the CL group (p = 0.028). In the NOSES group, pain 
scores on 1 day and 3 days after surgery were 3.91 
±1.63 and 2.64 ±1.35, which were significantly lower 
than 5.09 ±1.92 and 3.71 ±2.62 in the CL group (p < 
0.001). Regarding the postoperative cosmetic result, 
the total length of scars in the NOSES group was 
significantly shorter than that in the CL group (4.17 
±1.25 vs. 9.05 ±3.24 cm, p < 0.001). 

Table V presents the anal function related data. 
The Wexner scores at 1 month, 3 months and  
6 months after surgery were 2.57 ±3.05, 1.72 ±1.92 
and 1.28 ±1.62 in the NOSES group respectively, sig-
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nificantly lower than the values of 1.46 ±2.74, 1.03 
±1.78 and 0.91 ±1.56 in the CL group (p = 0.017,  
p = 0.030, p = 0.046, respectively), and there was no 
significant difference in perianal operations and ob-
stetric history between the two groups. As the time 
went on, there was no difference in Wexner scores 
between the two groups at 12, 18 and 24 months 
after surgery (p > 0.05). Meanwhile, there was also 
a difference in the patients with Wexner scores ≥ 3 
(non-minor incontinence) in the two groups 1 month 
after surgery (22 vs. 12, p = 0.048). Due to the death 
of some patients, the questionnaires were not fully 
completed at 18 and 24 months (Table V for details).

Follow-up data are presented in Table VI. In the 
NOSES group and CL group, there were 10 and 9 pa- 

tients lost to follow-up, respectively. In addition,  
49 and 50 people in the two groups were followed 
for more than 60 months, respectively. The mean fol-
low-up periods were 81.02 ±23.9 and 81.75 ±23.70 
months and the median follow-up periods were 88.5 
(25–112) and 88 (24–112) months, respectively (p = 
0.873) (Table VI). The Kaplan-Meier plots showed that 
the two groups had similar OS (p = 0.863) (Figure 1) 
and DFS (p = 0.961) (Figure 2). The 5-year and 8-year 
OS and DFS of patients as well as recurrence type in 
the two groups were also comparable (p > 0.05).

Discussion

Over the course of 30 years, minimally invasive 
surgery has gained widespread popularity and lap-

Table II. Clinical and pathological characteristics

Parameter NOSES (n = 69) CL (n = 69) P-value

Age [years] 54.42 ±11.56 55.28 ±11.49 0.502

Gender (male/female) 37/32 37/32 1.000

BMI [kg/m²] 23.27 ±3.29 23.18 ±3.31 0.882

Neoadjuvant therapy [n (%)] 5 (7.25) 5 (7.25) 1.000

Tumor location [n (%)]: 0.805

Sigmoid 28 (42.03) 27 (39.13)

Rectum 41 (59.42) 42 (60.87)

Tumor diameter [cm] 3.14 ±1.48 3.18 ±1.53 0.567

Differentiation [n (%)]: 0.819

Well 21 (30.43) 19 (27.54)

Moderate 43 (62.32) 44 (63.77)

Poor 5 (7.25) 6 (8.70)

pTNM stage [n (%)]: 0.735

I 18 (26.09) 20 (28.99)

II 24 (34.78) 25 (36.23)

III 27 (39.13) 24 (34.78)

History of abdominal surgery [n (%)] 5 (7.25) 7 (10.14) 0.425

NOSES – natural orifice specimen extraction surgery group, CL – conventional laparoscopic surgery group, BMI – body mass index.

Table III. Operation related variables

Parameter NOSES (n = 69) CL (n = 69) P-value

Operation time [min] 241.18 ±75.57 202.51 ±71.24 < 0.001

Blood loss [ml] 95.13 ±56.14 98.60 ±52.63 0.301

No. of lymph nodes 16.58 ±7.44 16.36 ±7.95 0.721

Positive surgical margin 0 0 –

Tumor rupture 0 0 –

NOSES – natural orifice specimen extraction surgery group, CL – conventional laparoscopic surgery group.
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Table IV. Postoperative data

Parameter NOSES (n = 69) CL (n = 69) P-value 

Bowel function recovery [days] 3.21 ±1.38 4.35 ±1.46 < 0.001

Postoperative length of stay [days] 10.18 ±3.27 13.65 ±5.69 < 0.001

Complications [n (%)]: 9 (13.04) 23 (33.33) 0.047

Incisional infection 0 6 0.028

Incisional hernia (any time after surgery) 0 1 1.000

Anastomotic leakage 3 4 1.000

Pulmonary infection 2 5 0.441

Urinary tract infection 2 3 1.000

Deep venous thrombosis 2 4 0.681

Preventative ileostomy [n (%)] 2 (2.90) 3 (4.35) 0.441

Pain Score:

Postoperative day 1 3.91 ±1.63 5.09 ±1.92 < 0.001

Postoperative day 3 2.64 ±1.35 3.71 ±2.62 < 0.001

Postoperative day 7 1.99 ±1.03 2.13 ±1.28 0.217

Total scar length [cm] (3 month after surgery) 4.17 ±1.25 9.05 ±3.24 < 0.001

NOSES – natural orifice specimen extraction surgery group, CL –conventional laparoscopic surgery group.

aroscopic colorectal surgery has been widely used 
[13–18]. In CL colorectal resection, an abdominal 
assisted incision of several centimeters reduces the 
minimally invasive effects of laparoscopic surgery 

and increases the chance of incisional hernia and 
incisional infection [18]. Severe pain is also a huge 
handicap for postoperative recovery by prolonging 
the bedridden time and interfering with the func-

Table V. Anal function related data

Parameter NOSES (n = 69) CL (n = 69) P-value

Other perianal operations 2 (2.90) 4 (5.80) 0.681

Childbirths (n = 32) 1.81 ±0.77 1.84 ±0.62 0.630

Wexner scores:

Preoperative 0.69 ±1.31 0.66 ±1.34 0.604

Wexner scores ≥ 3 (n) 6 5 0.753

1 month after surgery 2.57 ±3.05 1.46 ±2.74 0.017

Wexner scores ≥ 3 (n) 22 12 0.048

3 months after surgery 1.72 ±1.92 1.03 ±1.78 0.030

Wexner scores ≥ 3 (n) 16 9 0.122

6 months after surgery 1.28 ±1.62 0.91 ±1.56 0.046

Wexner scores ≥ 3 (n) 12 7 0.217

12 months after surgery 0.83 ±1.45 0.78 ±1.51 0.252

Wexner scores ≥ 3 (n) 8 6 0.573

18 months after surgery 0.79 ±1.43 (n = 68) 0.81 ±1.60 (n = 68) 0.767

Wexner scores ≥ 3 (n) 8 8 1.000

24 months after surgery 0.81 ±1.52 (n = 67) 0.83 ±1.49 (n = 65) 0.824

Wexner scores ≥ 3 (n) 9 7 0.595

NOSES – natural orifice specimen extraction surgery group, CL – conventional laparoscopic surgery group.
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tional recovery of multiple systems [19]. Associated 
complications may occur, such as respiratory tract 
infection, urogenital tract infection, deep vein throm-
bosis and even pressure ulcers [20]. In addition, the 
psychological effects of surgical scars should not be 
ignored. With the development of laparoscopic in-
struments and surgical techniques, abdominal sur-
gery without an incision has become a new direction 

of laparoscopic surgery [19]. NOSES eliminates the 
need of the abdominal assisted incision for speci-
men extraction, which is expected to reduce postop-
erative pain and some postoperative complications 
[21, 22]. 

This study proved that compared with CL sur-
gery, NOSES has the advantages of faster recovery 
of intestinal function, shorter postoperative length 

Table VI. Follow-up data

Parameter NOSES (n = 69) CL (n = 69) P-value

Follow-up period [months] 81.02 ±23.93 81.75 ±23.70 0.873

Median [months] 88.5 88 –

Range [months] 25–112 24–112 –

Lost to follow-up 10 9 1.000

5-year overall survival (%) 85.90 86.10 –

5-year disease-free survival (%) 79.10 79.20 –

8-year overall survival (%) 75.00 72.40 –

8-year disease-free survival (%) 73.10 71.70 –

Type of recurrence [n (%)]: 0.483

Locoregional relapse 2 (2.90) 3 (4.35)

Liver metastasis 11 (15.94) 8 (11.59)

Lung metastasis 2 (2.90) 2 (2.90)

Peritoneal metastasis 2 (2.90) 4 (5.80)

Other 0 0

NOSES – orifice specimen extraction surgery group, CL – conventional laparoscopic surgery group.
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Figure 1. Comparison of overall survival rates 
between two groups (p = 0.863)
NOSES – natural orifice specimen extraction surgery group,  
CL – conventional laparoscopic surgery group.
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Figure 2. Comparison of disease-free survival 
rates between two groups (p = 0.961)
NOSES – natural orifice specimen extraction surgery group,  
CL – conventional laparoscopic surgery group.
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of stay, lower incidence of incisional infection, less 
postoperative pain, and better cosmetic effect. The 
results are similar to those reported in the past [1, 3, 
4, 7]. Additionally, transanal NOSES colorectal can-
cer resection achieved similar efficacy of radical re-
section to CL surgery, including adequate number of 
lymph node dissection, enough negative margin and 
similar long-term outcomes. 

The results of Wexner scores have shown that 
transanal NOSES indeed impairs anal function and 
leads to fecal incontinence in more patients. With 
the passage of time, anal function can be restored 
to the same level as CL surgery, suggesting that the 
damage was generally reversible. However, the gap 
took 1 year to disappear, so the potential damage of 
anal function due to transanal NOSES should not be 
overlooked or hidden. For some patients, the bene-
fits of NOSES may be negligible compared to a year 
of incontinence. In the NOSES group, there were  
11 patients whose specimens did not go well in the 
extraction process and required repeated attempts. 
A  narrow anus, poor elasticity of the anal sphinc-
ter, large tumor size, thick mesentery and obesity 
may prevent removal of the specimen via the anus. 
Forced extraction of the specimen can result in 
damage to the anal sphincter function. The proce-
dure requires accurate evaluation of the matching 
degree between the anal sphincter and specimen 
before and during surgery, and appropriate selection 
of patients who may benefit from NOSES. The speci-
men should be removed gently and paroline can be 
used to reduce friction between the nylon bag and 
anus. The Wexner scores of patients in both groups 
did not return to their preoperative levels 2 years 
after surgery. Surgical trauma, decreased intestinal 
absorption function, radiotherapy and chemothera-
py, as well as the increase of age, might affect the 
anal function [10, 23, 24]. Because normal aging af-
fects anal function, we did not follow up anal func-
tion for longer periods of time than 2 years.

During NOSES colorectal resection, the sites of 
specimen extraction are usually the anus and vagi-
na, which can be selected according to the patient’s 
gender, fertility, tumor diameter and individual wish-
es [25]. There were some patients in our center who 
underwent transvaginal NOSES cancer resection, 
but most of them had the tumor in the right hemico-
lon. In practice, transvaginal NOSES is more accept-
able to patients for the resection of right hemicolon 
cancer, since it could avoid enterotomy of the rectum 

during extraction and intracorporeal anastomosis. 
Since the operation procedure and functional out-
comes of low rectal cancer are significantly different 
from those of middle and high rectal cancer [26], the 
lower margin of a tumor < 5 cm from the anal mar-
gin was taken as one of the exclusion criteria in this 
study. 

Postoperative follow-up is important for patients 
with tumors, and an advantage of this study is the 
extremely long follow-up time. Some patients did 
not live in Beijing and could not attend appoint-
ments for examination and further treatment and 
some patients had changed their contact informa-
tion, leading to some loss to follow-up. But the me-
dian time of 88.5 and 88 months is the longest re-
ported follow-up time at present. 

There are some limitation in this study. First of all, 
the small sample retrospective study lacks statistical 
power to reach a  strong conclusion. In addition, it 
would be reasonable to preform a long-term overall 
quality of life assessment including sexual function 
and level of activities. However, due to the limited 
database, we cannot provide more information on 
quality of life other than Wexner fecal incontinence 
scores. Further prospective, randomized, controlled 
studies with comprehensive evaluation of postoper-
ative quality of life are needed.

Conclusions

This study showed that transanal NOSES for sig-
moid colon or rectal cancer resection achieves sim-
ilar long-term outcomes for patients with colorectal 
cancer to those achieved by CL surgery. Compared 
with CL surgery, transanal NOSES has the advantag-
es of faster recovery of intestinal function, shorter 
postoperative length of stay, less incisional pain, 
lower incisional infection rate, and a better cosmet-
ic effect. However, transanal NOSES indeed impairs 
anal function, needing more attention.
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