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Introduction

Currently, colorectal cancer is always a threat to 
human life, and its incidence is on the rise world-

wide [1, 2]. According to 2021 data, about 1.85 mil-
lion people will be affected by the disease each year 
[3]. For patients with stages I, II, III and some stages 
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A b s t r a c t

Introduction: Complete laparoscopic radical resection of colorectal cancer without incision anastomosis is performed 
by means of natural orifice specimen extraction (NOSE), which avoids a large abdominal wall incision. Although this 
procedure is increasingly practiced, it is still underdeveloped, one reason being that controversy still exists regarding 
bacteriological and oncological safety.
Aim: To demonstrate the safety of complete laparoscopic radical resection of colorectal cancer without incision anas-
tomosis in bacteriology and oncology.
Material and methods: This study was a retrospective study with prospectively collected data. This study continuous-
ly collected 420 patients who underwent colorectal cancer surgery in our hospital from January 2018 to March 2022. 
According to the different surgical methods, they were divided into the NOSE group (the natural orifice specimen 
extraction group) and the N-NOSE group (specimen removed through abdominal wall auxiliary incision). The two 
groups were matched 1 : 1 using the propensity score matching (PSM) method to balance at baseline. Bacteriologi-
cal and oncological outcomes, short-term complications, and long-term prognosis were compared between the two 
groups.
Results: One hundred and eighty-four of the 420 included patients were successfully matched. The differences in 
gender, body mass index, T stage, N stage, and diabetes status between the two groups after matching were not 
statistically significant. There were no significant differences in oncological outcomes, short-term complications, and 
2-year postoperative disease-free survival between the two groups. There was no significant correlation between 
positive bacterial culture results and intra-abdominal infection.
Conclusions: Compared with traditional laparoscopic surgery, complete laparoscopic radical resection of colorectal 
cancer without incision anastomosis has satisfactory bacteriological and oncological effects and is worthy of further 
clinical promotion.

Key words: colorectal cancer, oncology, bacteriology, natural orifice specimen extraction surgery, propensity match-
ing score.
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IV who cannot be resected via colonoscopy, surgery 
remains the main treatment modality [4]. Compared 
with open surgery, the application of laparoscopic 
technology has improved the quality and reduced the 
trauma of bowel cancer surgery. By avoiding an inci-
sion in the abdominal wall, natural orifice specimen 
extraction (NOSE) further reduces the surgical blow 
to the patient and also reduces psychological stress 
and postoperative pain [5, 6]. In recent years, there 
have been reports showing no significant difference 
in the recent outcomes of NOSE for colorectal cancer 
compared with conventional laparoscopic surgery 
[7]. However, with the continuous development of 
NOSE, some concerns have been raised regarding the 
surgical safety of this method of specimen retrieval, 
especially regarding the principle of tumor-free asep-
sis [8]. Although some NOSE centers, including our 
research team, have confirmed the feasibility of this 
procedure through retrospective studies with small 
samples, and other research teams have recently af-
firmed the safety in terms of tumor-free asepsis, the 
research evidence is insufficient and lacks high-level 
evidence [9, 10]. The aim of this study was to analyze 
the differences in test results, short-term complica-
tions, and survival prognosis between the two pro-
cedures by comparing the results of bacterial culture 
and tumor cytology testing of peritoneal irrigation 
fluid, to provide objective evidence on whether NOSE 
of colorectal cancer is in accordance with the princi-
ple of tumor-free asepsis and to provide a theoretical 
basis for the development of NOSE.

Aim

To compare the bacterial culture, tumor cell de-
tection results, short-term complications and surviv-
al prognosis between complete laparoscopic radical 
resection of colorectal cancer and traditional laparo-
scopic surgery. To add objective clinical evidence for 
the safety of complete laparoscopic radical resection 
of colorectal cancer without incision anastomosis.

Material and methods

Patients

This study prospectively and continuously col-
lected 420 patients who underwent colorectal can-
cer surgery at our hospital between January 2018 
and March 2022, and divided them into NOSE and 
N-NOSE groups according to the surgical method. 

Inclusion criteria: age 18–85; preoperative diagnosis 
of high-grade rectal cancer or distal sigmoid colon 
cancer; undergoing NOSE surgery or conventional 
laparoscopic surgery. Exclusion criteria: body mass 
index (BMI) > 35 kg/m2; patients with intestinal ob-
struction or perforation; patients with Hartmann or 
combined transabdominal perineal resection; pa-
tients with prophylactic fistula; patients with inter-
mediate open abdomen; patients with distant me-
tastases. The study received informed consent from 
all patients and was approved by the ethics commit-
tee (ethical approval number: LL2020397).

Preoperative preparation of the patient

All patients are started on a liquid diet 2 days be-
fore surgery and fasted with no food and water for 
10 h before surgery. Appropriate fluid support is giv-
en. Oral polyethylene glycol electrolyte powders are 
given 1 day before surgery to help empty feces in the 
intestine. Metronidazole 0.5 g is orally administered 
1 day before surgery, 3 times a day. Intravenous pro-
phylactic antibiotics are given 0.5 h before surgery 
to prevent infection.

Surgical procedure

NOSE group surgical methods: 1) Establishment 
of laparoscopic surgical equipment and explora-
tion of the abdominal cavity: after successful static 
suction compound general anaesthesia, a modified 
lithotomy position is adopted, a routine disinfection 
of the towel is performed, a pneumoperitoneum is 
established, the gas is maintained at 12 mm Hg, 
a  poke card is placed in the five-hole method and 
the lens is routinely explored through the umbilicus 
into the abdomen. 2) Anatomical separation of the 
sigmoid colon: pull up the sigmoid colon cephalad 
to create appropriate tension in the mesentery, cut 
at the yellow-white junction line, enter Told’s gap 
through here, separate the cephalad to the root 
of the inferior mesenteric artery, continue freeing 
Told’s gap until you reach Told’s line where the sig-
moid colon disappears. Remove the lymphatic lymph 
nodes around the root of the inferior mesenteric ar-
tery and clip the inferior mesenteric vessels using 
a hemostatic clip. The mesentery is alternately freed 
posteriorly and anteriorly in the sigmoid colon. The 
lateral peritoneal reflex of the colon is incised, the 
sigmoid colon is reversed to the right, and Told’s 
gap between its tether and the anterior renal fas-
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cia is freed inward and downward to the distal 5 cm 
of the tumor. 3) Rectal dissection: free the rectum 
from the pelvic side, free the rectum posteriorly to 
the peritoneal fold according to the principle of total 
rectal mesenteric excision (TME), free the anterior 
wall of the rectum and free it to the lower edge of 
the tumor 5 cm. 4) Tumor excision and specimen re-
moval: After freeing to 5  cm below the tumor, the 
upper rectum, middle and lower sigmoid colon and 
the corresponding mesentery are removed togeth-
er. After completion of dilation the distal bowel is 
fully flushed with iodine saline, the rectal stump is 
opened, the head of the anastomosis is placed in 
a protective sleeve and delivered into the abdominal 
cavity from the anus into the protective sleeve. The 
intestinal canal is incised at 15 cm from the upper 
edge of the tumor, the hooked-up head of the anas-
tomosis is placed, the hooked up wire is clamped 
and adjusted in position, the intestinal canal is 
closed with a closure device, the hooked up wire is 
clamped and the head of the anastomosis is thread-
ed through the intestinal canal. The specimen is 
placed in a protective sleeve and pulled slowly out of 
the body from the anus. 5) End-to-end anastomosis; 
Closure of the distal rectal stump. After adequate 
anal sphincter, the round anastomosis gun is placed 
to complete the end-to-end anastomosis. Placement 
of 1 pelvic drainage tube and 1 anal drainage tube. 
6) The abdominal cavity is fully flushed with saline 
containing carboplatin and then closed. End of sur-
gery. N-NOSE group surgical methods: In the N-NOSE 
group, a small incision of 5–8 cm is made in the low-
er abdomen for specimen removal and anastomotic 
tip insertion after completion of freeing, and the rest 
of the procedure is performed as in the NOSE group.

Methods of obtaining oncology results

All patients had their abdominal cavity flushed 
with saline containing carboplatin at the end of the 
reconstruction and 500 ml of the flushed saline was 
collected. 20  ml was taken from a  sterile syringe 
and immediately sent to the bacteriological labora-
tory for bacterial culture. The remaining rinse was 
allowed to stand for 10 min and the lower rinse was 
centrifuged at 3,000 rpm for 7 min and the sediment 
smear was taken. It was fixed using 95% ethanol, 
given a  hematoxylin-eosin stain and observed un-
der the microscope; if suspicious tumor cells were 
found to be present, the result was positive for tu-

mor cytology in the peritoneal lavage night fluid. If 
routine laparotomy after successful pneumoperito-
neum establishment reveals tumor invasion of the 
plasma membrane, the flushing fluid is collected 
immediately after flushing with 200 ml of saline. Tu-
mor cytology is performed in the same way and any 
suspicious tumor cells found are considered positive 
for preoperative tumor cytology.

Post-operative follow-up

To compare the long-term oncologic outcomes of 
the two groups, we routinely followed the operated 
patients up to March 2022. Patients with 2 years of 
follow-up were selected to plot survival curves.

Statistical analysis

A database was created in Excel, PSM was per-
formed in R, and data analysis was performed in SPSS 
22.0. Normally distributed measures were tested by 
the two independent samples t-test, and expressed 
as mean ± standard deviation. The skewed distribu-
tion measures were tested using the Mann-Whitney 
U-test and expressed as quartiles. Categorical vari-
ables were tested using χ2 tests, Pearson correlation 
coefficients were used to compare differences, and 
φ coefficients were used to analyze correlations and 
expressed as percentages. Survival rates were calcu-
lated by the Kaplan-Meier method and the log-rank 
test compared differences in the occurrence of ad-
verse events between two groups of patients. Sur-
vival curves were plotted using GraphPad.

Results

After the 420 patients included were matched 
1 : 1 according to the propensity score, a  total of 
184 patients were entered into our study. The distri-
bution of propensity scores between the NOSE and 
N-NOSE groups is shown in Figure 1. The distribu-
tion of propensity scores for the raw and matched 
data is shown in Figure 2. The differences in gender, 
BMI, T stage and N stage between the two groups 
of patients before PSM were statistically significant, 
but the differences in this baseline information af-
ter PSM were not statistically significant, as shown 
in Table I. There was no significant difference in the 
positive postoperative peritoneal washings’ tumor 
cytology results between the two groups after PSM 
(p = 0.756). The rate of positive bacterial cultures 
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was higher in the NOSE group than in the N-NOSE 
group, with a  statistically significant difference  
(p = 0.028), as shown in Table II. The bacterial spe-
cies obtained by culture included Escherichia coli, 
Klebsiella pneumoniae, Enterococcus oryzae, Entero-
coccus faecalis, Enterobacter cloacae, and Entero-
bacter aerogenes, as shown in Figure 3. There was 
no significant difference in the incidence of post-
operative pneumonia (p = 1.000), anastomotic fis-
tula (p = 0.550), anastomotic bleeding (p = 1.000), 
intra-abdominal infection (p = 0.774), or incisional 
infection (p = 0.477) between the two groups, as 
shown in Table  III. Twelve of the 13 patients who 
developed intra-abdominal infection also developed 
an anastomotic fistula, and only 1 patient devel-
oped an intra-abdominal infection without an anas-
tomotic fistula, which occurred in the NOSE group. 
There was no significant correlation between the 
presence or absence of bacteria cultured in the pa-

Figure 1. Distribution of propensity scores be-
tween the NOSE and N-NOSE groups
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Figure 2. Distribution of propensity scores for the raw and matched data
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Table I. Baseline information

Baseline 
variable

Before matching After matching

NOSE N-NOSE T/Z/X2 P-value NOSE N-NOSE T/Z/X2 P-value

Age 61.65 ±8.71 62.83 ±9.68 –0.077 0.282 61.67 ±8.56 60.45 ±9.07 0.945 0.346

Gender: 13.844 < 0.001 0.087 0.768

Male 43 (43.9%) 209 (64.9%) 43 (46.7%) 45 (48.9%)

Female 55 (56.1%) 113 (35.1%) 49 (53.3%) 47 (51.1%)

BMI [kg/m2] 23.53 ±2.72 24.25 ±3.22 –2.025 0.043 23.97 ±2.86 23.75 ±3.45 0.480 0.632

T (n, %): 19.743 0.001 9.337 0.053

Tis, T1 10 (10.2%) 17 (5.3%) 9 (60%) 6 (40%)

T2 12 (12.2%) 57 (17.7%) 10 (35.7%) 18 (64.3%)

T3 51 (52.0%) 113 (35.1%) 50 (57.5%) 37 (42.5%)

T4 25 (25.5%) 135 (41.9%) 23 (42.6%) 31 (57.4%)

N (n, %): 13.857 0.001 6.397 0.051

0 53 (54.1%) 189 (58.7%) 48 (45.3%) 58 (54.7%)

1 33 (33.7%) 57 (17.7%) 32 (65.3%) 17 (34.7%)

2 12 (12.2%) 76 (23.6%) 12 (41.4%) 17 (58.6%)

Diabetes: 0.241 0.624 0.041 0.840

Diagnosed 83 (84.7%) 279 (86.6%) 15 (16.3%) 14 (15.2%)

Undiagnosed 15 (15.3%) 43 (13.4%) 77 (83.7%) 78 (84.8%)

Diameter [cm] 3.75(3–4) 3.5(3–4.875) –0.696 0.484 3.65 (3–4) 4 (3–4) –0.338 0.698

Location (n, %): 14.151 < 0.001 5.352 0.021

Upper rectum 55 (56.1%) 244 (75.8%) 52 (56.5%) 67 (72.8%)

Distal sigmoid 
colon

43 (43.9%) 78 (24.2%) 40 (43.5%) 25 (27.2%)

Table II. Bacteriology and oncology results

Test results Group c2 P-value

NOSE N-NOSE

Bacterial culture results: 4.847 0.028

Positive 37 (42.2%) 23 (25.0%)

Negative 55 (59.8%) 69 (75.0%)

Tumor cell test results: 0.097 0.756

Positive 6 (6.5%) 5 (5.4%)

Negative 86 (95.3%) 87 (94.6%)

The results of bacterial culture in the NOSE group and N-NOSE group were statistically significant, p < 0.05. The results of postoperative tumor cell detection 
in the two groups were p > 0.05, which was not statistically significant.

tient’s peritoneal lavage fluid and the occurrence of 
abdominal infection (Table IV). There was no signifi-
cant difference in disease-free survival between the 
two groups at 2 years postoperatively (p = 0.472), as 
shown in Figure 4.

Discussion

Colorectal cancer, the third most deadly cancer 
worldwide, costs nearly 900,000 lives each year [11]. 
Surgical treatment offers the possibility of life ex-
tension for colorectal cancer patients, but also adds 
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Type of bacteria 	 Total = 60 

11.67% 7 Klebsiella pneumoniae 

5.00% 3 Enterococcus faecium 

1.67% 1 Enterobacter cloacae 

1.67% 1 Enterobacter aerogenes 

3.33% 2 Enterococcus avium

76.67% 46 Escherichia coli

Figure 3. Bacterial culture results of peritoneal lavage fluid

Table III. Comparison of complications in the NOSE and N-NOSE groups

Complication Group c2 P-value

NOSE N-NOSE

Pulmonary infection (n) 2 3 0.000 1.000

Anastomotic bleeding (n) 2 1 0.000 1.000

Intra-abdominal infection (n) 6 7 0.083 0.774

Anastomotic fistula (n) 5 7 0.357 0.550

Incision infection (n) 0 2 0.505 0.477

Table IV. Analysis of the correlation between bacteriological findings and abdominal infections

Group Intra-abdominal infection φ P-value

Yes No

All matched patients: 0.011 0.883

Positive 5 (8.3%) 55 (91.7%)

Negative 8 (6.5%) 116 (93.5%)

NOSE: 0.053 0.613

Positive 3 (8.1%) 34 (91.9%)

Negative 3 (5.5%) 53 (94.5%)

N-NOSE: 0.024 0.820

Positive 2 (8.7%) 21 (91.3%)

Negative 5 (7.2%) 64 (92.8%)

There was no significant correlation between abdominal infection and positive bacteriological findings in either all post-PSM patients, or in the NOSE and 
N-NOSE groups.
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to their suffering: approximately 12% of patients 
undergoing conventional open and laparoscopic-as-
sisted colorectal cancer surgery suffer from postop-
erative incisional complications [12], and many more 
patients suffer from significant psychological stress 
due to the unaesthetic incision on the abdominal 
wall. The application of NOSE technique cleverly 
avoids the problem of large abdominal wall incisions 
and is favored by many surgeons. Since a few small 
sample studies have demonstrated its feasibility in 
recent years [7, 13–15], NOSE surgery for colorectal 
cancer has become an unstoppable trend. However, 
as this new procedure continues to be performed, 
new questions are being raised: is NOSE for colorec-
tal cancer truly consistent with the principle of tu-
mor-free asepsis and does the NOSE technique have 
an impact on the long-term prognosis of patients? 
[8, 14] The current research evidence on this aspect 
is not yet sufficient. In this study, we investigated 
complete laparoscopic radical resection of colorectal 
cancer without incision anastomosis using available 
case resources.

In this study, PSM was used to match the data 
of the two groups of patients [16]. Theoretically, tu-
mor location in the superior rectum or sigmoid colon 
does not have an impact on bacteriological and on-
cological outcomes or prognosis, so tumor location 
was not used to calculate the propensity score in 
this study. After propensity score matching, a  total 
of 92 cases in the NOSE group and 92 cases in the 
N-NOSE group were successfully paired and included 
in the study, and baseline information in both groups 
improved significantly compared with pre-matching.

This study analyzed the complications observed 
in both groups. The incidence of pulmonary infec-
tion, anastomotic bleeding, anastomotic fistula, in-
tra-abdominal infection and surgical incision infec-
tion was not increased in the NOSE group relative to 
the N-NOSE group. NOSE had a positive impact on 
the prevention of pulmonary infections due to less 
postoperative pain, earlier bedtime, greater activity, 
improved respiratory amplitude, and more fluid spu-
tum evacuation in this group [5, 6, 17]. We believe 
that NOSE may reduce the incidence of postoper-
ative pulmonary infections in patients, which war-
rants further study in a larger sample size.

Surgical site infections (SSI) are more common 
in patients undergoing colorectal surgery and are 
broadly classified as incisional and organ/space in-
fections according to the updated definition of SSI 

by the Centers for Disease Control in 2003 [18]. In-
cisional SSI is rare after NOSE because only 5 trocar 
puncture incisions about 1 cm in length are left on 
the abdominal wall. In this study, 92 patients in the 
NOSE group did not develop incisional SSI. We be-
lieve that the non-significant difference in the inci-
dence of incisional SSI between the NOSE group and 
the N-NOSE group is due to the small sample size. SSI 
of the organ/space, or intra-abdominal infection as 
described in this article, is the more serious compli-
cation, and its most common cause is postoperative 
anastomotic fistula [19]. However, colorectal NOSE 
surgery opens the intestinal canal directly into the 
abdominal cavity during GI reconstruction, and the 
use of a  lumpectomy sleeve to drag the specimen 
out via the anus does not guarantee that the sleeve 
is completely closed in the abdominal cavity, which 
may also cause contaminants to enter the abdomi-
nal cavity under the compression of the anal sphinc-
ter. Can this also lead to intra-abdominal infections 
like an anastomotic fistula? To address this issue, 
this study was conducted carefully in conjunction 
with the bacteriological findings of the peritoneal 
lavage fluid. The results showed that 46 (76.7%) of 
the 60 positive cultures for bacteria were Escherichia 
coli, the rest were common bacteria in the intestine 
(23.3%), and no bacteria from outside the intestine 
were present. The bacterial positivity rate was high-
er in the NOSE group (42.2%) than in the N-NOSE 
group (25.0%), which is similar to the existing re-
ported rate of abdominal contamination in NOSE 
procedures [9]. Reassuringly, even though the rate 
of bacterial contamination of the peritoneal cavity 
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was significantly higher in the NOSE group, it did not 
increase the risk of postoperative intra-abdominal 
infection. Based on the occurrence of postoperative 
intraperitoneal infection in those with a  contami-
nated peritoneal cavity, this study successively per-
formed correlation analysis for all matched patients, 
the NOSE group and N-NOSE group, respectively, and 
revealed no significant correlation between the rate 
of bacterial contamination of the peritoneal cavity 
and the rate of intraperitoneal infection. This sug-
gests that even though NOSE increases the rate of 
peritoneal cavity contamination, it does not increase 
the risk of intra-abdominal infection. Twelve of the  
13 patients who developed intra-abdominal infec-
tion in this study also had anastomotic fistulas, 
which likely caused the intra-abdominal infection 
directly from the anastomotic fistula. Bacterial col-
onization of the abdominal cavity causing intra-ab-
dominal infection is certain to occur under certain 
conditions. All our surgical patients received strict 
bowel preparation before surgery, and intravenous 
prophylactic antibiotics were administered 0.5 h be-
fore surgery and 3 days after surgery. These mea-
sures have played a positive preventive role in reduc-
ing the rate of abdominal infection.

In this study, adequate distal margins were se-
cured in all patients, and postoperative pathological 
testing confirmed negative peri-annular margins. 
Both the NOSE and N-NOSE groups had patients 
with positive oncology test results, but there was 
no significant difference in the results between the 
two groups. This suggests that NOSE as a modality 
did not increase the risk of patients having tumor 
cells shed into the abdominal cavity. Our surgical 
team has accumulated rich experience in colorectal 
NOSE surgery and has also performed NOSE surgi-
cal treatment on some patients with stage T4. We 
found that for the NOSE procedure, the detection of 
tumor cells in the irrigation fluid was not entirely 
due to the shedding of tumor cells as a result of the 
surgical operation; it was most likely due to local 
infiltration of the tumor or lymph node metastasis 
so that tumor cells were already shed into the ab-
dominal cavity preoperatively. This is based on our 
innovative approach of performing intraoperative 
laparotomy in patients with tumor invasion to the 
plasma membrane immediately after the establish-
ment of the pneumoperitoneum and collecting the 
laparotomy fluid for examination, and also detect-
ing tumor cells. Thus, it appears that the possibili-

ty of tumor implantation and metastasis is equally 
present whether the specimen is taken through an 
adjuvant incision in the abdominal wall or through 
the natural cavity. In the few available studies of 
surgical tumor-free asepsis in NOSE, no preopera-
tive peritoneal irrigation fluid exfoliation cytology 
has been reported. 

Because of the short follow-up period, we stud-
ied local recurrence and death as positive events. 
The study showed that the 2-year postoperative dis-
ease-free survival rate was 88.89% and 81.82% in 
the NOSE and N-NOSE groups, respectively, and there 
was no significant difference in the 2-year postop-
erative disease-free survival rate between the two 
groups. It can be assumed that even though the tu-
mor cell test result is positive, it does not affect the 
long-term outcome of patients in the NOSE group, 
and the 2-year disease-free survival rate after sur-
gery is at least comparable to that of conventional 
surgery. This is in line with the findings of existing 
studies [9, 13, 20]. In 2019, Liu et al. also demonstrat-
ed through a meta-analysis that NOSE for colorectal 
cancer can achieve satisfactory oncological outcomes 
[21]. For T4 patients in whom there is only invasion of 
the plasma membrane, NOSE still has some advan-
tages: the pain of enduring a  large abdominal wall 
incision is avoided with the same outcome.

Of course, this study has some limitations: it was 
not a randomized controlled study; the sample size 
was not large enough; the effect of unknown bias 
could not be controlled for; the follow-up period was 
short; and only NOSE surgery for high-grade rectal 
and distal sigmoid colon cancer was studied.

Conclusions

Compared with traditional laparoscopic surgery, 
complete laparoscopic radical resection of colorectal 
cancer without incision anastomosis has satisfacto-
ry bacteriological and oncological effects and is wor-
thy of further clinical promotion.
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