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Background: Natural orifice specimen extraction surgery (NOSES) is widely used
for colorectal cancer. However, there is limited study regarding the outcomes of
patients with high BMI who undergo NOSES surgery for colorectal cancer.
Methods: This retrospective study included 251 patients (including 205 Non-
High BMI and 46 High BMI patients) who underwent NOSES for colorectal
cancer between January 2013 and December 2018. Outcomes related to
surgery, anal function and long-term survisval were compared between the
Non-High BMI and High BMI patients with the propensity-score matching
(PSM) method. Age, gender, tumor location (sigmoid/rectum), preoperative
CEA, CA199, T stage and N stage were considered as covariates for PSM.
Results: After matching, 44 patients in the Non-High BMI group and 44 patients
in the High BMI group were eligible for analysis. No significant differences were
observed between the groups in terms of operative time, blood loss, time to first
flatus, time to first diet, postoperative hospital stays, positive margin,
postoperative complication, conversion to open surgery and pathological
outcomes (all P-value >0.05). Besides, there was no significant difference for
anal function 6 months after surgery between the two groups (P = 0.723). The
overall survival (OS) and disease-free survival (DFS) for the Non-high BMI
group were comparable to those for the High BMI group (P=0.156 for OS,
P =0.266 for DFS).

Conclusion: With careful preoperative evaluation, High-BMI patients can
successfully undergo NOSES surgery and achieve favorable outcomes.

KEYWORDS
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Introduction

Colorectal cancer is one of the most common malignant tumors worldwide. It is the
third most common cancer in terms of incidence and the second most common in terms
of mortality, posing a significant threat to human health (1). Laparoscopic-assisted natural
orifice specimen extraction surgery (NOSES) for colorectal cancer was first reported by
Franklin in 1993 (2). NOSES has been shown to outperform conventional laparoscopic
colectomy in terms of cosmetic outcomes, shorter hospital stays, and reduced
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postoperative pain, making it an attractive minimally invasive
procedure for colorectal cancer (3-5). In NOSES, the specimen
is extracted through a natural orifice (anus or vagina), and the
digestive tract is reconstructed within the abdominal cavity.
The procedure leaves only minimal trocar scarring, embodying
the concept of minimally invasive surgery with a true
unassisted abdominal incision.

Higher body mass index (BMI) can impact the surgical
procedure and prognosis. Some studies have shown that a high
BMI adversely affects laparoscopic colorectal surgery, leading to
poorer prognostic outcomes for patients (6). However, other
studies have found no significant association between high BMI
and short-term prognosis after surgery (7). Most of these studies
have focused on the effects of BMI on conventional laparoscopic
surgery for colorectal cancer, with limited research on its impact
in NOSES surgery. Furthermore, BMI is considered an important
factor in screening patients for NOSES eligibility. However, based
on our extensive experience, we have observed that BMI cannot
fully represent visceral fat, and is not a definitive factor
influencing the feasibility of NOSES surgery. Many patients with
high BMI after careful intraoperative assessment of indications,
have successfully undergone NOSES surgery. However, there
remains a gap in evaluating the safety and efficacy of NOSES
surgery in high-BMI patients.

Therefore, the aim of this study was to compare the short-term
and long-term outcomes between Non-High BMI and High BMI
patients undergoing NOSES surgery for colorectal cancer, using
propensity score matching (PSM) analysis.

Methods and materials

The reporting and interpretation of this comparative effectiveness
study followed the Strengthening the Reporting of Observational
Studies in Epidemiology (STROBE) (8).We retrospectively selected
patients diagnosed with sigmoid colon or rectal cancer who
underwent NOSES surgery at the Second Hospital of Harbin
Medical University between January 2013 and December 2018.All
operations were performed by the same surgical team.The inclusion
criteria were as follows: (1) pathological diagnosis of stage I-III
sigmoid colon or rectal malignant tumors; (2) patients aged >18
years; (3) tumors located <30 cm from the anal verge; and (4)
tumor diameter <5 cm. Exclusion criteria included: (1) patients
receiving neoadjuvant therapy; (2) patients undergoing emergency
surgery due to hemorrhage, obstruction, or perforation; (3) patients
with a protective ostomy; (4) patients with multiple primary
colorectal cancers; (5) incomplete clinical or pathological data; and
(6) patients with distant metastases.

Patients were categorized into a Non-high BMI group
(BMI<25kg/m*) and a High BMI group (BMI > 25 kg/m?),
based on previous studies (9, 10). PSM was applied to compare

Abbreviations

NOSES, natural orifce specimen extraction surgery; LA, laparoscopic-assisted
resection; CRC, colorectal cancer; PSM, propensity-score matching; BMI, body
mass index; OS, overall survival; DFS, disease-free survival.
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the perioperative and long-term clinical outcomes between the
two groups. The covariates matched were age, gender, tumor
location (sigmoid colon vs. rectum), clinicopathological stage,
and preoperative levels of CEA and CA199.

Surgery

Intra-abdominal resection and specimen extraction(IREX): For
method one in the NOSES surgery, the procedure was as follows.
The distal rectum below the tumor was transected with an
ultrasonic scalpel and the intestine ends were sterilized with
povidone gauze. After that, a disposable sterile protective cover
was inserted into the abdominal cavity via the 12 mm trocar,
with one end positioned in the opened rectal stump, and the
other end pulled out of the anus, and then the anvil was
introduced into the abdominal cavity through the protective
cover. An incision was made above the tumor in the proximal
colon wall, and the anvil was introduced into the colon through
the incision. The proximal colon was closed using linear cutter-
straight, leaving the anvil head extracted from the bowel lumen.
The isolated specimen was placed into the protective cover and
extracted from the pelvic cavity through the rectum. A linear
stapler was used to close the rectal stump and the additional
rectal section was placed into a specimen pouch and extracted
via the 12mm trocar. Finally, an end-to-end colorectal
anastomosis was completed.

Specimen extraction and extra-abdominal resection (EXER):
For method two in the NOSES surgery, the procedure was as
follows. The rectal wall below the tumor was transected with an
ultrasonic scalpel and a protective cover was placed into the
pelvic cavity via the anus. A long grasper was introduced into
the lumen through the anus to pull the specimen outside of the
body gently and the specimen was removed extraabdominally.
Then, the anvil was placed in the sigmoid colon and closed with
a purse string and the bowel lumen was reintroduced into the
abdominal cavity. After releasing the pneumoperitoneum, a
linear stapler was used to close the open rectal stump and an
end-to-end colorectal anastomosis was performed.

Specimen eversion and extra-abdominal resection (EVER): For
method three in the NOSES surgery, the procedure was as follows.
After the anal canal was dilated gently, the protective cover was
inserted into the rectum. Then, the anvil was placed into the
bowel lumen, until to the proposed resection line of sigmoid
colon. The proximal colon division was performed, leaving the
anvil inside of proximal bowel. A clamp was used to grab the
rectal stump and to drag it out extracorporeally. The reversed
rectum was fully disinfected and resected extra abdominally.
Finally, the rectum was delivered back to patient body and an
end to-end anastomosis was performed.

Data collection

We performed a retrospective review of operative time, blood
loss, time to first flatus, time to first diet, postoperative hospital
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stays, histologic type, number of lymph nodes harvested, positive
margins, and postoperative complications. The Wexner score was
used to evaluate the severity of fecal incontinence (11-13). Using
this easy-to-use scale, anal function was compared between
patients in the Non-high BMI and High BMI groups at
6 months after surgery.The pathologic stage was categorized as
per the American Joint Committee on Cancer (AJCC) 8th
edition. Postoperative complications were graded according to
the Clavien-Dindo classification (14).

In our department, patients were followed up every 3 months
for the first 2 years, every 6 months for the subsequent 3 years,
and annually thereafter. Blood tests (CEA and CA199), physical
examinations, and CT scans (including chest, abdomen, and
pelvis) were performed at each follow-up. Colonoscopy was
performed annually. Long-term tumor prognosis was assessed in
terms of overall survival (OS) and disease-free survival (DFS).

Data analysis

All statistical analyses were conducted using SPSS for Windows
version 27.0. To minimize selection bias, we used the covariates of
gender, tumor location, age, T-stage, N-stage, and CEA/CA199
levels for 1:1 propensity-score matching (PSM) with a caliper
value of 0.2. Data from patients after PSM matching were used
for further analysis. Qualitative data were compared using the
chi-square test or Fisher’s exact test. For continuous data, the

TABLE 1 Baseline characteristics of patients.

10.3389/fsurg.2025.1624266

Mann-Whitney U test (for non-normally distributed values) or
independent t-test (for normally distributed values) was used.
Kaplan-Meier curves were plotted for OS and DFS and analyzed
using the log-rank test. A p-value<0.05 (two-sided) was
considered statistically significant.

Results

Baseline data for the non-high BMI and high
BMI groups

In our retrospective analysis, 205 patients in the Non-high BMI
group and 46 patients in the High BMI group met the inclusion
and exclusion criteria. Before PSM, significant differences were
observed between the groups in terms of CA199 (P=0.004) and
N-stage (P=0.001). After 1:1 PSM matching, the following
variables were successfully balanced: age (P=0.588), tumor
location (P=0.796), gender (P=0.842), T-stage (P=0.573),
N-stage (P=0.969), CEA levels (P=0.437), and levels CA199
(P=0.777) (Table 1).

Intraoperative and perioperative outcomes

There was no significant difference in operative time between
the Non-high BMI and High BMI groups (186.18 +45.6 min vs.

Characteristic After PSM After PSM After PSM After PSM
Non-high BMI(n = 205) | High BMI (n=46) P | Non-high BMI(n = 44)  High BMI (n = 44) P
Age(years)® 59.72+11.8 59.93 £10.7 0911 58.66 +10.7 5991 +11.0 0.588
Gender
Male 95 (46.3) 16 (34.8) 0.154 19 (43.2) 16 (36.4) 0.842
Female 110 (53.7) 30 (65.2) 25 (56.8) 28 (63.6)
Tumor location
Sigmoid 43 (21) 10 (21.7) 0.909 10 (22.7) 9 (20.5) 0.796
Rectum 162 (79) 36 (78.3) 34 (77.3) 35 (79.6)
Preoperative CEA
Negative 168 (82) 33 (71.8) 0.117 36 (81.9) 33 (75) 0.437
Positive 37 (18) 13 (28.2) 8 (18.9) 11 (25)
Preoperative CA199
Negative 192 (93.7) 37 (85.5) 0.004 36 (81.9) 37 (84.1) 0.777
Positive 13 (6.3) 9 (14.5) 8 (18.9) 7 (15.9)
T stage
Tis 7 (34) 0 (0) 0.615 0 (0) 0 (0) 0.573
T1 34 (16.6) 7 (15.2) 4(9.1) 6 (13.6)
T2 51 (24.9) 11 (23.9) 6 (13.6) 10 (22.7)
T3 75 (36.6) 21 (45.7) 26 (59.1) 21 (47.7)
T4 38 (18.5) 7 (15.2) 8 (18.2) 7 (15.9)
N stage
NoO 153 (74.6) 21 (45.7) 0.001 22 (63.5) 21 (47.7) 0.969
N1 41 (20) 20 (43.5) 17(28.8) 19(43.2)
N2 11(5.4) 5(10.8) 5(7.7) 4(9.1)
“Mean + SD. Bold marked figures are for variables with P <0.05.
Frontiers in Surgery 03 frontiersin.org
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192.98 + 53.88 min, P=0.726). Similarly, there was no significant
difference in estimated blood loss between the two groups
(51.93 £ 62.22 ml vs. 48.64 +40.56 ml, P=0.643). No conversions
to open surgery were required in either group. The time to first
flatus did not differ significantly between the Non-high BMI and
High BMI groups (49.77 £24.15h vs. 51.14 +24.16 h, P =0.766).
Additionally, there was no significant difference in the time to
first diet (66.25+27.01h wvs. 7032+39.87h, P=0.748).
Postoperative hospital stay was also similar between the two
groups (12.45 £ 5.53 days vs. 14.75 £ 9.06 days, P=0.217).

The High BMI group had a slightly higher rate of postoperative
complications, but this difference was not statistically significant
(4.7% vs. 9.1%, P=0.676) and the morbidity grading was roughly
similar in both groups(rated according to the Clavien-Dindo
Classification of Surgical Complications). In the Non-high BMI
group, one patient suffered from anastomotic leakage and one
patient suffered from wound-related complication. In the High
BMI group, three patients suffered from anastomotic leakage and
one patient suffered from intra-abdominal abscess, as detailed
in (Table 2).

Regarding anal function at 6 months postoperatively, there was
no significant difference in the Wexner incontinence scale scores
between the two groups (P =0.723) (Figure 1).

Among the 88 patients included in the study, 42 (47.7%) were
assigned to the EXER group, 26 (29.5%) to the EVER group, and 20
(22.7%) to the IREX group. Perioperative analysis demonstrated
that the IREX group had a slightly shorter operative time
compared to the other two groups; however, the difference was
not statistically significant (P =0.734). No significant differences
were observed in estimated blood loss (P =0.296) or the number
of lymph nodes dissected (P=0.208) among the three groups.
Postoperative recovery parameters, including time to first flatus

TABLE 2 Intraoperative and perioperative outcomes in Non-high BMI
group and high BMI group.

Characteristic Non-high BMI High BMI
(n=44) (n=44)
Operative time (min)* 186.18 +45.6 192.98 + 53.88 0.726
Blood loss (ml)* 51.93 £62.22 48.64 + 40.56 0.643
Time to first flatus (h)* 49.77 +24.15 51.14 £ 24.16 0.766
Time to first diet (h)* 66.25+27.01 70.32 +39.87 0.748
Postoperative hospital stays 12.45+5.53 14.75 +9.06 0.217
(days)®
Positive margin 0 0 -
Postoperative complication 2 (4.7) 4(9.1) 0.676
Anastomotic leak 1(2.3) 3 (6.8) 0.616
Anastomotic bleeding 0 (0.0) 0 (0.0) -
Postoperative ileus 0 (0.0 0 (0.0 -
Intra-abdominal abscess 0 (0.0) 1(2.3) 1.000
Pneumonia 0 (0.0) 0 (0.0) -
Wound-related 1(2.3) 0 (0.0) 1.000
complication
Conversion to open surgery 0 (0.0 0 (0.0) -
Grade of morbidity (%)
Dindo I-II 1(2.3) 1(2.3) 1.000
Dindo II-IV 1(2.3) 3 (6.8) 0.616

“Mean + SD. Bold marked figures are for variables with P <0.05.
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FIGURE 1
Comparison of anal function. ns, no significant difference.

TABLE 3 Pathologica and oncologic outcomes in Non-high BMI group
and high BMI group.

Characteristic Non-high BMI High BMI

(n = 44) (n=44)
Harvested lymph 13.55+4.48 13.07 £4.92 0.691
nodes®
Tumor grade
Well-differentiated 6 (13.6) 3 (6.8) 0.426
Moderately 31 (70.5) 36 (81.8)
differentiated
Poorly differentiated 7 (15.9) 5(11.4)
Histological type
Adenocarcinoma 36 (81.8) 39 (88.6) 0.484
Mucinous/Signet-ring 1(2.3) 0 (0.0)
cell
Others 7 (15.9) 5(11.4)

“Mean + SD. Bold marked figures are for variables with P <0.05.

(P=0.716), time to resumption of a regular diet (P =0.984), and
length of hospital stay (P=0.979), also showed no significant
intergroup differences.The overall postoperative complication rate
was 8.0%, with 11.9% in the EXER group, 3.8% in the EVER
group, and 5.0% in the IREX group; these differences were not
statistically significant (P =0.300) (Supplementary Table S1).

Pathology and oncology results

The number of lymph nodes removed was similar in both
groups (13.55 £ 4.48 vs. 13.07 +£4.92, P=0.691). Pathological data
analysis showed that the tumor grading of patients in the Non-
high BMI group and High BMI group was similar (P=0.426),
and most of the postoperative histological differentiation of
patients in the two groups was moderate, and the differentiation
was also balanced between the groups (P=0.484) (Table 3). The
overall survial in the Non-high BMI group were comparable to
those in the High BMI group (log-rank P=0.156; HR =0.521,
95% CL:0.195-1.38, P=0.192), and there was no significant
difference in disease-free survival curves between the two groups
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(log-rank P=0.266; HR =0.457, 95% CI:0.175-1.218, P=0.118)
(Figure 2). Pathological assessment within the surgical subgroups
revealed a comparable distribution of tumor grades among the
groups (P=0.273). Furthermore, the majority of cases exhibited
moderate histological differentiation across all groups (P =0.214)
(Supplementary Table S1). Long-term prognostic analysis among
the
differences in Overall Survival (OS) between the EXER group
and the EVER group (P=0.281), or between the EXER group
and the IREX group (P=0.200). Similarly, no significant
difference in OS was observed between the EVER and IREX
groups (P=0.495). Regarding Disease-Free Survival (DFS), the
EXER group did not show a statistically significant difference
compared to either the EVER group (P=0.091) or the IREX
group (P=0.571). Likewise, the DFS difference between the
EVER and IREX groups was not
(P=0.356) (Supplementary Figure S2).

surgical subgroups revealed no statistically significant

statistically ~significant

Discussion

After more than a decade of research and development, NOSES
surgery has become widely used for colorectal tumors (15). Several
studies have investigated the impact of different BMI grouping
values on adverse events during lumpectomy (16, 17). With
extensive experience in performing NOSES colon resections, our
center analyzed clinical data from colorectal cancer patients who
underwent NOSES surgery between January 2013 and December
2018. Short-term outcomes and long-term oncologic results in
Non-high BMI and High BMI groups were assessed using
propensity score matching (PSM) to minimize baseline data bias
in retrospective controlled studies.

BMI is a commonly used, objective measure of body fat.
According to the World Health Organization (WHO), a normal
BMI falls between 18.5 kg/m® and 25 kg/m> so we categorized

10.3389/fsurg.2025.1624266

patients into a Non-high BMI group and a High BMI group.
Tsujinaka et al. found that the visceral adiposity index (VAI) was
more effective than BMI in predicting surgical outcomes after
laparoscopic colorectal surgery (18, 19). However, BMI remains a
more accessible and practical tool for estimating body fat,
particularly in developing countries like China.

In the existing literature, high BMI has been shown to impact
laparoscopic surgery and patient prognosis, with reports indicating
longer operative times in high BMI patients (20). In contrast, our
study found no significant difference in operative times between
the Non-high BMI and High BMI groups in NOSES surgery
(P=0.726). Interestingly, one study reported a shorter mean
operative time in obese patients, although the difference was not
statistically significant (21). Numerous studies conducted in
Western countries have examined the impact of high BMI on
postoperative complications in laparoscopic colorectal cancer
surgery, with mixed and controversial results (22). Similarly,
NOSES surgery cohort,
higher incidence of overall postoperative complications in the
High BMI group (4.7% vs. 9.1%, P=0.676), but this difference
was not statistically significant. Our findings align with several

in our we observed a slightly

high-quality clinical studies, which showed broadly similar

perioperative outcomes, including complications such as
anastomotic fistula, bleeding, and intestinal obstruction, in both
BMI groups (9, 23-25).The lack of significant differences among
the EVER, EXER, and IREX surgical subgroups in surgical
procedure, short-term outcomes, or long-term prognosis
indicates that surgical technique did not confound the analyses
comparing the non-high BMI and high BMI groups.

Moreover, even when specimens were extracted via the anus,
the recovery of postoperative anal function was satisfactory in
both groups. We used the Wexner incontinence scale scores to
assess preoperative and postoperative anal sphincter function.
There was no significant difference in the Wexner incontinence

scale scores between the groups.

Overall Survival

©
2
c
»
= 501 — Non-High BMI
8 —— High BMI
(]
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o Ll Ll L
0 20 40 60

Survival time (months)

FIGURE 2

Survival comparisons. (A) Overall survival (log-rank P = 0.156; HR = 0.521, 95% CI 0.195-1.38, P = 0.192). (B) Disease-free survival (log-rank P = 0.266;

HR = 0.457, 95% Cl 0.175-1.218, P = 0.118).
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Our long-term follow-up demonstrated that survival outcomes
and tumor safety were comparable between the Non-high BMI and
High BMI groups. Pathological outcomes in both groups were also
similar, with no statistically significant differences, which supports
the findings of previous studies (19). Despite the increasing
adoption of NOSES surgery for colorectal cancer, many
guidelines recommend caution about its use in obese patients
(26). Patients with a high BMI may have a large amount of
visceral fat, which can lead to difficulties in removing specimens
through natural orifices. Besides, increased visceral and
abdominal wall fat in some high BMI patients can limit surgical
space and then increase technical challenges, often leading to
longer operative times in laparoscopic procedures (27). In our
study, higher BMI did not significantly extend operative time in
NOSES surgery nor did it increase the incidence of postoperative
complications. These favorable outcomes are likely attributable to
the extensive experience and stability of our surgical team. What
is more, based on our team’s extensive experience in NOSES
(28-30), it has been found that, through further intraoperative
assessment, a considerable number of patients with a high BMI
are still suitable for undergoing NOSES surgery. If these patients
are unable to receive NOSES surgery simply due to the
preoperative BMI assessment, they will be deprived of the
benefits that NOSES surgery can bring. The results of our study
have provided objective evidence for the feasibility of applying
NOSES in patients with a high BML

Still, our study has some limitations. First, as a retrospective
study, selection bias is inevitable, which may reduce the
generalizability of the findings. To minimize selection bias, we
applied PSM to balance baseline characteristics and ensure a
more objective and comprehensive analysis. Second, NOSES is an
emerging technique with stringent indications, and the sample
size in this study was relatively small. We grouped patients into
Non-high and High BMI categories, rather than using multiple
BMI subgroups as in previous studies (7, 9, 31). Third, although
the current study suggested that patients with high BMI might
also benefit from NOSES, surgeons should still strictly adhere to
the indications strictly adhere to the indications to ensure the
success rate of NOSES for patients with a high BMI. Moreover,
we have not developed an objective and quantitative assessment
method to determine which high BMI patients are suitable for
NOSES. Fourth, the application of standardized exclusion criteria
(e.g., no distant metastases, tumor diameter <5cm, no severe
adhesions) optimized feasibility and safety within this cohort but
inherently limits the applicability of our findings to patients with
advanced disease, larger tumors, or complex anatomy. Fifth, the
technical complexity of NOSES demands advanced surgical skills;
thus, the favorable outcomes observed likely reflect our team’s
specialized expertise and may not be generalizable to centers
without comparable experience. Finally, as a single-institution
study, our conclusions are inevitably influenced by institution-
specific protocols, demographics, and practices. To address these
limitations—particularly concerns regarding generalizability, the
need for objective selection criteria, and center-specific factors—
and to enhance the external validity of the results, future large-
scale, multicenter prospective studies are needed.
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Conclusions

In conclusion, while BMI is an important factor during patient
screening for NOSES surgery, it is not a determining factor for the
success of the procedure. With careful preoperative evaluation,
NOSES surgery for colorectal cancer might be both feasible and
safe for CRC patients with high BML
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