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Abstract: Objectives: To compare the long-term oncological and clinical outcomes of natural orifice specimen extrac-
tion surgery (NOSES) versus traditional laparoscopic surgery (TLS) in patients with Stage II-lll rectal cancer. Meth-
ods: This retrospective cohort study analyzed data from 320 patients who underwent curative resection for Stage
II-Ill rectal cancer between January 2020 and January 2025. Of these, 162 received NOSES and 158 underwent
TLS. Perioperative outcomes, postoperative recovery, complications, disease-free survival (DFS), overall survival
(0S), recurrence and metastasis rates, and quality of life were evaluated. Multivariate analyses were performed to
identify independent prognostic factors for long-term outcomes. Results: Compared with TLS, NOSES resulted in
shorter operative times and less intraoperative blood loss (both P < 0.001). Patients in the NOSES group experi-
enced faster return of bowel function and shorter hospital stays (both P < 0.001). At five-year follow-up, NOSES was
associated with significantly improved DFS (P = 0.014), 0S (P = 0.009), and higher quality of life scores (P < 0.001).
The NOSES group also exhibited fewer postoperative complications and a lower incidence of distant metastasis (P
= 0.034). Multivariate analysis identified NOSES as an independent predictor of improved long-term survival and
quality of life. Conclusions: NOSES offers significant advantages over TLS in the management of Stage II-ll rectal
cancer, including enhanced operative efficiency, accelerated recovery, reduced complications, and superior long-
term oncological outcomes and quality of life. These findings support the wider clinical adoption of NOSES as a
preferred minimally invasive surgical approach in eligible rectal cancer patients.

Keywords: Rectal cancer, Natural Orifice Specimen Extraction Surgery, laparoscopic surgery, oncological out-
comes, postoperative recovery, quality of life

Introduction Laparoscopic surgery has become the stan-

dard approach for rectal cancer, offering se-

Colorectal cancer remains a major global
health burden, ranking as the third most com-
monly diagnosed malignancy and the second
leading cause of cancer-related deaths world-
wide [1, 2]. Among these, rectal cancer pres-
ents unique challenges due to its complex ana-
tomical location and the delicate balance
required in surgical management [3]. The pri-
mary goal of rectal cancer surgery is curative
resection - complete tumor removal while pre-
serving function and minimizing morbidity [4,
5]. With advancements in surgical techniques,
reducing invasiveness without compromising
oncological efficacy has become a central
focus.

veral advantages over open surgery, including
reduced postoperative pain and faster recovery
[6]. However, conventional laparoscopic sur-
gery still requires an abdominal incision for
specimen extraction, which can lead to wound-
related complications such as infections or inci-
sional hernias, potentially diminishing the ben-
efits of minimally invasive techniques [7].

Natural orifice specimen extraction surgery
(NOSES) addresses this limitation by eliminat-
ing the need for an abdominal incision. Instead,
the resected specimen is removed through
natural orifices, such as the anus or vagina [8].
This approach reduces postoperative pain and
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lowers the risk of wound complications. While
early findings are promising, robust evidence
on the long-term oncological safety and effica-
cy of NOSES remains limited [9, 10].

For patients with stage II-1ll rectal cancer - often
characterized by deeper invasion and lymph
node involvement - rigorous evaluation of
NOSES is essential. Long-term outcomes, in-
cluding local recurrence, distant metastasis,
and overall survival (0S), are critical in deter-
mining its efficacy. Although short-term studies
suggest favorable results, uncertainties remain
regarding potential risks such as inadequate
resection margins or intraoperative tumor cell
dissemination.

This study aims to compare the long-term on-
cological outcomes of NOSES and traditional
laparoscopic surgery (TLS) in patients with
stage II-lll rectal cancer, addressing critical
gaps in current evidence and informing clinical
decision-making.

Materials and methods
Research design and ethical compliance

This retrospective study reviewed 320 patients
with stage II-lll rectal cancer treated at the
Second Hospital of Hebei Medical University
between January 2020 and January 2025. Pa-
tients were divided into two groups based on
the surgical approach. The NOSES group in-
cluded 162 patients who underwent NOSES,
while the TLS group comprised 158 patients
who received TLS. The study protocol was
reviewed and approved by the Institutional
Review Board (IRB) of the Second Hospital of
Hebei Medical University. To protect patient
confidentiality, all data were anonymized. As
the study posed minimal risk to participants,
the requirement for informed consent was
waived. All procedures complied with relevant
ethical guidelines and regulatory standards.

Patient selection criteria

Inclusion criteria: Patients were required to
meet the diagnostic criteria for rectal cancer
[11], confirmed through imaging modalities (CT
and colonoscopy) and histopathological biopsy.
Eligible patients were aged > 18 years, with
complete baseline records and clear surgical
indications. An expected survival time of more
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than six months was required, primarily due
to tumor-related factors rather than systemic
comorbidities. All patients underwent success-
ful surgery with complete, accessible follow-up
data and had not received prior radiotherapy or
chemotherapy.

Exclusion criteria: Exclusion criteria included
significant organ dysfunction, particularly se-
vere comorbidities affecting life expectancy,
coagulation disorders, other malighancies, and
cognitive or communication impairments. Pa-
tients requiring emergency surgery, such as
those with bowel obstruction or perforation,
were excluded. Additionally, patients with seri-
ous uncontrolled diseases likely to result in
early non-cancer-related mortality were not
included (Figure 1).

Data extraction

Data were obtained from multiple sources,
including the hospital’'s electronic medical
records (EMR), surgical reports, pathology
results, and structured follow-up protocols in-
volving scheduled clinic visits and telephone
interviews. The final follow-up date was January
31, 2025. Collected variables included demo-
graphic data (e.g., age, sex), tumor characteris-
tics (e.g., stage), surgical details (e.g., operation
time, intraoperative blood loss), and postope-
rative outcomes (e.g., hospital stay duration,
adjuvant therapy). Long-term outcomes such
as disease-free survival (DFS), OS, local recur-
rence, distant metastasis, and quality of life
were also documented. All data were cleaned
and anonymized before statistical analysis to
ensure accuracy and confidentiality.

Surgical methods

NOSES group: Procedures were performed
under pneumoperitoneum using four laparo-
scopic ports. A 30° laparoscope was inserted
through a port positioned 10 cm above the
umbilicus for abdominal exploration. The oper-
ation involved dissection of the inferior me-
senteric vessels, clearance of regional lymph
nodes, and sharp dissection of the presacral
space. For mid- and upper rectal cancers, the
bowel was transected above and below the
lesion, and the specimen was extracted transa-
nally using a rectoscope with a wound protec-
tor. A stapler head was then introduced via the
anus and attached to the proximal bowel seg-
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Figure 1. Schematic diagram of the
patient selection.

ment. The distal rectum was closed, and intra-
corporeal anastomosis was completed using a
circular stapler. For low rectal tumors, the mes-
entery was dissected to the pelvic floor. The
proximal bowel was transected, and the distal
tumor-bearing segment was everted and re-
sected transanally using an oval clamp. The
anastomosis was then completed intracor-
poreally.

TLS group: The procedure employed a five-port
technique. After sigmoid colon mobilization
and dissection of the inferior mesenteric ves-
sels and adjacent tissues, lymph nodes were
cleared to expose both ureters. Depending on
tumor location, a 5 cm abdominal incision was
made for specimen extraction. Pneumoperi-
toneum was then re-established, and a stapler
was used to complete the anastomosis. The
abdominal cavity was thoroughly irrigated with
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sterile saline, and drainage tubes were placed
to prevent fluid accumulation. All incisions and
trocar sites were sutured and closed.

Surgical and postoperative indicators

Surgical parameters were retrospectively ex-
tracted from EMRs for both groups. These
included operation time, intraoperative blood
loss (estimated as the weight difference
between blood-soaked and dry gauze, with 1
gram approximating 1 mL), number of lymph
nodes harvested, and duration of drainage
tube placement.

Postoperative recovery indicators were also
collected, including time to first flatus, return
of bowel sounds, recovery of gastrointestinal
motility, and postoperative hospital stay. These
metrics were retrieved from inpatient records
and follow-up documentation.
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Monitoring of Carcinoembryonic Antigenanti-
gen (CEA) tumor marker

CEA levels were monitored using an automat-
ed chemiluminescence immunoassay analyzer
(Mindray Medical International Ltd., China)
to assess disease progression and potential
recurrence. CEA monitoring provided critical
prognostic information, particularly in relation
to tumor stage (lI/11l) and the tumor’s distance
from the anal verge, both of which are impor-
tant for evaluating outcomes and guiding clini-
cal interventions.

Criteria for gastrointestinal motility recovery

Gastrointestinal motility recovery was assess-
ed using both clinical and objective criteria.
Clinical indicators included tolerance of oral
intake without nausea or vomiting, the pres-
ence of at least one spontaneous, formed
bowel movement per day, and absence of
abdominal distension or tenderness. Objective
indicators included radiographic evidence of
normal bowel gas distribution, manometric
confirmation of normal motility patterns, and
laboratory tests showing normal levels of el-
ectrolytes, liver enzymes, and inflammatory
markers.

Daily evaluations were conducted during hos-
pitalization. Full recovery of gastrointestinal
motility was confirmed once all criteria were
met [12].

Postoperative pain assessment

Postoperative pain was evaluated 24 hours
after surgery using the Visual Analog Scale
(VAS) [13], a 10-cm horizontal line anchored by
“no pain” (0) and “worst imaginable pain” (10).
Patients marked their pain level on the scale,
and the score was determined by measuring
the distance in centimeters from the “no pain”
end.

Pain scores were categorized as follows: O: no
pain, no sleep disturbance; 1-3: mild pain, does
not affect sleep; 4-6: moderate pain, disturbs
sleep; 7-10: severe pain, causes insomnia or
frequent awakenings.

The VAS demonstrated good internal consis-
tency, with a Cronbach’s alpha of 0.796. Addi-
tionally, the duration of patient-controlled anal-
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gesia usage was recorded to assess postoper-
ative analgesic needs over time.

Monitoring of postoperative complications

Postoperative complications were monitored at
1, 3, and 5 years postoperatively. Clinical eva-
luations included physical examinations and
patient interviews to assess symptoms such as
fever, pain, or gastrointestinal discomfort.

Imaging assessments included: (1) CT Scans
(Ingenuity CT, Philips Healthcare, Netherlands):
Used to detect fluid collections, abscesses, pul-
monary complications, and possible metasta-
ses. (2) MRI (Ingenia Ambition, Philips Heal-
thcare, Netherlands): Provided detailed pelvic
imaging to detect anastomotic leaks, recurrent
tumors, inflammation, or fibrosis. (3) Endos-
copy (EC38-i10, PENTAX Medical, Japan): Used
to directly visualize mucosal healing at the
anastomosis site, identify abnormal growths,
ulcers, strictures, and evaluate the overall con-
dition of the colon and rectum.

This multimodal approach enabled comprehen-
sive evaluation of recovery and early detection
of complications.

Quality of life assessment

Quiality of life was assessed using the European
Organization for Research and Treatment of
Cancer Quality of Life Questionnaire-Core 30
(EORTC QLQ-C30) [14]. The instrument consists
of 30 items, structured as follows: 1. Func-
tional Scales (0-100): Physical (5 items), Role
(2), Emotional (4), Cognitive (2), Social (2). 2.
Symptom Scales (0-100): Fatigue (3), Pain (2),
Nausea/Vomiting (2). 3. Global Health Status/
Quality of Life Scale (0-100): 2 items. (4) Single
ltems (0-100): Appetite loss, insomnia, dys-
pnea, constipation, diarrhea, financial difficul-
ties.

Higher functional scores indicate better func-
tioning, while higher symptom scores reflect
greater symptom burden. Quality of life was
evaluated at 1, 3, and 5 years postoperatively,
and scoring was performed according to the
official EORTC QLQ-C30 scoring manual [15].

Long-term oncological prognosis

Long-term outcomes, including, OS, local recur-
rence, distant metastasis, and quality of life,
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Table 1. Comparison of demographic characteristics between two groups

Parameters NOSES Group (n = 162) TLS Group (n = 158) t/x? P

Male/Female [n (%)] 96 (59.26%)/66 (40.74%) 92 (58.23%)/66 (41.77%) 0.035 0.851
Age (years) 58.31+£10.42 57.89+11.12 0.355 0.723
Ethnicity (Han/Other) [n (%)] 136 (83.95%) 130 (82.28%) 0.159 0.690
Educational level (high school or below/junior college or above) [n (%)] 106 (65.43%) 111 (70.25%) 0.852 0.356
Occupational Status (Retired/Employed (Manual Labor/Service Industry)) 89 (55.63%) 95 (60.13%) 0.881 0.348
Residence (Urban/Rural) 114 (70.37%) 105 (66.46%) 0.567 0.451
Smoking history [n (%)] 46 (28.40%) 40 (22.22%) 0.386 0.535
Drinking history [n (%)] 20 (12.34%) 15 (9.49%) 0.668 0.414
Tumor stage (lI/111) 78 (48.15%)/84 (51.85%) 76 (48.10%)/82 (51.90%) 0.000 0.993
Distance from the anal verge (cm) 7.51+2.28 7.61+2.49 0.369 0.713
Tumor location (Middle rectum/Lower rectum) [n (%)] 80 (49.42%)/82 (50.60%) 78 (49.41%)/80 (50.62%) 0.000 0.998
Disease duration (months) 6.31+2.12 6.53+2.29 0.909 0.364

Previous treatment (Yes/No)
History of intestinal diseases (Yes/No)
Family history of rectal cancer (Yes/No)
Dietary habits

High fiber

Moderate fiber

Low fiber
Constipation (Yes/No)
Preoperative CEA (ng/mL)
Hypertension (Yes/No)
Diabetes mellitus (Yes/No)
BMI (kg/m?)

90 (55.61%)/72 (44.44%)
45 (27.81%)/117 (72.21%)
15 (9.33%)/147 (90.71%)

60 (37.02%)
70 (43.22%)
32 (19.81%)
25 (15.44%)/137 (84.56%)
4524211
48 (29.63%)/114 (70.37%)
22 (13.58%)/140 (86.42%)
24.22+3.11

85 (53.81%)/73 (46.21%) 0.100 0.752

40 (25.29%)/118 (74.73%) 0.248 0.618
10 (6.32%)/148 (93.71%) 0.954 0.329

0.607 0.738

55 (34.83%) 0.509  0.475

75 (47.52%) 0.434  0.665

28 (17.71%) 0.051 0.821

20 (12.69%)/138 (87.33%)  0.060  0.807
4.63+2.19 0.556  0.579

45 (28.48%)/113 (71.52%) 0.035 0.851
20 (12.66%)/138 (87.34%) 0.355 0.723
24.02+3.31 0.159 0.690

BMI: Body Mass Index; CEA: Carcinoembryonic Antigen.
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Figure 2. Comparison of surgical outcomes between two groups. ns: no sta-

tistically significant difference; ***: P < 0.001.

were systematically recorded at 1, 3, and 5
years post-surgery. At each follow-up, survival
status and cause of death (tumor-related or
unrelated) were documented. This longitudinal
follow-up enabled comprehensive evaluation
of oncologic control and patient-centered out-
comes between the NOSES and TLS groups.

Statistical methods

Data analysis was performed using SPSS
version 29.0 (SPSS Inc., Chicago, IL, USA).
Continuous variables were expressed as mean
+ standard deviation (X £ sd) and compared
using the independent samples t-test. Cate-
gorical variables were presented as frequen-
cies and percentages [n (%)] and analyzed
using the chi-square (x?) test. Multivariate anal-
ysis was conducted using logistic regression to
assess the independent impact of surgical
approach on key outcomes. A P-value < 0.05
was considered statistically significant.

Results
Comparison of general information

No statistically significant differences were
observed between the groups in terms of gen-
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= NOSES Group(n=162)

3= TLS Group(n=158)

der, age, ethnicity, education
level, occupation, residence,
smoking and alcohol history,
tumor stage, tumor distance
from the anal verge, tumor
location, disease duration, pri-
or treatments, history of intes-
tinal disease, family history of
rectal cancer, dietary habits,
history of constipation, preop-
erative CEA levels, hyperten-
sion, diabetes mellitus, or body
mass index (all P > 0.05).
Overall, the baseline character-
istics between the two groups
were well balanced (Table 1).

Comparison of surgical out-
comes

The NOSES group had a signi-
ficantly shorter operative time
compared to the TLS group
(P < 0.001) (Figure 2). In-
traoperative blood loss and
drain tube duration were also significantly low-
er in the NOSES group (both P < 0.001). There
was no significant difference in the number
of dissected lymph nodes between the two
groups (P = 0.075).

Comparison of postoperative recovery

Patients in the NOSES group demonstrated
faster postoperative recovery. Time to anal
venting, return of bowel sounds, and restora-
tion of gastrointestinal motility were all signifi-
cantly shorter in the NOSES group (all P <
0.001; Table 2). The postoperative compli-
cation rate was also significantly lower in the
NOSES group (P = 0.023), as was the length of
hospital stay (P < 0.001).

Comparison of postoperative pain

VAS scores 24 hours post-surgery were signifi-
cantly lower in the NOSES group compared to
the TLS group (P < 0.001) (Figure 3). However,
no significant difference was observed in the
duration of analgesic pump use between the
two groups (P = 0.160). Thus, while analgesic
needs were similar, patients undergoing NOSES
reported significantly less pain.

Am J Cancer Res 2025;15(7):3286-3298
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Table 2. Comparison of postoperative recovery between two groups

Parameters NOSES Group (n = 162) TLS Group (n = 158) t/x? P
Time to anal venting (h) 24.14+6.23 36.09+8.15 14.716 <0.001
Time to bowel sound recovery (h) 17.87+4.79 23.94+5.76 10.229 < 0.001
Time to gastrointestinal motility recovery (h) 36.20+£8.15 48.24+10.12 11.709 <0.001
Complication rate [n (%)] 8 (4.94%) 19 (12.02%) 5.200 0.023
Postoperative hospital stay (d) 7.00£2.00 9.00+3.00 6.965 <0.001

Postoperative Pain Status

%k %k %k
57 1

o | &

NOSES Group(n=162)
ns =3 TLS Group(n=158)

Comparison of oncological
outcomes

At 1 year, no significant differ-
ences were observed in DFS,
0S, local recurrence, or dis-
tant metastasis rates between
groups. However, the NOSES
group reported significantly
higher quality of life scores
(P = 0.007) (Table 4). By 3
years, the NOSES group ex-
hibited significantly improved
DFS (P = 0.027), OS (P =
0.021), and quality of life (P <
0.001). These advantages re-
mained evident at 5 years,
with better DFS (P =0.014), 0S
(P = 0.009), quality of life (P <
0.001), and a lower distant
metastasis rate (P = 0.034).

Multivariate regression analy-

Figure 3. Comparison of postoperative pain status between two groups. ns: Sis

no statistically significant difference; ***: P < 0.001.

Comparison of postoperative complications

At 1-year follow-up, the NOSES group had a
significantly lower overall complication rate
compared to TLS (P < 0.001), with specific
reductions in intra-abdominal infection (P =
0.022) and intestinal obstruction (P = 0.029)
(Table 3). These differences persisted at 3
years (P < 0.001), with continued reductions
in intra-abdominal infection (P = 0.029) and
intestinal obstruction (P = 0.029). At 5 years,
the NOSES group maintained a significantly
lower complication rate (P < 0.001), including
fewer cases of anastomotic leakage (P =
0.036), pulmonary infection (P = 0.041), uri-
nary retention (P = 0.031), intra-abdominal
infection (P = 0.029), and intestinal obstruc-
tion (P = 0.041).
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Multivariate logistic regression

revealed that surgical approa-
ch significantly influenced long-term outcomes
(Table 5). NOSES was independently associat-
ed with higher quality of life scores at 1 year
(OR=1.45,P =0.008), 3years (OR=1.38,P =
0.022), and 5 years (OR = 1.32, P = 0.045). It
also correlated with improved DFS at 3 years
(OR =1.67, P < 0.001) and 5 years (OR = 1.70,
P <0.001), and better OS at 3 years (OR = 1.55,
P =0.009) and 5 years (OR = 1.60, P = 0.005).
Moreover, NOSES was associated with a re-
duced risk of distant metastasis over 5 years
(OR=0.72, P =0.024).

Nomogram development and validation
A prognostic nomogram was developed to visu-

ally compare long-term oncological outcomes
between NOSES and TLS (Figure 4). The model
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Table 3. Comparison of postoperative complications between two groups

Parameters NOSES Group (n = 162) TLS Group (n = 158) X2 P
One Year Anastomotic leak [n (%)] 8 (4.94%) 13 (8.23%) 1.412  0.235
Pulmonary infection [n (%)] 6 (3.70%) 10 (6.33%) 1161 0.281
Urinary retention [n (%)] 7 (4.32%) 12 (7.59%) 1.535 0.215
Intra-abdominal infection [n (%)] 4 (2.47%) 13 (8.23%) 5.273 0.022
Intestinal obstruction [n (%)] 5 (3.09%) 14 (8.86%) 4775 0.029
Total [n (%)] 30 (18.70%) 62 (39.24%) 16.767 < 0.001
Three Year Anastomotic leak [n (%)] 10 (6.17%) 15 (9.49%) 1.225 0.268
Pulmonary infection [n (%)] 7 (4.32%) 12 (7.59%) 1.535 0.215
Urinary retention [n (%)] 9 (5.56%) 14 (8.86%) 1.310 0.252
Intra-abdominal infection [n (%)] 5 (3.09%) 14 (8.86%) 4775  0.029
Intestinal obstruction [n (%)] 7 (4.32%) 17 (10.76%) 4,780 0.029
Total [n (%)] 38 (23.46%) 72 (45.57%) 17.338 < 0.001
Five Year  Anastomotic leak [n (%)] 11 (6.79%) 22 (13.92%) 4.401 0.036
Pulmonary infection [n (%)] 9 (5.56%) 19 (12.03%) 4193 0.041
Urinary retention [n (%)] 10 (6.17%) 21 (13.29%) 4632 0.031
Intra-abdominal infection [n (%)] 7 (4.32%) 17 (10.76%) 4780 0.029
Intestinal obstruction [n (%)] 9 (5.56%) 19 (12.03%) 4,193 0.041
Total [n (%)] 46 (28.40%) 98 (62.03%) 36.552 < 0.001
Table 4. Comparison of oncological outcomes between two groups
Parameters NOSES Group (n = 162) TLS Group (n = 158)  t/x? P
One Year  DFS[n (%)] 146 (90.12%) 134 (84.81%) 2.065 0.151
0S [n (%)] 154 (95.06%) 142 (89.87%) 3.104 0.078
Local Recurrence Rate [n (%)] 8 (4.94%) 13 (8.23%) 1412 0.235
Distant Metastasis Rate [n (%)] 10 (6.17%) 16 (10.13%) 1.675 0.196
Quiality of Life Score Results 88.12+8.34 85.23+10.45 2.731 0.007
Three Year DFS [n (%)] 122 (75.31%) 101 (63.92%) 4908 0.027
0S [n (%)] 130 (80.25%) 109 (68.99%) 5.364 0.021
Local Recurrence Rate [n (%)] 16 (9.88%) 24 (15.19%) 2.065 0.151
Distant Metastasis Rate [n (%)] 19 (11.73%) 28 (17.72%) 2.293 0.13
Quality of Life Score Results 85.15+10.33 79.24+12.41 4.620 <0.001
Five Year  DFS [n (%)] 97 (59.88%) 73 (46.20%) 6.006 0.014
0S [n (%)] 113 (70.34%) 88 (55.70%) 6.766  0.009
Local Recurrence Rate [n (%)] 24 (15.12%) 32 (20.25%) 1.639 0.201
Distant Metastasis Rate [n (%)] 29 (17.90%) 44 (27.85%) 4494  0.034
Quality of Life Score Results 80.17+12.30 72.20+£15.43 5.098 < 0.001
DFS: Disease-Free Survival; OS: Overall Survival.
highlights the superior prognosis associated Discussion

with NOSES. Calibration curves demonstrated
high predictive accuracy, with strong concor-
dance between predicted probabilities and
actual outcomes at multiple time points. These
findings underscore the clinical utility of the
nomogram and reinforce the advantages of
NOSES in managing stage II-1ll rectal cancer.
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One of the most notable findings of this study
was the superior intraoperative performance
of NOSES. Compared with TLS, NOSES result-
ed in significantly shorter operative times and
less intraoperative blood loss. This advantage
is likely attributable to the minimally invasive
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Table 5. Multivariate regression analysis of treatment regimens and therapeutic efficacy

Influencing factors

OR (95% Cl) P

Treatment regimen (NOSES/TLS
Treatment regimen (NOSES/TLS
Treatment regimen (NOSES/TLS
Treatment regimen (NOSES/TLS

(

(

(

(

) -
) - DFS at 3 years (%)
) -
) -
Treatment regimen (NOSES/TLS) - DFS at 5 years (%)
) -
) -
) -

OS at 3 years (%)

Treatment regimen (NOSES/TLS) - OS at 5 years (%)
Treatment regimen (NOSES/TLS
Treatment regimen (NOSES/TLS

Quality of Life Score Results at 1 year (%)

Distant Metastasis Rate at 5 years (%)

( )
( )
( )
Quality of Life Score Results at 3 years (%) 1.38 (1.05-1.82) 0.022
( )
( )
( )
Quality of Life Score Results at 5 years (%) ( )

1.45 (1.10-1.89 0.008
1.67 (1.23-2.27 <0.001
1.55(1.12-2.16 0.009

1.70 (1.24-2.33
1.60 (1.16-2.21
0.72 (0.54-0.96
1.32 (1.01-1.73

<0.001
0.005
0.024
0.045

OR: Odds Ratio.

nature of NOSES, which eliminates the need
for abdominal incisions to extract specimens
[16]. By avoiding large wounds, NOSES reduces
tissue trauma, thereby enhancing procedural
efficiency [17]. These benefits are consistent
with outcomes in other surgical specialties,
where minimally invasive techniques are asso-
ciated with improved recovery and reduced
operative burden [18].

In terms of postoperative recovery, the NOSES
group demonstrated clear advantages. Patients
experienced earlier return of bowel function,
including quicker passage of flatus and recov-
ery of bowel sounds [19]. These indicators sug-
gest that NOSES imposes less physiological
stress than TLS, facilitating faster resumption
of normal gastrointestinal function [20]. The
reduced trauma associated with NOSES likely
contributes to decreased inflammation and
pain, resulting in shorter recovery times and
quicker return to daily activities [21].

Postoperative pain assessment also favored
the NOSES group. Patients reported signifi-
cantly lower VAS scores, indicating milder pain
experiences. This may be due to the avoidance
of large abdominal incisions, which typically
involve greater disruption of nerves and muscu-
lature [22]. Additionally, the less visible surgical
trauma and absence of an external scar may
contribute to psychological benefits, enhancing
patient satisfaction and reducing perceived
discomfort [23-25].

The incidence of postoperative complications
was significantly lower in the NOSES group. This
could be attributed to the reduced surgical
trauma and preservation of anatomical struc-
tures. Traditional laparoscopic techniques may
increase the risk of infection, wound dehis-
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cence, or incisional hernia due to the required
abdominal incisions [26]. By maintaining the
integrity of the abdominal wall, NOSES reduces
opportunities for pathogen entry and tissue dis-
ruption, contributing to a more favorable com-
plication profile [27].

Long-term outcomes further support the bene-
fits of NOSES. Patients in the NOSES group
exhibited better DFS and OS, along with a low-
er rate of distant metastasis. These findings
may reflect improved oncologic resection qua-
lity and more precise lymphadenectomy en-
abled by better intraoperative visualization.
Additionally, the less invasive nature of NOSES
may reduce systemic inflammatory responses,
potentially preserving immune function and
decreasing the likelihood of residual tumor cell
dissemination [28].

Quality of life scores were consistently higher in
the NOSES group across all follow-up intervals.
This may be a consequence of reduced compli-
cations, less pain, and faster physical and emo-
tional recovery. Prior studies have shown that
less invasive procedures are strongly associat-
ed with improved quality of life outcomes [29].
The ability to return to normal activities with-
out prolonged convalescence has meaningful
impacts on both psychological well-being and
social functioning [30, 31].

Multivariate regression analysis reinforced
these findings, confirming NOSES as an inde-
pendent predictor of improved long-term out-
comes, including DFS, OS, and quality of life.
These consistent benefits across multiple end-
points suggest that NOSES is a more effective
and patient-friendly surgical strategy for stage
lI-1ll rectal cancer.

Am J Cancer Res 2025;15(7):3286-3298
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3295 Am J Cancer Res 2025;15(7):3286-3298



NOSES vs. TLS in rectal cancer: superior long-term outcomes

Furthermore, NOSES aligns with the principles
of patient-centered care in modern surgical
oncology. Its emphasis on minimal invasive-
ness, functional preservation, and optimized
recovery trajectories addresses not only clini-
cal efficacy but also the holistic experience of
the patient. The potential of NOSES to reduce
hospital stay, healthcare costs, and resource
utilization while improving outcomes under-
scores its clinical value [32].

In conclusion, this study highlights the superi-
ority of NOSES over TLS in several key domains
for the treatment of stage II-lll rectal cancer.
Although both approaches offer comparable
long-term survival, NOSES confers additional
advantages in terms of operative efficiency,
reduced postoperative complications, acceler-
ated recovery, and enhanced quality of life.
These findings support the continued integra-
tion of NOSES into clinical practice and its
inclusion in future treatment guidelines.

However, this study has limitations. Its retro-
spective design may introduce inherent biases,
including selection and information bias, which
could affect the generalizability of the results.
The relatively small sample size and single-cen-
ter scope limit the applicability of the findings
to broader populations. Additionally, the lack
of randomization and potential confounders -
such as variability in surgeon expertise and
perioperative protocols - may influence the
observed outcomes. Although the follow-up
period was adequate for assessing primary
endpoints, it may not fully capture long-term
survival effects or late-onset complications.

Future research should include large-scale,
multicenter, prospective randomized controlled
trials to validate these findings and provide
stronger evidence for the adoption of NOSES in
routine surgical management of rectal cancer.
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