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Abstract

Background Gastrointestinal neuroendocrine tumors (GI-NETs) are slow-growing tumors with the potential

for malignancy that originate from neuroendocrine cells. Therefore, early diagnosis and treatment of GI-NETs

are necessary to prevent metastasis. The widespread use of colonoscopy, which allows early detection of rectal
neuroendocrine tumors (rNETs) that are small enough to be treated endoscopically, has resulted in an increasing rate
of endoscopic resection of rNETs. However, whether the long-term prognosis of endoscopically resected rNETSs is
favorable has not yet been determined. This study aimed to assess whether endoscopically resected rNETs affect the
long-term prognosis of patients.

Methods We retrospectively reviewed the medical records of 163 consecutive patients with rNETs who underwent
endoscopic resection at 11 hospitals in Japan between 1999 and 2012. The primary analysis focused on 47 patients

with 51 rNETs who underwent > 10 years of follow-up. The secondary analysis focused on patients who underwent

less than 10 years of follow-up.

Results The median follow-up period of patients included in the primary analysis was 12.3 years (range, 10-19.1
years). The median lesion size was 5 mm (range, 2—-12). Three lesions were treated using conventional endoscopic
mucosal resection (EMR). Twenty-nine lesions were treated using modified EMR. Nineteen lesions were treated using
endoscopic submucosal dissection. The R1 resection rate and lymphovascular invasion rate were 15.7% and 25.5%,
respectively. The curative resection (CR) rate and non-CR rate were 66.7% and 33.3%, respectively. Two patients with
lesions treated with non-CR underwent radical surgery. None of the 47 patients experienced lesion recurrence during
the 10-year follow-up period. Two patients whose lesions were treated with CR died of other diseases.

Conclusions Death attributable to rNETs did not occur among patients who underwent at least 10 years of follow-up
after endoscopic resection.
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Background

Gastrointestinal neuroendocrine tumors (GI-NETs),
which originate from neuroendocrine cells in the deep
mucosal layer and were referred to as benign carcinoid
tumors [1], are now classified as neuroendocrine neo-
plasms with metastatic potential [2—4]. Consequently,
GI-NETs detected by endoscopic and imaging modali-
ties generally require treatment. GI-NETs are mainly
observed in the small intestine and rectum; however, they
are also observed in the colon, stomach, and appendix
[5]. The most common sites of GI-NETs in Caucasian and
Asian patients are the midgut and rectum, respectively
[6-8]. Rectal neuroendocrine tumors (rNETs) comprise
60-89% of GI-NETs in Japanese patients [9]. Because
of the recent widespread use of screening endoscopy,
the rNET detection rate has increased [10]. rNETs dif-
fer from other GI-NETs such as midgut NETs because
of their slower development. Additionally, because
lesions are often found in the anal region, surgery may
require a stoma, thus potentially influencing treatment.
Endoscopic resection is the first choice of treatment for
patients with rNETs smaller than 10 mm [11]. However,
risk factors for rNET metastasis, including tumor size,
tumor grade, muscle invasion, positive resection mar-
gins, and lymphovascular invasion (LVI), should be con-
sidered [12-16].

According to the guidelines in Japan, indications for the
endoscopic treatment of rNETs include grade 1 lesions,
lesions smaller than 10 mm, and lesions located in the
submucosal layer [12]. Because of the risk of metastasis,
the criteria in Japan for endoscopic treatment, especially
lesion size, are quite strict compared with those in Europe
and the United States [17, 18]. However, recent studies
have proposed a 15-mm threshold as a critical predictor
of metastasis of intermediate tumors (10-19 mm), par-
ticularly in Western countries, where endoscopic resec-
tion is often recommended for lesions up to 20 mm [19,
20]. In contrast, the guidelines in Japan propose a stricter
size criterion of <10 mm to prioritize patient safety.
Importantly, even for tumors<1l0 mm, the accurate
assessment of risk factors such as LVI and resection mar-
gins, which are critical to determining the risk of recur-
rence, is challenging. Therefore, thorough evaluation and
refinement of management strategies for tumors <10 mm
are essential before the adoption of broader criteria, such
as the 15-mm threshold proposed by recent studies, can
be considered.

One concern associated with the criteria in Japan
is the potential positivity of resection margins during
endoscopic treatment that can be attributed to the pre-
dominant development of rNETs within the submuco-
sal layer. Another concern is the possibility of LVI rates
associated with additional monoclonal antibody D2-40
and Elastica van Gieson (EVG) staining that are higher
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than that associated with hematoxylin—eosin (HE) stain-
ing. The positivity rate of LVI observed with HE stain-
ing for rINETs<10 mm ranges from 0 to 8.1%; however,
that observed with immunohistochemical analyses for
rNETs<13 mm ranges from 22.4 to 46.7% [21-24]. In
Japan, the indications for endoscopic resection of rNETs
are based on the histological findings of HE staining;
however, the effects of D2-40 and EVG staining on their
diagnosis are unclear.

Endoscopically resected rNETs in patients with the
aforementioned risk factors generally require radical sur-
gery, and such patients often undergo follow-up without
further intervention to avoid unnecessary extensive pro-
cedures because of their small size and proximity to the
anal region. However, the optimal duration of follow-up
not only for lesions with positive risk factors but also
for those deemed suitable for endoscopic resection is
unclear. In Japan, the duration of follow-up varies across
institutions, and some patients do not undergo follow-up
after treatment. Because few reports of long-term follow-
up periods have been published, whether the long-term
prognosis of patients with endoscopically resected rNETSs
is affected by conventional risk factors or the absence of
these factors is unclear. Therefore, it is necessary to deter-
mine whether endoscopically resected rNETs affect the
long-term prognosis. Because rNETs develop slowly, an
assessment of the long-term prognosis for more than 5
years is crucial. Consequently, this study aimed to exam-
ine the prognosis of patients with rNETs who were fol-
lowed-up for at least 10 years after endoscopic resection.

Materials and methods

Study design and ethics

We retrospectively reviewed the medical records of 163
consecutive patients with rNETs who underwent endo-
scopic resection between March 1999 and December
2012 at the Department of Medicine and Bioregulatory
Science of Kyushu University, Aso lizuka Hospital, Kita-
kyushu Municipal Medical Center, National Hospital
Organization Kyushu Medical Centre, Saiseikai Fukuoka
General Hospital, Hara Sanshin Hospital, Kyushu Rosai
Hospital, National Hospital Organization Fukuoka-
higashi Medical Centre, National Hospital Organization
Beppu Medical Center, Social Insurance Nakabaru Hos-
pital, or Fukuoka City Hospital. The primary analysis
focused on patients who underwent follow-up for at least
10 years. To provide additional insights, the secondary
analysis focused on patients who underwent follow-up
for less than 10 years. The study protocol was approved
by the Ethics Committee of Kyushu University (approval
no. 2020-722; approval date: April 3, 2021). Addition-
ally, the ethics committee of each participating hospital
approved the study protocol. This study was conducted
in accordance with the Declaration of Helsinki. Because
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of the retrospective nature of this study, it was difficult to
obtain individual consent; therefore, information about
this study was made public on the website.

Patients

Patients who met the following inclusion criteria were
enrolled in the study: rNETs were resected via an endo-
scopic procedure in accordance with the indications for
endoscopic resection and tumors were pathologically
evaluated. Of the total cohort of 163 patients, 47 patients
with 51 rNETs were included in the primary analysis and
116 patients with 127 rNETs were included in the sec-
ondary analysis. Radical surgery was recommended for
all patients whose endoscopic specimens exhibited risk
factors for metastasis. The final treatment decision was
determined based on the patients’ wishes.

Endoscopic procedures

Endoscopic procedures for rNETs were classified as
conventional endoscopic mucosal resection (cEMR),
modified EMR (mEMR), and endoscopic submucosal dis-
section (ESD). cEMR was defined as EMR with hot snare
resection after submucosal injection, and mEMR was
defined as either ligation-assisted EMR or cap-assisted
EMR.

Pathological diagnosis

All specimens were evaluated histologically at each hos-
pital to determine the tumor size, tumor grade, invasion
depth, margin status, LVI, synaptophysin level, chromo-
granin A level, necrosis, and neural invasion. The speci-
mens were re-evaluated histologically at the Department
of Anatomic Pathology, Kyushu University. D2-40 and
EVG staining were performed retrospectively as part of
this study to evaluate LVI. However, these staining results
were not available at the time of treatment; therefore,
they did not influence the clinical decisions regarding
additional surgery or follow-up strategies. All data were
analyzed using the 2019 World Health Organization clas-
sification [25].

We also evaluated the various resection rates. En bloc
resection was defined as resection of the lesion in one
piece. RO resection was defined as en bloc resection with
negative margins. R1 resection was defined as resec-
tion with positive margins. Curative resection (CR) was
defined as resection of a grade 1 tumor with negative LVI
and negative margins.

Follow-up

Basic follow-up after endoscopic resection included colo-
noscopy to allow surveillance of local recurrence and
either chest and abdominal computed tomography (CT)
or chest radiography and abdominal ultrasonography
to allow surveillance of local recurrence and metastatic
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recurrence. The follow-up period and surveillance fre-
quency were based on the recommendations of the
attending physicians. Imaging frequency during follow-
up was not standardized across institutions; instead, it
was performed according to the discretion of the attend-
ing physicians and based on the patient’s clinical condi-
tion and institutional protocol.

Outcome measurements

The primary endpoint of this study was overall survival
(OS). The date of survival confirmation was the date of
death or last evaluation, which was confirmed in the
medical records and was not limited to an evaluation
performed in the gastroenterology department.

Statistical analysis

Categorical variables (expressed as numbers and per-
centages) were compared using the chi-square test or
Fisher’s exact test as appropriate. Continuous variables
(expressed as medians and ranges) were analyzed using
the Mann—-Whitney U test. The Kruskal-Wallis test
was performed to compare the continuous variables of
the three treatment groups. The OS rate was calculated
using the Kaplan—-Meier method. P<0.05 was considered
statistically significant. All statistical analyses were per-
formed using JMP Pro version 16 (SAS Institute, Cary,
NC, USA).

Results

Clinical and pathological characteristics of the patients and
lesions followed-up for at least 10 years after endoscopic
resection

A total of 47 patients (26 men, 21 women) with 51
rNETs were included in the primary analysis (Fig. 1).
The clinical and pathological characteristics of the
patients are summarized in Table 1. The median
patient age was 57.0 years (range, 24-77 years). The
occurrence rate of single lesions was 93.6%, and that
of two lesions was 6.4%. Two lesions (6.4%) exhib-
ited central depression. The median tumor diameter
was 5 mm (range, 2—12 mm); only three lesions had a
diameter >10 mm. Three (5.9%) lesions were treated
using cEMR, 29 (56.9%) lesions were treated using
mEMR, and 19 (37.2%) lesions were treated using ESD.
All lesions were classified as grade 1 and located in the
submucosal layer. The en bloc resection rate was 100%.
The RO and R1 resection rates were 84.3% and 15.7%,
respectively. During HE staining, no lesions exhibited
lymphatic invasion (0%), whereas four lesions dis-
played venous invasion (8%). However, the addition
of immunohistochemical staining revealed three (6%)
lesions that exhibited lymphatic invasion, 11 (21.6%)
lesions that exhibited venous invasion, and 13 (25.5%)
lesions that exhibited LVI. The CR and non-CR rates
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From 1999-2012
» | Excluded: less than 10 years of follow-up
116 patients with 127 rNETs
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Included: Follow-up more than 10 years
47 patients with 51 rNETs
| cEMR : 3lesions (5.9%) | | mEMR : 29 lesions (56.9%) | | ESD: 19 lesions (37.2%) |
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‘ Additional surgery: 0 |

| Additional surgery: 1 ‘

| Additional surgery: 1 ‘

Fig. 1 Study flow chart. An illustration of the study flow chart of patients with rNETs in this study. cEMR, conventional endoscopic mucosal resection;
CR, curative resection; ER, endoscopic resection; ESD, endoscopic submucosal dissection; mEMR, modified endoscopic mucosal resection; rNET, rectal

neuroendocrine tumor

were 66.7% and 33.3%, respectively. Forty-one (80.4%)
lesions had positive chromogranin results, and 48
(94%) lesions had positive synaptophysin results. One
(2%) lesion exhibited necrosis and one (2%) lesion
exhibited neural invasion.

Comparison of the clinical and pathological characteristics
of the three treatment groups included in the primary
analysis

The endoscopic treatment outcomes are summarized
in Table 2. The tumor size and margin status were sig-
nificantly different among the three groups. The en
bloc resection rate for all three groups was 100%. The
RO resection rates were 0% (3/3) for the cEMR group,
86.2% (25/29) for the mEMR group, and 94.4% (18/19)
for the ESD group. LVI was detected in two (66.7%)
cEMR specimens, six (20.7%) mEMR specimens, and
five (26.3%) ESD specimens. The CR rates were 0%
(3/3) for the cEMR group, 75.9% (22/29) for the mEMR
group, and 68.4% (13/19) for the ESD group. One
patient in the mEMR group and one patient in the ESD
group with lesions treated with non-CR underwent
radical surgery. Among the two patients who under-
went additional surgical resection, one had venous
invasion detected with HE staining and one had posi-
tive resection margins. These findings were considered
risk factors for disease recurrence; therefore, addi-
tional surgery was recommended. Procedure-related
complications occurred in one patient who underwent
ESD and experienced delayed bleeding.

Long-term clinical outcomes of patients included in the
primary analysis

Death attributable to rNETs did not occur during the fol-
low-up period. Two patients died of other diseases. The
median follow-up period of 47 patients with 51 lesions
was 12.3 years (range, 10-19.1 years). The Kaplan—Meier
OS curve during the follow-up period after endoscopic
resection is shown in Fig. 2. Data observed during the
follow-up period are presented in Table 3. Forty (78.4%)
lesions were followed-up for 10—15 years, and 11 (21.6%)
lesions were followed-up for more than 15 years. Recur-
rence and metastasis did not develop during the fol-
low-up period; however, imaging evaluations were not
performed for some patients. The median follow-up
period after endoscopic treatment of 51 lesions was 9
years (range, 0—16 years). Endoscopic follow-up was per-
formed for 5 years for 33 (64.7%) lesions and for 10 years
for 22 (43.1%) lesions. The median follow-up period of 51
lesions observed using imaging modalities such as endos-
copy, abdominal CT, chest radiography, and abdomi-
nal ultrasonography was 10 years (range, 0—18 years).
Forty-two (82.4%) and 29 (56.9%) lesions were followed-
up for 5 years and 10 years, respectively, using imaging
modalities.

Outcomes of rNETs followed-up for less than 10 years
included in the secondary analysis

To further evaluate the outcomes of endoscopically
resected rNETs, we conducted a secondary analysis
that included patients who underwent follow-up for
less than 10 years. Initially, 116 patients with 127 rNETs
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Table 1 Clinical and pathological characteristics of 47 patients
with 51 rNETs

Page 5 of 9

Table 2 Comparison of clinical and pathological outcomes of
the three treatment groups

Characteristics

Age, years, median (range) 57 (24-77)
Sex, male/female 26/21
Single tumor, n (%) 44 (86.2%)
Multiple tumors, n (%) 7 (13.7%)
Tumor size, mm, median (range) 52-12)
Tumor size (%)

<10 mm, n (%) 48 (94.1%)

>10 mm, n (%) 3 (5.9%)
Central depression of the tumor 2 (3.9%)
Type of endoscopic resection

cEMR 3(5.9%)

mEMR 29 (56.9%)

ESD 19 (37.2%)
Margin status

RO, n (%) 43 (84.3%)

R1,n (%) 8 (15.7%)
Endoscopic curability

CR, n (%) 34 (66.7%)

Non-CR, n (%) 17 (33.3%)
Tumor depth, submucosa, n (%) 51 (100%)
NET G1 51 (100%)
Ki-67 labeling index (%)

Mean+SD 044+047

Range 0-1.7
Mitotic counts (per 10 HPF)

Mean+SD 0

Range 0
Lymphatic invasion, n (%)

Negative 48 (94%)

Positive 3 (6%)
Venous invasion, n (%)

Negative 40 (78.4%)

Positive 11 (21.6%)
Lymphovascular invasion, n (%)

Negative 38 (74.5%)

Positive 13 (25.5%)
Chromogranin, n (%)

Negative 10 (19.6%)

Positive 41 (80.4%)
Synaptophysin, n (%)

Negative 3 (6%)

Positive 48 (94%)
Necrosis, n (%)

Negative 50 (98%)

Positive 1 (2%)
Neural invasion (%)

Negative 50 (98%)

Positive 1 (2%)

cEMR, conventional endoscopic mucosal resection; CR, curative resection; ESD,
endoscopic submucosal dissection; HPF, high-power field; LVI, lymphovascular
invasion; mEMR, modified endoscopic mucosal resection; NA, not available;
rNET, rectal neuroendocrine tumor; SD, standard deviation

Characteristics cEMR, mEMR, ESD,n=19 P

n=3 n=29 value

Tumor size (%) 0.08
<10 mm, n (%) 3(100%) 29 (100%) 16 (84.2%)
>10 mm, n (%) 0 0 3(15.8%)

Lesions 0.17
Single tumor, n (%) 2(66.7%) 27(93.1%) 15 (79%)

Multiple tumors, n (%) 1(33.3%) 2 (6.9%) 4 (21%)

En bloc resection, n (%) 3(100%) 29(100%) 19 (100%) 1

Margin status 0.002
RO, n (%) 0 25 (86.2%) 18 (94.7%)

R1,n (%) 3(100%) 4 (13.8%) 1 (5.3%)

LVI, n (%) 0.2
Negative 1(33.3%) 23(79.3%) 14 (73.7%)
Positive 2(66.7%) 6 (20.7%) 5(26.3%)

Endoscopic curability 0.04
CR, n (%) 0 22 (75.9%) 13 (68.4%)
Non-CR, n (%) 3(100%) 7 (24.1%) 6 (31.6%)

Complications 0 0 1 (5.6%) 043

Additional surgery,n (%) 0 1 (3.5%) 1(5.3%) 1

cEMR, conventional endoscopic mucosal resection; CR, curative resection;
ESD, endoscopic submucosal dissection; LVI, lymphovascular invasion; mEMR,
modified endoscopic mucosal resection; NA, not available; RO, en bloc resection
with negative margins; R1, resection with positive margins

were identified; however, two patients (2 lesions) were
excluded because of missing data. Therefore, a total of
114 patients with 125 rNETs were included in the analy-
sis (Supplemental Fig. 1).

The clinical and pathological characteristics of these
patients are summarized in Supplemental Table 1.
The median age of the patients was 55 years (range,
24-80 years). This cohort included slightly more men
than women. The median tumor size was 5 mm (range,
2-12 mm), and all lesions were classified as grade 1 and
located in the submucosal layer. LVI was observed with
13 lesions (10.4%), and the overall RO resection rate was
84.8%.

Treatment outcomes differed among the three resec-
tion methods (Supplemental Table 2). A total of eight
(6.4%) lesions were treated with cEMR, 80 (64%)
lesions were treated with mEMR, and 37 (29.6%)
lesions were treated with ESD. The CR rates were
37.5% for cEMR, 70% for mEMR, and 67.6% for ESD.
Additional surgery was required for three cases treated
with cEMR and two cases treated with ESD. Further
interventions were not necessary for cases treated with
mEMR.

During the short-term to mid-term follow-up period
(median follow-up, 6.7 years; range, 1-9.9 years), disease-
related deaths did not occur and recurrence and metasta-
sis were not observed. These findings highlight the safety
and efficacy of endoscopic resection of small rNETs,
even during a shorter follow-up period. In particular,
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Fig. 2 Kaplan—-Meier curve. Overall survival of patients who underwent follow-up after endoscopic resection

Table 3 Characteristics of 51 lesions during follow-up

Characteristics Lesions
Follow-up period, years, median (range) 123
(10-19.1)
10-15 years of follow-up, n (%) 40 (78.4%)
> 15 years of follow-up, n (%) 11 (21.6%)
Endoscopic follow-up period, years, median (range) 9(0-16)
Endoscopic follow-up for 5 years, n (%) 33 (64.7%)
Endoscopic follow-up for 10 years, n (%) 22 (43.1%)
Follow-up comprising imaging modalities, years, median 10 (0-18)
(range)
Follow-up comprising imaging modalities for 5 years, n (%) 42 (82.4%)
Follow-up comprising imaging modalities for 10 years, n 29 (56.9%)

(%)
Imaging modalities included endoscopy, abdominal computed tomography,
chest radiography, and abdominal ultrasonography

mEMR and ESD demonstrated favorable outcomes with
high CR rates and minimal need for additional surgical
interventions.

Discussion

A follow-up period of approximately 5 years after treat-
ment is the gold standard for rapidly growing epithe-
lial tumors; in contrast, rNETs, which are slow-growing
tumors, require a follow-up period of at least 10 years.
However, only a few studies have evaluated the long-term
prognosis of endoscopically resected rNETs for at least
10 years. During the current study, the 10-year survival
rate of endoscopically resected rNETs was favorable, and
additional surgery was not performed for patients with
risk factors for disease recurrence. This study provides
valuable insights regarding follow-up strategies for endo-
scopically resected rNETs.

Other indications for endoscopic resection are believed
to affect the prognosis of rNETs. Because endoscopic
resection was performed for lesions smaller 10 mm and
confined to the submucosal layer, our analysis mainly
focused on risk factors such as positive margins and LVL
During this analysis, 66.7% of the patients had no risk
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factors for metastasis and 33.3% had positive risk factors
for metastasis.

Endoscopic resection, which includes cEMR, mEMR,
and ESD, has a significant effect on the incidence of posi-
tive margins. Notably, the positive margin rate associated
with cEMR was higher than that associated with mEMR
and ESD [26-30]. Although the number of cases in this
study that underwent endoscopic resection was limited,
the positive margin rate associated with cEMR was 100%,
consistent with the findings of previous studies. In con-
trast, the short-term outcomes of mEMR and ESD were
promising because of the high RO resection rate. Addi-
tionally, complication rates of 0% and 5.6% were observed
with mEMR and ESD, respectively. At our institution,
mEMR and ESD are the established standard treatments
for patients with diagnosed or suspected rNETs. Conse-
quently, during the current study, cEMR was exclusively
performed for rNETs misdiagnosed as epithelial tumors.
Rossi et al. reported a 5.3% recurrence rate after endo-
scopic resection of rNETs <10 mm; this rate was primarily
attributable to local recurrence after incomplete resection,
particularly with cold snare polypectomy [31]. In contrast,
recurrence was not observed during the long-term follow-
up period of our study. The discrepancy in the recurrence
rates of our study and others is likely attributable to differ-
ences in endoscopic techniques. We predominantly used
advanced techniques such as mEMR and ESD, which result
in complete resection (R0) rates that are higher than those
of cold snare polypectomy. This highlights the importance
of selecting the appropriate resection technique to mini-
mize local recurrence. Because positive margins may lead
to local recurrence, follow-up endoscopy is necessary. Dur-
ing this study, follow-up endoscopy for R1 resection cases
was performed for a median of 6 years (range, 0—16 years).

LVI is a risk factor for lymph node metastasis [13, 14].
However, recent studies have found that using specific
immunohistochemical staining increases the detec-
tion rate of LVI compared with that of simple HE stain-
ing [32]. The significance of LVI (i.e., whether it is truly a
risk factor) identified using specific immunohistochemi-
cal staining has not yet been determined. All patients in
the present study underwent additional specific immu-
nohistochemical staining, resulting in an increased posi-
tive rate of lymphatic invasion (from 0 to 6%). Similarly,
the positive rate of vascular invasion increased from 8 to
22%. A treatment strategy for cases with positive D2-40/
EVG staining results despite negative HE staining results
has not been established. At our institution, radical sur-
gery is generally recommended for patients with posi-
tive D2-40/EVG staining results. However, in this study,
only two of 17 such patients underwent surgery. This may
have been attributable to the limited evidence of specific
immunohistochemical staining and concerns regarding
the invasiveness of radical surgical treatments.
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In this study, most patients with rNETs who underwent
endoscopic resection were followed-up even though the
pathological analysis revealed risk factors for recurrence.
These patients were observed for at least 10 years, but nei-
ther the absence nor the presence of risk factors affected
the prognosis. The rate of additional surgical resection in
our study was lower than that of previous studies, pos-
sibly because of patient-specific and treatment-specific
factors. At the time of this study, robotic-assisted surgery
was not widely available, and lesions near the anal region
were often associated with a significant risk of permanent
colostomy; therefore, physicians prioritized observation to
preserve the quality of life. Additionally, LVI was assessed
retrospectively; therefore, if LVI was not detected using
HE staining, then such cases may have been considered
low-risk, thus leading to the preference for observation
rather than surgery. These factors illustrate the real-world
complexities of clinical decision-making during follow-up.

The patients in this study were observed for at least 10
years, but neither the absence nor the presence of risk fac-
tors affected the prognosis. These findings have impor-
tant implications for the development of future treatment
strategies. For instance, follow-up may be acceptable for
older patients, such as those older than 70 years, with
underlying diseases because of the invasiveness of radi-
cal surgery and potential decrease in the quality of life
caused by colostomy [33, 34]. Currently, the C-NET study
in Japan is prospectively investigating the recurrence,
metastasis, and prognosis of rNETs, which were treated
not only with endoscopic resection but also with surgery
[35]. The primary aim of the current study was to evalu-
ate recurrence using colonoscopy and abdominal CT at
1, 5, and 10 years after treatment; however, the second-
ary aim was to evaluate long-term outcomes. The C-NET
study, which is ongoing, could provide insights regard-
ing the need for examinations and appropriate follow-up
durations. Although registration for the C-NET study has
been completed, the results are pending. Nevertheless, to
formulate strategies, data regarding the long-term prog-
nosis are crucial. The results of the current study can be
used to support clinical decision-making, especially for
lesions indicated for endoscopic resection, while awaiting
the results of the C-NET study. Furthermore, by compre-
hensively considering the results of both of these studies, a
more thorough understanding of the long-term prognosis
of patients with rNETSs could be achieved. Therefore, the
results of our retrospective study have significant value.

This study had some limitations. This was a retrospec-
tive study with a relatively small sample size, and some
enrolled patients did not undergo follow-up imaging. The
actual examination rates were 82.4% at 5 years and 56.9%
at 10 years (Table 1). The retrospective nature of this study
inherently limited control over the follow-up procedures
and introduced variability across institutions. Follow-up
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imaging and endoscopic surveillance were performed based
on the discretion of the attending physicians, thus leading
to differences in the frequency of observation and modali-
ties used. These factors may have influenced the consistency
of data collection and interpretation of outcomes. Despite
these limitations, the long-term follow-up data provide
valuable insights regarding the real-world clinical manage-
ment of rNETs. Many examinations conducted 10 years
after endoscopic resection were motivated by the evalua-
tion of other medical conditions. According to a consensus
in Western countries, follow-up may not be necessary for
cases indicated for endoscopic resection [35]. In the present
study, 10.6% (5/47) of the patients who had indications for
endoscopic resection did not undergo any imaging exami-
nations. We also acknowledge the potential for selection
bias in this study because our primary analysis included
only patients with a follow-up period >10 years. To address
this, we performed a secondary analysis of patients who
underwent follow-up for less than 10 years (114 patients
with 125 rNETs). Importantly, rNET-related death was not
observed during this shorter follow-up period. These results
are consistent with those of the long-term follow-up group,
thereby further supporting the favorable prognosis of endo-
scopically resected small rNETs across different follow-up
durations. This study reflects a real-world clinical scenario
in which some patients do not undergo frequent imaging
examinations. These findings suggest that even in actual
clinical settings in which comprehensive follow-up may be
challenging, valuable insights can be obtained.

Conclusion

In this study, none of the patients who were followed-up
for 210 years died as a result of rNETs. Follow-up may
be deemed acceptable for specific cases, such as those
involving older patients with underlying conditions.
These findings offer valuable perspectives regarding man-
agement strategies for rNETs after endoscopic treatment.
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