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Simple Summary: Local resection of colon cancer is gaining acceptance as standard treat-
ment for low-risk T1 colon cancer. Endoscopic submucosal dissection (ESD) and endoscopic
full-thickness resection (eFTR) have their limitations. Lesions with deep submucosal in-
vasion or size larger than 20 mm have a high risk of R1 resection with ESD and eFTR,
respectively. It has been shown that colonoscopy-assisted laparoscopic wedge resection
(CAL-WR) has no decrease in R0 resection rate in the case of deep submucosal invasion or
lesions larger than 30 mm. Therefore, it can possibly expand the options of local resection
for T1 CC and thus avoid unnecessary extensive surgery. However, there are currently
no studies that describe disease recurrence or overall survival after CAL-WR of CC. This
retrospective cohort study focuses on the oncologic results of CAL-WR of colon cancer and
can form a platform on which future prospective trials can be built.

Abstract: Local excision is gaining acceptance as standard treatment for T1 colon cancer
(CC); however, not all patients are eligible for endoscopic resection. Colonoscopy-assisted
laparoscopic wedge resection (CAL-WR) is a relatively new technique that could fill the
gap between endoscopic resection and major surgery. The aim of this study was to analyze
the oncological safety of CAL-WR for CC. Methods: A retrospective cohort study was
performed, including patients that underwent CAL-WR for CC. Exclusion criteria were
double tumors, <1 year follow-up, previous other colorectal malignancy, inflammatory
bowel disease or synchronous metastases. The primary outcome was disease recurrence and
the secondary outcome was overall survival. Results: Fifty-three patients were included; 35
patients were diagnosed with T1 CC. CAL-WR was radical (R0) for all T1 CC in 94.3% and
94.7% for tumors with deep submucosal invasion (sm2-3 Kikuchi). The mean follow-up
was 3.3 years (Q1: 2.0; Q3: 4.3) for disease recurrence and 4.2 years (Q1: 2.8; Q3: 5.2)
for overall survival. None of the patients with T1 CC had disease recurrence or died
due to their malignancy. There were 14 patients with a T2 and 4 patients with a T3 CC,
17/18 patients underwent completion surgery. Three patients with T2 and one with T3
CC developed a locoregional recurrence (peritoneal). One patient with T3 CC developed
lung metastases. Two patients with T3 and one with T2 CC died due to their malignancy.
Conclusions: This study suggests that CAL-WR is oncologically safe as treatment for T1
CC. The safety of incidental CAL-WR for >T1 CC, followed by completion surgery, remains
unclear. Prospective studies are needed to evaluate these results.
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1. Introduction
Due to the implementation of the population-based colorectal cancer (CRC) surveil-

lance program that started in 2014, the incidence of early-stage colon cancer (CC) is rising
in the Netherlands [1–3]. T1 CCs are usually resected using advanced local resection
techniques rather than conventional oncologic segmental bowel resection. If histological
examination shows no high-risk features for lymph node metastases after local resection,
the reported risk of recurrent disease is minimal (1%) compared to the overall complication
rate (surgical, cardiac, pulmonary, . . .) of 25% and mortality (1–2%) associated with segmen-
tal bowel resection [4–7]. Subsequently, most patients with low-risk T1 CC are considered
curatively treated with local excision alone.

For colonic lesions, three advanced local resection techniques are available. The choice
of technique depends on the tumor’s location, size and estimated depth of invasion into
the submucosa. Endoscopic submucosal dissection (ESD) can be employed for lesions in
both the rectum and colon. However, ESD is technically more challenging in the colon,
particularly on the right side, and carries a higher risk of perforation due to the thinner
colonic wall [8]. ESD should not be performed if there is a suspicion of deep submucosal
invasion, as it often results in an incomplete (R1) resection at the vertical margin [9]. Of
importance, the Dutch guidelines changed regarding depth of invasion as a high-risk
feature. Sm3 invasion depth (Kikuchi) [10] was considered to be a high-risk feature only
until 2022, when the meta-analysis by Zwager et al. proved that the risk of lymphovascular
invasion was only 2.6% when no other risk factor is present [11]. This expanded the range
of CCs that can be curatively treated with local resection. In the case of deep submucosal
invasion, a ‘full-thickness resection’ is recommended, which involves transmural resection
of all colonic layers. For lesions smaller than 15 mm, endoscopic full-thickness resection
(eFTR) using an over-the-scope device can be performed [12]. However, in larger lesions,
eFTR is associated with a substantial higher risk of R1/Rx resection (risk ratio 2.35 per
5 mm increase) and hence should be avoided [12]. Furthermore, there is an increased risk
of secondary appendicitis following eFTR when the lesion is situated near the appendiceal
orifice [13,14]. If the lesion is located near the appendiceal orifice, the lesion is larger than
15 mm or there is a suspicion of deep invasion, a colonoscopy-assisted laparoscopic wedge
resection (CAL-WR) is an alternative treatment modality.

During CAL-WR, the lesion is removed laparoscopically using a linear stapler, while
the gastroenterologist assists in localizing the lesion and ensuring luminal patency [15].
This combined endoscopic and laparoscopic procedure was initially introduced as a local
resection technique for endoscopically unresectable benign polyps. In a multi-center
prospective trial with 118 patients, CAL-WR achieved an R0 resection rate of 91%, 0%
leakage and stenosis <1%. Furthermore, there was no difference in R0 resection rate for
lesions that are larger than 30 mm, suggesting a clear advantage over eFTR [16]. A possible
risk of CAL-WR is the development of stenosis. Therefore, only tumors ≤50% of the
circumference are eligible for CAL-WR. In a small series of patients with T1 CC treated
with CAL-WR, equal R0 resection rates were reached (88.9%) [17]. Given these excellent
outcomes, its short-term and long-term outcomes for T1 CC are currently being investigated
prospectively in the LIMERIC-II trial [18].

Of all three aforementioned local resection techniques used in the colon, data regard-
ing long-term oncological outcome are scarce. In this study, we aimed to evaluate the
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oncological safety of CAL-WR, including rates of locoregional colon cancer recurrence,
distant metastases and overall survival among patients with CC following CAL-WR.

2. Materials and Methods
A retrospective cohort study was performed. All patients from the LIMERIC-study

with histologically confirmed CC were included; these patients were from 9 different
hospitals in the Netherlands [16]. Furthermore, all patients (not included in the LIMERIC-
study) with histologically confirmed CC who were primarily treated with CAL-WR between
2016 and 2023 in Isala Hospital Zwolle were included. Patients with double tumors,
other colorectal malignancy in the last 5 years, less than 1 year of follow-up, a history
of inflammatory bowel disease, or those diagnosed with synchronous distant metastases
(<3 months after diagnosis) were excluded.

The primary outcome of the study was disease recurrence (locoregional or distant
metastases). Locoregional recurrence was defined as recurrence at the stapler line and/or
peritoneal metastases. The secondary outcome was overall survival.

Patient characteristics (age, sex, localization of tumor), tumor histology of CAL-WR
(risk-features, mucinous subtype) and the histology of completion surgery (if performed)
were extracted from the electronic patient records. The resection specimen after CAL-WR
and completion surgery were processed according to local protocol: the staple line was
removed, and the margins were inked and evaluated for radicality. T1 CC was considered
as high-risk if there was any of the following criteria: lymphovascular invasion, poor
differentiation, intermediate or high-grade tumor budding (Bd2 or Bd3), and R1 or Rx
resection. R1 resection is defined as tumor cells ≤1 mm from the resection margin and Rx
is defined as having a nonassessable margin because of the nearby stapler line. During
the study period, the Dutch guidelines changed regarding depth of invasion as a high-risk
feature. Sm3 invasion depth (Kikuchi) [10] was considered to be a high-risk feature only
until 2022, when the meta-analysis by Zwager et al. proved that the risk of lymphovascular
invasion was only 2.6% [11]. In this study, T1 tumors were considered as a high-risk tumor
if this was concluded at the multidisciplinary meeting at that time, regardless of whether
this was based on the recent or old guidelines. Post-operative complications after the
CAL-WR and oncologic resection, if performed, were retrieved from the electronic health
record and scored according to the Clavien–Dindo classification grade I–V [19]. Follow-up
time for disease recurrence (locoregional or distant) was calculated starting from the date
of the CAL-WR until the last colonoscopy, staging CT, CEA measurement or diagnosis of
locoregional recurrence. Locoregional recurrence was defined as peritoneal metastases or
in case when no completion surgery was performed recurrence at the stapler line or local
lymph node metastases. Distant metastases were defined as non-locoregional recurrence
(liver, lung, retroperitoneal, . . .). Follow-up time for overall survival was calculated starting
from the date of CAL-WR to May 2024, when the data were collected, or until time of death.
Statistical Program for the Social Sciences (SPPS) version 24.0 was used to analyze the data
and calculate percentages of discrete values as well as the distribution, mean and median
of continuous variables. The Shapiro–Wilk and Kolmogorov–Smirnov tests were used to
test the normality of continuous variables, respectively, for groups smaller and larger than
50 patients.

3. Results
3.1. CAL-WR Results

Between 2016 and 2023, a total of 226 patients underwent CAL-WR for suspected
early colon cancer. After the exclusion of 166 patients with benign polyps, 2 patients with
double tumors and 5 patients with incomplete follow-up, 53 patients remained eligible for
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inclusion (Figure 1). The mean age was 72 years and the majority of patients were male
(31 (58%)) (Table 1). Most of the patients were diagnosed with a pT1 carcinoma (66.0%),
with seven high-risk pT1 tumors (Table 2). The radical resection (R0) rate for all T1 tumors
was 94.3% (33/35) and 94.7% (18/19) for tumors with deep submucosal invasion (sm2-3).
Information about differentiation, histology, budding and lymphovascular invasion is
summarized in Appendix A. Of note, 11 patients had missing data on tumor budding.
Two of these patients had completion surgery because of another risk factor, the other nine
patients had no completion surgery.
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Figure 1. The inclusion and exclusion of patients who had CAL-WR for a colon polyp, the rate of
completion surgery or endoscopic follow-up, and the incidence of locoregional recurrence.

In almost a third of the cases, after histological examination, the tumor turned out
to be a pT2 and, in four cases, a pT3 (Figure 1). CAL-WR was radical (R0) in 64% (9/14)
of pT2 tumors and 100% (4/4) of pT3 tumors. For the entire population, an R0 resection
with CAL-WR was achieved in 86.8% of the patients. There were no complications after the
CAL-WRs.
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Table 1. Baseline characteristics.

Total cohort (n = 53); n (%)

Age (years), mean ± SD 72 (6.7)

Sex
# Male 31 (58.0)
# Female 22 (42.0)

Tumor location
# Cecum 10 (18.9)
# Ascending colon 13 (24.5)
# Hepatic flexure 4 (7.5)
# Transverse colon 9 (17.0)
# Splenic flexure 1 (1.9)
# Descending colon 3 (5.7)
# Sigmoid 13 (24.5)

T-stage R0 *

# pT1 35 (66.0) 33 (94.3)
- sm1 16 15 (94)
- sm2 8 8 (100)
- sm3 11 10 (91)

# pT2 14 (26.4) 9 (64)
# pT3 4 (7.5) 4 (100)

Resection status, all tumors
# R0 46 (86.8)
# R1 5 (9.4)
# Rx 2 (3.8)

Histological tumor type
# Adenocarcinoma 43 (81.1)
# Mucinous 10 (18.9)

Complication after CAL-WR 0 (0)
Abbreviations: R0—radical resection with margin >1 mm; R1—margin of <1 mm; Rx—nonassessable margin
because of nearby stapler line. * Percentages are relative for each separate subgroup.

Table 2. Completion surgery.

Cohort (n = x) *; n (%) **

Completion surgery or endoscopic follow-up
# T1 (n = 35)

- Completion surgery 5 (14.2)
• Histologic high-risk feature 4 (11.4)
• R1/Rx 1 (2.8)

- Endoscopic follow-up
• Low-risk T1 28 (80.0)
• Histologic high-risk feature 1 (2.8)
• R1/Rx 1 (2.8)

# T2 (n = 14)
- Completion surgery
- Endoscopic follow-up

13 (93)
1 (7)

# T3 (n = 4)
- Completion surgery 4 (100)

Residual tumor and lymph nodes (n = 22)
# No residual tumor, N0 19 (86)
# No residual tumor, N+ 3 (14)
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Table 2. Cont.

Complication after completion surgery (n = 22)
# None 21 (95)
# Clavien–Dindo grade 1 1 (5)

* The number of the cohort is described in the left column for each subgroup. ** Percentages are relative for each
separate subgroup.

After the final histological examination and MDT meeting, 25 patients were advised
to undergo completion surgery. However, three of these patients refused surgery (Figure 1).
Interestingly, none of the patients with R1/Rx resections had any residual tumor in their
specimen after completion surgery. Two patients with a pT2 CC and one patient with
pT1 CC were diagnosed with lymph node metastases (pN1) in the oncological resection
specimen. One patient developed a minor Clavien–Dindo grade 1 (cystitis) complication
after completion surgery. There were no technical difficulties during the oncologic resection
due to the previously performed CAL-WR.

3.2. Locoregional Recurrence, Distant Metastases and Overall Survival

The mean follow-up time for disease recurrence (locoregional recurrence or distant
metastases) was 3.3 years (Q1: 2.0; Q3: 4.3). None of the 35 patients, with pT1 CC (both
low-risk and high-risk tumors) had locoregional recurrence or distant metastases. Four
patients had locoregional recurrence which presented as peritoneal metastases; all four
were T2-3 tumors, and two of them also had synchronous distant metastases in the liver
(Table 3). One patient was diagnosed with a pT2 mucinous tumor. This patient refused
completion surgery even though this was advised in the multidisciplinary meeting. The
second and third patient were also diagnosed with a pT2 tumor with, respectively, R1 and
Rx resections with CAL-WR. Both of them underwent completion oncological resection;
there was no residual tumor nor lymph node metastases. However, the second case
had extramural vascular invasion (EMVI). The third case was diagnosed with peritoneal
carcinomatosis, after almost 3 years’ follow-up, during a different surgical procedure. The
left ovary contained an intestinal-type tumor in which it was impossible to differentiate
between an intestinal tract metastasis or primary ovarian cancer (intestinal-type), with
immunohistochemical markers showing the expression of CK20 and CDX2. The fourth
patient with locoregional recurrence had a pT3 tumor (R0 resection CAL-WR), with no
residual tumor nor lymph node metastases after oncological resection. There were no
patients with recurrence at the stapler line. One patient with a pT3 tumor developed lung
metastases without locoregional recurrence (Table 4).

Table 3. Disease recurrence and overall survival.

Cohort (n = 53); n (%)

Locoregional recurrence
# Recurrence free 49 (92.5)
# Peritoneal metastasis 4 (7.6)
# Recurrence at staple line 0 (0)

Metastasis
# Developed metastasis: 3 (5.6)

- Liver 2 (3.8)
- Lung 1 (1.8)

Overall survival
# live 46 (86.7)
# Cancer-related death 3 (5.6)
# Non-cancer-related death 4 (7.5)
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Table 4. Cases with locoregional recurrence and/or metastasis.

Localization
Lesion

Histology
(CAL-WR) R0-1-x Completion

Surgery
Residual

Tumor

Locoregional
Recur-
rence

Salvage
Surgery Metastases DFS

(Years) OS (Years)

Case 1 Sigmoid pT2
(mucinous) R0

Advised
(not

performed)

Peritoneal
metastasis

Not
possible
PCI > 20

Liver 2.3 3.5
(deceased)

Case 2 Sigmoid pT2 Rx pT2N0
(EMVI)

No residual
tumor

Peritoneal
metastasis HIPEC None 0.9 5 (alive)

Case 3 Descending
colon pT2 R1 pT2N0 No residual

tumor
Peritoneal

metastasis *

Not
possible
PCI > 20

Liver 2.7 2.7 (alive)

Case 4 Ascending
colon pT3 R0 pT3N0 No residual

tumor
Peritoneal
metastasis HIPEC None 0.8 1.6

(deceased)

Case 5 Sigmoid pT3 R0 pT3N0 No residual
tumor None Lung 4.3 6.3

(deceased)

Abbreviations: CAL-WR: colonoscopy-assisted laparoscopic wedge resection; EMVI: extramural vascular invasion;
PCI: peritoneal cancer index; HIPEC: hyperthermic intraperitoneal chemotherapy; DFS: disease-free survival; OS:
overall survival;. * Unclear if peritoneal metastasis originated from ovarian cancer or colon cancer.

The mean follow-up time for overall survival was 4.2 years (Q1: 2.8; Q3: 5.2). None of
the patients with pT1 tumors died because of their malignancy; three patients died due to
non-malignancy-related death. Two patients with pT3 tumors and one with a pT2 tumor
died due to CC and four patients died because of non-cancer-related etiologies (Table 3).

4. Discussion
CAL-WR was radical (R0) in 94.3% of all T1 tumors and 94.7% for tumors with deep

submucosal invasion (sm2-3). None of the patients with a pT1 tumor, including high-risk
tumors, had locoregional recurrence or distant metastases during follow up, even after
completion surgery. Two patients with high risk T1 tumors refused oncological resection,
both were alive without disease recurrence at the end of the follow-up. This seems to
confirm our hypothesis that CAL-WR is oncologically safe for the primary local treatment
of T1 colon cancer.

In the last two decades, local resection has become common practice for treatment for
early colon cancer. Local resection of a low-risk pT1 CC is oncologically safe; there is no
difference in disease-specific survival and local recurrence compared with an oncologic
bowel resection. Furthermore, prior local endoscopic resection does not increase the risk of
post-operative complications after completion surgery [20,21]. For patients with high-risk
pT1 CC additional surgical resection is recommended because of the increased risk of
lymph node metastases [22,23]. However, in a recent prospective 10-year follow-up study,
none of the high-risk T1 tumors, treated only with local resection, had local recurrence.
Therefore, the authors suggested that active endoscopic surveillance is a feasible alternative
to completion surgery that should be discussed with the patient, especially for patients
with comorbidities [24]. This recent literature shows that local resection will become even
more important in the treatment for (early) CC. As was mentioned before in the Methods
section, the Dutch guidelines differed from some of the other national and international
guidelines regarding risk features and, more specifically, for sm3 invasion. The Dutch
guidelines changed in 2022, and since then, sm3 invasion alone is not considered a high-
risk feature for LN metastases. Only two patients were advised to undergo a completion
surgery solely based on the presence of sm3 invasion and seven patients with sm3 were
advised endoscopic follow-up. None of these patients developed locoregional recurrence or
metastases. Thus, the influence of this changing policy throughout this study and possible
difference from other national or international guidelines seems irrelevant.

As mentioned above, there are limitations for ESD and eFTR as an endoscopic tech-
nique; CAL-WR could be a technique to fill the armamentarium for the local resection of
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CC. Our study confirmed this hypothesis, showing an R0 resection rate of 94.3% for all pT1
CC and 94.7% for tumors with deep submucosal invasion (sm2-3). Studies have shown that
the R0 resection rate of ESD decreased to approximately 64.7% in lesions with sm3 invasion;
therefore, CAL-WR might have a clear advantage for this subgroup of patients [9,25]. In
addition, it is known that optical diagnosis is limited in differentiating superficial from
deep submucosal invasion and T1 tumors with sm3 invasion from T2 tumors [26–29]. This
demonstrates another advantage of CAL-WR over ESD. The R0 resection rate of eFTR is
88.2% for T1 CC [14]. However, in larger lesions, eFTR is associated with a substantial
higher risk of R1/Rx resection [12]. In contrast to eFTR, CAL-WR is not limited by polyp
size as long as the polyp does not take more than 50% of the circumference, while eFTR is
limited to polyps of maximal 20 mm [16].

There are no data on the effect of quality of life and cost-effectiveness of CAL-WR in
this cohort. Evidence for cost-effectiveness and the quality of life impact of CAL-WR on
colon cancer is not available in the current literature. However, for benign polyps, it was
shown in a retrospective cohort study that CAL-WR is more cost-effective than laparoscopic
colectomy with a cost-savings of USD 7103.04 per patient [30]. In addition, it was shown in
a prospective study that after CAL-WR for benign polyps, patients perceived no significant
impact on the health-related quality of life [31]. Of course, this differs from CAL-WR for
malignant colon cancer, because patients might have to undergo subsequent completion
surgery. CAL-WR, as a first step in the treatment of CC, should always be a shared decision
with the patient. Prospective studies should include outcomes on cost-effectiveness and
the effect on quality of life, especially for patients with subsequent completion surgery.

The R0 resection rate of CAL-WR for all patients (pT1-3) was 86.8% and there were
no complications after CAL-WR. Completion surgery was performed in 22 of the patients
(41.5%); no surgical difficulties due to previous CAL-WR were reported and only one minor
complication (cystitis) occurred. Interestingly, none of the tumors with R1/Rx resections
had any residual tumor in their specimen. A possible explanation is that the staple line
is removed by the pathologist and therefore, the pathology report was not based on the
“true” resection margin. This could explain the absence of residual tumor after completion
surgery in the patients with R1 resection. In other words, the “true” R0 resection rate in
this cohort could be even higher. This is only a hypothesis and not based on prior research.

Almost a third of the patients had a pT2 tumor; this confirms the difficulties of the
optical diagnosis of T1-T2 lesions, especially with respect to the depth invasion of the
tumor [26,27]. A possible explanation of the high incidence of T2 and T3 tumors is the
potential selection bias. CAL-WR is often chosen instead of eFTR or ESD because the tumor
is too large or there is a high optical suspicion for deep (submucosal) invasion. Possi-
bly, these tumors were larger and/or particularly more susceptible for deep submucosal
invasion and therefore more likely, in fact, to be >T1 CC. It is known that endoscopic
differentiation between T1 CC with sm3 and T2 is difficult. Moreover, T2 CC is more likely
to be larger than sm3 T1 CC [26]. However, this is only a hypothesis; there were no data to
compare the characteristics of all the contemporaneously performed ESDs and eFTRs at
the respective centers, nor do we have data on the indication for CAL-WR instead of ESD
or eFTR. Koyama et al. proposed a new scoring system to distinguish T1 CC with deep
submucosal invasion from T2 CC during colonoscopy [26]. The implementation of this new
scoring system might lead to a better selection of cases for CAL-WR. On the other hand,
Ichimasa et al. showed that in selected cases, local resection alone should be considered for
pT2 tumors [32,33]. CAL-WR could be an essential technique to implement this strategy.
However, this was not the subject of interest of this study. Moreover, this is a relatively
new approach to the treatment of T2 CCs; it is not included in current guidelines and more
research is necessary.
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Three out of fourteen (21%) patients with pT2 tumors developed locoregional re-
currence (peritoneal metastases). One of these patients had a mucinous CC and refused
completion surgery. This is, of course, a suboptimal oncological treatment; incidental
CAL-WR of a T2 tumor should always be followed by completion surgery and this could
explain the recurrence. In addition, this tumor was a mucinous adenocarcinoma, which is
an independent risk factor for peritoneal metastases [34]. The second and third cases were
both R1/Rx resections; however, there was no residual tumor after completion surgery. The
second case also had EMVI. In a retrospective cohort study by Ravn et al., it was suggested
that EMVI is a possible risk factor for peritoneal metastases [35]. Furthermore, EMVI is a
known risk factor for the local and systemic recurrence of colorectal cancer [36]. The third
case developed peritoneal metastases after nearly three years, though it was not possible to
differentiate between a primary ovary or colon tumor with histopathology. Moreover, most
patients develop metachronous peritoneal metastases in the first two years after their initial
treatment for CC, with a median ranging from 14 to 18 months. This makes it somewhat
less likely that the peritoneal metastases originated from the colon in the third case. In a
prospective national registry study, the incidence of peritoneal metastases for pT2 CC was
<1%, showing that the incidence of 21% (3/14) in our study is high [37]. Of course, CAL-WR
of T2 tumors was incidental and therefore, this can give a skewed image. Because the small
size of this subgroup in our study and the aforementioned risk factors and ambiguities, no
conclusion can be drawn either way. In the current literature, there are no data concerning
the prognosis and long-term follow-up for locally resected T2 CC (CAL-WR or eFTR) [32].
R0 resection of T2 tumors with CAL-WR has been reported in two small case series at 100%
(8/8) and 62.5% (5/8), respectively [17,38]. The R0 resection rate of eFTR for T2 tumors has
only been reported in small retrospective studies, ranging from 52 to 66% [32].

Four of our patients had pT3; all were R0 resections and had completion surgery
afterwards. One patient developed peritoneal metastases. T3 CC is a known risk factor
for peritoneal metastases [39]. Another patient developed lung metastases after more than
4 years. Both of them died, respectively, two and six years after CAL-WR. It is possible that
manipulation of the tumor during CAL-WR caused peritoneal spreading of tumor cells.
However, because of the very small sample size, the relation of a previous CAL-WR and
the development of peritoneal metastases cannot be proven nor debunked and this should
be carefully monitored for this treatment.

To our knowledge, this is the first study that describes the long-term oncological
outcomes (locoregional recurrence, distant metastases and overall survival) of CAL-WR.
Furthermore, there are no studies in the current literature that report oncologic outcomes
after (unintentional) endoscopic resection of >T1 CC. However, the patient cohort was
small, and therefore the results should be interpreted with great care and caution. Another
limitation is the heterogeneity in the duration of follow-up. Because patients were included
between 2016 and 2023, the minimal and maximal follow-up in our population ranged
from one to eight years. This could lead to an underestimation of (late) local recurrence.
On the other hand, all the cases with locoregional recurrence occurred within three years
and a substantial portion of the patients had this duration of follow-up. Another limitation
of the study is that 31% of T1 CCs had no records concerning tumor budding, and none of
these patients had locoregional recurrence or distal metastasis.

The results of this study show that CAL-WR has good long-term results for the primary
treatment of T1 CC. However, because the optical diagnosis of depth invasion in early
(T1-T2) CC is suboptimal, the chance of removing T2 or T3 CC is high. Therefore, the
oncological safety of removing these tumors with local resection techniques followed by
completion surgery should be investigated thoroughly in a prospective study. The relatively
high incidence of peritoneal metastasis for the T2 and T3 CCs should be interpreted with
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great care. Because the small sample size of the T2 and T3 groups could have led to bias,
no conclusion can be drawn either way. Our findings demonstrate that the implementation
of a new technique for oncologic purposes should be followed with precision and full
transparency. The manipulation of the tumor with the linear stapler and the use of a suture
close to the tumor can hypothetically cause the spreading of tumor cells in the abdominal
cavity. To date, a multi-center, prospective trial (the LIMERIC-II trial) has started in the
Netherlands focusing on long-term follow-up after CAL-WR for T1 colon cancer [18]. This
multi-center, prospective cohort study will provide further answers about the oncological
outcome and safety of CAL-WR of T1 CC; however, as written above, T2 and T3 tumors
will inevitably be removed in this study, which will provide us additional information
about the oncological safety of the local resection of these tumors.

5. Conclusions
The results of our study suggest that CAL-WR has good long-term results for the

resection of both low- and high-risk T1 tumors. The safety of (unintentional) CAL-WR of
T2 and T3 tumors, followed by completion surgery, remains unclear especially regarding
the occurrence of peritoneal metastases.
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CRC Colorectal cancer
CC Colon cancer
R1 Tumor cells ≤1 mm from the resection margin
Rx Uncertain if radical resection
ESD Endoscopic submucosal dissection
eFTR Endoscopic full-thickness resection
CAL-WR Colonoscopy-assisted laparoscopic wedge resection
Bd2 -Bd3 Intermediate- or high-grade budding
SPSS Statistical Program for the Social Sciences
EMVI Extramural vascular invasion
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Appendix A

Table A1. Post-operative descriptive statistics of all patients with pT1 colon cancer.

Cohort (n = 35), n (%)

Submucosal invasion depth R0 *

# sm1 16 (45.8) 15 (94)
# sm2 8 (22.8) 8 (100)
# sm3 11 (31.4) 10 (91)

Resection status of al pT1 CC
# R0 33 (94.3)
# R1 2 (5.7)
# Rx 0 (0)

Degree of tumor budding
# Low budding 22 (63.0)
# Intermediate budding 1 (2.8)
# High budding 1 (2.8)
# Missing data 11 (31.4)

Lymphovascular invasion
# None 32 (91.4)
# Present 3 (8.6)

Differentiation
# Well-differentiated 34 (97.1)
# Poorly differentiated 1 (2.9)

Completion surgery
# Advised 7 (20)

- High-risk features 5 (14.3)
- R1 or Rx 2 (5.7)

# Performed 5 (14.3)

Residual tumor and lymph node metastases
# No residual tumor, N0 4 (11.4)
# No residual tumor, N+ 1 (2.9)

Locoregional recurrence 0 (0)

Distant metastases 0 (0)

Malignancy-related death 0 (0)
Abbreviations: CC: colon cancer; R0: radical resection with margin >1 mm; R1: margin of <1 mm; and Rx:
nonassessable margin because of nearby stapler line. * Percentages are relative for each separate subgroup.

References
1. Netherlands Comprehensive Cancer Organization (IKNL)—NKR Cijfers. 2022. Available online: https://nkr-cijfers.iknl.nl/

(accessed on 1 May 2024).
2. Elferink, M.A.G.; Toes-Zoutendijk, E.; Vink, G.R.; Lansdorp-Vogelaar, I.; Meijer, G.A.; Dekker, E.; Lemmens, V.E.P.P. National

population screening for colorectal carcinoma in the Netherlands: Results of the first years since the implementation in 2014. Ned.
Tijdschr. Geneeskd. 2018, 162, D2283. [PubMed]

3. Breekveldt, E.C.H.; Lansdorp-Vogelaar, I.; Toes-Zoutendijk, E.; Spaander, M.C.W.; van Vuuren, A.J.; van Kemenade, F.J.;
Ramakers, C.R.B.; Dekker, E.; Nagtegaal, I.D.; Krul, M.F.; et al. Colorectal cancer incidence, mortality, tumour characteristics, and
treatment before and after introduction of the faecal immunochemical testing-based screening programme in The Netherlands: A
population-based study. Lancet Gastroenterol. Hepatol. 2022, 7, 60–68. [CrossRef] [PubMed]

4. Vermeer, N.C.A.; Backes, Y.; Snijders, H.S.; Bastiaannet, E.; Liefers, G.J.; Moons, L.M.G.; van de Velde, C.J.H.; Peeters, K.C.M.J.;
the Dutch T1 Colorectal Cancer Working Group. National cohort study on postoperative risks after surgery for submucosal
invasive colorectal cancer. BJS Open 2018, 3, 210–217. [CrossRef]

https://nkr-cijfers.iknl.nl/
https://www.ncbi.nlm.nih.gov/pubmed/29519262
https://doi.org/10.1016/S2468-1253(21)00368-X
https://www.ncbi.nlm.nih.gov/pubmed/34822762
https://doi.org/10.1002/bjs5.50125


Cancers 2025, 17, 1466 12 of 13

5. Bosch, S.L.; Teerenstra, S.; de Wilt, J.H.W.; Cunningham, C.; Nagtegaal, I.D. Predicting lymph node metastasis in pT1 colorectal
cancer: A systematic review of risk factors providing rationale for therapy decisions. Endoscopy 2013, 45, 827–841. [CrossRef]

6. Backes, Y.; Elias, S.G.; Groen, J.N.; Schwartz, M.P.; Wolfhagen, F.H.; Geesing, J.M.; ter Borg, F.; van Bergeijk, J.; Spanier, B.W.;
Cappel, W.H.d.V.T.N.; et al. Histologic Factors Associated With Need for Surgery in Patients With Pedunculated T1 Colorectal
Carcinomas. Gastroenterology 2018, 154, 1647–1659. [CrossRef]

7. Ueno, H.; Mochizuki, H.; Hashiguchi, Y.; Shimazaki, H.; Aida, S.; Hase, K.; Matsukuma, S.; Kanai, T.; Kurihara, H.; Ozawa, K.;
et al. Risk factors for an adverse outcome in early invasive colorectal carcinoma. Gastroenterology 2004, 127, 385–394. [CrossRef]

8. Kim, E.R.; Chang, D.K. Management of Complications of Colorectal Submucosal Dissection. Clin. Endosc. 2019, 52, 114–119.
[CrossRef]

9. Watanabe, D.; Toyonaga, T.; Ooi, M.; Yoshizaki, T.; Ohara, Y.; Tanaka, S.; Kawara, F.; Ishida, T.; Morita, Y.; Umegaki, E.; et al.
Clinical outcomes of deep invasive submucosal colorectal cancer after ESD. Surg. Endosc. 2017, 32, 2123–2130. [CrossRef]

10. Kikuchi, R.; Takano, M.; Takagi, K.; Fujimoto, N.; Nozaki, R.; Fujiyoshi, T.; Uchida, Y. Management of early invasive colorectal
cancer. Dis. Colon Rectum 1995, 38, 1286–1295. [CrossRef]

11. Zwager, L.W.; Bastiaansen, B.A.; Montazeri, N.S.; Hompes, R.; Barresi, V.; Ichimasa, K.; Kawachi, H.; Machado, I.; Masaki, T.;
Sheng, W.; et al. Deep Submucosal Invasion Is Not an Independent Risk Factor for Lymph Node Metastasis in T1 Colorectal
Cancer: A Meta-Analysis. Gastroenterology 2022, 163, 174–189. [CrossRef]

12. Didden, P.; Heslinga, R.A.H.v.E.v.; Schwartz, M.P.; Arensman, L.R.; Vleggaar, F.P.; de Graaf, W.; Koch, A.D.; Doukas, M.; Lacle,
M.M.; Moons, L.M.G. Relevance of polyp size for primary endoscopic full-thickness resection of suspected T1 colorectal cancers.
Endoscopy 2022, 54, 1062–1070. [CrossRef] [PubMed]

13. Zwager, L.W.; Mueller, J.; Stritzke, B.; Montazeri, N.S.; Caca, K.; Dekker, E.; Fockens, P.; Schmidt, A.; Bastiaansen, B.A.; Dutch
eFTR Working Group and German Collaborating Centers. Adverse events of endoscopic full-thickness resection: Results from
the German and Dutch nationwide colorectal FTRD registry. Gastrointest. Endosc. 2023, 97, 780–789. [CrossRef] [PubMed]

14. Zwager, L.W.; Bastiaansen, B.A.J.; Bronzwaer, M.E.S.; van der Spek, B.W.; Heine, G.D.N.; Haasnoot, K.J.C.; van der Sluis, H.; Perk,
L.E.; Boonstra, J.J.; Rietdijk, S.T.; et al. Endoscopic full-thickness resection (eFTR) of colorectal lesions: Results from the Dutch
colorectal eFTR registry. Endoscopy 2020, 52, 1014–1023. [CrossRef] [PubMed]

15. Leicher, L.W.; Cappel, W.H.M.d.V.T.N.; van Westreenen, H.L.M. Limited Endoscopic-Assisted Wedge Resection for Excision of
Colon Polyps. Dis. Colon Rectum 2017, 60, 299–302. [CrossRef]

16. Leicher, L.W.; Huisman, J.F.; van Grevenstein, W.M.U.; Didden, P.; Backes, Y.; Offerhaus, G.J.A.; Laclé, M.M.; Moll, F.C.P.; Geesing,
J.M.J.; Smakman, N.; et al. Colonoscopic-Assisted Laparoscopic Wedge Resection for Colonic Lesions. Ann. Surg. 2022, 275,
933–939. [CrossRef]

17. Hanevelt, J.; Moons, L.M.G.; Hentzen, J.E.K.R.; Wemeijer, T.M.; Huisman, J.F.; Cappel, W.H.d.V.T.N.; van Westreenen, H.L.
Colonoscopy-Assisted Laparoscopic Wedge Resection for the Treatment of Suspected T1 Colon Cancer. Ann. Surg. Oncol. 2023,
30, 2058–2065. [CrossRef]

18. Hanevelt, J.; Huisman, J.F.; Leicher, L.W.; Lacle, M.M.; Richir, M.C.; Didden, P.; Geesing, J.M.J.; Smakman, N.; Droste, J.S.T.S.; ter
Borg, F.; et al. Limited wedge resection for T1 colon cancer (LIMERIC-II trial)—Rationale and study protocol of a prospective
multicenter clinical trial. BMC Gastroenterol. 2023, 23, 214. [CrossRef]

19. Dindo, D.; Demartines, N.; Clavien, P.-A. Classification of Surgical Complications: A new proposal with evaluation in a cohort of
6336 patients and results of a survey. Ann. Surg. 2004, 240, 205–213. [CrossRef]

20. Yeh, J.-H.; Tseng, C.-H.; Huang, R.-Y.; Lin, C.-W.; Lee, C.-T.; Hsiao, P.-J.; Wu, T.-C.; Kuo, L.-T.; Wang, W.-L. Long-term Outcomes of
Primary Endoscopic Resection vs Surgery for T1 Colorectal Cancer: A Systematic Review and Meta-analysis. Clin. Gastroenterol.
Hepatol. 2020, 18, 2813–2823.e5. [CrossRef]

21. Nian, J.; Tao, L.; Zhou, W. Prior endoscopic resection does not affect the outcome of secondary surgery for T1 colorectal cancer, a
systematic review and meta-analysis. Int. J. Color. Dis. 2021, 37, 273–281. [CrossRef]

22. Hashiguchi, Y.; Muro, K.; Saito, Y.; Ito, Y.; Ajioka, Y.; Hamaguchi, T.; Hasegawa, K.; Hotta, K.; Ishida, H.; Ishiguro, M.; et al.
Japanese Society for Cancer of the Colon and Rectum (JSCCR) guidelines 2019 for the treatment of colorectal cancer. Int. J. Clin.
Oncol. 2020, 25, 1–42. [CrossRef] [PubMed]

23. Pimentel-Nunes, P.; Dinis-Ribeiro, M.; Ponchon, T.; Repici, A.; Vieth, M.; De Ceglie, A.; Amato, A.; Berr, F.; Bhandari, P.; Bialek, A.;
et al. Endoscopic submucosal dissection: European Society of Gastrointestinal Endoscopy (ESGE) Guideline. Endoscopy 2015, 47,
829–854. [CrossRef] [PubMed]

24. Johnstone, M.S.; McSorley, S.T.; McMahon, A.J. Management of malignant T1 colorectal cancer polyps: Results from a 10-year
prospective observational study. Color. Dis. 2023, 25, 1960–1972. [CrossRef] [PubMed]

25. Fuccio, L.; Repici, A.; Hassan, C.; Ponchon, T.; Bhandari, P.; Jover, R.; Triantafyllou, K.; Mandolesi, D.; Frazzoni, L.; Bellisario,
C.; et al. Why attempt en bloc resection of non-pedunculated colorectal adenomas? A systematic review of the prevalence of
superficial submucosal invasive cancer after endoscopic submucosal dissection. Gut 2018, 67, 1464–1474. [CrossRef]

https://doi.org/10.1055/s-0033-1344238
https://doi.org/10.1053/j.gastro.2018.01.023
https://doi.org/10.1053/j.gastro.2004.04.022
https://doi.org/10.5946/ce.2019.063
https://doi.org/10.1007/s00464-017-5910-5
https://doi.org/10.1007/BF02049154
https://doi.org/10.1053/j.gastro.2022.04.010
https://doi.org/10.1055/a-1790-5539
https://www.ncbi.nlm.nih.gov/pubmed/35255517
https://doi.org/10.1016/j.gie.2022.11.005
https://www.ncbi.nlm.nih.gov/pubmed/36410447
https://doi.org/10.1055/a-1176-1107
https://www.ncbi.nlm.nih.gov/pubmed/32498100
https://doi.org/10.1097/DCR.0000000000000716
https://doi.org/10.1097/SLA.0000000000005417
https://doi.org/10.1245/s10434-022-12973-4
https://doi.org/10.1186/s12876-023-02854-9
https://doi.org/10.1097/01.sla.0000133083.54934.ae
https://doi.org/10.1016/j.cgh.2020.05.060
https://doi.org/10.1007/s00384-021-04049-8
https://doi.org/10.1007/s10147-019-01485-z
https://www.ncbi.nlm.nih.gov/pubmed/31203527
https://doi.org/10.1055/s-0034-1392882
https://www.ncbi.nlm.nih.gov/pubmed/26317585
https://doi.org/10.1111/codi.16716
https://www.ncbi.nlm.nih.gov/pubmed/37612791
https://doi.org/10.1136/gutjnl-2017-315103


Cancers 2025, 17, 1466 13 of 13

26. Koyama, Y.; Yamada, M.; Makiguchi, M.E.; Sekiguchi, M.; Takamaru, H.; Sakamoto, T.; Kono, S.; Fukuzawa, M.; Wu, S.Y.S.;
Sugumaran, A.; et al. New scoring system to distinguish deep invasive submucosal and muscularis propria colorectal cancer
during colonoscopy: A development and global multicenter external validation study (e-T2 Score). Gastrointest. Endosc. 2022, 96,
321–329.e2. [CrossRef]

27. Sasaki, A.; Shimizuguchi, R.; Takao, A.; Shibata, S.; Natsume, S.; Horiguchi, S.-I.; Nakano, D.; Yamaguchi, T.; Koizumi, K.
Endoscopic Scoring System for T2 Invasion in Colorectal Cancer. Tech. Innov. Gastrointest. Endosc. 2021, 24, 121–126. [CrossRef]

28. Backes, Y.; Moss, A.; Reitsma, J.B.; Siersema, P.D.; Moons, L.M.G. Narrow Band Imaging, Magnifying Chromoendoscopy, and
Gross Morphological Features for the Optical Diagnosis of T1 Colorectal Cancer and Deep Submucosal Invasion: A Systematic
Review and Meta-Analysis. Am. J. Gastroenterol. 2017, 112, 54–64. [CrossRef]

29. Zhang, Q.-W.; Teng, L.-M.; Zhang, X.-T.; Zhang, J.-J.; Zhou, Y.; Zhou, Z.-R.; Hou, Y.-C.; Ge, Z.-Z.; Li, X.-B. Narrow-band imaging
in the diagnosis of deep submucosal colorectal cancers: A systematic review and meta-analysis. Endoscopy 2017, 49, 564–580.
[CrossRef]

30. Jayaram, A.; Barr, N.; Plummer, R.; Yao, M.; Chen, L.; Yoo, J. Combined endo-laparoscopic surgery (CELS) for benign colon
polyps: A single institution cost analysis. Surg. Endosc. 2018, 33, 3238–3242. [CrossRef]

31. Brink, A.G.; Hanevelt, J.; Leicher, L.W.; Moons, L.M.; Vleggaar, F.P.; Huisman, J.F.; Cappel, W.H.d.V.T.N.; van Westreenen, H.L.;
on behalf of the LIMERIC Study Group. Colonoscopy-Assisted Laparoscopic Wedge Resection for Colonic Lesions and Its Impact
on Quality of Life: Results From the LIMERIC Study. Dis. Colon Rectum 2024, 68, 242–251. [CrossRef]

32. Ichimasa, K.; Kudo, S.-E.; Tan, K.-K.; Lee, J.W.J.; Yeoh, K.G. Challenges in Implementing Endoscopic Resection for T2 Colorectal
Cancer. Gut Liver 2023, 18, 218–221. [CrossRef] [PubMed]

33. Ichimasa, K.; Nakahara, K.; Kudo, S.E.; Misawa, M.; Bretthauer, M.; Shimada, S.; Takehara, Y.; Mukai, S.; Kouyama, Y.; Miyachi,
H.; et al. Novel “resect and analysis” approach for T2 colorectal cancer with use of artificial intelligence. Gastrointest. Endosc.
2022, 96, 665–672. [CrossRef] [PubMed]

34. Zhang, Y.; Qin, X.; Luo, R.; Wang, H.; Wang, H.; Luo, H. Risk Factors for Synchronous Peritoneal Metastases in Colorectal Cancer:
A Systematic Review and Meta-Analysis. Front. Oncol. 2022, 12, 885504. [CrossRef]

35. Ravn, S.; Heide-Jørgensen, U.; Christiansen, C.F.; Verwaal, V.J.; Hagemann-Madsen, R.H.; Iversen, L.H. Overall risk and risk
factors for metachronous peritoneal metastasis after colorectal cancer surgery: A nationwide cohort study. BJS Open 2020, 4,
284–292. [CrossRef]

36. Mc Entee, P.D.; Shokuhi, P.; Rogers, A.C.; Mehigan, B.J.; McCormick, P.H.; Gillham, C.M.; Kennedy, M.J.; Gallagher, D.J.; Ryan,
C.E.; Muldoon, C.B.; et al. Extramural venous invasion (EMVI) in colorectal cancer is associated with increased cancer recurrence
and cancer-related death. Eur. J. Surg. Oncol. (EJSO) 2022, 48, 1638–1642. [CrossRef]

37. Segelman, J.; Granath, F.; Holm, T.; Machado, M.; Mahteme, H.; Martling, A. Incidence, prevalence and risk factors for peritoneal
carcinomatosis from colorectal cancer. Br. J. Surg. 2012, 99, 699–705. [CrossRef]

38. Hartwig, M.F.S.; Bulut, M.; Ravn-Eriksen, J.; Hansen, L.B.; Bojesen, R.D.; Klein, M.F.; Jakobsen, H.L.; Rasmussen, M.; Rud, B.;
Eriksen, J.-O.; et al. Combined endoscopic and laparoscopic surgery (CELS) for early colon cancer in high-risk patients. Surg.
Endosc. 2023, 37, 8511–8521. [CrossRef]

39. Aiken, T.; Hu, C.; Uppal, A.; Francescatti, A.B.; Fournier, K.F.; Chang, G.J.; Zafar, S.N. Peritoneal recurrence after resection for
Stage I–III colorectal cancer: A population analysis. J. Surg. Oncol. 2022, 127, 678–687. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1016/j.gie.2022.03.002
https://doi.org/10.1016/j.tige.2021.11.005
https://doi.org/10.1038/ajg.2016.403
https://doi.org/10.1055/s-0043-103014
https://doi.org/10.1007/s00464-018-06610-z
https://doi.org/10.1097/DCR.0000000000003531
https://doi.org/10.5009/gnl230125
https://www.ncbi.nlm.nih.gov/pubmed/37842729
https://doi.org/10.1016/j.gie.2022.04.1305
https://www.ncbi.nlm.nih.gov/pubmed/35500659
https://doi.org/10.3389/fonc.2022.885504
https://doi.org/10.1002/bjs5.50247
https://doi.org/10.1016/j.ejso.2022.02.013
https://doi.org/10.1002/bjs.8679
https://doi.org/10.1007/s00464-023-10385-3
https://doi.org/10.1002/jso.27175

	Introduction 
	Materials and Methods 
	Results 
	CAL-WR Results 
	Locoregional Recurrence, Distant Metastases and Overall Survival 

	Discussion 
	Conclusions 
	Appendix A
	References

