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ABSTRACT

OBJECTIVES 
The use of segmental colectomy in patients with endoscopically-unresectable 
colonic lesions results in significant morbidity and mortality. Modified colonoscop-
ic-assisted laparoscopic wedge resection (CAL-WR) is an alternative procedure that 
may lower morbidity. The aim of this study was to evaluate the safety and efficacy of 
our modified CAL-WR. 

DESIGN 
This prospective multicentre study was performed in 13 Dutch hospitals between 
January 2017 and December 2019. Inclusion criteria were (1) colonic lesions inac-
cessible using current endoscopic resection techniques (judged by an expert panel), 
(2) non-lifting residual/recurrent adenomatous tissue after previous polypectomy 
or (3) an undetermined resection margin after endoscopic removal of a low risk pT1 
colon carcinoma. Thirty-day morbidity, technical success rate and radicality were 
evaluated. 

RESULTS 
Of the 118 patients included (56% male, mean age 66 years, SD ± 8 years), 66 (56%) 
had complex lesions unsuitable for endoscopic removal, 34 (29%) had non-lifting 
residual/recurrent adenoma after previous polypectomy and 18 (15%) had uncertain 

resection margins after polypectomy of a pT1 colon carcinoma. CAL-WR was tech-
nically successful in 93% and R0 resection was achieved in 91% of patients. Minor 
complications (Clavien-Dindo I-II) were noted in 7 patients (6%) and an additional 
oncologic segmental resection was performed in 12 cases (11%). Residual tissue at 
the scar was observed in 5% of patients during endoscopic follow-up. 

CONCLUSIONS 
CAL-WR is an effective, organ-preserving approach that results in minor complica-
tions and circumvents the need for surgery. CAL-WR therefore deserves consider-
ation when endoscopic excision of circumscribed lesions is impossible or incom-
plete.
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INTRODUCTION
Since the implementation of a nationwide colorectal screening program in the Neth-
erlands in 2014, the incidence of advanced adenomas and early-stage colorectal 
cancer (CRC)) as well as the number of patients referred for colorectal resection for 
high grade polyps has increased.1-3 Endoscopic polypectomy is a well-established 
treatment for non-invasive colonic polyps,4 the majority of which can be removed 
safely with standard polypectomy. For more challenging polyps advanced endoscop-
ic techniques such as endoscopic mucosal resection (EMR), endoscopic submucosal 
dissection (ESD) and endoscopic full-thickness resection (eFTR) have improved 
local resectability compared with standard polypectomy.5-10 Despite the availabili-
ty of these techniques, large or sessile polyps situated at difficult locations in the 
colon can still be (technically) difficult to remove endoscopically.11 A meta-analysis 
concerning endoscopic removal of 6779 polyps of more than 2 cm reported a suc-
cess rate of 91%, with a morbidity of 8% and a mortality of 0.3%. However, addi-
tional surgical resection was required in 9% of the cases, mostly due to an irradical 
resection.12 Segmental colectomy is associated with significant morbidity (24%) and 
mortality (2%), independent of tumour stage,13 and a study of surgery referral for 
benign colonic lesions showed an overall complication rate of 25.5%, subsequent 
re-intervention in 8.1% and a mortality rate of 0.9%.14 Fortunately, several methods 
have been developed to act as intermediate and less invasive steps between endo-
scopic resection and major surgery. Laparoscopic-assisted polypectomy was first 
described in the early 1990s as an alternative to bowel resection for difficult benign 
lesions.15 However, most reported series using this technique are single-centre stud-
ies and are limited by their retrospective design and small sample size (ranging from 
4 to 72 patients).16-20 Nevertheless, a combined endoscopic laparoscopic surgical 
(CELS) approach has gained popularity due to acceptable recurrence rates, a shorter 
hospital stay, lower morbidity and improved functional outcomes compared with 
segmental colectomy.21-23 The technique we apply here, a modified colonoscopic-as-
sisted laparoscopic wedge resection (CAL-WR), using a linear stapler without making 
an anastomosis, was previously described in a small cohort of eight patients and 
yielded promising results in terms of a low morbidity rate and no observed mortali-
ty.16 However, as this technique has not yet been clinically evaluated, the aim of this 
large multicentre cohort study was to prospectively evaluate the short-term safety 
and effectiveness of CAL-WR as a means to avoid segmental colectomy in routine 
clinical practice.
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MATERIALS & METHODS
Study design and population
This prospective multicentre longitudinal cohort study was performed between 
January 2017 and December 2019 in 13 Dutch hospitals specialized in colorectal 
cancer care. The study was approved by the relevant medical ethics committee 
(reference no. 16-827/C) and registered in the Netherlands Trial Register as NTR6364 
(https://www.trialregister.nl/). The local review board of each participating hospital 
independently reviewed the study protocol to assess whether the study was local-
ly feasible. Patient demographics, colonoscopy results and histological outcomes 
were obtained following written informed consent and registered in a web-based 
database (Castor EDC, Amsterdam, The Netherlands)24. Patients with the following 
colonic lesions were eligible for inclusion: a colonic polyp that could not be removed 
using current endoscopic resection techniques (group 1), the presence of a non-lift-
ing residual/recurrent polyp in a scar after previous polypectomy (group 2) or an 
undetermined resection margin after endoscopic removal of a low-risk pT1 colon 
carcinoma (group 3). The patients in groups 1 and 3 were reviewed by an expert pan-
el before inclusion (see patient selection below). Exclusion criteria were pregnancy, 
a polyp with more than 50% involvement of the luminal circumference and rectal 
polyps (less than 15 cm from anal verge endoscopically). 

Patient selection and definitions
All eligible patients were registered. In cases with an ostensibly endoscopically-un-
resectable polyp (group 1), a central expert panel consisting of five gastroenterol-
ogists experienced in EMR/ESD/eFTR working in different participating hospitals 
assessed resectability and the indication for an en-bloc resection based upon four 
endoscopic images of the lesion. Two overview images of the lesion, white light and 
narrow band imaging (NBI) were used in the assessment, as well as two near focus 
images of the lesion (white light and NBI). The panel subsequently excluded cases 
that were considered suitable for endoscopic removal. 
	 Patients who underwent earlier endoscopic removal of a low-risk pT1 colon 
carcinoma but with uncertain resection margins, were suitable for inclusion is this 
study (group 3). Before inclusion, histology of all specimens was re-examined by two 
specialized pathologists from one centre to exclude high-risk features defined as 
angiolymphatic invasion, poor differentiation, tumour budding grade 2/3.25

Colonoscopic-assisted laparoscopic wedge resection (CAL-WR)
All participating surgeons were experienced colorectal surgeons with dedicated 
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laparoscopic skills and to ensure uniformity of the procedure were required to 
complete an e-learning module explaining the CAL-WR technique. Patients were 
informed about the possibility of CAL-WR failure, in which case the surgeon would 
convert to a segmental resection or trans-anal minimal invasive surgery (TAMIS) 
during the same procedure. All included patients underwent split-dose bowel 
preparation. Patients were placed in French position under general anaesthesia. 
The surgeon started with a diagnostic laparoscopy using three trocars, the spot in 
the colon was identified and the concerning section of the colon was mobilized. This 
approach ensured that the linear stapler could be placed to make CAL-WR possible. 
Subsequently, colonoscopy using CO2 for insufflation was performed by the gastro-
enterologist to indicate the location of the colonic polyp and a suture was laparo-
scopically placed close to the lesion using intraluminal endoscopic visualization. In 
the event of a colonic lesion close to the mesentery, CAL-WR might not be possible 
but sometimes, the colonic wall can be dissected from the mesentery with preser-
vation of the marginal artery of the colon. Traction was then placed on the suture to 
enable positioning of the linear stapler. Before stapling the lesion, the patency of the 
lumen (i.e., the colonic lumen or in case of a caecal lesion, the lumen of the ileum) 
as well as a completeness of inclusion of the lesion was assessed endoscopically. 
The resected specimen was removed in an endobag through the 12 mm trocar. The 
surgeon as well as the gastroenterologist checked the colon for signs of bleeding or 
perforation before completing the procedure.16  

Histology
The resected specimen was sent fresh, unfixed and in toto, without manipulation 
of the staple line by the surgeon, to the pathologist. The pathologist removed the 
staples, the lateral and serosal margins were inked with different colours, the 
specimen was then stretched on a paraffin block (or mesh), photographed and fixed 
for 24 hours at room temperature. After fixation, longitudinal sections of length 
and width of the whole specimen were made and completely included. Histological 
diagnosis of polyps and tumours was carried out in accordance with current guide-
lines. The histological grading, classification and the lesion resection margins in 
mm (horizontal and vertical) were assessed. In the event of invasive carcinoma, the 
Kikuchi levels were used for pT1 tumours. A R0 resection was defined as a complete 
resection with no residual tumour in the resection plane, with a margin of at least 
1 mm. Incomplete (R1) resection was defined as tumour invasion of margins. When 
radicality could not be determined due to coagulation artefacts/tangential cut, it 
was defined as a Rx resection.26 The same classification (R0, R1, Rx) was used for 
benign polyps. Tumour grade and presence/absence of lymph- or blood vessel inva-
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sion was addressed specifically, along with tumour budding. When the histological 
outcome of CAL-WR in group 3 showed no residual neoplastic tissue from the earlier 
endoscopically incomplete resected low-risk pT1 CRC, the histology of the CAL-WR 
excision specimen was reviewed by a specialized GI pathologist to ensure that the 
earlier endoscopically-removed low-risk pT1 scar was resected. When the scar was 
identified during second reading of the histology and no residual tissue was identi-
fied, we considered it a R0 resection. 

Follow-up endoscopy
A follow-up endoscopy was scheduled six months after CAL-WR to evaluate the scar 
for residual/recurrent adenomatous tissue or cancer. Inspection of the scar was 
performed with both white light and advanced imaging (NBI or chromo-endoscopy), 
followed by biopsies even in the absence of visible neoplastic tissue. 

Primary and secondary outcomes
The primary endpoint was the 30-day morbidity rate after CAL-WR according to 
the Clavien-Dindo classification.27 Minor morbidity was defined as Clavien-Dindo 
grade I or II, and major morbidity as Clavien-Dindo grade III or higher. The secondary 
outcomes were (1) technical success defined as macroscopically-complete wedge 
resection with a patent lumen, (2) number of radical resections (R0) defined as free 
lateral and vertical resection margins of at least 1 mm normal colonic mucosa, (3) 
recurrence of adenomatous tissue or carcinoma detected by follow-up endosco-
py and (4) long-term morbidity following CAL-WR defined as the development of a 
symptomatic stenosis of the colon. 

Statistical analyses
The sample size was determined based on a power calculation assuming a morbidity 
of 5%, with a desired precision estimate of 4% and a 95% confidence interval. Using 
these parameters, the sample size was determined to be 115 cases. All analyses 
were performed using Statistical Package of Social Sciences version 26.0 (SPSS, 
IBM Corp.). A p-value < 0.05 (two sided) was considered significant. Normality was 
verified using the Kolmogorov-Smirnov test. Descriptive statistics were reported 
as medians with range for non-parametric data and as means with standard devi-
ation (SD) for parametric data. Normally-distributed continuous data were tested 
using Student’s T-test. Non-parametrical continuous data were compared using the 
Mann-Whitney U test. Categorical data are summarized as frequencies with propor-
tions.	
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RESULTS
Of the 138 eligible patients, 118 were included in the analysis following assessment 
by the expert panel and review of the histological specimen, if indicated (Figure 1). 

Figure 1.
Patient enrollment Eligible patients

n = 138

Group 2: Residual
adenoma after previous

endoscopic resection
n = 34

Group 3: Irradical
endoscopic resected low

risk
n =24

Group 1: 
Endoscopically 

unresectable polyps
n = 80

Eligible patient
n = 73

Excluded after
judgement of ex-

pertpanel
n = 7

Withdrawn
from study

n = 7

Excluded after
histological 

revision
n = 2

Withdrawn
from study

n = 4

Eligible patient
n = 66

Eligible patient
n = 18

Eligible patient
n =22

Included patients
n = 118



116

In group 1, 66 of the 80 (85.5%) eligible patients were included. Seven patients were 
excluded based on expert panel assessment and a further 7 patients withdrew from 
the study for various reasons (e.g., the patient did not undergo CAL-WR or declined 
to participate in the study). All patients in group 2 were included in the analysis. Of 
the 24 eligible patients in group 3, 2 patients were excluded after histologic revision 
and 4 patients withdrew from the study, leaving 18 patients in total. 
In 56% of included patients the indication for CAL-WR was an endoscopically-unre-
sectable colonic polyp (group 1), 29% of patients had a residual/recurrent lesion af-
ter previous endoscopic removal (group 2) and the remaining patients (15%) had an 
undetermined resection margin after endoscopic removal of a low-risk pT1 tumour 
(group 3). The mean age was 66 years (SD ± 8 years), the majority of the patients 
were male (56%) and most patients (82%) had an American Society of Anaesthesiol-
ogists physical status (ASA) of 1 or 2.28 Almost half of the lesions were located in the 
caecum. The median size of lesions in groups 1 and 2 was 20 mm [range 5 – 50 mm]. 

Table 1. Baseline characteristics

							       n = 118 (%)

Mean age, years (SD)					     66 (± 8)
Gender
     Male	 						      66 (56)

ASA*
     1							       19 (16)
     2							       78 (66)
     3							       21 (18)	

Previous abdominal surgery				    20 (17)

Indications
     Endoscopically-unresectable polyp				    66 (56)
     Residual adenomatous tissue after prior polypectomy		  34 (29)	
     Irradical resected low-risk pT1				    18 (15)
	
Localization lesion
     Caecum						      52 (44)
     Ascending colon & hepatic flexure				    27 (23)
     Transverse colon						      11 (9)
     Descending colon & splenic flexure				    7   (6)
     Sigmoid colon 						      21 (18) 	

Size of the lesions, per indication [median with range]
     Endoscopically-unresectable polyp, size in mm 			   20 [range 5 – 50]
     Residual adenomatous tissue after prior polypectomy		  20 [range 5 – 50]

* American Society of Anesthesiologists physical status
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An overview of the baseline characteristics is presented in Table 1. 
Successful CAL-WR was performed in 110 of the 118 patients (93%). When a lesion 
was located in the caecum the technical success rate was 96%, and in twenty-seven 
of the fifty (54% (n = 27/50)) successfully performed CAL-WR procedures, the polyps 
showed ingrowth into the appendix. CAL-WR was not considered suitable in 8 pa-
tients, 3 of whom had lesions in the rectum, in contrast to an earlier endoscopically 
estimated location in the sigmoid colon. In two of these cases transanal minimally 
invasive surgery (TAMIS) was performed, while the other patient underwent endo-
scopic full-thickness resection (eFTR) during the same procedure. The fourth patient 
exhibited lesional ingrowth into the ileum, but due to severe comorbidity a CAL-WR 
was performed in this patient with acceptance of irradicality. Stenosis of the colon 
was observed in the fifth patient during CAL-WR, due to the earlier endoscopic 
removal of a colonic polyp. The surgeon therefore converted to a segmental colonic 
resection. During CAL-WR in the sixth patient endoscopic suspicion of a deep inva-
sive carcinoma arose, for which a right hemicolectomy was performed during the 
procedure. In the seventh patient a colonic polyp was found close to the mesentery, 
precluding proper positioning of the linear stapler and the surgeon therefore decid-
ed to perform a hemicolectomy. In the remaining patient the surgeon was not able to 
tension the suture sufficiently to ensure correct positioning of the linear stapler and 
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Table 2.
Technical success of colonoscopic-assisted laparoscopic wedge resection 
in patients scheduled for CAL-WR
		
				    Indication CAL-WR

				    Overall		  Endoscopically	 Residual		 Irradical
						      - unresectable	 adenomatous	 low risk pT1
						      polyp		  tissue		

				    n = 118 (%)	 n = 66 (%)		 n = 34 (%)		 n = 18 (%)

Technical success			   110 (93)		  63 (95)		  31 (91)		  6 (89)

Location		
successful
CAL-WR#

  Caecum				   50/52 (96)		 35/36 (97)		 14/15 (93)		 1/1     (100)
  Ascending			   25/27 (93) 	 13/14 (93)		 8/9     (89)		 4/4   (100)
    colon & hepatic  
    flexure
  Transverse colon			   10/11 (91)		 7/7     (100)	 3/4    (75)		 -
  Descending colon			  7/7    (100)	 4/4    (100)	 2/2    (100)	 1/1     (100)
     & splenic  
     flexure
  Sigmoid colon 			   18/21 (86)		 4/5    (80)		 4/4     (100)	 10/12 (83) 	

CAL-WR not performed 
Reason:	 			   8 (7)		  3 (6)		  3 (9)		  2 (11)
   Rectal lesion			   3		  1		  -		  2
   Ingrowth in ileum1		  1		  -		  1		  -
   Stenosis due to prior 		  1		  -		  1		  -      
     endoscopic resection
   Suspicion of carcinoma		  1		  1		  -		  -
   Lesion close to mesentery		  1		  -		  1		  -
   No tension on suture		  1		  1		  -		  -  
    possible

Converted into:
  TAMIS				    2		  1		  -		  1*
  eFTR ^				    1		  -		  -		  1
  LEAWR with 			   1		  -		  1		  -
    acceptance of
    irradicality1   
  Right-sided 			   4		  2		  2		  -
     hemicolectomy	

# CAL-WR – Colonoscopic-Assisted Laparoscopic Wedge Resection
* TAMIS = Transanal Minimally Invasive Surgery
^ eFTR = endoscopic Full-Thickness Resection
1 CAL-WR was performed with acceptance of irradicality
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the procedure was therefore converted to a right-sided hemicolectomy (Table 2). 
The patients who successfully underwent a CAL-WR (n = 110) had an overall com-
plication rate of 6%, all of which were minor (Clavien-Dindo grade I-II) and neither 
reintervention nor mortality was observed. The mean operation time was 58 minutes 
[range 20 - 138 minutes] and the overall median length of hospital stay after CAL-
WR was 2 days [range 1 - 5 days] (Table 3). One patient had an additional segmental 
resection 5 weeks after CAL-WR due to complaints of a stenosis of the colon. 
Amongst the 110 patients with a successful CAL-WR, 69% (n = 76) had benign histol-
ogy, 20% (n = 22) malignant histology, all these CRCs were judged benign by the gas-
troenterologist as well as the expert panel prior to surgery. Eleven percent (n = 12) 
showed no residual tumour (following a previous uncertain margin after endoscopic 
removal of a low risk pT1 carcinoma). Radical resection was performed in 91% of pa-
tients who successfully underwent a CAL-WR (n = 110/118). R1 resection was carried 
out in 3%. In group 1, radical resection was carried out in 87% and R1 resection in 5% 
of patients. In group 2, the radicality rate was 94% and in group 3, 100%. The radical-
ity rate did not differ between lesions up to 30 mm and lesions greater than 30 mm 
(90% versus 92%, p = 0.78) (Table 4). 
	 Invasive cancers were diagnosed in 22 patients (20%), 13 of whom had a pT1 
tumour, all of which were R0 resections. T2 carcinomas were found in 7 patients, 5 of 
which were R0 resections (71.4%). The remaining two patients with invasive cancer 
showed a T3 carcinoma, both of which were resected with radical margins. Three 
of the twenty-two aforementioned patients underwent resection of a scar after 
previous removal of a low-risk pT1 (group 3), so size of the resected lesion was not 
applicable and these 3 cases were therefore excluded from the analysis of lesion 
size. The other 19 cases of invasive lesions were divided, based on size of the colonic 
polyp, into two groups: (1) lesions smaller or equal to 25 mm (n = 12) and (2) lesions 
larger than 25 mm (n = 7). Although numbers were small, there was no difference in 
R0 resection rates (92% vs. 86%, p = 1.00) (Table 4). An additional oncological seg-
mental colon resection was performed in 12 patients. In 10 patients the indication 
for the resection was based on high-risk features after histological examination. In 
one patient an additional oncological resection was performed due to a carcinoma 
in another polyp not treated in this study. The remaining patient underwent an ad-
ditional resection, 5 weeks after CAL-WR, following complaints of a stenosis of the 
colon (Table 4). 
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Table 3.
Clinical outcome CAL-WR

						      n = 110 (%)

Overall complications				    7 (6)

Minor complications (CDG I-II)			   7 (6)

     Urinary retention				    2

     Urinary tract infection				    1

     Surgical site infection				    1

     Readmission due to pain				    1		

     Opioid intoxication				    1

     Paralytic ileus					     1	

Major complications (CDG* III-IV)			   -

Median length of stay [range], days			   2 [1-5]

Median operating time [range], minutes		  58 [20-138]

* CDG = Clavien Dindo Grade of complications

	 Of the 110 patients who underwent a successful CAL-WR, 12 required addi-
tional oncological surgical resection and therefore had no indication for follow-up 
endoscopy after 6 months. Of the remaining 98 patients with an indication for 
follow-up endoscopy, follow-up was conducted in 87 (89%). The median interval 
between CAL-WR and follow-up endoscopy was 9 months [range 2 – 32 months] and 
a CAL-WR scar could be identified in almost 80%. In 4 patients (5%) macroscopic 
recurrent tissue was found during follow-up endoscopy (Table 5) and 3 of these 
patients underwent R0 resection of the CAL-WR, one of which concerned a lesion 
with ingrowth into the appendix. In two patients the indication for a CAL-WR was 
a difficult location of the lesion, and in the remaining patient the indication was a 
non-lifting colonic polyp. All four cases with recurrence were confirmed by histo-
logical examination of the resected residue. The residue was treated by cold snare 
endoscopic mucosal resection (EMR) in all four cases (Table 6).
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Table 5.
Follow-up endoscopy

							       Overall 
							       n = 98* (%)

Follow-up endoscopy					     87 (89)
      Missing						      11
          Patient died^						     1
          Patient refused FU# 					     4
          No FU due to COVID-19					    4
          Lost to follow up					     2	

Median interval between CAL-WR and FU# [range], months	 9 [2 - 32]

Scar CAL-WR identified?
          Yes							       69/87 (79)

Macroscopic residual tissue					    4/87 (5)

^ patient died 2.5 months after CAL-WR due to a cerebrovascular accident
# FU = follow-up endoscopy
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Table 4.
Histologic outcome of 110 CAL-WR specimens
			 
			   Indication CAL-WR

	 Overall 	 Endoscopically		 Residual		  Irradical low-risk
		  unresectable polyp	 adenomatous tissue	 pT1	
	 n = 110 (%)	 n = 63 (%)- 		  n = 31 (%)		  n = 16 (%)	 

Histologic 	
outcome
     SSA/P* no dysplasia	 15 (13.5)	 12 (19)		  3   (10		  -
     SSA/P LGD^ 	 3   (3)	 1   (2)		  2   (6)		  -
     SSA/P HGD°	 2   (2)	 2   (3)		  -		  -
     Adenoma LGD	 41 (37	 22 (35)		  19 (61)		  -
     Adenoma HGD	 15 (13.5)	 11 (17)		  3   (10)		  1   (6)
     T1 carcinoma	 13 (12)	 10 (16)		  1   (3)		  2   (13)	
          Low-risk	 12	 9		  1		  2
          High-risk	 1	 1		  -		  -
     T2 carcinoma	 7   (6)	 4   (6)		  3   (10)		  -
     T3 carcinoma	 2   (2)	 1   (2)		  -		  1   (6)
     Scar tissue	 12 (11)	 -		  -		  12 (75)
	
Radicality, overall
     R0  resection	 100 (91)	 55 (87)		  29 (94)		  16 (100)
     Rx resection	 7     (6)	 5 (8)		  2 (6)		  -
     R1 resection	 3     (3)	 3 (5)		  -		  -	

Radicality by size						      Not applicable$

     Lesion </= 30mm	 79	 53		  26
          R0  resection	 71 (90)	 48 (90)		  23 (88)		
          Rx resection	 5   (6)	 3   (6)		  2 (8)
          R1 resection	 3   (4)	 2   (4)		  1 (4)

     Lesion > 30mm	 13	 8		  5
          R0  resection	 12 (92)	 7   (88)		  5 (100)
          Rx resection	 1   (8)	 1   (12)		  -
          R1 resection	 -	 -		  -

Size of polyp missing	 2	 2		  -	
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Radicality in case 
an invasive lesion 
was found	 22 (20)
     T1 carcinoma
         R

0
 resection	 13	 10		  1		  2

     T2 carcinoma
         R

0
 resection	 5	 3		  2		  -

         R
x
 resection	 1	 1		  -	 -

         R
1
 resection	 1	 -		  1	 -

    T3 carcinoma
        R

0
 resection	 2	 1		  -	 1

Radicality by size 					     Not applicable$

in cases with 
colon cancer	
     Lesion </= 25mm	 12	 10		  2
          R0  resection	 11 (92)	 10 (100)		  1   (50)
          Rx resection	 -	 -		  -
          R1 resection	 1   (8)	 -		  1   (50)

     Lesion > 25mm	 7	 5		  2
          R0  resection	 6   (86)	 4   (80)		  2   (100)
          Rx resection	 1   (14)	 1   (20)		  -
          R1 resection	 -	 -		  -

Invasive lesions	 3	  
found in scar of 
‘irradical low-risk 
pT1’ (size not 
applicable)	

Additional 
oncologic 
segmental colon	 12/110 (11) 
resection
   Indication
     T1 carcinoma, 	 1	 1		  -	 -
        high-risk 
     T2 carcinoma	 7	 4		  3	 -
     T3 carcinoma	 2	 1		  -	 1
     Another CRC#	 1	 1		  -	 -
     Stenosis	 1	 -		  1	 -	

* SSA/P = sessile serrated adenoma/polyp
^ LGD = low-grade dysplasia
° HGD = high-grade dysplasia
# CRC = colorectal cancer
$ Not applicable because original size of polyp is not representative 
for radicality of removal of scar from a ‘irradical low-risk T1’

7
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Table 6.
Macroscopic residual tissue during follow-up endoscopy

	 Indication for 	 Size of	 Location		  Histologic	 Histologic	 Treatment

	 CAL-WR	 resected	 CAL-WR		  outcome		 outcomes FU#	 of the

		  polyp$ (mm)			   CAL-WR	  	 endoscopy	 recurrence

Case 1	 Difficult 	 50	 Transverse		  Adenoma	 Adenoma LGD	 Cold snare

	 location of		  colon 		  LGD, R0				    EMR

	 polyp				    resection	

	

Case 2	 Non-lifting	 10	 Transverse		  Adenoma	 Adenoma LGD	 Cold snare 

	 polyp		  colon		  LGD, R0				    EMR

					     resection	

	

Case 3	 Difficult 	 30	 Splenic		  Adenoma	 Adenoma LGD	 Cold snare

	 location of 		  flexure		  LGD, Rx				    EMR

	 polyp				    resection	

	

Case 4	 Growth into	 15	 Caecum		  SSA/P without	 SSA/P without	 Cold snare	  

	 appendix		  /appendix		  dysplasia,	 dysplasia		 EMR 

					     R0 resection		

$ endoscopically estimated by gastroenterologist
# FU = follow-up endoscopy
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Table 6.
Macroscopic residual tissue during follow-up endoscopy

	 Indication for 	 Size of	 Location		  Histologic	 Histologic	 Treatment

	 CAL-WR	 resected	 CAL-WR		  outcome		 outcomes FU#	 of the

		  polyp$ (mm)			   CAL-WR	  	 endoscopy	 recurrence

Case 1	 Difficult 	 50	 Transverse		  Adenoma	 Adenoma LGD	 Cold snare

	 location of		  colon 		  LGD, R0				    EMR

	 polyp				    resection	

	

Case 2	 Non-lifting	 10	 Transverse		  Adenoma	 Adenoma LGD	 Cold snare 

	 polyp		  colon		  LGD, R0				    EMR

					     resection	

	

Case 3	 Difficult 	 30	 Splenic		  Adenoma	 Adenoma LGD	 Cold snare

	 location of 		  flexure		  LGD, Rx				    EMR

	 polyp				    resection	

	

Case 4	 Growth into	 15	 Caecum		  SSA/P without	 SSA/P without	 Cold snare	  

	 appendix		  /appendix		  dysplasia,	 dysplasia		 EMR 

					     R0 resection		

$ endoscopically estimated by gastroenterologist
# FU = follow-up endoscopy 7

DISCUSSION 
This prospective multicentre study shows that CAL-WR is a safe and feasible tech-
nique for the resection of colonic polyps not amenable to conventional endoscopic 
resection. CAL-WR has a low morbidity rate, with only 6% minor complications, a 
high technical success rate (93%) and a radical resection rate of 91%. In the present 
study, recurrent lesions were found in only 4 patients (5%). 
	 The number of advanced adenomas and early T1 cancers with referrals for sur-
gical treatment of these lesions has increased substantially due to the implemen-
tation of national colorectal cancer screening programs in many countries.3 CAL-WR 
appears to fill the gap between endoscopic resection and more advanced surgical 
procedures, which are accompanied by higher morbidity (24%) and mortality (2%) 
rates.13 
	 In the present study only 11% of patients underwent additional oncological 
segmental resection, indicating that segmental colectomy could be prevented in all 
other cases. Moreover, CAL-WR appears cost-effective compared to laparoscopic 
segmental resection.29 
	 To date, few studies have described the use of various combined endoscopic 
laparoscopic surgery (CELS) techniques.16-20 Reported technical success rates from 
available literature range from 95% to 100%16,18-20, comparable to our technical suc-
cess rate of 93%. Accurate endoscopic judgement regarding lesion location is nec-
essary to select the appropriate patients for CAL-WR, which may in turn result in an 
even higher technical success rate. In 3 patients in our study, polyps with reported 
locations in the sigmoid were actually found in the rectum. Furthermore, one polyp 
showed ingrowth into the ileum and another polyp was judged to be suspicious for a 
deep invasive carcinoma.
	 A recent systematic review of CELS involving 101 patients showed no intra- or 
postoperative complications.17 Another recent retrospective cohort study (n = 115 
patients) showed Clavien-Dindo grade I-II complications in 13% of patients after 
CELS.30 In that study, both CAL-WR and another form of CELS such as laparosco-
py-assisted endoscopic resection (LAER) was performed. Therefore, the reported 6% 
morbidity rate in our study appears acceptable, especially in a multicentre design.
Successful CAL-WR in the current study resulted in an overall radical resection rate 
of 91%, and no significant difference was found in resection rates for lesions < 30 
mm or > 30 mm. Radical resection rates after CAL-WR in other studies range from 
75% to 100%.16,18,20 None of the previous CAL-WR studies reported recurrence at 
follow-up endoscopy.16,18-20 In our study, recurrent adenomatous tissue was detected 
at follow-up colonoscopy in 5% of cases. In one case the pathologist found loose 
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adenomatous cells in the staple margin, while the primary resection margin was free 
of adenomatous tissue. We hypothesize that manipulation of the lesion in this case, 
either by placing of the suture and/or closure with the stapler, caused adenomatous 
cells to become embedded in the staple margin. Careful manipulation of the lesion 
during CAL-WR as well as follow-up endoscopy is therefore strongly recommend-
ed. A CAL-WR scar could be identified in 80% of the follow-up colonoscopies and 
placing a tattoo opposite the CAL-WR site would further improve the scar detection 
at follow-up endoscopy.  
	 Endoscopic full-thickness resection (eFTR) using an over the scope clip is 
another relatively new full-thickness technique for the treatment of complex co-
lonic neoplasms. The overall technical success rate of eFTR varies between 84% 
to 94%5,31-34, while the complication rate ranges from 9.3% and 14%. The most 
commonly reported complications are secondary appendicitis, bleeding and trau-
matic wall lesions. In 2% to 3.5% of cases surgical reintervention is needed to treat 
complications.5,31-34 The reported complication rate of eFTR is higher (9.3% – 14%) 
compared to CAL-WR (6%), as demonstrated by our study. A relatively common 
complication after eFTR is a secondary appendicitis close to the appendiceal orifice, 
which requires surgical reintervention. CAL-WR is particularly suitable for these cas-
es, as 27 patients in our study (25%) had a lesion with ingrowth into the appendix, all 
of which could be treated without complication.
	 The radical resection rates for eFTR and CAL-WR are similar and vary from 72% 
to 90% and from 72% to 100%, respectively.5,16,18,20,31-34 However, the use of eFTR is 
restricted to lesions of less than 20 mm by the size of the cap.5,31,33,34 In our study, the 
median size of lesions was 20 mm [range 5 – 50 mm], indicating that lesion size is 
less of a limitation compared to eFTR. The recently described Dutch eFTR colorectal 
registry reported residual/recurrent lesions in 6.4% of patients,5 while other eFTR 
studies reported a recurrence/residual rate of between 5.8% and 13.5%.31-34 Unfor-
tunately, details on whether the primary resection in these cases was complete (R0 
resection) was not provided in these studies.5,33,34

	 Strengths of our study included the multicentre prospective design and the 
relatively large number of included patients, while the use of expert panels and 
follow-up with colonoscopy increased external validity. A limitation of our study 
was that 11% of follow-up colonoscopies have yet not been performed due to 
COVID-19-related restrictions. Therefore, the actual recurrence rate might be some-
what higher and the long-term outcome of the study is still awaited. Another lim-
itation can be the location of the polyp close to the mesentery, which may preclude 
placing of the linear stapler and dissection of the colon from the mesentery should 
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be avoided to prevent necrosis of the colon. Another limitation could be the bowel 
insufflation during CAL-WR, making the surgery difficult. For this reason, it is im-
portant to do the colonic mobilization before insufflation and to use CO2 because it 
resolves faster. Future research should focus on the long-term outcomes of CAL-WR, 
especially concerning malignant neoplasms. Differences in costs between advanced 
endoscopic removal techniques and CAL-WR should also be taken into account. 
In conclusion, CAL-WR is a safe, feasible and organ-preserving technique. CAL-WR 
should therefore be considered a primary treatment strategy for patients with 
colonic neoplastic lesions that cannot be removed endoscopically. Furthermore, a 
specific indication could be polyps with ingrowth into the appendix. 
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