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ABSTRACT

Background and study aims A free resection margin

(FRM) > 1mm after local excision of a T1 colorectal cancer

(CRC) is known to be associated with a low risk of local intra-

mural residual cancer (LIRC). The risk is unclear, however,

for FRMs between 0.1 to 1mm. This study evaluated the

risk of LIRC after local excision of T1 CRC with FRMs be-

tween 0.1 and 1mm in the absence of lymphovascular inva-
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Introduction
Submucosal invasive colorectal cancers (T1 CRCs) are increas-
ingly treated by local excision, followed by endoscopic follow-
up in case of low risk of lymph node metastasis (LNM) or local
intramural residual cancer (LIRC). The risks for a complicated
course (9.2% to 19.2%) and mortality (0.6% to 1.9%) after elec-
tive bowel resection underscore the importance of balancing
the risk of LNM and LIRC on the one hand and of completion sur-
gery on the other hand [1, 2]. The risk of LNM and LIRC can be
assessed with several models, which in addition to lymphovas-
cular invasion (LVI), poor differentiation, and high-grade tumor
budding (Bd2–3), include a free resection margin (FRM) [3, 4].
However, the definition of a FRM differs between guidelines
from >1mm to >0.1mm [5–8].

Several studies have shown that, in the absence of other his-
tological risk factors, the risk of LIRC is < 2% in tumors with a
FRM>1mm [9–11]. The 1-mm FRM cut-off in several guidelines
is based on studies showing an increased risk of LIRC (7% to
17%) in case of a resection margin <1mm [12–14]. However,
the reported outcomes are presumably overestimations of the
risk of a FRM between 0.1 and 1mm, as these studies did not
distinguish between a positive (R1) resection margin and a
FRM between 0.1 and 1mm. Instead, these groups were com-
bined for analysis and compared to a group with FRMs >1mm.
Moreover, not all studies excluded T1 CRCs with poor differen-
tiation, LVI or high-grade tumor budding, and the presence of
these risk factors makes it impossible to discriminate the risk
of LIRC for a FRM between 0.1 and 1mm only. In contrast to
the referenced papers, there are a few studies with small sam-
ple sizes that did investigate the risk of LIRC in FRMs between
0.1 and 1mm and showed a pooled risk of LIRC of 4.2% (0%–
37.5%) [10, 15–18].

Based on current literature, it is difficult to estimate the risk
of LIRC in patients with a T1 CRC with a FRM between 0.1 and
1mm in the absence of other histological risk factors. It is, how-
ever, of crucial importance to know this risk in order to inform
patients about the benefit of completion surgery during shared
decision making. The aim of this study, therefore, was to evalu-
ate the risk of LIRC after local excision of T1 CRC in patients with

a resection margin between 0.1 and 1mm in the absence of
other histological risk factors.

Patients and methods
Study design

This study was a multicenter retrospective cohort. All consecu-
tive patients diagnosed with a T1 CRC between 2014 and 2017
in one academic and 10 non-academic hospitals in the Nether-
lands were included in the cohort. Patients were identified
through the Netherlands Cancer Registry and their electronic
medical records (EMRs) were reviewed, including pathology,
endoscopy, and radiology reports. Patients were included if
the local pathology report confirmed the diagnosis of T1 CRC,
defined as tumor growth through the muscularis mucosa and
into, but not beyond, the submucosa.

Exclusion criteria included familial predisposition to CRC,
non-adenocarcinoma, inflammatory bowel disease, missing
endoscopy or pathology reports, neoadjuvant chemoradiother-
apy, synchronous second primary CRC, and diagnosis of other
≥T2 stage CRC within the previous 5 years or at the time of de-
tection of T1 CRC. Within this cohort, patients were identified
meeting the following inclusion criteria: 1) endoscopic or local
surgical excision of a T1 CRC; 2) a FRM≥0.1mm (in cases with
mention of both lateral and deep resection margins, cases
were only selected if both were free of carcinoma and grouped
based on the deep resection margin) (cases with endoscopic
piecemeal resection could be included if only one fragment
contained malignancy and the resection margin could be eval-
uated); 3) absence of poor differentiation and LVI; and 4) at
least 6 months of follow-up (▶Fig. 1). Tumor budding and
deep submucosal invasion were not used as exclusion criteria,
as they were not part of the Dutch prediction model, and there-
fore, are poorly reported [6]. Patients were categorized in two
subgroups: FRM between 0.1 and 1mm and with a free resec-
tion margin >1mm.

This study was approved by the Medical Ethical Review Com-
mittee of the University Medical Center Utrecht (reference
number 15–487/C) on August 18, 2015 and was carried out in
accordance with the Helsinki Declaration. All patient data were
coded. The study conformed to the STROBE guideline for co-

sion (LVI), poor differentiation and high-grade tumor bud-

ding (Bd2–3).

Patients and methods Data from all consecutive patients

with local excision of T1 CRC between 2014 and 2017 were

collected from 11 hospitals. Patients with a FRM ≥0.1mm

without LVI and poor differentiation were included. The

main outcome was risk of LIRC (composite of residual can-

cer in the local excision scar in adjuvant resection speci-

mens or local recurrence during follow-up). Tumor budding

was also assessed for cases with a FRM between 0.1 and

1mm.

Results A total of 171 patients with a FRM between 0.1

and 1mm and 351 patients with a FRM>1mm were includ-

ed. LIRC occurred in five patients (2.9%; 95% confidence in-

terval [CI] 1.0–6.7%) and two patients (0.6%; 95% CI 0.1–

2.1%), respectively. Assessment of tumor budding showed

Bd2–3 in 80% of cases with LIRC and in 16% of control

cases. Accordingly, in patients with a FRM between 0.1 and

1mm without Bd2–3, LIRC was detected in one patient

(0.8%; 95% CI 0.1–4.4%).

Conclusions In this study, risks of LIRC were comparable

for FRMs between 0.1 and 1mm and >1mm in the absence

of other histological risk factors.
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hort studies (Strengthening the Reporting of Observational
Studies in Epidemiology) [19].

Data collection

Demographic and clinical data were collected at the participat-
ing hospitals. Patient characteristics were extracted from the
EMRs and included age, gender, and physical status according
to the American Society of Anesthesiologists (ASA) classifica-
tion system [20]. Data on polyp morphology, location, size,
and type of endoscopic treatment were extracted from the
endoscopy report. Tumor location was defined as rectum if the
polyp was located≤15cm from the anal verge according to the
endoscopy report. In case of missing data on polyp morpholo-
gy, an attempt was made to obtain this information by reexa-
mining the original endoscopy images together with the local
investigator. Histological features were extracted from the
standardized histology reports and included LVI, differentiation
grade, and resection margins [21]. In case of completion sur-
gery, data on the number of dissected and positive lymph
nodes and presence of residual malignant cells in the adjuvant
resection specimen were extracted. Follow-up data including
findings during colonoscopy, biopsies of the endoscopic exci-
sion scar, and vital status were obtained from the EMRs and
endoscopy reports. Data on baseline and follow-up imaging of

liver and thorax were extracted from the radiology reports. In
case of recurrent cancer, characteristics of the recurrence,
such as stage and treatment, were collected.

Main outcomes

The main outcome was the risk of LIRC, which was a composite
of intramural residual cancer in the resection specimen of com-
pletion surgery, intramural residual cancer in the full-thickness
scar excision specimen (local full-thickness scar excision with
either endoscopic full-thickness resection (eFTR) [22, 23], or
transanal endoscopic microsurgery/transanal minimally inva-
sive surgery [24]), or recurrence of cancer at the scar during
endoscopic follow-up. Although not part of the primary re-
search question, we recorded the number of patients with me-
tastasis, defined as either histologically confirmed LNM or dis-
tant metastasis confirmed by imaging or histology and molecu-
lar profiling. New metachronous primary CRC during follow-up
was not considered as recurrence. In patients with a free resec-
tion margin between 0.1 and 1mm, we stratified for colon vs.
rectum, sessile vs. pedunculated, and patients < 70 vs. ≥70
years of age to investigate groups with higher risks of LIRC or
complications during surgery.

Additional assessment of tumor budding

Data provided in the local pathology report according to the
Dutch guideline were used for this study [21]. Before dissection
of endoscopically or local surgically resected T1 CRCs, the re-
section margins were identified and painted with ink. The spe-
cimens were transversely sectioned in 3-mm slices and totally
embedded in sequentially labeled cassettes for histological
evaluation. LVI was primarily evaluated using hematoxylin and
eosin (H&E) staining, with additional immunohistochemical
staining in cases with doubt (e. g. D2–40, CD-31, Victoria Blue
or Elastica Van Gieson).

In addition, we asked the pathologists in the participating
centers to assess tumor budding in cases with a FRM between
0.1 and 1mm, as this was not mentioned in most original re-
ports. Tumor budding was determined according to the Inter-
national Tumor Budding Consensus guideline [25]. Bd2 and
Bd3 were considered high-grade tumor budding.

Statistical analysis

Baseline characteristics were reported using standard descrip-
tive statistics. Continuous data were expressed as medians
with interquartile ranges (IQRs), while categorical data were
expressed as frequencies and percentages. Binomial statistics
were used to calculate 95% confidence intervals (CIs). Sub-
group analyses were performed to stratify the risk of LIRC and
metastasis for polyp morphology, polyp location, patient age
and follow-up length. Differences in risks between subgroups
and the overall cohort were calculated using the Fisher’s exact
test. Missing data were assessed according to the missing com-
pletely at random (MCAR) test by Little et al [26]. A two-sided
P <0.05 was considered significant. IBM SPSS Statistics version
25 (SPSS Inc., Chicago, Illinois, United States) was used for all
analyses.

Excluded (n = 969)
▪ Benign or T2/3 (n = 474)
▪ Synchronous CRC (n = 140)
▪ Missing reports (n = 151)
▪ Hereditary predisposition (n = 27)
▪ Inflammatory bowel disease (n = 16)
▪ Chemoradiotherapy (n = 161)

Patients with T1CRC at NKR 2014–2017, 11 hospitals
(n = 2608)

Excluded (n = 1117)
▪ No primary local resection (n = 479)
▪ R1 (n = 579)
▪ Other pathological risk factors (n = 50)
▪ No endoscopic follow-up or adjuvant resection 
 (n = 9)

Consecutive patients with pT1 CRC 2014–2017, 
11 hospitals (n = 1639)

Local resection of pT1 
CRC with free resection 
margins between 
0.1–1 mm (n = 171)

Local resection of pT1 
CRC with free resection 
margins between 
>1 mm (n = 351)

▶ Fig. 1 Study flowchart. CRC, colorectal cancer; N, number of
patients; R1, positive resection margin; other pathological risk
factors include lymphovascular invasion, poor differentiation, and
deep invasion in pedunculated tumors.
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Results
Characteristics of patients, tumors, and follow-up

Of the 2608 identified patients with T1 CRC in the participating
hospitals, 1639 were enrolled in the database (▶Fig.1). In the
final cohort, 171 patients (10%) with a FRM between 0.1 and 1
mm were included, with a median age of 68 years (IQR 63–73),
31.6% of whom were women, and the median follow-up was 33
months (IQR 19–47 months). There were 351 patients (21%)
included with a FRM>1mm with a median age of 69 years (IQR
63–74), 36.5% were women, and the median follow-up was 20
months (IQR 11–30 months). An overview of patient character-
istics at baseline is presented in ▶Table 1. No imputation was
performed for missing data as these were missing completely

at random, according to the MCAR test. Besides, the number
of incomplete cases was <10%, with missing data merely for
ASA classification, polyp size and resection technique, so the
impact of imputation would be negligible. The secondary treat-
ment strategy in cases with a FRM between 0.1 and 1mm con-
sisted of endoscopic follow-up (100 (59%) patients), local full-
thickness resection of the scar (28 (16%) patients), or comple-
tion surgery with resection of the draining lymph nodes (43
(25%) patients). In cases with a FRM >1mm, all patients had
endoscopic follow-up according to the guideline [6].

In patients with a FRM between 0.1 and 1mm who did not
receive completion surgery, at least three surveillance endos-
copies of the scar were performed in 57.7% of patients. The
first surveillance endoscopy was performed after a median

▶Table 1 Baseline characteristics.

Free resection margin between

0.1 and 1mm (N=171)

Free resection margin >1mm

(N=351)

(P value)

Age (years), median (IQR) 68 (63–73) 69 (63–74) 0.281

Male gender, n (%) 117 (68.4) 223 (63.5) 0.271

Colonoscopy indication, n (%) 0.859

▪ Screening program 113 (66.1) 230 (65.5)

▪ Symptomatic 46 (26.9) 100 (28.5)

▪ Other 12 (7.0) 21 (6.0)

ASA score, n (%) 0.916

▪ ASA I-II 152 (89.4) 314 (89.7)

▪ ASA III-IV 18 (10.6) 36 (10.3)

▪ Missing 1 1

Tumor location, n (%) 0.045

▪ Colon 117 (68.4) 269 (76.6)

▪ Rectum 54 (31.6) 82 (23.4)

Polyp morphology, n (%) < 0.001

▪ Pedunculated 48 (28.1) 220 (62.7)

▪ Non-pedunculated 123 (71.9) 131 (37.3)

▪ Polyp size (mm), median (IQR)1 15 (12–20) 16 (12–20) 0.027

Resection technique n (%) < 0.001

▪ En bloc EMR 131 (76.6) 263 (74.9)

▪ Piecemeal EMR 16 (9.4) 18 (5.1)

▪ ESD 16 (9.4) 9 (2.6)

▪ TEM 5 (2.9) 38 (10.8)

▪ eFTR 1 (0.6) 10 (2.8)

▪ Missing 2 (1.1) 13 (3.7)

Follow-up length (months), median (IQR) 33 (19–47) 20 (11–30) < 0.001

N, number; IQR, interquartile range; ASA, American Society of Anesthesiologists; mm, millimeter; EMR, endoscopic mucosal resection; ESD, endoscopic submucosal
dissection; TEM, transanal endoscopic microsurgery; eFTR, endoscopic full-thickness resection.
1 Polyp size was missing in seven patients with a free resection margin (FRM) between 0.1 and 1mm and in 19 patients with a FRM>1mm.
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duration of 3 months (IQR 3.0–5.0 months). Follow-up imaging
of the abdomen and thorax was performed in 48.5% of patients
with a follow-up strategy after local excision. Computed to-
mography scan and ultrasound were most frequently used for
imaging of the abdomen and were performed in 27.8% and
25.4% of patients, respectively.

Oncological outcomes
Local residual intramural cancer

Of patients with a FRM between 0.1 and 1mm, five with LIRC
were identified, resulting in a risk of LIRC of 2.9% (95% CI 1.0–
6.7%) (▶Table 2). One patient who had full-thickness resection
of the scar was found to have residual cancer in the resection
specimen. Local recurrences were detected in four patients
who had endoscopic follow-up. Recurrences were detected
after a median duration of 10 months (IQR 3.25–41.5). Median
duration between detection of recurrence and previous colo-
noscopy or end of treatment, in case follow-up colonoscopy
had not been performed, was 4 months (IQR 2.5–7.5 months)
(▶Fig. 2). Subgroup analysis for non-pedunculated T1 CRCs

▶Table 2 LIRC and metastasis.

Local intramural residual cancer,

% (95% CI)

Metastasis,

% (95% CI)

Overall

Margin 0.1–1mm (n=171) 2.9 (1.0–6.7) 5.8 (2.8–10.8)

Margin > 1mm (n=351) 0.6 (0.1–2.1) 1.1 (0.3–2.9)

P value 0.028 0.002

Subgroup margin 0.1–1mm

Morphology

Non-pedunculated (n =123) 4.1 (1.3–9.2) 8.1 (3.9–15.0)

Pedunculated (n =48) 0 0

P value 0.158 0.042

Location

Rectum (n=54) 3.7 (0.4–13.4) 5.6 (1.1–16.2)

Colon (n =117) 2.6 (0.5–7.5) 6.0 (2.4–12.3)

P value 0.682 0.912

Age

<70 years (n = 104) 2.9 (0.6–8.4) 7.7 (3.3–15.2)

≥70 years (n = 67) 3.0 (0.4–10.8) 3.0 (0.6– 10.8)

P value 0.970 0.202

Resection technique

En bloc (n =152) 5.9 (0.1–32.8) 5.9 (0.2–32.8)

Piecemeal (n = 17) 2.6 (0.7–6.7) 5.3 (2.2–10.4)

P value 0.742 0.967

LIRC, local intramural residual cancer; N, number; CI, confidence interval.

0 6 12 18 24 30

TxN1M0

T3N0M1

Follow-up months

Follow-up colonoscopy
Follow-up imaging
Residual cancer
Lymph node metastasis

T2N0M0

T3N1M0

T+N?M1

36 42 48 54

1

2

3

4

5

6

7

8

9

10

11

12
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tie

nt

▶ Fig. 2 Follow-up characteristics of patients with a free resection
margin between 0.1 and 1mm with LIRC or metastasis.
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showed LIRC in 4.1% (95% CI 1.3–9.2%) (▶Table 2). Rectal le-
sions had LIRC (3.7%, 95% CI 0.4–13.4%) more often than colo-
nic lesions (2.6%, 95% CI 0.5–7.5%), but this difference was not
significant (P=0.681). No difference was found between pa-
tients < 70 years and≥70 years of age. Of patients with a FRM
>1mm, two with LIRC were identified (0.6%; 95% CI 0.1–2.1%)
(P=0.028). Both were local recurrences during endoscopic fol-
low-up after a negative follow-up endoscopy, 14 and 38 months
after initial treatment.

Metastasis

Metastasis was observed in 10 patients with a FRM between 0.1
and 1mm (5.8%, 95% CI 2.8–10.8%). Six of these patients with
completion surgery had LNM at baseline. One patient who had
endoscopic follow-up of the scar and developed a local recur-
rence had concomitant LNM. One patient who had full-thick-
ness resection of the scar developed regional LNM after 21
months. In total, eight patients had LNM at the time of diagno-
sis or during follow-up (4.7%, 95% CI 2.0–9.2%). All patients
were treated curatively. Distant metastasis occurred in two pa-
tients (1.2%, 95% CI 0.1–4.2%), both of whom had endoscopic
follow-up and had concurrent LIRC at time of detection of me-
tastasis. One patient with subcutaneous metastases could not

undergo curative resection. The other patient had a liver me-
tastasis and was treated curatively. Subgroup analysis for non-
pedunculated T1 CRCs showed a risk of metastasis of 9.1%
(95% CI 3.9–15.0%). No difference in risk was seen between
rectum and colon lesions. Patients < 70 years of age developed
metastasis more often (7.7%, 95% CI 3.3–15.2%) than patients
≥70 years of age (3.0% 95% CI 0.6–10.8%), but this difference
was not significant (P=0.200). Of patients with a FRM >1mm,
metastasis was observed in four (1.1%; 95% CI 0.3–2.9%) (P=
0.002). One patient had LNM during surveillance. Three pa-
tients had distant metastasis (liver, lung and bone) during sur-
veillance, of which one had concomitant LIRC.

Characteristics of all patients who developed LIRC or metas-
tasis are reported in ▶Table 3. Patients with endoscopic follow-
up of the scar after local resection of a T1 CRC with a FRM be-
tween 0.1 and 1mm had a median follow-up of 33.0 months
(IQR 20.8–46.3 months). Local recurrence was seen in four of
100 (4.0%, 95% CI 1.1–10.2%), of which two also developed
distant metastasis (2.0%, 95% CI 0.2–7.2%). Of patients with
endoscopic surveillance, 44 of 100 (44%) completed a mini-
mum of 3 years follow-up. In this group, one patient developed
a local recurrence with distant metastasis and risk of LIRC or
metastasis was 2.3% (95% CI 0.1–12.0%). The risk did not differ

▶Table 3 Characteristics and histological review of patients with LIRC or metastasis.

Patient Resection

margin

Type of

outcome

Time to re-

currence

(months)

Secondary

treatment

Resection

technique

Polyp

size

(mm)

Location

primary

CRC

Location dis-

tant recurrence

Tumor

budding

 1 0.1–1mm LR  4 ES Pc-snare  15 Colon – Bd1

 2 0.1–1mm LRC – SCR B-ESD  30 Rectum – Bd2/3

 3 0.1–1mm LRR 16 ES B-snare  10 Rectum Bd2/3

 4 0.1–1mm LDR 50 ES B-TEM  20 Rectum Liver Bd2/3

 5 0.1–1mm LDR  3 ES B-EMR  12 Colon Subcutaneous
tissue

Bd2/3

 6 0.1–1mm LNM – SER B-TEM  20 Rectum – Bd1

 7 0.1–1mm LNM – SER B-EMR  12 Colon – Bd1

 8 0.1–1mm LNM – SER B-EMR  15 Colon – Bd2/3

 9 0.1–1mm LNM – SER B-snare  15 Colon – Bd2/3

10 0.1–1mm LNM – SER Pc-snare  40 Colon – Bd2/3

11 0.1–1mm LNM – SER B-snare  20 Colon – Bd1

12 0.1–1mm LRR 21 SCR B-snare  12 Rectum – Bd1

13 >1mm LR 38 ES B-snare  25 Colon – –

14 >1mm LRR  3 ES eFTR  15 Rectum – –

15 >1mm LDR 14 ES TEM   5 Rectum Liver and bone –

16 >1mm DR 23 ES TEM 120 Rectum Bone –

17 >1mm DR 25 ES Pc-EMR  30 Colon Liver and lung –

LIRC, local intramural residual cancer; LRC, local residual cancer; LR, local recurrence; LRR, locoregional recurrence, recurrence in local tissue or lymph node; LDR,
local and distant recurrence; DR, distant recurrence; LNM, lymph node metastasis at baseline; SCR, adjuvant scar resection; ES, endoscopic surveillance; SER, adju-
vant segmental resection; B, en bloc resection; ESD, endoscopic submucosal dissection; Pc, piecemeal resection; TEM, transanal endoscopic microsurgery; EMR,
endoscopic mucosal resection; CRC, colorectal cancer; NR, not revised; LVI, lymphovascular invasion; NA, not assessable.
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significantly from the risks in all 100 patients with endoscopic
follow-up of the scar.

Additional assessment of tumor budding

Results of the histological assessment of tumor budding in
patients with a FRM between 0.1 and 1mm are shown in ▶Ta-
ble 4. Specimens from 11 patients were not available for as-
sessment due to missing H&E slides in the participating hospi-
tals. In patients with LIRC, high-grade tumor budding was seen
in 80.0% of cases versus 58.3% of patients with LIRC or metas-
tasis. In patients without LIRC or metastasis high-grade tumor
budding was seen in 16.2%. Accordingly, among the group
with a FRM between 0.1 and 1mm without tumor budding,
LIRC was detected in one patient (0.8%; 95% CI 0.1–4.4%) and
metastasis in four patients (3.1%; 95% CI 0.9–8.1%). These
risks did not differ significantly from the risks in patients with
a FRM >1mm (P=0.790 and P=0.131, respectively).

Discussion
To our knowledge, this is the largest study investigating the risk
of LIRC and metastasis in 171 patients with local excision of T1
CRC and a FRM between 0.1 and 1mm, in the absence of other
histological risk factors (poor differentiation and LVI). We
showed that the risk of LIRC was 2.9% (95% CI 1.0–6.7%) and
the risk of metastasis was 5.8% (95% CI 2.8–10.8%). Additional
histological assessment of tumor budding showed high-grade
tumor budding in 80% of cases with LIRC. If tumor budding
was graded low, the risk of LIRC decreased to 0.8% (95% CI
0.1–4.4%), which is comparable to that in patients with a FRM
>1mm. Based on these findings, a FRM between 0.1 and 1mm
poses a low risk of LIRC, especially in the absence of high-grade
tumor budding. Our results are in line with the low risk of LIRC
in tumors with a FRM between 0.1 and 1mm reported in pre-
vious smaller studies [10, 16–18].

In recent past decades, shared decision making has been im-
plemented in oncology practice [27]. This is particularly applic-
able to T1 CRC, where rates of oncological adverse events (AEs)
(LNM, LIRC) are close to the rates of surgical AEs (complica-
tions, mortality). To inform patients properly about the advan-
tages and disadvantages of completion surgery, the risk of on-
cological AEs should be known. Definitions and percentages of
“high-risk” and “low-risk” T1 CRC differ between guidelines and
the “high-risk” status reflects an actual risk in a range from

0.7% to 30% [5, 6,28,29]. Preferably, actual percentages for
specific situations should be taken into account and discussed
with the patient. This study provides an important and well
powered insight into the actual risk within this specific sub-
group of patients.

Tumor budding has relatively recently drawn attention as a
risk factor in T1 CRC and has not been incorporated into most
guidelines yet [3, 5, 6, 25]. Although tumor budding has fre-
quently been described as a risk factor for LNM in T1 CRC [3,
30], the association with LIRC in T1 CRCs has been studied less
often [31–33]. In a meta-analysis by Rogers et al, high-grade
(Bd2–3) tumor budding was associated with higher recurrences
rates (OR 2.87, CI 1.12–7.35) in patients with T1/2 tumors [34].
It has been suggested that budding tumor cells have the capa-
city to invade and migrate through the surrounding stroma of
the submucosa, possibly by a partial epithelial to mesenchymal
transition [35]. Because tumor buds can be found at some dis-
tance from the invasive front, this could explain the strong as-
sociation between LIRC and high-grade tumor budding (80%) in
our study.

Therefore, it is not the FRM between 0.1 and 1mm itself, but
rather, the presence of high-grade tumor budding that seems
to be related to LIRC. Our findings combined with previous
studies suggest that if LVI, poor differentiation, and high-grade
tumor budding are absent, the risk of LNM and LIRC is suffi-
ciently low in T1 CRC with a FRM between 0.1 and 1mm to jus-
tify an endoscopic follow-up strategy instead of performing
completion surgery.

Some limitations of this study should be acknowledged. Al-
though this was the largest study to date on this subject, the
number of participants recruited (171 patients) was still lim-
ited. Inherent in the study’s retrospective design, confounding
and unmeasured factors might have influenced the prevalence
of the oncological outcomes. First, the relatively short duration
and variation of follow-up may have resulted in under-detec-
tion of LIRC cases that are yet to develop. The median follow-
up in our cohort was 33 months and the follow-up showed sig-
nificant variation in follow-up strategies [36]. In a recent meta-
analysis, 98% of all recurrent cases were identified within 6
years [29]. Subgroup analysis of patients with endoscopic sur-
veillance of the scar who had completed at least 3 years of fol-
low-up (44 cases [44%] median follow-up 48 months) demon-
strates a similar risk of LIRC compared to all patients with endo-
scopic surveillance. Furthermore, surveillance colonoscopies
and imaging were frequently performed in all except two pa-
tients that developed recurrent cancer. These patients did un-
dergo a colonoscopy just a few months prior to the detection
of recurrent cancer, which means the recurrences would not
have been detected earlier if colonoscopies were performed
more regularly. This is in line with previous reports showing
that local recurrence can be preceded by negative colonosco-
pies [33]. This suggests that the impact of bias introduced due
to the lack of a surveillance protocol might be small. Second, a
resection margin between 0.1 and 1mm might be related to
deep submucosal invasion. It is clear that with increasing depth
of invasion, the deep resection margin decreases. Therefore, it
seems likely that a smaller deep resection margin may be a

▶Table 4 Histological assessment of tumor budding in patients with
a resection margin between 0.1 and 1mm.

LIRC

(N=5)

Metastasis

(N=10)

Control

(N=148)

Bd1, n (%) 1 (20.0) 4 (40.0) 122 (82.4)

Bd2/3, n (%) 4 (80.0) 6 (60.0)  24 (16.2)

Unassessable, n (%) – –   2 (1.4)

LIRC, local intramural residual cancer; N, number.
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proxy for Sm2 submucosal invasion. However, it has been ob-
served that the actual risk of LNM with >1000µm of submuco-
sal invasion is only 1.5% to 2.5% [30, 37–42] in the absence of
LVI, poor differentiation, and high-grade tumor budding. Al-
though evidence within the current literature is limited, an as-
sociation between deep submucosal invasion and LIRC has not
been proven. Given the missing data on invasion depth, we
were not able to study this relationship in our cohort. However,
our study shows that although the cohort may include some
cases with >1000µm submucosal invasion, the risk will be low,
and more important, rather related to tumor budding. Third,
the histological evaluation of the local excision scar in the spe-
cimen from completion surgery might have been performed
less thoroughly than evaluation of the scar in the specimen of
a full-thickness scar resection, as histological findings have less
consequences for treatment in completion surgery. Fourth, his-
tological reassessment by an expert pathologist was not per-
formed in this study. Because expert histopathologic reassess-
ment of T1 CRCs is not routinely performed in daily clinical
practice, we believe that reassessment would limit generaliz-
ability of our results. Last, tumor budding was not assessed in
patients with a FRM >1mm. However, the impact of perform-
ing this assessment in this group would be negligible because
the number of patients with LIRC is very low.

Conclusions
In conclusion, we have shown that a FRM between 0.1 and 1mm
of a locally excised T1 CRC without LVI, poor differentiation, and
high-grade tumor budding is associated with a low risk of LIRC
and metastasis, and is comparable to a FRM >1mm. Our find-
ings suggest that it might be safe to perform endoscopic fol-
low-up and refrain from completion surgery in these patients.
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