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Abstract

Background T1 rectal cancer (RC) patients are increasingly being treated by local resection alone but uniform surveillance
strategies thereafter are lacking. To determine whether different local resection techniques influence the risk of recurrence
and cancer-related mortality, a meta-analysis was performed.

Methods A systematic search was conducted for T1RC patients treated with local surgical resection. The primary outcome
was the risk of RC recurrence and RC-related mortality. Pooled estimates were calculated using mixed-effect logistic regres-
sion. We also systematically searched and evaluated endoscopically treated T1RC patients in a similar manner.

Results In 2585 unique T1RC patients (86 studies) undergoing local surgical resection, the overall pooled cumulative
incidence of recurrence was 9.1% (302 events, 95% C17.3-11.4%; >=68.3%). In meta-regression, the recurrence risk was
associated with histological risk status (p < 0.005; low-risk 6.6%, 95% CI 4.4-9.7% vs. high-risk 28.2%, 95% CI 19-39.7%)
and local surgical resection technique (p <0.005; TEM/TAMIS 7.7%, 95% CI 5.3-11.0% vs. other local surgical excisions
10.8%, 95% CI1 6.7-16.8%). In 641 unique T1RC patients treated with flexible endoscopic excision (16 studies), the risk of
recurrence (7.7%, 95% CI 5.2—-11.2%), cancer-related mortality (2.3%, 95% CI 1.1-4.9), and cancer-related mortality among
patients with recurrence (30.0%, 95% CI 14.7-49.4%) were comparable to outcomes after TEM/TAMIS (risk of recurrence
7.7%, 95% C15.3-11.0%, cancer-related mortality 2.8%, 95% CI 1.2-6.2% and among patients with recurrence 35.6%, 95%
CI21.9-51.2%).

Conclusions Patients with T1 rectal cancer may have a significantly lower recurrence risk after TEM/TAMIS compared to
other local surgical resection techniques. After TEM/TAMIS and endoscopic resection the recurrence risk, cancer-related
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mortality and cancer-related mortality among patients with recurrence were comparable. Recurrence was mainly dependent

on histological risk status.

Graphical abstract
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The introduction of population-based screening has resulted
in an increased number of early invasive, or T1, rectal can-
cers (T1RC) [1]. Over the last years, a shift can be observed
from major surgery towards local, organ-preserving endo-
scopic or surgical resection techniques as primary treatment
for these tumors.

The decision whether to perform additional total meso-
rectal excision (TME) after local resection mainly depends
on the oncological risk (which is based on histological high-
risk features for lymph node metastasis (LNM) [2]), opera-
tive risk and patient preferences. Considering the limited
accuracy of the histological risk stratification models, and
the significant morbidity and decrease in quality of life that
are associated with TME, there has been an increased ten-
dency towards close-surveillance strategies after local resec-
tion of TIRC [3-6].

Surveillance after local resection of T1RC is currently
quite heterogeneous [7], and needs to be optimized to
improve the efficacy of surveillance. To determine the opti-
mal surveillance strategy, it is important to determine the
risk, type and prognosis of cancer recurrences that could
occur. This meta-analysis aims to estimate the cumulative
incidence of RC recurrence and RC-related mortality for
patients with local surgically resected TIRC and to compare
this with results of endoscopically treated TIRC patients.

Materials and methods

This meta-analysis was reported according to the Preferred
Reporting Items for Systematic Reviews and Meta-Analysis
statement [8]. Information regarding the search strategy, data

extraction, definitions and classifications, and risk of bias
assessment can be found in the Supplementary methods.
Approval of the institutional review board (IRB) and writ-
ten consent was not needed.

Selection criteria for local surgical resection

A systematic literature search was conducted in PubMed,
Embase, Web of Science and Cochrane Library from incep-
tion until May 19, 2021. Inclusion criteria were: 1. histologi-
cally confirmed pT1RCs 2. local surgical resection alone, 3.
the proportion of recurrences after local surgical resection
of TIRCs was reported 4. original peer-reviewed articles.
Exclusion criteria were: 1. prior or additional therapy (e.g.,
endoscopic resection, oncological surgery, chemotherapy
or radiotherapy), 2. hereditary predisposition for CRC, 3.
inflammatory bowel disease, 4. studies with <5 patients with
TI1RC undergoing local surgical resection, 5. studies with-
out original patient data (e.g., reviews or meta-analyses), 6.
conference abstracts, 7. animal studies and 8. non-English
or non-German articles. In case of overlapping cohorts, the
cohort with the largest number of patients, or covering the
largest period of time was selected.

T1RCs were defined as rectal tumors with histologic
tumor invasion through the muscularis mucosae and into,
but not beyond, the submucosa. Local surgical resection
was defined as any type of local resection that was used to
excise a rectal tumor without lymph node dissection, and
that did not use flexible endoscopy (i.e., no endoscopic
submucosal dissection (ESD), endoscopic full-thickness
resection (eFTR), endoscopic mucosal resection (EMR), or
snare polypectomy). High-risk criteria for LNM defined by
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The Japanese Society for Cancer of the Colon and Rectum
(JSCCR) include: positive resection margins, deep submu-
cosal invasion, grade 3 differentiation, lymphovascular inva-
sion and high-grade tumor budding [2].

Selection criteria for local endoscopic resection

Data of endoscopically treated T1RC patients were extracted
from our previous meta-analysis on recurrences after local
endoscopic resection of T1 colorectal cancer[9]. This search
was updated until May 19, 2021 and additional data regard-
ing primary outcomes or main study characteristics for the
subgroup of T1RC patients were requested from the cor-
responding authors. The in- and exclusion criteria of the
current analysis were similar to those of the previous analy-
sis [9], except for treatment and location (Supplementary
Table 1).

Data acquisition

Data extraction and risk of bias assessment were indepen-
dently performed by 3 authors (ND, HD, PO). In case of
disagreement without consensus after discussion, a fourth
assessor (JB) was decisive. Relevant study-level parameters
and individual patient-level data of recurrence cases were
extracted. The risk of bias was assessed using a modified
Newcastle—-Ottawa Scale [10]. An additional random data
check was performed by the decisive assessor to ensure the
data quality.

Study outcomes

The primary outcome was the cumulative incidence of RC
recurrence (locoregional or distant) and RC-related mortal-
ity during follow-up. Locoregional recurrence was defined
as endoluminal cancer at the primary resection site or pel-
vic LNM. Distant recurrence was defined as any metasta-
sis outside the pelvic area. Secondary outcomes were the
cumulative incidence of locoregional RC recurrence only,
any locoregional RC recurrence and any distant recurrence.

Statistical analysis

All analyses were performed in R v4.1.0 [11] using the
package metafor v3.0.1 [12]. Cumulative incidences of
all study outcomes were modeled on the logit scale using
mixed-effects logistic regression (13). Thereafter, results
were transformed back to proportions and presented as point
estimates with 95%-confidence intervals (95% CI). The risk
of publication bias was examined using a funnel plot with
the square root of the study size on the y-axis [14].

@ Springer

Statistical heterogeneity was quantified using /> statis-
tic and tau-squared (7). Univariable meta-regression and
subgroup analyses were performed to explore possible
sources of heterogeneity with predefined potential pre-
dictors: study characteristics (e.g., publication year, study
design), individual items from the risk of bias assessment,
follow-up characteristics (e.g., duration and intensity), and
clinical characteristics (e.g., resection technique, histol-
ogy). Only studies with subgroups of >5 patients, for
whom the exact number of events could be determined,
were included in meta-regression and subgroup analyses.
Meta-regression was only performed when at least 10 stud-
ies could be analysed [15]. p values < 0.05 were considered
statistically significant.

Results
Study characteristics for local surgical resection

Our search identified 5910 articles, of which 86 reported
unique patient cohorts and were included (Fig. la)
[16-101]. These studies consisted of 2585 patients under-
going local surgical resection for TIRC, with data on the
cumulative incidence of recurrence. Eighty-five studies
also reported separate incidences of locoregional and dis-
tant recurrences.

The extracted data and risk of bias assessment of the
included studies are shown in Supplementary analyses.
Most studies were performed in Europe (46 studies,
n=1506 patients), followed by North America (20 stud-
ies, n=608), Asia (17 studies, n=438), South America
(2 studies, n = 15) and Australia (one study, n=618). No
obvious asymmetry was observed in the funnel plot (Sup-
plementary Fig. 1).

In 41 studies the transanal endoscopic microsurgery
(TEM) technique was investigated and transanal minimally
invasive surgery (TAMIS) in 4. The majority of patients
in the remaining 41 studies underwent other local surgi-
cal resection techniques with direct visualization; these
were grouped as “local excision” (LE; e.g., Park method or
using the Ferguson anoscope). Fifty-five studies reported
data on the resection plane; almost all patients in these
studies underwent a full-thickness resection (99.2%). The
mean and minimum follow-up could be determined in 15
(range, 18.2-72.5) and 51 studies (range 1-60), respec-
tively. Complete data on follow-up schemes (i.e., which
follow-up modalities and intervals per modality) was
reported in 42 studies; schemes were classified as “not
strict” in 6 (14.3%), “strict” in 13 (31.0%), and “very
strict” in 23 studies (54.8%). The definitions used for these
groups are shown in the Supplementary methods. A flow
diagram of the study process is shown in Fig. 2.
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Overall, 302 out of 2585 patients experienced recurrence
after local surgical resection. The pooled cumulative inci-
dence of any RC recurrence was 9.1% (95% CI 7.3-11.4%;
I*=68.3%; Fig. 3).

Meta-regression

In meta-regression, histological risk status (low-risk vs.
high-risk) and, local surgical resection technique (TEM/
TAMIS vs. other local surgical excisions) were associated
with the risk of recurrence (Supplementary Tables 2 and
3). Therefore, subgroup analyses were performed for his-
tological risk status and local surgical resection technique.
Further analyses were stratified according to the duration
of follow-up because risk of recurrence increased with

population (n = 34)

longer mean follow-up duration (Supplementary Table 2).
Results for studies with >2-year follow-up are shown
below; results for all studies, for studies with a>5 years
follow-up and detailed information regarding the meta-
regression results are shown in Supplementary results.

Pooled estimates of studies with =2 years follow-up

The pooled cumulative incidence of any RC recur-
rence was 9.2% (194/1713 events; 95% CI 7.1-11.9%;
I>=60.8%; Supplementary Fig. 2). Pooled incidences
of all secondary outcomes are shown in Supplementary
analyses. The pooled incidence of RC-related mortality
was 1.9% (31/898 events, 27 studies; 95% CI 0.9-4.2%;
I? =69.3%; Supplementary Fig. 3). The RC-related mor-
tality rate among patients with recurrence was 28.7%
(31/108). All of these patients died of disease progression.
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Low-risk versus high-risk

Twenty-six studies reported a subgroup of > 5 patients with
low-risk T1RC and sufficient data on recurrence, and 4 stud-
ies did so for high-risk TIRCs. The definitions of low- and
high-risk TIRCs were diverse. Most studies used 3 risk cri-
teria: differentiation grade was used the most and tumor bud-
ding the least (Supplementary Fig. 4). The cumulative inci-
dence of any RC recurrence was 6.6% for low-risk T1IRCs
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(51/711 events; 95% CI 4.4-9.7%; I* =22.4%) and 28.2%
for high-risk TIRCs (20/71 events; 95% CI 19-39.7%;
?=0.0%) (Fig. 4).

TEM/TAMIS versus local excision

The cumulative incidence of RC recurrence was 7.7%
after TEM/TAMIS (85/895 events; 95% CI 5.3-11.0%;
I?=47.7%) and 10.8% after local surgical excision tech-
niques with direct visualization (76/555 events; 95%
CI 6.7-16.8%; I’ = 65.3%) (Fig. 4). This difference was
mainly due to an increased incidence of endoluminal
local-site recurrences; 4.7% for the TEM/TAMIS (50/859
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Fig.3 Forest plot with cumulative incidences of any RC recurrence
after local surgical resection. To visualize incidence estimates of
studies with O events, a continuity correction of+0.5 was applied.

events; 95% CI 2.9-7.6%; I =44.2%) and 7.2% for local
excision (38/480 events; 95% CI 4.2-12%; I’=29.9%).
This subgroup analyses confirmed that TEM/TAMIS is

Values of the pooled estimates, I* and 7? are calculated using a model
without continuity correction

superior to other local surgical excision techniques with
regard to recurrence. Outcomes of the TEM/TAMIS
technique will therefore be compared to the endoscopic
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Fig.4 Forest plot with cumula-
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Fig.5 Forest plot with cumulative incidences of any RC recurrence
after endoscopic resection. To visualize incidence estimates of studies
with O events, a continuity correction of +0.5 was applied. Values of

data. Secondary outcomes for all subgroup analyses are
detailed in Supplementary results and Supplementary
analyses.

TEM/TAMIS versus endoscopic resection

The previous meta-analysis and search update yielded 16 eli-
gible studies with 641 patients and 51 recurrences (Fig. 1B,
Supplementary analyses) [26, 102—-116]. The studied endo-
scopic resection techniques included ESD, eFTR, EMR,
and snaring polypectomy. “Very strict” follow-up schemes

@ Springer

the pooled estimates, /> and 7* are calculated using a model without
continuity correction

were reported in 50.0% (13/26) of the TEM/TAMIS stud-
ies and in 37% (10/27) of the endoscopic studies (Supple-
mentary Fig. 5). The pooled incidence of RC recurrence
was comparable between endoscopically treated (7.7%;
95% CI 5.2-11.2%; I’ =39.3%; Fig. 5) and TEM/TAMIS-
treated patients with >2 years follow-up (7.7%). Also
after correcting for the proportion of low- and high-risk
T1RCs, meta-regression showed no statistical difference
between TEM/TAMIS and endoscopic resection (p=0.244).
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RC-related mortality was also comparable between endo-
scopically treated (2.3%; 95% CI 1.1-4.9%; P=18.4%) and
TEM/TAMIS-treated patients (2.8%; 95% CI 1.2-6.2%;
?=48.9%) and among the recurrence cases (30.0% versus
35.6%, respectively). The timing of the recurrences after
endoscopic resection is shown in Supplementary Fig. 6.
The overall pooled incidence of RC recurrence after TEM/
TAMIS and endoscopic resections combined was 7.7%
(136/1536 events, 95% CI 5.9-10.0%; I’ =46.2%).

The risk of recurrence for low-risk TIRC was 5.9%
after TEM/TAMIS (27/406 events, 95% CI 3.4-10.0%;
I’=24.1%) and 3.1% after endoscopic resection (4/128
events, 95% CI 1.2-8.0%; I*=0.0%). Twenty-four of these
low-risk recurrences were endoluminal (2 with synchronous
locoregional LNM; 9 also presented with distant metastasis
at the time of the local recurrence or later), the other 7 were
distant metastasis. For 29 of the 31 low-risk T1RC recur-
rences it was stated that the local resection was complete.
For the other 2 recurrence cases this was not stated explicitly.
For high-risk T1RCs the risk of recurrence was 29.7% after
TEM/TAMIS (11/37 events, 95% CI 17.3-46.1%; I*=0.0%)
and 12.5% after endoscopic resection (25/200 events, 95%
CI 8.6-17.8%; I>’=0.0%). In 29 of the 43 studies on local
endoscopic resections for TIRC, 4-5 JSCCR risk criteria
were used; for studies on TEM/TAMIS this was 5 of the 33
studies (Supplementary Fig. 4). Other secondary outcomes
are shown in Supplementary results.

Discussion

This meta-analysis is the first to meticulously analyze the
long-term outcomes of T1RC patients treated by local surgi-
cal resection, and to relate these outcomes to those of endo-
scopically treated T1RC patients. The overall recurrence
risk after local surgical resection of TIRC was found to be
around 9%.

Meta-regression analysis demonstrated that the risk of
recurrence was significantly affected by several factors,
including resection technique. In line with previous studies
[117], our subgroup analyses confirmed that TEM/TAMIS
(7.7%) is superior to other local surgical excision techniques
using direct visualization (10.8%) with regard to recurrence.
Although TEM/TAMIS were introduced later, it is unlikely
that this biased the results because meta-regression showed
no association between publication year and risk of recur-
rence. Instead, the difference could mainly be attributed to
an increased risk of endoluminal local-site recurrences. This
suggests that the oncological superiority of TEM/TAMIS is
most likely explained by the camera-assisted visualization,
and the use of a pneumorectum, which allows for improved
visualization of tumor margins and increases the chance of
achieving a complete resection. Tumor height may also have

influenced the outcome of local surgical resections. Unfortu-
nately data on tumor height was scarcely reported and could
not always be extracted for the correct subgroup, therefore it
was not possible to further stratify our results.

Another factor that significantly influenced the recurrence
risk was histological risk status. This was in accordance with
findings of our previous meta-analysis [9]. In subgroup
analyses the difference between low- and high-risk tumors
was confirmed for both TEM/TAMIS-treated (5.9% recur-
rence risk for low-risk TIRC vs. 29.7% for high-risk T1RC)
and endoscopically treated patients (3.1% recurrence risk
for low-risk T1RC vs. 12.5% for high-risk TIRC). There
appears to be a difference in the risk of recurrence for high-
risk T1RC treated by TEM/TAMIS or endoscopic resection
(TEM/TAMIS: 11/37 events in 2 studies, endoscopic resec-
tion: 25/200 events in 8 studies). Due to the limited number
of studies included in this subgroup analysis, it was not pos-
sible to draw any valid conclusions on these findings.

When comparing TEM/TAMIS to endoscopic resections,
we observed that overall recurrence rates (7.7% and 7.7%,
respectively), RC-related mortality rates (2.8% and 2.3%,
respectively) and mortality rates among recurrences (35.6%
and 30.0%, respectively) were quite similar. A randomized
non-inferiority trial is pending to confirm these results [118].
Despite the similarities in oncological outcomes, we found
that risk stratification and follow-up varied considerably
between local surgically and endoscopically treated TIRC
patients. Firstly, the number of JSCCR criteria used for risk
stratification were quite different, which makes it difficult
to compare recurrence risks stratified by histology. Two-
third of studies on endoscopic resections used > 3 criteria
to define high-risk tumors, but among studies on TEM/
TAMIS only ~ 15% used > 3 criteria. This has most probably
caused an overestimation of the recurrence risk in the group
of TEM/TAMIS-treated low-risk T1RC, as some of these
patients would have been classified as high-risk if more
JSCCR criteria had been used. However, it was impossible
to draw any valid conclusions on the clinical relevance of
each high-risk criterion from these results, as the available
data did not allow us to study the criteria individually. More
universal histological assessment of TIRC by a dedicated
pathologist is therefore warranted. Secondly, the reported
follow-up schemes of TEM/TAMIS-treated TIRC patients
were often much stricter than the schemes of endoscopically
treated patients (Supplementary Fig. 6), but compliance to
these schemes were rarely reported. Considering the com-
parable outcomes of TEM/TAMIS and endoscopic resec-
tion, it appears that at a certain point further intensifying
the follow-up, using current follow-up modalities, might
not necessarily lead to increased detection of recurrences or
improved prognosis of T1RC patients. However, the optimal
surveillance intensity in terms of clinical outcomes remains
to be elucidated.
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The risk of recurrence after local resection seems higher
for T1 cancers in the rectum compared to T1 cancers
throughout the colon. Here, we found a risk of recurrence
for rectal T1 cancers of 7.7% (after endoscopic resection or
TEM/TAMIS), which is higher than the 3.3% for endoscopi-
cally treated T1 cancers at sites throughout the colorectum
[9]. A similar difference was seen in the subgroup of low-
risk (endoscopically treated T1 colorectal cancer: 0.7%;
endoscopically or TEM/TAMIS-treated low-risk T1 rectal
cancer: 3.1-5.9%) and high-risk cancers (endoscopically
treated T1 colorectal cancer: 7.0%; endoscopically or TEM/
TAMIS-treated low-risk T1 rectal cancer: 12.5-29.7%).
These results suggest rectal T1 cancers are associated with
worse outcomes compared to colonic T1 cancers, independ-
ent of histological risk status. Plausible contributing factors
include differences in anatomic structures and tumor biol-
ogy [119].

The most important limitation of this meta-analysis
relates to the quality of the included studies. The selection of
studies for this meta-analysis was performed as thoroughly
as possible, to prevent the exclusion of important studies.
However, several studies did not specifically study TIRC
patients treated by local resection alone. Therefore, data on
patient, treatment, tumor size, tumor height, histological,
follow-up and individual recurrence characteristics could not
always be fully extracted. This resulted in a smaller number
of studies in various subgroup analyses and for some stud-
ies in not receiving the maximum assessment scores on risk
of bias. Secondly, there was some statistical heterogeneity,
which could be expected a priori considering the heterogene-
ity in the resection techniques and follow-up. Therefore, we
performed extensive meta-regression and subgroup analy-
ses, which yielded lower heterogeneity estimates. Lastly,

the definition of the rectum was left to the discretion of the
authors of included studies, to avoid exclusion of many rel-
evant articles that did not clearly state a definition. However,
due to the technical limitations of transanal local excisions
proximal to the rectum, it is not likely that cancers outside
the rectum were included in this meta-analysis.

Clinical implications

Based on our study findings, we propose the following
surveillance recommendations and key points for future
research. Firstly, TIRC patients should be offered a differ-
ent follow-up than T1 colon cancer patients and the sur-
veillance should be stratified for histological risk status.
There is no need to stratify surveillance for local resection
technique when the TIRC is removed endoscopically or by
TEM/TAMIS. All T1RCs that are removed locally should
be offered surveillance (provided that possible findings
will have clinical consequences) because even for low-risk
T1RCs the recurrence risk is 3.1-5.9%. Patients with locally
resected low-risk TIRC should be offered surveillance rather
than completion TME because we think that in these patients
the potential drawbacks from oncological surgery are greater
than the possible benefits. We propose a 5-year moderately
intensive follow-up scheme that should focus on the local-
endoluminal site where most recurrences seem to develop
(e.g., 6 monthly (recto)sigmoidoscopies the first 2 years, and
then yearly until 5 years; and 6 monthly CEA). Patients with
high-risk T1RC should be offered completion TME surgery
because of the relatively high-risk of recurrence, as is rec-
ommended in current guidelines [2, 120]. If oncological sur-
gery is not feasible we propose a 5-year intensive follow-up
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study findings and surveil-

Locally resected T1 colorectal cancer

lance recommendations. CEA

carcinoembryonic antigen, MRI
magnetic resonance imaging,
CT computed tomography

Rectum

I [

‘ i ‘ Low-risk | High-risk

@ Springer

Overall recurrence Overall recurrence

~3.1-5.9%

~12.5-29.7%
i} I}

Intermediate follow-up

e.g., 6 monthly sigmoidoscopies the first
2 years, followed by yearly until 5 years
and 6 monthly CEA

Intensive follow-up

e.g., 6 monthly sigmoidoscopies the first
2 years, followed by yearly until 5 years,
6 monthly CEA, yearly MRI or endoscopic
ultrasound, and abdominal-thoracic CT
1, 3 and 5 years after local resection




Surgical Endoscopy (2022) 36:9156-9168

9165

scheme focusing on the detection of endoluminal, locore-
gional lymph node and distant recurrences (e.g., 6 monthly
(recto)sigmoidoscopies the first 2 years, and then yearly until
5 years; 6 monthly CEA; yearly MRI or endoscopic ultra-
sound, and abdominal-thoracic computed tomography at 1,
3 and 5 years). This follow-up scheme only seems beneficial
for those patients in whom salvage surgery or treatment of
metastases seems feasible in the future. An overview of our
main study findings and surveillance recommendations is
shown in Fig. 6. Further prospective studies are necessary
to study the optimal method, the optimal timing, cost-effec-
tiveness of surveillance and the impact of surveillance on
the prognosis.

Conclusion

Patients with T1 rectal cancer may have a significantly lower
recurrence risk after TEM/TAMIS compared to other local
surgical resections. After TEM/TAMIS and endoscopic
resection the recurrence risk, cancer-related mortality and
cancer-related mortality among patients with recurrence
were comparable. Recurrence was mainly dependent on
histological risk status. Based on our findings we propose a
more uniform histology-based surveillance strategy for T1
rectal cancer patients treated by local resection alone.
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