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surgeries for rectal cancer: can surgical approach make
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Abstract

Background: The oncological safety of transanal total mesorectal excision (taTME) remains uncertain, and its special surgical
approach may contribute to tumor cell dissemination. Thus, we conducted a study to investigate the impact of surgical approach on
circulating tumor cell (CTC) counts and phenotypes in rectal cancer.

Methods: This is a prospective randomized controlled study (ClinicalTrials: NCT05109130). The patients were randomized to either
the taTME (n=49) or laparoscopic TME (laTME) (n =48) groups. Blood samples were collected from the central vein to measure CTC
counts and phenotypes at three time points: preoperative (t1), immediately post-tumor removal (t2), and one week post-surgery (t3).
The effect of surgical procedure on CTCs at each time point was analyzed, with the primary endpoint being the change in CTC counts
from t1 to t3 for each surgical approach. This study adheres to Consolidated Standards of Reporting Trials Guidelines.

Results: The baseline clinicopathologic characteristics of the laTME and taTME groups were balanced. The change in CTC count from
tl to t3 was 1.81+5.66 in the laTME group and 2.18 +5.53 in the taTME group. The taTME surgery was non-inferior to 1aTME in terms
of changing CTC counts (mean difference [MD]: —0.371; 95% confidence interval [CI]: —2.626 to 1.883, upper-sided 95% CI of 1.883 < 2,
non-inferiority boundary value). Compared with that at t1, the CTC count at t2 did not change significantly. However, higher CTC
counts were detected at t3 than at t2 in the taTME (P =0.032) and laTME (P =0.003) groups. From t1 to t3, CTC counts significantly in-
creased in both the taTME (P =0.008) and 1aTME (P =0.031) groups. There were no significant differences in CTC phenotype changes
between the two groups from t1 to t3.

Conclusions: Compared with laTME, taTME did not affect CTC counts and phenotypes. Our findings indicate that taTME is not infe-
rior to laTME in terms of CTC changes from an oncological perspective.
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Introduction through the bloodstream, eventually leading to distant metasta-

In recent years, significant advancements in treatment modali- ses [3]. Furthermore, CTCs promote invasiveness, immune es-

ties have significantly improved the survival rates of colorectal
cancer (CRC) patients following surgical resection, 30%-50% of
CRC patients still exhibit recurrence at some point [1, 2]. One im-
portant cause of recurrence is micrometastasis, wherein circulat-
ing tumor cells (CTCs) with intact, viable nuclei detach from the
primary tumor and enter the bloodstream. Studies have linked
CTCs to hematogenous micrometastases, where they travel

cape, and metastasis by enhancing epithelial-mesenchymal
transition [4, 5]. The increase of biphenotypic and mesenchymal
CTCs is more likely to be associated with a poorer prognosis,
highlighting the importance of monitoring changes in CTC
counts and phenotypes.

Research by Fisher and Turnbull [6] has shown that surgical
procedures can lead to the shedding of tumor cells into the
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bloodstream. Surgeons generally aim to minimize micrometasta-
ses by avoiding excessive tumor manipulation, leading to the de-
velopment of the “no-touch isolation” technique [/]. However,
the impact of this technique on CTCs has not been extensively
studied. Laparoscopic total mesorectal excision (1aTME), the
standard surgical approach for middle-low rectal cancer, has
been supported by high-quality evidence [8, 9]. Nonetheless, its
use in low rectal cancer patients with narrow pelvises is associ-
ated with a high conversion rate and positive resection margins.
To address these limitations, Sylla et al. [10] introduced a new ap-
proach: transanal total mesorectal excision (taTME). However, a
Norwegian study raised concerns about taTME’s oncological
safety, leading to its suspension in Norway due to high local re-
currence rates and unusual multifocal recurrence patterns [11].
Aiming at the oncological safety of taTME, our team has carried
out the TalaR trial and reported short-term outcomes [12].
However, comprehensive evidence requires a multifaceted ap-
proach. Unlike the traditional transperitoneal approach, taTME
surgery adopts a “bottom-up” approach from the distal to the
proximal mesorectal plane [13, 14]. It remains unclear whether
the close proximity of taTME to the tumor violates the “no-touch”
principle and promotes tumor cell spread. However, there is cur-
rently no research investigating whether taTME affects CTC
counts or phenotypes.

The process of cancer metastasis was eloquently described in
the 1830s by Steven Padgett’'s “seed and soil” hypothesis [15].
Previous research has explored the influence of taTME and
laTME on inflammatory indexes, which is partial “soil” [16].
However, there is a gap in our understanding of their effects on
CTCs, which is “seed.” Therefore, we conducted this prospective
randomized controlled study to assess the impact of 1laTME
and taTME on tumor cell spread using central venous CTCs
as biomarkers.

Methods
Patients

This prospective randomized controlled study enrolled rectal
cancer patients (Clinical stage: T2-3NO-1) who exhibited no dis-
tant metastasis and planned to undergo radical resection at The
Sixth Affiliated Hospital, Sun Yat-sen University (Guangzhou,
China). Patients with multiple primary CRC and/or histories of
malignant tumors were excluded. Additionally, patients who re-
ceived neoadjuvant treatment or underwent local resection and
those who experienced massive hemorrhage during operation or
required a change in surgical method were excluded. Patients
were randomly assigned to either the taTME or laTME treatment
groups (1:1) by using Random V1.0 software. Patient clinicopath-
ological information and related data were recorded according to
the established research plan. This study was conducted in ac-
cordance with the Helsinki Declaration. It was reviewed and ap-
proved by the Institutional Review Board of the Independent
Ethics Committee of the Sixth Affiliated Hospital of Sun Yat-sen
University (E2021114) and registered at ClinicalTrials (No.
NCT05109130). This work has been reported following the
Consolidated Standards of Reporting Trials Guidelines.

Blood sample collection

Following the established research plan, 5mL of blood samples
were collected at three different time points, as depicted in
Figure 1A. Blood samples were obtained through jugular vein
cannulation (Figure 1B). Considering the potential impact of the
operation on the release of CTCs, the first blood sample was col-
lected before surgery (t1), with subsequent samples taken after
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Figure 1. Group flow chart and blood collection time points. (A) Timeline
displaying the different time points at which blood was collected. The
first sample was collected before surgery (t1), immediately after tumor
removal (t2), and one week post-surgery (t3). (B) Diagram illustrating
blood specimen collection. (C) Detection of epithelial-mesenchymal
transition phenotypes of circulating tumor cells by RNA in situ
hybridization in rectal cancer patients.

tumor resection (t2). Based on the model suggesting that CTCs
increase after the operation but gradually decrease during circu-
lation [17], a third blood sample was collected one week post-
surgery (t3) to more accurately reflect CTC changes during the
perioperative period. CTCs were detected immediately following
blood sample collection.

Enumeration of CTCs

CTC detection was conducted by using the semiautomated Food
and Drug Administration-approved CellSearch® system, as de-
scribed in previous studies [18]. In brief, CTC enumeration in-
volved immunomagnetic enrichment targeting the epithelial cell
adhesion molecule (EpCAM). CTCs automatically pre-selected by
the CellSearch® system as cytokeratin- or EpCAM-positive nucle-
ated cells lacking CD45 and larger than 15um in size were inde-
pendently reviewed by two investigators to confirm CTC status.
Epithelial CTCs and biphenotypic CTCs were distinguished based
on an EpCAM signal intensity threshold established by the
CellSearch® system, while mesenchymal CTCs displayed an
EpCAM-negative phenotype. The three CTC phenotypes are illus-
trated in Figure 1C.

Sample size

The main hypothesis of this research was the non-inferiority of
taTME compared with laTME in patients with rectal cancer. The
primary endpoint of this study was determined by the CTC
counts at t3 minus that at t1 for two surgical approaches. Based
on previous test data from our hospital, we assumed that the dif-
ference between t1 and t3 in the laTME group was 3, with a stan-
dard deviation (SD) of 3.4. We also assumed that the difference
and SD of the taTME group were the same as those of the laTME
group. The non-inferiority boundary value was set at 2 after dis-
cussions with clinical experts, meaning the difference in the
taTME group could not exceed 5. According to calculations by us-
ing PASS, version 11 (NCSS, LLC), with 80% power and a one-
sided type I error of 0.025, 47 cases in each group were required.
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Accounting for an expected 5% dropout rate, the final sample
size was set at 50 cases in each group, for a total of 100 cases.

Statistical analysis

The primary analysis was conducted on the primary analysis set,
which was defined as the cohort of participants who were ran-
domized, excluding those who experienced massive hemorrhage
during the operation. For participants with missing third CTCs
data, the last observation carried forward method was utilized to
impute missing values. Continuous variables were compared by
using the Mann-Whitney U test and Student’s t-test. Categorical
variables are expressed as numbers and percentages and were
analyzed by using the chi-square test. Additionally, Kruskal-
Wallis H and chi-squared tests were employed for categorical
variables. The impact of laTME and taTME on the change in CTCs
was assessed by using unpaired non-parametric testing.
Interaction terms were tested for the type of surgery and mea-
surement time point. A P value of < 0.05 (two-sided) was consid-
ered statistically significant.

Results

Study population and clinicopathologic
characteristics

Ninety-seven patients participated in this prospective clinical
study (Figure 2), with a median age of 59years (range, 23-
89years), including 58 male patients (59.8%). Table 1 presents the

A

clinicopathologic characteristics of the patients. Baseline charac-
teristics were well-balanced between the laTME and taTME
groups, with no significant differences in T stage, N stage, tumor
circumference, tumor size, blood loss, operation time, or
other factors.

Relationship between CTCs and clinicopathologic
characteristics

To evaluate the association between the presence of CTCs and
clinicopathologic features, we analyzed the following character-
istics: age, sex, T stage, N stage, carcinoembryonic antigen (CEA)
level, carbohydrate antigen 19-9 (CA19-9) level, distance from
the anal verge, presence of vascular/nervous invasion, tumor cir-
cumference, gross type, tumor diameter, and tumor differentia-
tion grade. Our results showed a significant association between
preoperative CTC count and tumor circumference > 50%
(P=0.017) and poor tumor differentiation grade (P=0.031)
(Supplementary Figure S1). Moreover, a higher proportion of mes-
enchymal CTCs was observed in cases with tumor circumference
> 50% (P=0.035), and poorly differentiated rectal cancer
(P=0.020) (Supplementary Figure S2). No significant associations
were found between CTC counts or phenotypes and other clinical
characteristics.

Enumeration of CTCs

Ninety-five patients (97.9%) had CTCs at t1. The CTC numbers
exhibited similar trends for both taTME and laTME groups across
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Figure 2. Group flow chart and blood collection time points.
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Table 1. Comparison of clinicopathologic characteristics and treatment measures between patients subjected to different surgeries

Variable laTME-group (n = 48) taTME-group (n =49) P-value

Age (years)
<65 30 (62.5) 35 (71.4) 0.350
>65 18 (37.5) 14 (28.6)

Sex
Male 27 (56.3) 31 (63.3) 0.481
Female 21 (43.7) 18 (36.7)

Pathological T stage
2 21 (43.7) 23 (46.9) 0.752
3 27 (56.3) 26 (53.1)

Pathological N stage
0 31 (64.6) 37 (75.5) 0.240
1 17 (35.4) 12 (24.5)

Tumor differentiation
Poor 5(10.4) 7 (14.3) 0.563
Moderate/Well 43 (89.6) 42 (85.7)

Tumor circumference
<50% 18 (37.5) 19 (38.8) 0.897
>50% 30 (62.5) 30 (61.2)

Gross type
Ulcerative type 17 (35.4) 11 (22.4) 0.159
Elevated type 31 (64.6) 38 (77.6)

CEA (ng/mlL)
<5 31 (64.6) 33(67.3) 0.774
>5 17 (35.4) 16 (32.7)

CA19-9 (ng/mL)
<37 42 (87.5) 45 (91.8) 0.483
>37 6 (12.5) 4(8.2)

Vascular/Nervous invasion
- 41 (85.4) 43(87.8) 0.735
+ 7 (14.6) 6(12.2)

Tumor diameter (cm)
<3 25 (52.1) 31(63.3) 0.265
>3 23 (47.9) 18 (36.7)

Location from anal verge (cm)
<5 22 (45.8) 24 (49.0) 0.756
>5 26 (54.2) 25 (51.0)

Operating time® (mean + SD, min) 171.25+43.12 174.82£46.78 0.170

Blood loss® (mean + SD, mL) 64.48 £51.65 61.22+42.11 0.233

# Except for the two values, the others are presented as number of patients followed by percentage in the parentheses.
CEA = carcinoembryonic antigen, CA19-9 = carbohydrate antigen 19-9, SD = standard deviation.

all three time points (Figure 3). However, the proportion of epi-
thelial CTCs showed divergent trends between the two surgical
approaches at t2 and t3. There were no significant changes in
CTC numbers between t1 and t2 for either group. However, from
t2 to t3, there was a significant increase in CTC numbers in both
the 1laTME group (P=0.003) and the taTME group (P=0.032).
From t1 to t3, both the laTME (P=0.031) and taTME (P=0.008)
groups showed a significant increase in CTC counts. There were
no statistical differences in CTC changes between the two surgi-
cal methods at any of the tested time points (Figure 4). The mean
difference (MD) of the primary endpoints between the taTME and
1aTME groups was —0.371 and 95% confidence interval (CI) was
—2.626 to 1.883. Given a non-inferiority threshold of 2, it can be
considered that the influence of taTME on CTC changes was not
inferior to that of IaTME, as the upper-sided 95% CI of 1.883 was
less than 2. Only the taTME group exhibited an increase in the
proportion of epithelial CTCs between t2 and t3 (P=0.033), but
there were no significant differences in CTC phenotypes changes
between the taTME and laTME groups from t1 to t3.

Discussion

This study represents the first investigation into the impact of
taTME compared with that of laTME on CTC changes. Our results

indicated that taTME did not elevate CTC dissemination and was
as safe and feasible as laTME from an oncological standpoint.

Surgical procedures are often implicated as potential factors
in tumor dissemination [19]. The numbers of CTCs detected in
post-operative or post-dissection blood samples of CRC patients
were significantly higher than those detected in pre-operative or
pre-dissection samples [20, 21]. Additionally, intraoperative CTC
spread during resection of colorectal liver metastases is a
key predictor of intrahepatic or extrahepatic tumor recurrence
[22, 23]. These findings suggest that surgical procedures may
contribute to the dissemination of cancer cells into circulation,
leading to poorer outcomes. Consequently, several studies have
compared the effects of different surgical methods on CTC
changes. For example, Tamminga et al. [17] compared the effects
of video-assisted thoracic surgery and open surgery on CTC
changes in lung cancer. Gall et al. [24] compared the effects of
standard pancreaticoduodenectomy and no-touch isolation pan-
creaticoduodenectomy on CTCs in pancreatic cancer. In addition,
Wind et al. [25] compared the effects of laparoscopic surgery and
open surgery on CTCs in colon cancer. These studies provide a
foundation for exploring changes in CTCs induced by different
surgical methods and using CTCs count as a reference for the in-
formed selection of surgical cancer treatments.

In 2010, Sylla et al. [10] first reported the feasibility of
taTME for rectal cancer treatment. As a “bottom-to-top” and
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Figure 3. Average number of circulating tumor cells (CTCs) detected in samples from patients who underwent laparoscopic or transanal endoscopic
surgery at different time points. (A) Total CTC counts. (B) Epithelial CTC counts. (C) Biphenotypic CTC counts. (D) Mesenchymal CTC counts. (E)
Changes in CTCs at all three time points for laparoscopic total mesorectal excision patients. (F) Changes in CTCs at all three time points for transanal
total mesorectal excision patients.

A
Change of total CTC counts
30
P=0.160 P=0.547 P=0.745
8 .
s 20 - . . .
£ . T ) ]
t
L4
g 104 " ®
5
3
c
e o-...*.... ] ... ].... 3
o
S :
-10 f T T T T T
LaTME TaTME LaTME TaTME LaTME TaTME
Change of biphenotypic CTC counts
10
P=0.910 P=0.581 P=0.529
@
g
o 5- °
o
ﬁ‘:’ @ ® °
£ [] ° ® ] [
R Y = = = = S =iy é%
S = =TT
= ° @ [} ° e e
c [ ] L] L]
[$] [ °
6 % ¢
-10 T T T T T T
LaTME TaTME LaTME TaTME LaTME TaTME

° 211
° t3-12
° t3-t1

° t2-t1
° t3-12
o t3-t1

Change of epithelial CTC counts

4
P=0.127 P=0.033 P=069| ° t2-1
@
8 o t3-12
5 2 - ) ° ° ® )
& - = ° {3-t1
: TT
N P i .}
= RO
c L] L]
[0
= -2- ® ° ° ] [ ] °
o
[ ] L ] L]
4 T T T T T T
LaTME TaTME LaTME TaTME LaTME TaTME
D
Change of mesenchymal CTC counts
30
P=0.078 P=0213 P=0982| ® t2-t1
8 ° ° t3-t2
8 20
g ® s e : ™ ° t3-t1
2 o s
é 10 - L S
=
c
=)
R R R B W= = O T T I
° L]
L]
-10 T T T T T T
LaTME TaTME LaTME TaTME LaTME TaTME

Figure 4. Changes in circulating tumor cell (CTC) counts at different time points. (A) Changes in total CTC counts. (B) Changes in epithelial CTC counts.
(C) Changes in biphenotypic CTC counts. (D) Changes in mesenchymal CTC counts.

“inside-to-outside” technique, taTME solves some of the chal-
lenges inherent to laTME. Previous findings have indicated that
taTME yielded favorable short-term oncological outcomes [26,
27], showing promise for rectal cancer patients. However, robust
high-level evidence on the long-term oncological outcomes of
taTME is still lacking. More importantly, a Norwegian study of

110 cases treated with taTME revealed a high rate of multifocal
local recurrence, leading to controversy regarding the safety of
taTME [11]. The primary shortcomings of transanal dissection in
oncological setting include tumor exposure before purse-string
closure of the tumor-bearing segment with the rectal lumen and
the necessity for a tight suture to seal the rectum preventing gas
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or liquid contaminated with cancer cells from leaking [28].
Surgical manipulation and gas pressure might compress the su-
ture, increasing the risk of cancer cell leakage into the pelvic cav-
ity [29]. Additionally, it is unclear whether this procedure has an
impact on CTCs. It has been proven in animal models that injury
sites are preferential areas for tumor growth, and surgical
trauma enhances local regional metastasis [30]. Several experi-
mental studies have demonstrated accelerated local and distant
tumor growth following tumor resection [31, 32]. Therefore, eval-
uating whether the specialized surgical approach of taTME influ-
ences CTC changes is crucial for assessing the safety of
taTME surgery.

Our results indicated that there were no statistically signifi-
cant differences between the 1aTME and taTME groups regarding
CTC changes and taTME was not inferior to laTME. Therefore,
the specialized surgical procedure of taTME did not impact the
release of CTCs or lead to adverse effects. Theoretically, CTCs
must traverse the microcirculation of the liver, lungs, and other
tissues before entering systemic venous circulation. Thus,
detecting CTCs in central venous blood, rather than peripheral
venous blood, better reflects the influence of surgical interven-
tion on CTCs.

Certain limitations should be noted. The biological process of
cancer metastasis is exceedingly complex [33]. CTCs entering the
bloodstream due to a surgical procedure do not necessarily insti-
gate metastasis, as they can be deactivated by immune cells
such as natural killer cells and macrophages [34]. However, CTC
changes can somewhat indicate the safety of an operation.
Additionally, surgeon proficiency may be a significant confound-
ing factor in the reported CTC changes, particularly for patients
undergoing taTME. Moreover, this is a single-center study and
may lack external validity. In the early-stage development of
taTME, the primary concern was the oncological safety of the
surgery due to the potential expansion of the laparoscopic area.
Encouraging results from the TalaR trial have demonstrated a
reliable short-term safety profile for taTME [12]. In the future, the
ongoing multicenter randomized controlled trials, such as
TalaR, COLOR III and ETAP-GRECCAR, will provide more robust
evidence for the safety of taTME [35, 36].

Conclusions

This trial addressed the knowledge gap regarding the influence of
taTME on CTC release. Our findings demonstrated that taTME
did not impact CTC counts compared with laTME. From an onco-
logical standpoint regarding CTC changes, the specialized surgi-
cal approach of taTME is as effective as laTME.

Supplementary Data

Supplementary data is available at Gastroenterology Report online.

Authors’ Contributions

L.H. and L.X. contributed to conception of the study and supervi-
sion. M.C., FJ.Y., and W.W.Z. contributed to data collection, qual-
ity assessment and manuscript draft. L.X.,, ZX.L.,, and H.S.L.
contributed to statistical analysis and interpretation of data.
X.B.Z. and W.X.L. contributed to interpretation of data and revi-
sion of the manuscript draft. All authors have approved the final
draft of the manuscript.

Funding

None declared.

Acknowledgements

This study was supported by National Key Clinical Discipline,
The Program of Guangdong Provincial Clinical Research Center
for Digestive Diseases [2020B1111170004], Science and
Technology Key Research and Development Plan Project of
Guangzhou (China) [202103000072], Natural Science Foundation
of Guangdong Province (China) [2018A030313621], Science and
Technology Projects in Guangzhou [202206010062], Sun Yat-sen
University Clinical Research 5010 Program [2016005], Shenzhen
“San Ming Projects” Research [Grant No. 1c202002].

Conflicts of Interest

None declared.

References

1. Xie Y, Shi L, He X et al. Gastrointestinal cancers in China, the
USA, and Europe. Gastroenterol Rep (Oxf) 2021;9:91-104.

2. Manfredi S, Bouvier AM, Lepage C et al. Incidence and patterns
of recurrence after resection for cure of colonic cancer in a well
defined population. BrJ Surg 2006;93:1115-22.

3. Fehm T, Sagalowsky A, Clifford E et al. Cytogenetic evidence
that circulating epithelial cells in patients with carcinoma are
malignant. Clin Cancer Res 2002;8:2073-84.

4. Guarino M. Epithelial-mesenchymal transition and tumour in-
vasion. Int ] Biochem Cell Biol 2007;39:2153-60.

5. Engell HC. Cancer cells in the circulating blood; a clinical study
on the occurrence of cancer cells in the peripheral blood and in
venous blood draining the tumour area at operation. Acta Chir
Scand Suppl 1955;201:1-70.

6. Fisher ER, Turnbull RB Jr. The cytologic demonstration and sig-
nificance of tumor cells in the mesenteric venous blood in
patients with colorectal carcinoma. Surg Gynecol Obstet 1955;
100:102-8.

7. TakilY, Mizusawa J, Kanemitsu Y et al.; Colorectal Cancer Study
Group of Japan Clinical Oncology Group (JCOG). The conven-
tional technique versus the no-touch isolation technique for
primary tumor resection in patients with colon cancer
(JCOG1006): a multicenter, open-label, randomized, phase III
trial. Ann Surg 2022;275:849-55.

8. Quirke P, Steele R, Monson ] et al. Effect of the plane of surgery
achieved on local recurrence in patients with operable rectal
cancer: a prospective study using data from the MRC CRO7 and
NCIC-CTG CO16 randomised clinical trial. Lancet 2009;
373:821-8.

9. Bonjer HJ, Deijen CL, Abis GA et al.; COLOR II Study Group. A
randomized trial of laparoscopic versus open surgery for rectal
cancer. N Engl] Med 2015;372:1324-32.

10. Sylla P, Rattner DW, Delgado S et al. NOTES transanal rectal
cancer resection using transanal endoscopic microsurgery and
laparoscopic assistance. Surg Endosc 2010;24:1205-10.

11. Wasmuth HH, Faerden AE, Myklebust T et al; Norwegian
TaTME Collaborative Group, on behalf of the Norwegian
Colorectal Cancer Group. Transanal total mesorectal excision
for rectal cancer has been suspended in Norway. Br ] Surg 2020;
107:121-30.

12. Liu H, Zeng Z, Zhang H et al.; Chinese Transanal Endoscopic
Surgery Collaborative (CTESC) Group. Morbidity, mortality, and


https://academic.oup.com/gastro/article-lookup/doi/10.1093/gastro/goae062#supplementary-data

taTME comparable to laTME in CTC changes | 7

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

pathologic outcomes of transanal versus laparoscopic total
mesorectal excision for rectal cancer short-term outcomes
from a multicenter randomized controlled trial. Ann Surg 2022;
277:1-6.

Liu ZH, Zeng ZW, Jie HQ et al. Transanal total mesorectal exci-
sion combined with intersphincteric resection has similar long-
term oncological outcomes to laparoscopic abdominoperineal
resection in low rectal cancer: a propensity score-matched co-
hort study. Gastroenterol Rep (Oxf) 2022;10:g0ac026.

Ghareeb WM, Wang X, Zhao X et al. The “terminal line”: a novel
sign for the identification of distal mesorectum end during TME
for rectal cancer. Gastroenterol Rep (Oxf) 2022;10:g0ac050.

Lin D, Shen L, Luo M et al. Circulating tumor cells: biology and
clinical significance. Signal Transduct Target Ther 2021;6:404.
Chen M, Ye F, Huang P et al. Inflammatory stress response after
transanal vs laparoscopic total mesorectal excision: a cohort
study based on the TaLaR trial. Int] Surg 2024;110:151-8.
Tamminga M, de Wit S, van de Wauwer C et al. Analysis of
released circulating tumor cells during surgery for non-small
cell lung cancer. Clin Cancer Res 2020;26:1656-66.

Janni WJ, Rack B, Terstappen LW et al. Pooled analysis of the
prognostic relevance of circulating tumor cells in primary
breast cancer. Clin Cancer Res 2016;22:2583-93.

Alieva M, van Rheenen J, Broekman MLD. Potential impact of
invasive surgical procedures on primary tumor growth and
metastasis. Clin Exp Metastasis 2018;35:319-31.

TakilY, Maruyama S, Nogami H. Can the prognosis of colorectal
cancer be improved by surgery? World J Gastrointest Surg 2016;
8:574-7.

Wang D, Yang Y, Jin L et al. Prognostic models based on postop-
erative circulating tumor cells can predict poor tumor
recurrence-free survival in patients with stage II-III colorectal
cancer. ] Cancer 2019;10:4552-63.

Govaert KM, Jongen JMJ, Kranenburg O et al. Surgery-induced tu-
mor growth in (metastatic) colorectal cancer. Surg Oncol 2017;
26:535-43.

Connor AA, McNamara K, Al-Sukhni E et al. Central, but not pe-
ripheral, circulating tumor cells are prognostic in patients un-
dergoing resection of colorectal cancer liver metastases. Ann
Surg Oncol 2016;23:2168-75.

Gall TM, Jacob J, Frampton AE et al. Reduced dissemination of
circulating tumor cells with no-touch isolation surgical

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

technique in patients with pancreatic cancer. JAMA Surg 2014;
149:482-5.

Wind J, Tuynman JB, Tibbe AG et al. Circulating tumour cells
during laparoscopic and open surgery for primary colonic can-
cer in portal and peripheral blood. Eur J Surg Oncol 2009;
35:942-50.

Guo Z, Ji X, Wang S et al. Clinical status and future prospects of
transanal total mesorectal excision. Front Oncol 2021;11:752737.
Vignali A, Elmore U, Milone M et al. Transanal total mesorectal
excision (TaTME): current status and future perspectives.
Updates Surg 2019;71:29-37.

Warren OJ, Solomon MJ. The drive toward transanal total meso-
rectal excision—science or rhetoric? Dis Colon Rectum 2015;
58:909-10.

Kang L, Sylla P, Atallah S et al. taTME: boom or bust?
Gastroenterol Rep (Oxf) 2020,8:1-4.

Murthy SM, Goldschmidt RA, Rao LN et al. The influence of
surgical trauma on experimental metastasis. Cancer 1989;
64:2035-44.

Demicheli R, Retsky MW, Hrushesky W] et al. The effects of sur-
gery on tumor growth: a century of investigations. Ann Oncol
2008;19:1821-8.

van der Bij GJ, Oosterling SJ, Beelen RH et al. The perioperative
period is an underutilized window of therapeutic opportunity in
patients with colorectal cancer. Ann Surg 2009;249:727-34.
Mocellin S, Keilholz U, Rossi CR et al. Circulating tumor cells: the
‘leukemic phase’ of solid cancers. Trends Mol Med 2006;12:130-9.
Mohme M, Riethdorf S, Pantel K. Circulating and disseminated
tumour cells—mechanisms of immune surveillance and es-
cape. Nat Rev Clin Oncol 2017;14:155-67.

Deijen CL, Velthuis S, Tsai A et al. COLOR III: a multicentre rand-
omised clinical trial comparing transanal TME versus laparo-
scopic TME for mid and low rectal cancer. Surg Endosc 2016;
30:3210-5.

Lelong B, de Chaisemartin C, Meillat H et al.; French Research
Group of Rectal Cancer Surgery (GRECCAR). A multicentre rand-
omised controlled trial to evaluate the efficacy, morbidity and
functional outcome of endoscopic transanal proctectomy ver-
sus laparoscopic proctectomy for low-lying rectal cancer (ETAP-
GRECCAR 11 TRIAL): rationale and design. BMC Cancer 2017;
17:253.

© The Author(s) 2024. Published by Oxford University Press and Sixth Affiliated Hospital of Sun Yat-sen University
This is an Open Access article distributed under the terms of the Creative Commons Attribution-NonCommercial License (https://creativecommons.
org/licenses/by-nc/4.0/), which permits non-commercial re-use, distribution, and reproduction in any medium, provided the original work is properly

cited. For commercial re-use, please contact journals.permissions@oup.com

Gastroenterology Report, 2024, 12, -
https://doi.org/10.1093/gastro/goae062
Original Article



	Active Content List
	Introduction
	Methods
	Results
	Discussion
	Conclusions
	Supplementary Data
	Authors&#x02019; Contributions
	Funding 
	Acknowledgements
	Conflicts of Interest 
	References


