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Background: There are no established standard colonoscopy surveillance
protocols for patients after curative rectal cancer resection. We investigated
the predictive factors for colorectal neoplasms during surveillance
colonoscopies to identify patients who are at risk of developing metachronous
neoplasms in the residual colorectum.

Methods: This was a single-center, retrospective study that included patients with
diagnosis of rectal carcinoma who had undergone curative resection from October
2012 to June 2018. Clinicopathological variables were analyzed by logistic
regression analysis to identify risk factors independently associated with
metachronous neoplasms in patients that underwent curative rectal cancer surgery.
Results: In all, 554 patients were included in the analysis. Deficient mismatch
repair (AMMR) status was recorded in 20 (3.6%) patients. At the surveillance
colonoscopies, 118 patients (21.3%) had metachronous neoplasms while 169
patients (30.5%) had metachronous polyps. The median time interval between
index colonoscopy and the last surveillance colonoscopy was 736.5 (476.75—
1,082.25) days. Univariable and multivariable analysis showed dMMR status,
synchronous adenomas/polyps, surveillance time >3, and longer surveillance
period patients were significant risk factors for development of metachronous
lesions; in subgroup analysis, we also found that among rectal cancer patients
with synchronous adenomas, adenomas located in the left colon and rectum,
and longer surveillance period were independent risk factors for detecting
metachronous adenomas.

Conclusions: This study underscored the importance of extended follow-up
protocols and targeted surveillance for identifying and managing metachronous
lesions in dAMMR rectal cancer patients, especially with synchronous adenomas.
Further prospective, multicenter studies are needed to validate these results.
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Introduction

Colorectal cancer (CRC) is the third most commonly
diagnosed cancer in the world (1). The prognosis for CRC has
improved during the last few decades owing to the development
of better diagnostic and treatment methods (2). The risk of
developing metachronous adenoma is increased in patients who
have undergone previous CRC curative resection (3), which
indicated that postoperative surveillance is very important.
A systematic review of endoscopic studies in the setting of post-
CRC surgery showed the overall cumulative incidence of
metachronous CRC was 2.2% (95% CI: 1.8%-2.9%) (4). Post-
operative colonoscopy surveillance was indicated to prevent
metachronous cancer to prolong survival. Previous studies have
shown that despite the routine colonoscopy surveillance, interval
cancer was still existed (5). Therefore, risk stratification based on
risk factors of metachronous neoplasia is imperative.

A multicenter retrospective study was conducted to explore the
risk factors for developing metachronous colorectal adenomas.
Patients with a history of left-sided colon cancer had a
significantly increased risk (6). In another study, synchronous
advanced neoplasia instead of resection type was independently
associated with the incidence of metachronous advanced
neoplasia in patients after surgical resection of CRC (7). To our
knowledge, no study yet has been conducted to explore the risk
factors of developing metachronous neoplasia in rectal cancer
patients after surgical resection. Rectal cancer is considerably
different to colon cancer with respect to treatment and
surveillance. After curative resection, nearly the entire colonic
mucosa is preserved, which might still be risk for
adenoma development.

The European Society of Gastrointestinal Endoscopy (ESGE)
and European Society of Digestive Oncology (ESDO) guidelines
recommend a high-quality perioperative colonoscopy before
surgery for CRC or within 6 months following surgery; further,
performing surveillance colonoscopy 1 year after CRC surgery
was recommended (8). However, an intensive endoscopic
surveillance strategy was not recommended given the lack of
proven benefit. In patients with only rectal cancer, the American
Gastroenterology — Association has recommended flexible
sigmoidoscopy every 3-6 months during first 2 years post-
resection (9). No standard colonoscopy surveillance protocols
were established, especially in patients after curative rectal cancer
resection. An intensive strategy may be considered a waste of
resources, and attempts to stratify the risk of metachronous
neoplasms may result in more cost-effective strategies. The
increasing demand in colonoscopy in patients after colorectal
cancer curative resection was restricted by the shortage of
colonoscopy resources. Especially because of the ongoing
COVID-19 pandemic, unnecessary invasive examinations such as
colonoscopy have been temporarily postponed (10).

The primary aim of the present study was to identify predictive
factors of metachronous neoplasms in the residual colorectal
mucosa at the surveillance colonoscopies in patients after
curative rectal cancer surgery. We aimed to address the risk

stratification of developing metachronous neoplasia after surgery
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using this approach, based on which a personalized colonoscopy
surveillance strategy could be planned.

Materials and methods
Ethic statement

The authors are accountable for all aspects of the work in
ensuring that questions related to the accuracy or integrity of any
part of the work are appropriately investigated and resolved. This
study was conducted in accordance with the ethical standards of
the World Medical Association Declaration of Helsinki and the
Ethical Guidelines for Clinical Research. Besides, the current
study was approved by the Institutional Review Board of the
Sixth Affiliated Hospital, Sun Yat-sen University.

Inclusion and exclusion criteria

Consecutive patients with diagnosis of rectal carcinoma who
had undergone curative resection from October 2012 to June
2018 were included in the study.

The inclusion criteria were: (i) pathological diagnosis of
primary rectal cancer (with ICD-10 diagnosis of C20 in the
medical record database); (ii) curative resection was performed;
(iii) index colonoscopy report was available; and (iv) availability
The
colonoscopies were performed completely to the cecum with

of reports of surveillance colonoscopies. surveillance
appropriate bowel cleansing.

The index colonoscopy was defined as the perioperative
colonoscopy or colonoscopy performed within 6 months after
the surgical resection, completely to the cecum. For patients who
were unable to undergo a full colorectal endoscopy preoperatively
due to obstruction or other reasons, contrast-enhanced CT was
routinely performed to exclude other synchronous lesions.
Additionally, a postoperative colonoscopy was conducted within
six months after surgery. The findings from the colonoscopy,
combined with postoperative pathology results, were used to
confirm the presence or absence of synchronous polyps and were
considered as the index colonoscopy results. In cases where the
index colonoscopy was performed after surgery, this colonoscopy
was not considered as the first surveillance colonoscopy.

In accordance with the NCCN guidelines for the diagnosis and
treatment of rectal cancer, we performed radical rectal cancer
surgeries for patients who met the surgical indications.
Specifically, anterior resection (AR) was performed for upper
rectal cancer, low anterior resection (LAR) for mid-rectal cancer,
and either abdominoperineal resection (APR) or ultra-low
anterior resection (ULAR) for lower rectal cancer.

The exclusion criteria were: (i) patients with a diagnosis of
familial adenomatous polyposis or inflammatory bowel disease);
(ii) patients with diagnosis of multiple primary colorectal cancer
with colon resection; (iii) patients with initial diagnosis of stage
and (iv)
surveillance colonoscopy.

IV rectal cancer; data available of only one
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Data extraction

The following clinicopathological data were collected for each
BMI, drink,
family history of cancer, adjuvant

patient: gender; age at smoke,
diabetes,

chemotherapy and its regimen, bowel preparation, polyp number,

diagnosis;
hypertension,

adenoma number, synchronous advanced adenoma, neoadjuvant
treatment, tumor location (upper, middle, or lower); cancer
staging; mismatch repair gene (MMR) status; gene mutation
status (KRAS, NRAS, BRAF, PIK3CA); synchronous adenomas or
polyps at index colonoscopy; metachronous neoplasms or polyps
at surveillance, surveillance time; and surveillance period (to
surgery). Immunohistochemical (IHC) staining was performed
for four proteins related to loss of expression of MMR genes
(MLH1, MSH2, MSH6, and PMS2) and considered MMR
deficiency (AMMR) if THC staining was absent for any of them.

The primary endpoint of this study was the metachronous
neoplasms (adenoma or cancer) at surveillance colonoscopies.
The metachronous polyps data was also collected. It was defined
as advanced if one of the following was applicable: adenomas
>l cm in size, tubulovillous or villous histology, and/or high-
grade dysplasia (11).

Statistical analysis

Continuous random variables and categorical variables were
included in this study. In order to realize risk stratification of
metachronous neoplasia, some continuous random variables were
converted into binary or multi-categorical variables for data
uniformity. One-sample Kolmogorov-Smirnov test was used to
test the normality of distribution of continuous variables.
Continuous variables with normal distribution were presented as
mean [standard deviation (SD)], and non-normally distributed
variables were presented as median [interquartile range (IQR)].
The categorical variables were reported as frequency [percentage
(%)], and they were analyzed by chi-square test or Fisher’s exact
test as appropriate. Logistic stepwise regression was examined to
figure out variables that were independently associated with
metachronous neoplasia of patients after curative rectal cancer
surgery. The degree of risk was interpreted by odds ratios (OR)
with 95% confidence intervals (CI). Except for this, all other data
were analyzed using the IBM SPSS statistics 26.0 (IBM corp.,
New York, USA). A two-sided P value of <0.05 was considered
to indicate statistical significance.

Results
Study population and characteristics

A total of 1,030 patients who underwent curative surgery for
rectal cancer between October 2012 and June 2018 were included

(Figure 1). All patients were offered participation in a scheduled
follow up program. Five patients who were diagnosed with
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1030 patients with curative surgery for rectal
cancer consistent with inclusion criteria

* 5 patients excluded as FAP or multiple
primary CRC

* 46 patients excluded due to initial diagnosis
of stage IV rectal cancer

* 283 patients excluded due to only 1
colonoscopy surveillance

* 142 patients excluded due to lack of MMR
IHC data

| 554 patients included into analysis

FIGURE 1
Flow chart of this study

familial adenomatous polyposis or multiple primary colorectal
cancer with colon resection were excluded. Forty-six patients
with resectable metastatic lesions were excluded despite radical
surgeries being performed. Further, 283 patients were excluded
owing to only one surveillance colonoscopy, and 142 patients
were excluded because of lack of MMR IHC data. Finally, 554
patients were included in the analysis.

The median time interval between index colonoscopy and the
first surveillance colonoscopy was 191 days (124.75-263.25). 164
patients (29.6%) were younger than 50 years at diagnosis, and
200 patients (36.1%) were female. At index colonoscopy, 240
patients (43.3%) had synchronous polyps (100 patients with
single polyp, 119 patients with multiple polyps), while 182
patients (32.9%) had synchronous adenomas (90 patients with
single adenoma, 88 patients with multiple adenomas).
Synchronous advanced adenomas were diagnosed in 80 (14.4%)
patients at index colonoscopy; 225 patients (40.6%) accepted
neoadjuvant therapy before surgery. Forty patients (7.2%) had
low BMI (kg/m* (BMI< 18.5), 193 patients (34.8%) had high
BMI (BMI>24). dMMR
(3.6%) patients (Table 1).

The median colonoscopy surveillance times was 3 (2-4). At the

status was diagnosed in 20

surveillance colonoscopies, 118 patients (21.3%) had metachronous
neoplasms, while 169 patients (30.5%) had metachronous polyps.
Two patients were diagnosed with interval cancer during
The
colonoscopy and the last surveillance colonoscopy was 736.5 days
(476.75-1,082.25).

surveillance. median time interval between index

Identification of risk factors for
metachronous polyps and metachronous
neoplasm development

Univariable analysis indicated that AMMR, synchronous polyp,

synchronous adenoma, surveillance times>3, and longer
surveillance period were positively correlated with metachronous
polyps development. These factors were then put into
multivariable analysis to find that dAMMR (P =0.012, OR = 3.455,

95% CL.  1.313-9.090), synchronous polyp (P <0.0001,
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OR=2.642, 95% CI: 1.762-3.907), surveillance times>3
(P<0.0001, OR=2.195 95% CI: 1.479-3.257), and longer
surveillance period (P <0.0001, OR =1.032, 95% CI: 1.018-1.046)
independent polyps
development (Table 2). Likewise, multivariable analysis identified
dMMR (P=0.031, OR=3.036, 95% CL 1.049-1.108),
synchronous adenoma (P<0.0001, OR=2.861, 95% CI: 1.825-
4.484), surveillance times>3 (P=0.001, OR=2.071, 95% CI:
1.328-3.228), and longer surveillance period (P <0.0001,
OR =1.033, 95% CI: 1.018-1.049) as independent risk factors for
metachronous neoplasm development (Table 1). As shown in

were risk factors for metachronous

Figure 2, rectal cancer patiens with dMMR status or synchronous
adenomas have a higher cumulative incidence of metachronous
adenomas after surgery.

10.3389/fsurg.2025.1510400

Subgroup analysis

In order to clarify the impact of synchronous lesions on
metachronous lesions in patients with rectal cancer, we performed
subgroup analysis based on the presence or absence of
synchronous lesions. As shown in Table 3, there were a total of
182 patients with synchronous adenomas, among whom 61
patients had adenomas distributed in the right colon (with the
splenic flexure of the colon as the boundary) and 121 patients had
adenomas distributed in the left colon and rectum. Univariate and
analyses revealed that
distributed in the left colon and rectum, as well as longer

multivariate synchronous adenomas
surveillance period, were associated with a higher likelihood of

detecting metachronous neoplasm. Moreover, among patients with

TABLE 1 Demographic characteristics of rectal cancer patients and analysis of risk factors of metachronous neoplasm (MN) .

NMN Univariable Multivariable OR (95%Cl)
analysis EIEIVA
P value P value

Patients, n (%) 554 (100) 436 (78.7) 118 (21.3)

Gender 0.762
Female 200 (36.1) 156 (35.8) 44 (37.3)
Male 354 (63.9) 280 (64.2) 74 (62.7)

Age 0.638
<50 164 (29.6) 127 (29.1) 37 (31.4)
>50 390 (70.4) 309 (70.9) 81 (68.6)

BMI 0.547
>18.5, <24 321 (57.9) 253 (58.0) 68 (57.6)
<185 40 (7.2) 34 (7.8) 6 (5.1)
>24 193 (34.8) 149 (34.2) 44 (37.3)

Smoke 0.596
No 490 (88.4) 384 (88.1) 106 (89.8)
Yes 64 (11.6) 52 (21.9) 12 (10.2)

Drink 0.567
No 532 (95.8) 419 (96.1) 112 (94.9)
Yes 23 (4.2) 17 (3.9) 6 (5.1)

Hypertension 0.476
No 476 (85.9) 377 (86.5) 99 (83.9)
Yes 78 (14.1) 59 (13.5) 19 (16.1)

Diabetes 0.134
No 515 (93.0) 409 (93.8) 106 (89.8)
Yes 39 (7.0) 27 (6.2) 12 (10.2)

Family history of cancer 0.885
No 534 (96.4) 420 (96.3) 114 (96.6)
Yes 20 (3.6) 16 (3.7) 4(3.4)

Adjuvant chemotherapy 0.212
No 212 (38.3) 161 (36.9) 51 (43.2)
Yes 342 (61.7) 275 (63.1) 67 (56.8)

Bowel preparation 0.231
Excellent 28 (5.1) 20 (4.6) 8 (6.8)
Good 279 (50.4) 228 (52.3) 51 (432)
Poor 92 (16.6) 73 (16.7) 19 (16.1)
Inadequate 155 (28.0) 115 (26.4) 40 (33.9)

Neoadjuvant tretment 0.283
No 329 (59.4) 264 (60.6) 65 (55.1)
Yes 225 (40.6) 172 (39.4) 53 (44.9)
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TABLE 1 Continued

10.3389/fsurg.2025.1510400

NMN Univariable Multivariable OR (95%Cl)
analysis EREINSH
P value P value
TNM stage 091
0 5(0.9) 4(0.9) 1(0.8)
1 157 (28.3) 121 (27.8) 36 (30.6)
2 207 (37.4) 166 (38.1) 41 (34.7)
3 185 (33.4) 145 (33.2) 40 (33.9)
Tumor location 0.312
Upper 135 (24.4) 105 (24.1) 30 (25.4)
Middle 206 (37.2) 169 (38.8) 37 (31.4)
Lower 213 (38.4) 162 (37.1) 51 (43.2)
MMR 0.037 0.031 3.036
(1.049-1.108)
PMMR 534 (96.4) 424 (97.2) 110 (93.2)
dMMR 20 (3.6) 12 (2.8) 8 (6.8)
KRAS 0.884
wild 430 (77.6) 339 (77.8) 91 (77.1)
Mutated 124 (22.4) 97 (22.2) 27 (22.9)
NRAS 0.536
wild 539 (97.3) 425 (97.5) 114 (96.6)
Mutated 15 (2.7) 11 (2.5) 4 (3.4)
BRAF 0.116
wild 551 (99.4) 435 (99.8) 116 (98.3)
Mutated 3 (0.6) 1(0.2) 2(1.7)
PIK3CA 0.24
wild 525 (94.4) 409 (93.8) 114 (96.6)
Mutated 31 (5.6) 27 (6.2) 4 (3.4)
Adjuvant chemotherapy 0.446
regimen
None 212 (38.3) 161 (36.9) 51 (43.2)
Single 44 (7.9) 36 (8.3) 8 (6.8)
Multiple 298 (53.8) 239 (54.3) 59 (50.0)
Synchronous polyp <0.0001
No 314 (56.7) 266 (61.0) 48 (40.7)
Yes 240 (43.3) 170 (39.0) 70 (59.3)
Synchronous adenoma <0.0001 <0.0001 2.861
(1.825-4.484)
No 372 (67.1) 314 (72.0) 58 (49.2)
Yes 182 (32.9) 122 (28.0) 60 (50.8)
Index colonoscopy time 0.065
Preoperative 221 (39.9) 355 (81.4) 87 (73.7)
Postoperation | 333 (60.1) 81 (18.6) 31 (26.3)
Surveillance time <0.0001 0.001 2.071
(1.328-3.228)
<3 397 (71.7) 273 (62.6) 52 (44.1)
>3 157 (28.3) 163 (37.4) 66 (55.9)
Surveillance period (to 244 235 284 0.002 <0.0001 1.033
surgery) (15.7,35.4) (15.4,34.4) (18.6,46.7) (1.018-1.049)

synchronous polyps, dMMR status, surveillance times>3, and
longer surveillance period were associated with an increased
likelihood of detecting metachronous polyps (Table 4).

Discussion

In this study, we found that dMMR status, synchronous
adenoma, surveillance time >3, and longer surveillance period
were significantly more likely to develop metachronous neoplasm

Frontiers in Surgery

at the surveillance colonoscopy than others. This is consistent
with the risk factors for metachronous polyps in rectal cancer
patients with synchronous polyps. Furthermore, in subgroup
analysis, we also found that among rectal cancer patients with
synchronous adenomas, adenomas located in the left colon and
rectum, and longer surveillance period were independent risk
factors for detecting metachronous adenomas.

Colorectal cancer (CRC) surgery is widely recognized as a
procedure with significant trauma and a high risk of
postoperative complications, among which surgical site infection
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TABLE 2 Demographic characteristics of rectal cancer patients and analysis of risk factors of metachronous polyp (MP).

Total NMP Univariable Multivariable OR (95%Cl)
EREIVA EREIWAS
P value P value

Patients, n (%) 554 (100) 385 (69.5) 169 (30.5)

Gender 0.849
Female 200 (36.1) 138 (35.8) 62 (36.7)
Male 354 (63.9) 247 (64.2) 107 (63.3)

Age 0.835
<50 164 (29.6) 115 (38.9) 49 (29.0)
>50 390 (70.4) 270 (70.1) 120 (71.0)

BMI 0.324
>18.5, <24 321 (57.9) 226 (58.7) 95 (56.2)
<18.5 40 (7.2) 31 (8.1) 9 (5.3)
>24 193 (34.8) 128 (33.2) 65 (38.5)

Smoke 0.88
No 490 (88.4) 340 (88.3) 150 (27.1)
Yes 64 (11.6) 45 (11.7) 19 (3.4)

Drink 0.359
No 531 (95.8) 371 (96.4) 160 (88.8)
Yes 23 (4.2) 14 (3.6) 9 (21.2)

Hypertension 0.558
No 476 (85.9) 333 (86.5) 143 (84.6)
Yes 78 (14.1) 52 (13.5) 26 (15.4)

Diabetes 0.263
No 515 (93.0) 361 (93.8) 154 (91.1)
Yes 39 (7.0) 24 (6.2) 15 (8.9)

Family history of cancer 0.586
No 534 (96.4) 370 (96.1) 164 (97.0)
Yes 20 (3.6) 15 (3.9) 5 (3.0)

Adjuvant chemotherapy 0.899
No 212 (38.3) 148 (38.4) 64 (37.9)
Yes 342 (61.7) 237 (61.6) 105 (62.1)

Bowel preparation 0.497
Excellent 28 (5.1) 17 (4.4) 11 (6.5)
Good 279 (50.4) 200 (51.9) 79 (46.7)
Poor 92 (16.6) 65 (16.9) 27 (16.0)
Inadequate 155 (28.0) 103 (26.8) 52 (30.8)

Neoadjuvant tretment 0.314
No 329 (59.4) 234 (60.8) 95 (56.2)
Yes 225 (40.6) 151 (39.2) 74 (43.8)

TNM stage 0.958
0 5(0.9) 4 (0.1) 1 (0.6)
1 157 (28.3) 110 (28.6) 47 (27.8)
2 207 (37.4) 143 (37.1) 64 (37.9)
3 185 (33.4) 128 (33.2) 57 (33.7)

Tumor location 0.908
Upper 135 (24.4) 92 (23.9) 43 (25.4)
Middle 206 (37.2) 145 (37.7) 61 (36.1)
Lower 213 (38.4) 148 (38.4) 65 (38.5)

MMR 0.015 0.012 3.455

(1.313-9.090)

pPMMR 534 (96.4) 376 (97.7) 158 (93.5)
dMMR 20 (3.6) 9 (2.3) 11 (6.5)

KRAS 0.172
wild 430 (77.6) 305 (79.2) 125 (74.0)
Mutated 124 (22.4) 80 (20.8) 44 (26)

NRAS 0.782
wild 539 (97.3) 375 (97.4) 164 (97.0)
Mutated 15 (2.7) 10 (2.6) 5 (3.0)

(Continued)
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TABLE 2 Continued

NMP Univariable Multivariable OR (95%Cl)
analysis analysis
P value
BRAF 0.222
wild 551 (99.4) 384 (99.7) 167 (98.8)
Mutated 3 (0.6) 1(0.3) 2(1.2)
PIK3CA 0.324
wild 523 (94.4) 361 (93.8) 162 (95.9)
Mutated 30 (5.6) 24 (6.2) 7 (4.1)
Adjuvant chemotherapy 0.465
regimen
None 212 (38.3) 148 (38.4) 64 (37.9)
Single 44 (7.9) 34 (8.8) 10 (5.9)
Multiple 298 (53.8) 203 (52.8) 95 (56.2)
Synchronous polyp <0.0001 <0.0001 2.642
(1.762-3.907)
No 314 (56.7) 244 (63.4) 70 (41.4)
Yes 240 (43.3) 141 (36.6) 99 (58.6)
Synchronous adenoma <0.0001
No 372 (67.1) 280 (72.7) 92 (54.4)
Yes 182 (32.9) 105 (27.3) 77 (45.6)
Index colonoscopy time 0.072
Preoperative 442 (79.8) 315 (81.8) 127 (75.1)
Postoperation 112 (20.2) 70 (18.2) 42 (24.9)
Surveillance time <0.0001 <0.0001 2.195
(1.479-3.257)
<3 325 (58.7) 248 (64.4) 77 (45.6)
>3 229(41.3) 137(35.6) 92(54.4)
Surveillance period 244 226 26.8 0.001 <0.0001 1.032
(to surgery) (15.7,35.4) (15.2,33.4) (18.9,42.0) (1.018-1.046)

A B

Kaplan-Meier Kaplan-Meier
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FIGURE 2

Cumulative incidence curve. (A) Patients with dMMR have a higher cumulative adenoma recurrence rate than patients with pMMR. (B) Patients with
synchronous adenomas have a higher cumulative adenoma recurrence rate compared to patients without synchronous adenomas.
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TABLE 3 Demographic characteristics of rectal cancer patients with synchronous adenoma and analysis of risk factors of metachronous neoplasm (MN).

NMN Univariable Multivariable OR (95%Cl)
analysis analysis
P value P value

Patients, n (%) 182 (100) 122 (67.0) 60 (33.0)

Gender 0.462
Female 66 (36.3) 42 (34.4) 24 (40.0)
Male 116 (63.7) 80 (65.6) 36 (60.0)

Age 0.679
<50 54 (29.7) 35 (28.7) 19 (31.7)
>50 128 (70.3) 87 (71.3) 41 (68.3)

BMI 0.252
>18.5, <24 103 (56.6) 67 (54.9) 36 (60.0)
<18.5 14 (7.7) 12 (9.8) 2 (3.3)
>24 65 (35.7) 43 (35.2) 22 (36.7)

Smoke 1
No 167 (91.8) 112 (91.8) 55 (91.7)
Yes 15 (8.2) 10 (8.2) 5(8.3)

Drink 0.268
No 177 (97.3) 117 (95.9) 60 (100)
Yes 5 (2.7) 5 (4.1) 0 (0)

Hypertension 0.184
No 160 (87.9) 110 (90.2) 50 (83.3)
Yes 22 (12.1) 12 (9.8) 10 (16.7)

Diabetes 0.305
No 161 (88.5) 110 (90.2) 51 (85.0)
Yes 21 (11.5) 12 (9.8) 9 (15.0)

Family history of cancer 1
No 177 (97.3) 119 (97.5) 58 (96.7)
Yes 5(2.7) 3 (2.5) 2 (33)

Adjuvant chemotherapy 0.09
No 72 (39.6) 43 (35.2) 29 (48.3)
Yes 110 (54.9) 79 (64.8) 31 (51.7)

Bowel preparation 0.517
Excellent 9 (4.9) 4(2.2) 5 (8.3)
Good 93 (51.1) 64 (52.5) 29 (48.3)
Poor 28 (15.4) 18 (14.8) 10 (16.7)
Inadequate 52 (28.6) 36 (29.5) 16 (26.7)

Neoadjuvant tretment 0.249
No 105 (57.7) 74 (60.7) 31 (51.7)
Yes 77 (42.3) 48 (39.3) 29 (48.3)

TNM stage 0.348
0 1 (0.6) 0 (0) 1 (1.6)
1 51 (28.0) 32 (26.2) 19 (31.7)
2 67 (36.8) 48 (39.3) 19 (31.7)
3 63 (34.6) 42 (34.4) 21 (35.0)

Tumor location 0.562
Upper 45 (24.7) 31 (30.2) 14 (23.3)
Middle 68 (37.4) 48 (39.3) 20 (33.3)
Lower 69 (37.9) 43 (35.2) 26 (43.4)

MMR 0.069
pMMR 174 (95.6) 119 (97.5) 55 (91.7)
dMMR 8 (4.4) 3 (2.5) 5 (8.3)

KRAS 0.662
wild 139 (76.4) 92 (75.4) 47 (78.3)
Mutated 43 (23.6) 30 (24.6) 13 (21.7)

NRAS 0.886
wild 177 (97.3) 118 (96.7) 59 (98.3)
Mutated 5(2.7) 4 (3.3) 1(1.7)

(Continued)
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TABLE 3 Continued

10.3389/fsurg.2025.1510400

Univariable Multivariable OR (95%Cl)
analysis analysis
P value P value
BRAF 0.716
wild 181 (99.5) 122 (1.0) 59 (98.3)
Mutated 1 (0.5) 0 (0) 1(1.7)
PIK3CA 0.159
wild 171 (94.0) 112 (91.8) 59 (98.3)
Mutated 11 (6.0) 10 (8.2) 1(1.7)
Adjuvant chemotherapy 0.24
regimen
None 72 (39.6) 43 (35.2) 29 (48.3)
Single 14 (7.7) 10 (8.2) 4(6.7)
Multiple 90 (52.7) 69 (56.6) 27 (45.0)
Adenoma location 0.018 0.02 2.362
(1.146-4.867)
Proximal 61 (33.5) 48 (39.3) 13 (21.7)
colon
Distal colon 121 (66.5) 74 (60.1) 47 (78.3)
Index colonoscopy time 0.352
Preoperative 155 (85.2) 106 (86.9) 49 (81.7)
Postoperation 27 (14.8) 16 (13.1) 11 (18.3)
Surveillance time 0.02
<3 86 (47.3) 65 (53.3) 21 (35.0)
>3 96 (52.7) 57 (46.7) 39 (65.0)
Surveillance period (to 224 19.8 25.4 0.048 0.031 1.028
surgery) (13.3, 31.6) (12.8,29.2) (12.8, 29.2) (1.003-1.054)

(SSI) is the most common. SSI causes substantial pain and suffering
to patients and is associated with increased healthcare costs,
morbidity, prolonged hospital stays, readmissions, sepsis, and
mortality (12). Reports indicate that sepsis due to SSI occurs in
>1% of elective surgeries and >4% of emergency surgeries,
primarily due to inadequate bowel preparation, anastomotic
tension leading to leakage, and patient comorbidities. The
mortality rate for postoperative sepsis approaches 25%, with
patients having recurrent/metastatic CRC at even higher risk for
SSI. Novel enzymes, such as butyrylcholinesterase (13), have been
proposed as biomarkers to predict these complications, although
further clinical validation is needed. To reduce these risks,
patient risk stratification and personalized colonoscopy follow-up
strategies are essential. Recently, deep learning (DL) algorithms
have demonstrated efficacy in improving CRC detection rates
(14) and enabling accurate histological classification (15). The
integration of colonoscopy with DL algorithms holds promise for
preventing disease progression at earlier stages.

To our knowledge, no standard colonoscopy surveillance
protocol has been established in patients after curative rectal
cancer resection. The first surveillance colonoscopy was
recommended in the first year after CRC surgery (8). Neoadjuvant
therapy strategy and different risk of anastomosis leakage and
stenosis in rectal cancer treatment made the post-operative follow-
up quite different when compared to patients with colon cancer
(16). In our center, patients with temporary stoma after curative
rectal cancer resection accepted the first colonoscopy within 3
months. The American Gastroenterology Association recommends

flexible sigmoidoscopy every 3-6 months during the first 2 years

Frontiers in Surgery

post-resection in patients with rectal cancer (9). It was assumed
that in patients who undergo only single colonoscopy surveillance,
the true situation of actual metachronous neoplasms may not be
reflected. To avoid this potential bias, patients with only one
colonoscopy surveillance were excluded in our study.

Several studies focused on the risk factors of development of
Most  studies
included only colon cancer patients; in that, synchronous

metachronous adenoma of colorectal cancer.

adenoma and left-sided colectomy were independent predictors
of adenoma detection on surveillance colonoscopy (6, 17, 18).
Two studies included both colon and rectal cancer patients with
a controversial conclusion about the relationship of tumor site
and the risk of metachronous adenoma development (7, 19).
Generally, rectal cancer is very different from colon cancer with
respect to treatment strategy and surveillance (20). In the present
study, we provided a large population of rectal cancer after
curative surgery with detailed colonoscopy surveillance. In our
study, the risk of metachronous neoplasm/polyps increased in
patients with synchronous adenoma or polyps. This was
consistent with previous colorectal studies (21, 22). However, in
our study, advanced age, diabetes, and male gender did not show
statistically significant differences in terms of increased risk of
developing metachronous lesions. This may be attributed to our
study’s inclusion criteria limited to rectal cancer patients only.
We are aware that adenomatous polyps in the rectal region have
a higher recurrence rate, and factors such as age, diabetes, and
gender do not play a significant predictive role in adenoma
recurrence. Therefore, in a limited population and a short follow-
up period, it may be difficult to identify clear differences. It is
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TABLE 4 Demographic characteristics of rectal cancer patients with synchronous polyps and analysis of risk factors of metachronous polyps (MP).

Total NMP Univariable Multivariable OR (95%Cl)
analysis analysis
P value P value

Patients, n (%) 240 (100) 141 (58.8) 99 (41.2)

Gender 0.627
Female 83 (34.6) 47 (33.3) 36 (36.4)
Male 157 (65.4) 94 (66.7) 63 (63.6)

Age 0.781
<50 80 (33.3) 46 (32.6) 34 (34.3)
>50 160 (66.7) 95 (67.4) 65 (65.7)

BMI 0.385
>18.5, <24 137 (57.1) 81 (57.4) 56 (56.6)
<18.5 21 (8.8) 15 (10.6) 6 (6.1)
>24 82 (34.2) 45 (31.9) 37 (37.4)

Smoke 0.828
No 217 (90.4) 127 (90.1) 90 (90.9)
Yes 23 (9.6) 14 (9.9) 9(9.1)

Drink 0.559
No 232 (96.7) 135 (95.7) 97 (98.0)
Yes 8 (3.3) 6 (4.3) 2 (2.0)

Hypertension 0.222
No 211 (87.9) 127 (90.1) 84 (84.8)
Yes 29 (12.1) 14 (9.9) 15 (15.2)

Diabetes 0.359
No 216 (90.0) 129 (91.5) 87 (87.9)
Yes 24 (10.0) 12 (8.5) 12 (12.1)

Family history of cancer 1
No 233 (97.1) 137 (97.2) 96 (97.0)
Yes 7 (2.9) 4(28) 3 (3.0)

Adjuvant chemotherapy 0.268
No 99 (41.3) 54 (38.4) 45 (45.4)
Yes 141 (58.8) 87 (61.7) 54 (54.5)

Bowel preparation 0.47
Excellent 11 (4.6) 4 (2.8) 7 (7.1)
Good 118 (49.2) 72 (51.1) 46 (46.4)
Poor 35 (14.6) 20 (14.2) 15 (15.2)
Inadequate 76 (31.7) 45 (31.9) 31 (31.3)

Neoadjuvant tretment 0.119
No 145 (60.4) 91 (64.5) 54 (54.5)
Yes 95 (39.6) 50 (35.5) 45 (45.4)

TNM stage 0.95
0 2 (0.9) 1(0.8) 1(3.1)
1 66 (27.5) 37 (26.2) 29 (27.2)
2 92 (38.3) 55 (39.0) 37 (37.4)
3 80 (33.3) 48 (34.0) 32 (32.3)

Tumor location 0.74
Upper 57 (23.8) 36 (25.5) 21 (21.2)
Middle 92 (38.3) 53 (37.6) 39 (39.4)
Lower 91 (37.9) 52 (36.9) 39 (39.4)

MMR 0.063 0.004 3.92

(1.528-10.059)

pPMMR 229 (95.4) 138 (97.9) 91 (91.9)
dMMR 11 (4.6) 3(2.1) 8 (8.1)

KRAS 0.644
wild 188 (78.3) 109 (77.3) 79 (79.8)
Mutated 52 (21.7) 32 (22.7) 20 (20.2)

NRAS 0.606
wild 235 (97.9) 137 (97.2) 98 (99.0)
Mutated 5 (2.1) 4(2.8) 1(1.0)

(Continued)
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TABLE 4 Continued

NMP Univariable Multivariable OR (95%Cl)
EREINSH EREIVSH
P value P value
BRAF 0.859
wild 239 (99.6) 141 (100) 98 (99.0)
Mutated 1(0.4) 0 (0) 1(1.0)
PIK3CA 0.121
Wwild 226 (94.2) 130 (92.2) 96 (97.0)
Mutated 14 (5.8) 11 (7.6) 3 (3.0)
Adjuvant chemotherapy 0.484
regimen
None 99 (41.3) 54 (38.3) 45 (45.5)
Single 16 (6.7) 9 (6.4) 7 (7.1)
Multiple 125 (52.1) 78 (55.3) 47 (47.5)
Polyp location 0.244
Proximal 80 (33.3) 51 (36.2) 29 (29.0)
colon
Distal colon 160 (66.7) 90 (63.8) 70 (71.0)
Synchronous adenoma 0.555
No 58 (24.2) 36 (25.5) 22 (22.2)
Yes 182 (75.8) 105 (74.5) 77 (77.8)
Index colonoscopy time 0.404
Preoperative 121 (85.8) 121 (85.8) 81 (81.3)
Postoperation 38 (15.8) 20 (14.2) 18 (18.2)
Surveillance time 0.009 0.001 2.454
(1.671-3.605)
<3 121 (50.4) 81 (57.4) 40 (40.4)
>3 119(49.6) 60(42.6) 59(59.6)
Surveillance period (to 224 19.6 254 0.011 0.001 1.001
surgery) (13.7,32.5) (12.9,29.7) (16.0,36.0) (1.000-1.001)
worth noting that our study also concluded that more frequent Mismatch repair deficiency was found in approximately 10%-

follow-up visits and longer surveillance period are predictive  15% of CRC (25, 26), which can be assessed on the basis of
factors for detecting metachronous adenomas, which is consistent ~ microsatellite instability or loss-of-expression of MMR proteins
with previous research findings (17, 23). (27). MMR deficiency is often detected by IHC in cancer tissue

In order to explore personalized follow-up strategies, we also  specimens in clinical practice. IMMR CRC is often secondary to
investigated the impact of the initial polyp or adenoma location = Lynch syndrome. Monoallelic pathogenic germline mutations in
on metachronous lesions. Our study demonstrated that adenomas =~ MMR pathway genes (MLHI, MSH2, MSH6, PMS2, EPCAM)
found during the initial colonoscopy in the left colon and rectum  can be detected in patients with Lynch syndrome (28). MMR
were more likely to develop metachronous adenomas. This finding  deficiency can also occur as a sporadic (non-hereditary) process.
is consistent with the conclusion mentioned in the study by  The sporadic process was characterized by a distinctive hyper-
Chunmei Guo et al. (24), which identified right-sided colon cancer  proliferative, serrated morphology, with DNA methylation
as an independent risk factor for metachronous adenomas. abnormalities (26). Previous studies showed that Lynch
However, a study by Kwangwoo Nam et al. (21) reported that  syndrome manifests as a predominantly right-sided colon cancer
distal colon cancer (splenic flexure and below) had over four times  with a propensity for synchronous and metachronous colorectal
the risk of metachronous advanced neoplasia during follow-up  cancers (28, 29). Few studies have focused on dMMR rectal
compared to proximal lesions, which differs from our study’s cancer. In the present study, dMMR status was an independent
conclusion. This discrepancy may be explained as follows. Firstly, risk factor in the prediction of metachronous adenoma
adenomas in the right colon are more prone to being overlooked,  development in patients after curative rectal cancer surgery.
so endoscopists in our center consciously increase observation A retrospective study showed that patients meeting the
time for lesions in the right colon during examinations to enhance ~ Amsterdam criteria for diagnosis of hereditary nonpolyposis
adenoma clearance rates. Secondly, rectal polyps themselves have a  colorectal cancer and undergoing partial colectomy had a high
higher recurrence rate compared to other locations. However, rate of metachronous high-risk adenomas and carcinomas (30).
colon cancer and rectal cancer are distinct entities, and drawing  In another retrospective cohort study, the risk of metachronous
conclusions solely from studies on colon cancer patients is  colorectal cancer among patients with MMR gene mutations was
evidently insufficient. Further studies with larger sample sizes are ~ 16% at 10 years, which increased to 62% at 30 years (31).
needed to validate this conclusion. Colectomy with ileorectal anastomosis as the primary procedure
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for the treatment was recommended in CRC patients with Lynch
syndrome in the Guidelines of the U.S. Multi-Society Task Force
on Colorectal Cancer (32). The majority of CRC patients were
treated before the genetic counseling or testing in practice. The
extensive colectomy was not widely accepted especially in rectal
The
surveillance of the residual rectum after sub-total colectomy

cancer patients. guidelines recommend endoscopic
every 6 or 12 months in patients with Lynch syndrome (32).
Furthermore, patients with advanced-stage dMMR rectal cancer
appear to exhibit significant sensitivity to PD-1 inhibitors.
A study conducted by Cercek et al. (33) reported that all 14
patients treated with PD-1 inhibitors achieved complete clinical
response (cCR), with no instances of recurrence or progression
observed during a follow-up period ranging from 6 to 25
months. Another study (34) reporting on the long-term efficacy
of cCR patients demonstrated a three-year disease-free survival
rate and overall survival rate of 100%. Notably, in the PICC
study (35), PD-1

neoadjuvant treatment to chemotherapy-insensitive patients

inhibitor monotherapy administered as

resulted in a cCR rate exceeding 65%. Despite the favorable
outcomes observed, our research findings indicate that these
patients still face a heightened risk of adenoma recurrence.
Therefore, in a “watch and wait” approach, intensive colonoscopy
surveillance should be implemented. Taking our present results
together, an intensive surveillance strategy may be considered in
dMMR patients after rectal cancer curative resection.

This study should be regarded as an initial exploration in terms
of the risk factors of metachronous neoplasm development in
patients after rectal cancer curative resection. However, caution
should be exercised when interpreting the findings due to some
study limitations. First, this is a retrospective study with some
missing data. Patients without IHC data were excluded. However,
the present study population is largely focused only on rectal
cancer patients with at least three colonoscopy examinations
conducted at the same center. Second, some patients did not
full
colonoscopy data due to obstruction. We checked the pre-

have pre-operation colonoscopy data or colorectal
operation colonoscopy data in other centers and considered the
first surveillance colonoscopy within 6 months as the index
colonoscopy in these patients. Third, the surveillance intervals of
the the

retrospective nature of this study. Future studies should be

included patients were not standardized given
performed to determine the optimal surveillance schedule with

comprehensive consideration of risk factors.

Conclusion

In conclusion, AMMR status, synchronous adenoma as well as
its location, longer surveillance period and times help to identify
individuals at increased risk of metachronous neoplasms in
patients after rectal cancer curative resection. An intensive
colonoscopy surveillance strategy may be considered in these
patients. Future study should be performed to determine the
optimal surveillance schedule in patients after rectal cancer
curative resection.

Frontiers in Surgery

12

10.3389/fsurg.2025.1510400

Data availability statement

The original contributions presented in the study are included
in the article/Supplementary Material, further inquiries can be
directed to the corresponding authors.

Ethics statement

The studies involving humans were approved by the
Institutional Review Board of the Sixth Affiliated Hospital, Sun
Yat-sen University. The studies were conducted in accordance
with the local legislation and institutional requirements. The
the
requirement of written informed consent for participation from

ethics committee/institutional —review board waived
the participants or the participants’ legal guardians/next of kin

because This was a retrospective study.

Author contributions

XC: Data curation, Formal Analysis, Methodology, Writing —
original draft. JC: Data curation, Formal Analysis, Methodology,
Writing - original draft. LX: Data curation, Formal Analysis,
Methodology, Writing - original draft. DL: Data curation,
Writing - original draft. XH: Writing - original draft, Data

draft,
Project

curation. JP: Conceptualization, Writing
editing. XH: Methodology,

administration, Writing - original draft, Writing - review &

original

Writing review &
editing. JH: Methodology, Project administration, Writing -
original draft, Writing - review & editing.

Funding

The author(s) declare financial support was received for the
research, authorship, and/or publication of this article. This work
was supported by the National Key Research and Development
Program of China (grant number:2022YFA1304000), the National
Natural Youth Science Foundation of China (grant number:
32000555), the Guangzhou Basic and Applied Basic Research
Project (SL2022A04]J01659), the Sixth Affiliated Hospital of Sun
Yat-Sen
number: 1010PY2020-63), the program of Guangdong Provincial
Clinical ~ Research Center  for  Digestive
(2020B1111170004) and National Key Clinical Discipline.

University ~ Clinical Research-‘1010’Program  (grant

Diseases

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Generative Al statement

The author(s) declare that no Generative Al was used in the
creation of this manuscript.

frontiersin.org


https://doi.org/10.3389/fsurg.2025.1510400
https://www.frontiersin.org/journals/surgery
https://www.frontiersin.org/

Chen et al.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated

References

1. Siegel RL, Miller KD, Jemal A. Cancer statistics, 2020. CA Cancer J Clin. (2020)
70(1):7-30. doi: 10.3322/caac.21590

2. Bray F, Ferlay J, Soerjomataram I, Siegel RL, Torre LA, Jemal A. Global cancer
statistics 2018: GLOBOCAN estimates of incidence and mortality worldwide for 36
cancers in 185 countries. CA Cancer ] Clin. (2018) 68(6):394-424. doi: 10.3322/
caac.21492

3. Kjeldsen BJ, Kronborg O, Fenger C, Jorgensen OD. A prospective randomized
study of follow-up after radical surgery for colorectal cancer. Br ] Surg. (1997)
84(5):666-9.

4. Fuccio L, Rex D, Ponchon T, Frazzoni L, Dinis-Ribeiro M, Bhandari P, et al. New
and recurrent colorectal cancers after resection: a systematic review and meta-analysis
of endoscopic surveillance studies. Gastroenterology. (2019) 156(5):1309-23.e3.
doi: 10.1053/j.gastro.2018.12.006

5. Corley DA, Jensen CD, Marks AR, Zhao WK, Lee JK, Doubeni CA, et al.
Adenoma detection rate and risk of colorectal cancer and death. N Engl | Med.
(2014) 370(14):1298-306. doi: 10.1056/NEJMo0al309086

6. Fuccio L, Spada C, Frazzoni L, Paggi S, Vitale G, Laterza L, et al. Higher adenoma
recurrence rate after left- versus right-sided colectomy for colon cancer. Gastrointest
Endosc. (2015) 82(2):337-43. doi: 10.1016/j.gie.2014.12.057

7. Yabuuchi Y, Imai K, Hotta K, Ito S, Kishida Y, Yamaguchi T, et al. Higher
incidence of metachronous advanced neoplasia in patients with synchronous
advanced neoplasia and left-sided colorectal resection for colorectal cancer.
Gastrointest Endosc. (2018) 88(2):348-59.el. doi: 10.1016/j.gie.2018.03.011

8. Hassan C, Wysocki PT, Fuccio L, Seufferlein T, Dinis-Ribeiro M, Brandio C, et al.
Endoscopic surveillance after surgical or endoscopic resection for colorectal cancer:
European Society of Gastrointestinal Endoscopy (ESGE) and European Society of
Digestive Oncology (ESDO) Guideline. Endoscopy. (2019) 51(3):C1. doi: 10.1055/a-
0854-5925

for
tool.

9. American Gastroenterology Association. AGA institute guidelines
colonoscopy  surveillance after cancer resection: clinical decision
Gastroenterology. (2014) 146(5):1413-4. doi: 10.1053/j.gastro.2014.03.029

10. Castro Filho EC, Castro R, Fernandes FF, Pereira G, Perazzo H. Gastrointestinal
endoscopy during the COVID-19 pandemic: an updated review of guidelines and
statements from international and national societies. Gastrointest Endosc. (2020) 92
(2):440-5.¢6. doi: 10.1016/j.gie.2020.03.3854

11. Strum WB. Colorectal adenomas. N Engl ] Med. (2016) 374(11):1065-75. doi: 10.
1056/NEJMral513581

12. Mulita F, Liolis E, Akinosoglou K, Tchabashvili L, Maroulis I, Kaplanis C, et al.
Postoperative sepsis after colorectal surgery: a prospective single-center observational
study and review of the literature. Prz Gastroenterol. (2022) 17(1):47-51. doi: 10.5114/
pg.2021.106083

13. Verras GI, Mulita F. Butyrylcholinesterase levels correlate with surgical site
infection risk and severity after colorectal surgery: a prospective single-center study.
Front Surg. (2024) 11:1379410. doi: 10.3389/fsurg.2024.1379410

14. Bousis D, Verras GI, Bouchagier K, Antzoulas A, Panagiotopoulos I, Katinioti A,
et al. The role of deep learning in diagnosing colorectal cancer. Prz Gastroenterol.
(2023) 18(3):266-73. doi: 10.5114/pg.2023.129494

15. Chlorogiannis DD, Verras GI, Tzelepi V, Chlorogiannis A, Apostolos A, Kotis K,
et al. Tissue classification and diagnosis of colorectal cancer histopathology images
using deep learning algorithms. Is the time ripe for clinical practice
implementation? Prz Gastroenterol. (2023) 18(4):353-67. doi: 10.5114/pg.2023.130337

16. Qin Q, Ma T, Deng Y, Zheng J, Zhou Z, Wang H, et al. Impact of preoperative
radiotherapy on anastomotic leakage and stenosis after rectal cancer resection: post hoc
analysis of a randomized controlled trial. Dis Colon Rectum. (2016) 59(10):934-42.
doi: 10.1097/DCR.0000000000000665

17. Lam YF, Seto WK, Tong T, Cheung KS, Lo O, Hung IF, et al. Rates of
metachronous adenoma after curative resection for left-sided or right-sided colon
cancer. Intest Res. (2018) 16(4):619-27. doi: 10.5217/ir.2018.00013

18. Frazzoni L, Laterza L, Mussetto A, Zagari RM, Trovato C, De Bellis M, et al.
How to identify patients who are less likely to have metachronous neoplasms after

Frontiers in Surgery

13

10.3389/fsurg.2025.1510400

organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed
or endorsed by the publisher.

a colon cancer: a predictive model. Endoscopy. (2020) 52(3):220-6. doi: 10.1055/a-
1041-2945

19. Patel A, Williams N, Parsons N, Ali O, Peters F, Ranat R, et al. Risk factors for
metachronous adenoma in the residual colon of patients undergoing curative surgery
for colorectal cancer. Int ] Colorectal Dis. (2017) 32(11):1609-16. doi: 10.1007/
s00384-017-2881-x

20. Glynne-Jones R, Wyrwicz L, Tiret E, Brown G, Rédel C, Cervantes A, et al.
Rectal cancer: ESMO clinical practice guidelines for diagnosis, treatment and
follow-up. Ann Oncol. (2017) 28(Suppl 4):iv22-40. doi: 10.1093/annonc/mdx224

21. Nam K, Shin JE. Risk factors of advanced metachronous neoplasms in
surveillance after colon cancer resection. Korean | Intern Med. (2021) 36(2):305-12.
doi: 10.3904/kjim.2019.053

22. Kawai K, Sunami E, Tsuno NH, Kitayama J, Watanabe T. Polyp surveillance
after surgery for colorectal cancer. Int ] Colorectal Dis. (2012) 27(8):1087-93.
doi: 10.1007/s00384-012-1420-z

23. Moon CM, Cheon JH, Choi EH, Kim ES, Park JJ, Han SY, et al. Advanced
synchronous adenoma but not simple adenoma predicts the future development of
metachronous neoplasia in patients with resected colorectal cancer. J Clin
Gastroenterol. (2010) 44(7):495-501. doi: 10.1097/MCG.0b013e3181d6bd70

24. Guo C, Wu ], Jiao Y, Zhang Q, Wang C, Wang Y, et al. Design and verification
of individualized follow-up strategy of colonoscopy for postoperative patients with
colorectal cancer. Eur ] Gastroenterol Hepatol. (2022) 34(1):48-55. doi: 10.1097/
MEG.0000000000002073

25. Tonov Y, Peinado MA, Malkhosyan S, Shibata D, Perucho M. Ubiquitous
somatic mutations in simple repeated sequences reveal a new mechanism for
colonic carcinogenesis. Nature. (1993) 363(6429):558-61. doi: 10.1038/363558a0

26. Goel A, Arnold CN, Niedzwiecki D, Chang DK, Ricciardiello L, Carethers JM,
et al. Characterization of sporadic colon cancer by patterns of genomic instability.
Cancer Res. (2003) 63(7):1608-14.

27. Vilar E, Tabernero J. Molecular dissection of microsatellite instable colorectal
cancer. Cancer Discov. (2013) 3(5):502-11. doi: 10.1158/2159-8290.CD-12-0471

28. Lynch HT, Snyder CL, Shaw TG, Heinen CD, Hitchins MP. Milestones of lynch
syndrome: 1895-2015. Nat Rev Cancer. (2015) 15(3):181-94. doi: 10.1038/nrc3878

29. Signoroni S, Piozzi GN, Ricci MT, Mancini A, Morabito A, Bertario L, et al. Risk
factors for metachronous colorectal cancer in Lynch syndrome patients: a registry-
based observational mono-institutional study cohort. Int J Clin Oncol. (2020)
25(9):1644-52. doi: 10.1007/s10147-020-01700-2

30. Kalady MF, McGannon E, Vogel JD, Manilich E, Fazio VW, Church JM. Risk of
colorectal adenoma and carcinoma after colectomy for colorectal cancer in patients
meeting Amsterdam criteria. Ann Surg. (2010) 252(3):507-11. doi: 10.1097/SLA.
0b013e3181f20bd2

31. Parry S, Win AK, Parry B, Macrae FA, Gurrin LC, Church JM, et al. Metachronous
colorectal cancer risk for mismatch repair gene mutation carriers: the advantage of more
extensive colon surgery. Gut. (2011) 60(7):950-7. doi: 10.1136/gut.2010.228056

32. Giardiello FM, Allen JI, Axilbund JE, Boland CR, Burke CA, Burt RW, et al.
Guidelines on genetic evaluation and management of Lynch syndrome: a consensus
statement by the US multi-society task force on colorectal cancer. Am
] Gastroenterol. (2014) 109(8):1159-79. doi: 10.1038/ajg.2014.186

33. Cercek A, Lumish M, Sinopoli J, Weiss J, Shia J, Lamendola-Essel M, et al. PD-1
blockade in mismatch repair-deficient, locally advanced rectal cancer. N Engl ] Med.
(2022) 386(25):2363-76. doi: 10.1056/NEJM0a2201445

34. Yu JH, Liao LE, Xiao BY, Zhang X, Wu AW, Cheng Y, et al. Long-term
outcomes of dAMMR/MSI-H rectal cancer treated with anti-PD-1-based
immunotherapy as curative-intent treatment. J Natl Compr Cancer Netw. (2024) 22
(3):237096. doi: 10.6004/jnccn.2023.7096

35. Hu H, Kang L, Zhang J, Wu Z, Wang H, Huang M, et al. Neoadjuvant PD-1
blockade with toripalimab, with or without celecoxib, in mismatch repair-deficient
or microsatellite instability-high, locally advanced, colorectal cancer (PICC): a
single-centre, parallel-group, non-comparative, randomised, phase 2 trial. Lancet
Gastroenterol Hepatol. (2022) 7(1):38-48. doi: 10.1016/52468-1253(21)00348-4

frontiersin.org


https://doi.org/10.3322/caac.21590
https://doi.org/10.3322/caac.21492
https://doi.org/10.3322/caac.21492
https://doi.org/10.1053/j.gastro.2018.12.006
https://doi.org/10.1056/NEJMoa1309086
https://doi.org/10.1016/j.gie.2014.12.057
https://doi.org/10.1016/j.gie.2018.03.011
https://doi.org/10.1055/a-0854-�5925
https://doi.org/10.1055/a-0854-�5925
https://doi.org/10.1053/j.gastro.2014.03.029
https://doi.org/10.1016/j.gie.2020.03.3854
https://doi.org/10.1056/NEJMra1513581
https://doi.org/10.1056/NEJMra1513581
https://doi.org/10.5114/pg.2021.106083
https://doi.org/10.5114/pg.2021.106083
https://doi.org/10.3389/fsurg.2024.1379410
https://doi.org/10.5114/pg.2023.129494
https://doi.org/10.5114/pg.2023.130337
https://doi.org/10.1097/DCR.0000000000000665
https://doi.org/10.5217/ir.2018.00013
https://doi.org/10.1055/a-1041-�2945
https://doi.org/10.1055/a-1041-�2945
https://doi.org/10.1007/s00384-�017-�2881-�x
https://doi.org/10.1007/s00384-�017-�2881-�x
https://doi.org/10.1093/annonc/mdx224
https://doi.org/10.3904/kjim.2019.053
https://doi.org/10.1007/s00384-�012-�1420-�z
https://doi.org/10.1097/MCG.0b013e3181d6bd70
https://doi.org/10.1097/MEG.0000000000002073
https://doi.org/10.1097/MEG.0000000000002073
https://doi.org/10.1038/363558a0
https://doi.org/10.1158/2159-�8290.CD-12-�0471
https://doi.org/10.1038/nrc3878
https://doi.org/10.1007/s10147-�020-�01700-�2
https://doi.org/10.1097/SLA.0b013e3181f20bd2
https://doi.org/10.1097/SLA.0b013e3181f20bd2
https://doi.org/10.1136/gut.2010.228056
https://doi.org/10.1038/ajg.2014.186
https://doi.org/10.1056/NEJMoa2201445
https://doi.org/10.6004/jnccn.2023.7096
https://doi.org/10.1016/S2468-�1253�(21)�00348-�4
https://doi.org/10.3389/fsurg.2025.1510400
https://www.frontiersin.org/journals/surgery
https://www.frontiersin.org/

	DMMR status and synchronous lesions predicts metachronous lesions after curative resection for rectal cancer
	Introduction
	Materials and methods
	Ethic statement
	Inclusion and exclusion criteria
	Data extraction
	Statistical analysis

	Results
	Study population and characteristics
	Identification of risk factors for metachronous polyps and metachronous neoplasm development
	Subgroup analysis

	Discussion
	Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Conflict of interest
	Generative AI statement
	Publisher's note
	References


