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Abstract
BACKGROUND
Choosing an optimal post-polypectomy management strategy of malignant colorectal polyps is challenging, and evidence regarding a surveillance-only strategy is limited.

AIM
To evaluate long-term outcomes after endoscopic removal of malignant colorectal polyps.

METHODS
A single-center retrospective cohort study was conducted to evaluate outcomes after endoscopic removal of malignant colorectal polyps between 2010 and 2020. Residual disease rate and nodal metastases after secondary surgery and local and distant recurrence rate for those with at least 1 year of follow-up were investigated. Event rates for categorical variables and means for continuous variables with 95% confidence intervals were calculated, and Fisher’s exact test and Mann-Whitney test were performed. Potential risk factors of adverse outcomes were determined with univariate and multivariate logistic regression models.

RESULTS
In total, 135 lesions (mean size: 22.1 mm; location: 42% rectal) from 129 patients (mean age: 67.7 years; 56% male) were enrolled. The proportion of pedunculated and non-pedunculated lesions was similar, with en bloc resection in 82% and 47% of lesions, respectively. Tumor differentiation, distance from resection margins, depth of submucosal invasion, lymphovascular invasion, and budding were reported at 89.6%, 45.2%, 58.5%, 31.9%, and 25.2%, respectively. Residual tumor was found in 10 patients, and nodal metastasis was found in 4 of 41 patients who underwent secondary surgical resection. Univariate analysis identified piecemeal resection as a risk factor for residual malignancy (odds ratio: 1.74; P = 0.042). At least 1 year of follow-up was available for 117 lesions from 111 patients (mean follow-up period: 5.59 years). Overall, 54%, 30%, 30%, 11%, and 16% of patients presented at the 1-year, 3-year, 5-year, 7-year, and 9-10-year surveillance examinations. Adverse outcomes occurred in 9.0% (local recurrence and dissemination in 4 patients and 9 patients, respectively), with no difference between patients undergoing secondary surgery and surveillance only.

CONCLUSION
Reporting of histological features and adherence to surveillance colonoscopy needs improvement. Long-term adverse outcome rates might be higher than previously reported, irrespective of whether secondary surgery was performed.
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Core Tip: Despite recent advancements in endoscopy and the ability to perform optical diagnoses, submucosal invasion in colorectal polyps is often diagnosed at post-polypectomy histological evaluations. The reporting of high-risk histological features cannot serve as the sole basis of optimal post-polypectomy management strategy. Long-term adverse outcomes after endoscopic resection of malignant colorectal polyps might be more common than previously reported, irrespective of whether secondary surgery was performed. Therefore, adherence to post-polypectomy surveillance colonoscopy should be improved.

INTRODUCTION
Colorectal cancer is the third most frequently diagnosed malignancy and the second leading cause of cancer-related deaths. Hungary is among the countries with the highest global reported incidence rates[1,2]. Introduction of colorectal screening programs results in malignancies being recognized at an earlier stage, and consequently the number of malignant polyps [submucosal invasion (SMI) on histologic examination (pT1 stage according to the TNM classification), independent from lymph node involvement] is rising[3,4]. The prevalence of malignant polyps is estimated to be between 0.75%-5.60% of endoscopically removed polyps in the general population but can be as high as 15.00% in the screening population[3,5,6].
These lesions can appear macroscopically benign, and up to 40% of these lesions are not identifiable with optical macroscopic diagnostic tools[7,8]. Often, invasive adenocarcinoma is revealed by post-polypectomy histological examination. By this time, there is a risk for lymphovascular invasion and metastasis formation due to SMI. Lymph node metastases can occur in 6%-13% of T1 colorectal tumors[9], but the exact rate depends on various endoscopic and histological prognostic factors. The following histological features have been associated with a higher risk of adverse outcomes: Poorly differentiated adenocarcinoma; involvement of resection margins; deep SMI (at least 1 mm); vascular, lymphatic, and perineural invasion; and tumor budding[4,9,10].
The definition of a positive resection margin after polypectomy varies in the literature. Although most guidelines use the 1 mm cutoff value, recently some authors have proposed that resection margins should only be considered positive when tumor cells are found at the cautery line[4,11-13]. The 2023 update of National Comprehensive Cancer Network (NCCN) guidelines recommends surgical resection for both colon and rectum malignancies if one of the following features are present: fragmented polypectomy sample; unassessable resection margins; or the presence of at least one of the histological prognostic features suggestive of an adverse outcome (lymphovascular invasion, positive resection margin, or tumor budding)[14,15].
Suboptimal reporting of histological features can make the decision-making process over further management strategy (completion surgery vs surveillance only) challenging[4,16]. The risk of surgery due to patient age and comorbidities, as well as patient preferences and tumor location, also need to be considered[17]. Evidence of long-term outcomes of a surveillance-only strategy after polypectomy is limited. Currently, there is no consensus on the timing of surveillance colonoscopies and the need for additional cross-section imaging modalities[4].
Therefore, we aimed to evaluate the long-term outcomes of endoscopic removal of malignant colorectal polyps by assessing residual malignancy and lymph node involvement rate after secondary surgery (first endpoint; Figure 1) and local and distant recurrence rate throughout the follow-up period both in cases of secondary surgery and a surveillance-only strategy (second endpoint; Figure 2).

MATERIALS AND METHODS
Study design and ethical considerations
This retrospective cohort study investigated outcomes after endoscopic resection of malignant colorectal polyps resected between January 1, 2010 and December 31, 2020 in the tertiary endoscopic center of University of Szeged. This study was carried out in accordance with the Helsinki Declaration and was approved by the Regional and Institutional Human Medical Biological Research Ethics Committee of University of Szeged (clinical trial registration number: 4137/2018).

Inclusion and exclusion criteria
Lesions were enrolled if the following inclusion criteria applied: (1) No invasive malignancy was suspected with pre-polypectomy examinations (histology, virtual chromoendoscopy, rectal endosonography, if performed); (2) Lesions appeared to be suitable for endoscopic resection based on their macroscopic appearance and adequate lifting sign; (3) Invasive adenocarcinoma was revealed by post-polypectomy histology; and (4) Depth of invasion was limited to the submucosa (T1). Lesions were excluded if polypectomy was not completed due to suspicion of an invasive tumor. Long-term outcomes were only assessed for lesions in cases that had least 1 year of follow-up data available. Patients with inflammatory bowel disease-associated neoplasia as well as those with a clinically suspected or verified polyposis syndrome or hereditary non-polyposis colorectal cancer based on the Amsterdam II criteria were excluded from the analysis. During the study period, tumor testing for microsatellite instability was not routinely available for early-stage colorectal cancer.

Investigated parameters
Demographic data of patients, polyp characteristics [size, location and morphology (pedunculated vs non-pedunculated, Paris classification)], method of endoscopic resection, completeness of resection based on endoscopic assessment, and rate of adverse events were collected from the electronic medical record system. Post-polypectomy histological reports were reviewed for the following features considered to be related to high risk of adverse outcomes: Determinability and involvement of resection margins (tumor cells in the cautery line, distance from resection margin reaching 1 mm), absolute depth of SMI (superficial SMI < 1mm, deep SMI ≥ 1 mm), tumor differentiation [low grade (well or moderately differentiated) vs high grade (poorly differentiated)], tumor budding (Bd1: 1-4 buds, Bd2: 5-9 buds, Bd3: ≥ 10 buds at the invasion front), and lymphovascular invasion (possibly assessing lymphatic and vascular invasion separately). Reporting of Haggitt and Kikuchi classification was also assessed, but because of their limited determinability due to the common lack of muscular propria in polypectomy specimens, these were not included in quantitative analyses. Tumor markers [carcinoembryonic antigen (CEA) and cancer antigen (CA) 19-9] at the time of endoscopic polyp removal were also assessed as potential predictors of adverse outcomes.

Outcome measures
Patients were divided into two groups according to the post-polypectomy management strategy applied (secondary surgery for completion vs surveillance only). The decision between the two strategies was made on tumor board discussions considering post-polypectomy histological results, age, comorbidities, and preferences of patients. The rate of residual malignancy and lymph node involvement was investigated in patients undergoing secondary surgery. Local and distant recurrence during the follow-up period were investigated as adverse outcome measures in cases of both secondary surgery and surveillance-only strategies. Adverse outcome rates were compared between the two strategies to assess the potential risk derived from not having completion surgery after endoscopic resection of malignant polyps.

Definitions
The follow-up period was defined as the time interval between the polypectomy date and the last registered date of a patient visit recorded in the electronic medical record system. Cause of death (if available) was registered for patients who died during the follow-up period. Length of colonoscopic surveillance (i.e. last registered colonoscopy date) was also assessed. Clinical data of patients with distant metastases were reviewed searching for other, more advanced malignancies as a potential primary focus of dissemination.

Statistical analysis
Categorical variables were reported as event rates and relative frequencies, and continuous variables as the means with 95% confidence intervals (CI). Fisher’s exact test was used to analyze categorical data, whereas the Mann-Whitney test was used in cases of continuous data. Potential risk factors of adverse outcomes were determined with univariate and multivariate logistic regression models. Statistical tests were performed using R statistical software version 3.1.2 (R Foundation, Vienna, Austria) and jamovi software version 2.3.24[18,19]. P values < 0.05 were considered significant.

RESULTS
Demographic data, polyp characteristics
In total, 135 endoscopically resected malignant colorectal polyps from 129 patients [age: 67.7 years (95%CI: 66.0–69.4 years); 56% male] were enrolled during the 10-year study period. The proportion of pedunculated and non-pedunculated lesions was similar (48% vs 45%). En bloc resection could be achieved in 82% of pedunculated polyps, whereas it was feasible in only 47% of non-pedunculated lesions. Polyp characteristics are summarized in Table 1. Endoscopic polypectomy was performed with snare polypectomy and endoscopic mucosal resection in most of the cases. Endoscopic submucosal dissection (ESD) and endoscopic full-thickness resection were not routinely available in our institution during the study period.
Adverse events occurred in 21 cases (15.6%) and included post-polypectomy bleeding in 14 cases (transfusion was required in 2 cases), perforation in 6 cases (surgical intervention was necessary in 3 cases, the others could be managed by endoscopic closure), and post-polypectomy syndrome requiring antibiotics in 1 case.
Tumor marker values (CEA or CA 19-9) were available for 37 out of the 129 patients at the time of endoscopic polyp removal. CEA and CA 19-9 were elevated in 5 and 3 patients, respectively, and both were elevated in 1 patient. It should be noted that the latter patient also had a synchronous advanced-stage colorectal tumor in addition to the T1 stage malignant colorectal polyp. Elevated tumor marker values did not exceed 2× the upper limit of normal values for CEA and CA 19-9.

Post-polypectomy histologic results
Although endoscopic removal was considered complete based on endoscopic assessment in 87% of the cases, histology revealed complete resection in only 56%. Completeness of resection could not be determined in 26 cases (19%) due to thermal injury of resection margins, tissue fragmentation, or lack of adequate specimen orientation after piecemeal resection.
Throughout the entire study period, high-risk histologic features were adequately reported as follows: Tumor differentiation in 89.6%; tumor distance from resection margins in 45.2%; absolute depth of SMI in 58.5%; Haggitt/Kikuchi classification in 31.9%; lymphovascular invasion in 31.9%; and tumor budding in 25.2%. Reporting of all features (except Haggitt/Kikuchi classification) was adequate in only 26 cases (19%). Only one feature was reported in 36 cases (27%) and no features in 3 cases (2%).
Based on the available data, at least one high-risk histological feature was present in 60 cases (44%). If considering only R1 resection margin cases (tumor cells can be detected at the cautery line) as high risk (as proposed by recent studies[11]), this rate changed to 39% (53 cases). If unassessable resection margins and piecemeal resection were considered high-risk features as well, 77 cases (57%), and 88 cases (65%), respectively, were in the high-risk category.

Rate of residual malignancy and lymph node involvement in patients undergoing secondary surgery (first endpoint)
Secondary surgery was performed for 45 lesions (33.3%) in 41 patients (31.8%) 90 d (95%CI: 22.4–158.9 d) after the polypectomy on average. Overall, 53% of these lesions were located in the rectum and 47% in the colon. At least one high risk feature was present in 82.2% (including unassessable resection margins as high-risk features as well). This percentage increased to 91.1% if piecemeal resection was also considered a high-risk feature according to the most recent NCCN guideline[14,15]. On the other hand, only 48% of lesions (37/77 cases) with at least one high-risk feature (considering unassessable margins as high-risk as well) underwent secondary surgery for completion.
Surgery-related adverse events occurred in 5 cases (12.2%) and included postoperative confusion in 1 case, necessary reoperation in 3 cases because of mechanical occlusion due to adhesions, wound dehiscence, and enterocutaneous fistula, and 1 patient death due to aspiration-induced bronchopneumonia as a consequence of paralytic bowel obstruction. Therefore, surgical mortality was 2.4% in our cohort.
Histological examination of surgically resected specimens revealed residual malignancy in 15 lesions in 10 patients (24.4%) and lymph node involvement in 4 patients (9.8%) [3 of them (6.7%) had residual malignancy as well]. All patients with residual malignancy (in whom endoscopic resection margins were assessable) had tumor cells in the cautery line (R1) after endoscopic resection. In univariate logistic regression analysis, piecemeal resection was found to be a risk factor for residual malignancy [odds ratio (OR): 1.74, P = 0.042], but the multivariate model did not confirm this (Tables 2 and 3).

Follow-up
As described above, 45 lesions from 41 patients underwent secondary surgery, and surveillance-only strategy was chosen for the other 90 lesions from 88 patients. However, only 117 lesions from 111 patients had at least 1 year of follow-up data available and were taken into consideration when assessing long-term outcomes. The mean follow-up period for this subgroup was 5.59 years [95%CI: 5.02–6.16 years]. In total, 40 lesions from 36 patients underwent secondary surgery for completion, and surveillance-only strategy was chosen for 77 lesions from 75 patients.
During the follow-up period, participation rates at surveillance colonoscopy showed a gradually decreasing tendency. While 54% of patients presented at the 1-year surveillance colonoscopy, participation rates for 3-year, 5-year, 7-year, and 9-10-year examinations were 30%, 30%, 11%, and 16%, respectively. For each time point, participation rate was determined as the number of patients who underwent surveillance colonoscopy compared to the number of patients for whom follow-up information was available and who were alive. Remarkably, patients undergoing secondary surgery were more likely to participate in surveillance colonoscopies than those with a surveillance-only strategy after polypectomy (Figure 2).

Long-term adverse outcomes (second endpoint)
During the follow-up period, distant metastasis without any other, more advanced malignancy as a potential primary focus was detected in 9 patients (8.1%). Local recurrence was also detected in 3 of these patients and was reported in 1 additional patient without distant metastasis (local recurrence rate: 3.6%). The mean occurrence of local recurrence was 3.98 years (range: 1.84–7.53 years). The total rate of adverse outcomes (dissemination or local recurrence) in the entire study population was 9.0%. Cancer-related deaths were reported in 2 patients; therefore, tumor progression-related mortality rate was 1.8%. There was no significant difference in adverse outcome rates between the two patient groups (i.e. secondary surgery vs surveillance only) (Table 4).
Non-pedunculated polyp morphology was determined as a risk factor of distant metastases with logistic regression (OR: 2.51, P = 0.020), although it was not confirmed by multivariate analysis (Tables 5 and 6). None of the patients with elevated initial tumor marker values presented with adverse outcomes.

Long-term outcomes in view of the current NCCN guideline
It was also investigated how outcomes would have been affected if the need for resection surgery following endoscopic polypectomy during the study period had been assessed according to the current NCCN recommendation[14,15]. Overall, 64% of patients were managed according to the NCCN recommendation (resection surgery or surveillance only). However, of the patients for whom surgical resection was recommended, only 53% underwent resection surgery. No significant difference was observed in adverse event rates between the groups (Table 7).

DISCUSSION
To the best of our knowledge, the results from this single-center, retrospective cohort study are the first data from the Central-European region regarding long-term outcomes of endoscopic removal of malignant colorectal polyps. The relatively longer follow-up period in our study compared to that reported in the majority of previous studies[20-25] and inclusion of only those with at least 1 year of follow-up allowed for adequate assessment of adverse outcomes. Patient selection limited to those with a submucosally invasive malignant polyp was another strength of our study, as inclusion of intramucosal cancer (pTis) might falsely result in more favorable long-term outcomes.
Prepolypectomy identification of SMI in colorectal polyps is often challenging, even with the application of advanced optical diagnostic tools, e.g., virtual chromoendoscopy[7,8]. In the community setting, the availability, feasibility, and minimum standard of advanced imaging use are unknown according to the current European Society of Gastrointestinal Endoscopy guidelines on performance measures for lower gastrointestinal endoscopy[26]. In our tertiary center, advanced imaging techniques were not routinely available and applied during the study period, which might have resulted in underassessment of SMI, resulting in suboptimal resection choice. Macroscopic assessment of completeness of endoscopic resection of malignant colorectal polyps is often unreliable, especially in cases of non-pedunculated lesions (the majority of which were resected with the piecemeal technique).
Selecting the optimal post-polypectomy management strategy is mainly based on the presence of histological risk factors, but their reporting shows great variations[16,27]. In our study, only tumor differentiation was reported in most of the cases, and reporting of histological features was inadequate in 30% of cases (maximum one feature was reported). A recent large volume study assessing the quality of histological reports after endoscopic resection of malignant polyps also highlighted the incomplete reporting of high-risk features. Tumor differentiation, distance from resection margins, and lymphovascular invasion was reported in 82.4%, 86.8%, and 75.6% of cases, respectively. Tumor budding was only reported in 14.4% of cases.
As quantification of the depth of SMI is not required routinely by histologic guidelines, sufficient information for making an optimal post-polypectomy management decision may be lacking, even in cases of reports containing otherwise complete and adequate information on the other high-risk features[12]. Recently, there has been a shift regarding the type of information on the depth of SMI where absolute depth of invasion is preferred over Haggitt/Kikuchi classification. This is also reflected in the availability of information in our study. The Haggitt/Kikuchi classification was reported in only 33.8% of cases. Absolute depth of SMI was proposed by Ueno et al[28] and was reported in 56.6% of cases.
The definition of a positive resection margin varies greatly in the literature. In our study, residual malignancy and lymph node involvement could only be detected in cases when post-polypectomy histology revealed tumor cells in the cautery line. Although the difference was not statistically significant, this seems to support the proposition that tumor involvement of the cautery line alone carries a high risk. Brown et al[11] also detected no residual carcinoma in surgical specimens of malignant polyps previously endoscopically resected with a 0.1-1.0 mm distance from resection margins. Berg et al[12] found significantly higher lymph node involvement in cases of tumor involvement of endoscopic resection margins than in cases of tumors approaching but not reaching the cautery line. The residual malignancy and lymph node involvement rate during secondary surgery for completion was found to be in accordance with literature data[17,27-31].
In our study, only piecemeal resection was found to be a potential risk factor for residual malignancy, although it was not confirmed by multivariate analysis. Richards et al[30] identified incomplete polypectomy as a high-risk factor for residual tumor detection, and only lymphovascular invasion was found to be a risk factor for lymph node involvement. Systematic review and meta-analysis by Dykstra et al[9] identified lymphovascular invasion, tumor differentiation, and tumor budding as independent risk factors of lymph node involvement. In terms of depth of SMI, 1500 μm depth was found to have the strongest association (OR = 4.37). A multicentric study investigating the role of lymphatic and vascular invasion stated that lymphatic invasion is a stronger predictor of lymph node involvement than vascular invasion or histological differentiation[32].
Neither initial CEA nor CA 19-9 (at the time of the endoscopic polypectomy) can serve as a basis for outcome prediction of malignant colorectal polyps based on our data, as none of the patients with adverse outcomes had elevated markers. On the other hand, none of the patients with elevated markers presented with adverse outcomes.
The adverse outcome rate was somewhat higher than the one reported in the literature. Local recurrence rate after endoscopic resection of malignant polyps was found to be 2.2% over a 100-mo follow-up in the study by Asayama et al[20]. It should be underlined that intramucosal adenocarcinoma cases without SMI were also included in this study; this may explain the lower adverse outcome rate. The adverse outcome rate was 4.6% over a median 36.5-mo follow-up by Backes et al[31]. The 5-year cumulative rate of recurrence was determined to be 5.1% (2.0-13.1%) by Lopez et al[33] among patients treated only with endoscopic polypectomy. According to Dang et al[34], the pooled cumulative incidence rate of recurrence after endoscopic removal of T1 colorectal cancer was 3.3% (95%CI 2.6%-4.3%, I2 = 54.9%) based on meta-analytic calculations, with similar rates for local and distant recurrence (1.9% and 1.6%, respectively). However, the recurrence rate can be higher in cases of high-risk T1 tumors [7.0% (95%CI 4.9-9.9%, I2 = 48.1%)]. Recurrence was detected within 72 mo in 95.6% of the cases.
Differences in polypectomy techniques might also serve as an explanation to variations in adverse outcome rates. Most of the previously mentioned studies involved cases of endoscopic mucosal resection and ESD, whereas ESD was not routinely performed in our institute during the study period. Tumor testing for microsatellite instability was also not routinely available for early-stage colorectal cancer during the study period. Therefore, in order to homogenize the patient population, those with suspected hereditary colorectal tumor or polyposis syndrome, as well as those with inflammatory bowel disease-associated neoplasia, were excluded. Therefore, the relatively higher adverse outcome rate in our study cannot be contributed to these.
Based on these results, the follow-up time of our study can be considered appropriate to assess adverse outcomes. However, it should be highlighted that local recurrence was detected more than 7 years after the polypectomy in one of our cases, even with adequate participation in surveillance colonoscopies. No uniform recommendation is available for the timing of surveillance examinations during the follow-up of malignant colorectal polyps undergoing endoscopic resection only. The European Society of Gastrointestinal Endoscopy guidelines published in 2019 recommend a surveillance strategy similar to that of other colorectal cancers after R0 endoscopic resection of low-risk T1 stage colorectal cancers[10]. For malignant polyps with high-risk features that were endoscopically resected and no consequent completion surgery, most authors recommend the initial surveillance colonoscopy to be performed within 3-6 months, and further follow-up should be based on these results. However, no additional advice on surveillance examinations is given[3].
Recently, based on their meta-analysis, Dang et al[34] recommended initial surveillance colonoscopy for low-risk lesions with complete endoscopic resection 1 year after the polypectomy and advised against the use of cross-sectional imaging modalities in this group. Individualized follow-up strategy was advocated for high-risk lesions, both in terms of surveillance colonoscopies and cross-sectional imaging modalities. The authors call for intensive surveillance strategies (surveillance colonoscopy at 3 months, 6 months, 12 months, semiannually in the second year, then annually from year 2 to year 5).
A recent questionnaire-based study investigating follow-up strategies applied in the Scandinavian countries reported the use of 3-year (38%-59%) and 5-year (26%-38%) surveillance strategies in most of the institutes with a different strategy applied based on tumor location (mainly in terms of the use of cross-sectional imaging modalities). They found that 34% of respondents would consider a surveillance strategy for malignant polyps removed endoscopically with ≤ 1 mm resection margin[6]. Although a surveillance-only strategy was applied in the majority of our patients, only half of these patients presented at the 1-year follow-up, and less than 20% showed up at the 5-year follow-up. Given the recurrence patterns detailed above, this should be considered insufficient. However, participation rates on follow-up are still more favorable than those in the United Kingdom cohort reported by Sharma et al[27], where only 61% of patients had a 3-months surveillance colonoscopy, and information at the 1-year follow-up was available only in 6.6%.

Limitations
The greatest limitation of our study was its retrospective nature, in terms of data on endoscopic polypectomies, surveillance colonoscopies, and histological data. Many high-risk histological features were identified during the study period, and histological guidelines for their reporting were also published in this period. This may account for incomplete histological data in the initial study period. Virtual chromoendoscopy that may assist the recognition of deep SMI was not available in our institute at the earlier study period. Tumor testing for microsatellite instability was not routinely available for early-stage colorectal cancer during the study period. Therefore, the potential differences in adverse outcomes of sporadic and hereditary malignant colorectal polyps could not be assessed. The single center nature of the study reflects only local practice and might be contributed to the relatively smaller sample size compared to multicentric studies; on the other hand, it guarantees uniform management strategies.

CONCLUSION
Adequate knowledge of high-risk histological features is essential for the selection of the optimal post-polypectomy management strategy after endoscopic resection of malignant colorectal polyps. Appropriate reporting of high-risk endoscopic and histological features is necessary to improve the quality of endoscopic and histological reports and is expected to optimize the selection of post-polypectomy management strategy. Secondary surgery for completion was only performed for half of the cases with high-risk histological features. The residual malignancy and lymph node involvement rates were 25% and 10% of these cases, respectively. Considering that residual malignancy and lymph node involvement could exclusively be detected in surgical specimens after R1 endoscopic resection, revision of the definition of a positive resection margin needs to be considered.
The adverse outcome rate during the follow-up period was found to be somewhat elevated compared to literature data, irrespective of whether secondary surgery for completion after endoscopic polypectomy was performed. This might be attributed to suboptimal prepolypectomy assessment and therefore suboptimal polypectomy choice. Routine use of advanced optical diagnostic tools and implementation of advanced polypectomy techniques (e.g., ESD and endoscopic full-thickness resection) for en bloc resection is expected to reduce adverse outcome rates and needs to be encouraged. Tumor markers cannot serve as a basis of adverse outcome prediction after endoscopic removal of malignant colorectal polyps.
Improving reduced patient adherence to surveillance colonoscopy is essential to detect adverse outcomes as soon as possible. In selected cases, extension of the follow-up period and incorporating cross-sectional imaging studies into the follow-up strategy to detect the disseminated process may be considered. There is a pressing need for further, long-term, multicentric studies considering optimal timing and participation rate of surveillance examinations.

ARTICLE HIGHLIGHTS
Research background
The incidence of malignant colorectal polyps is increasing with the introduction of colorectal screening programs. Even with the application of optical diagnostic tools, many of these lesions are diagnosed only after endoscopic polyp removal. Submucosal invasion that is already present by this time can result in lymphovascular invasion and metastasis formation. Choosing the management strategy (completion surgery vs surveillance only) is mainly based on histological prognostic factors.

Research motivation
Suboptimal reporting of prognostic histological features might lead to inadequate post-polypectomy management choice (including both over-treatment resulting in unnecessary bowel resection and under-treatment leading to an increased risk of disease recurrence and dissemination). The decision over post-polypectomy management is further complicated by the fact that evidence about long-term outcomes of a surveillance-only strategy is limited.

Research objectives
This study aimed to assess the long-term outcomes of endoscopic removal of malignant colorectal polyps by comparing local and distant recurrence rates between the two post-polypectomy management strategies (completion surgery and surveillance-only strategy). We also assessed the residual malignancy and lymph node involvement rate after secondary surgery as well as the adequacy of reporting of post-polypectomy prognostic histological features and investigated the adherence to post-polypectomy surveillance colonoscopies.

Research methods
A retrospective cohort study over a 10-year study period was conducted. Residual disease rate and nodal metastases after secondary surgery and local and distant recurrence rates for those with at least 1 year of follow-up were investigated. The relatively longer follow-up period in our study compared to previous reports allowed for adequate assessment of adverse outcomes.

Research results
Reporting of high-risk histological features varies greatly. While tumor differentiation was reported in almost 90% of cases, budding was only reported in 25% of cases. The residual malignancy and lymph node involvement rates were 25% and 10%, respectively, but could only be detected in surgical specimens after R1 endoscopic resection. The long-term post-polypectomy adverse outcome rate was 9.0%, which was somewhat elevated compared to previously reported rates. Secondary surgery for completion after endoscopic polypectomy did not affect the occurrence of adverse outcomes. Adherence to surveillance colonoscopy was low with only half of the patients presenting at the 1-year follow-up.

Research conclusions
Reporting of high-risk features is often inadequate to serve as a basis for the decision of the optimal management strategy and needs to be improved. The definition of a positive resection margin after endoscopic resection needs to be reconsidered, as residual malignancy and lymph node involvement were found only in surgical specimens after R1 endoscopic resection. The relatively higher long-term adverse outcome rate draws attention to the importance of adequate prepolypectomy assessment and implementation of advanced polypectomy techniques. Tumor markers cannot serve as a basis of adverse outcome prediction. Improving adherence to surveillance colonoscopy is essential.

Research perspectives
There is a pressing need for further, long-term, multicentric studies considering optimal timing and participation rate of surveillance examination. Our study mainly focused on sporadic malignant colorectal polyps, but any potential differences between adverse outcomes of hereditary and sporadic lesions might further be investigated.
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Figure 1 Study design and endpoints. A: First endpoint: residual tumor and lymph node metastasis rate in surgical specimens; B: Second endpoint: occurrence of adverse outcomes during follow-up.
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Figure 2 Participation rate at surveillance colonoscopy in the patient groups.



Table 1 Characteristics of endoscopically removed malignant colorectal polyps, n = 135
	Characteristic
	Value
	

	Location, n (%)
	
	

	Colon
	80 (59)
	

	Right colon
	12 (9)
	

	Left colon
	68 (50)
	

	Rectum
	55 (41)
	

	Morphology (Paris classification), n (%)
	
	

	Pedunculated
	
	

	0-Ip
	65 (48)
	

	Non-pedunculated
	60 (45)
	

	0-Is
	34 (25)
	

	0-Isp
	3 (2)
	

	0-Iia
	13 (10)
	

	0-Iib
	3 (2)
	

	0-Iic
	7 (5)
	

	Not available
	10 (7)
	

	Polyp size in mm, mean (95%CI)
	22.1 (20.0–24.2)
	

	Pedunculated
	20.7 (18.0–23.4)
	P = 0.0041

	Non-pedunculated
	24.6 (21.0–28.2)
	

	En bloc resection, n (%)
	89 (66)
	

	Pedunculated
	53 (82)
	

	Non-pedunculated
	28 (47)
	

	Polyp morphology not available
	8
	


1Mann-Whitney test. 
CI: Confidence interval.



Table 2 Risk factors for residual malignancy and lymph node involvement detected at secondary surgery: Univariate analysis
	Investigated parameter
	Residual malignancy
	Lymph node involvement

	
	OR
	P value
	OR
	P value

	Size
	0.05
	0.055
	0.003
	0.936

	Location: rectumRectum
	1.10
	0.148
	1.34
	0.268

	Morphology: nonNon-pedunculated
	1.74
	0.116
	17.90
	0.995

	En bloc resection: no No 
	1.74
	0.042
	1.10
	0.362

	Tumor differentiation
	NA
	
	NA
	

	Positive resection margins: negativeNegative-R1
	17.60
	0.998
	17.20
	0.998

	Positive resection margins: negativeNegative-critical
	3.58E-08
	1.000
	-6.93E-09
	1.00

	Depth of submucosal invasion: deepDeep
	-1.18
	0.227
	-0.32
	0.773

	Lymphatic invasion
	2.40
	0.173
	-17.80
	0.997

	Vascular invasion
	-16.96
	0.997
	-16.06
	0.997

	Tumor budding
	5.17E-15
	1.000
	-16.62
	0.998


NA: Not available; OR: Odds ratio.



Table 3 Risk factors for residual malignancy and lymph node involvement detected at secondary surgery: Multivariate analysis
	Investigated parameter
	Residual malignancy
	Lymph node involvement

	
	OR
	P value
	OR
	P value

	Size
	0.04
	0.179
	-0.02
	0.654

	Location: rectumRectum
	0.48
	0.602
	0.82
	0.518

	Morphology: nonNon-pedunculated
	1.32
	0.332
	17.45
	0.996

	En bloc resection: noNo
	0.81
	0.409
	0.96
	0.477

	At least one high-risk feature
	17.70
	0.994
	-0.48
	1.00


OR: Odds ratio.



Table 4 Adverse outcome rates in the patient groups, n (%)
	Feature
	Secondary surgery for completion, n = 36
	Surveillance-only strategy, n = 75
	P value

	Adverse outcomes: dissemination Dissemination and/or local recurrence
	5 (13.9)
	5 (6.7)
	0.289

	Dissemination
	5 (13.9)
	4 (5.3)
	0.147

	Local recurrence
	2 (5.6)
	2 (2.7)
	0.594

	Both
	2 (5.6)
	1 (1.3)
	

	Tumor progression
	1 (2.8)
	1 (1.3)
	0.546


Data are n (%).



Table 5 Risk factors for long-term adverse outcomes: Univariate analysis
	Investigated parameter
	Distant metastasis
	Local recurrence

	
	OR
	P value
	OR
	P value

	Size
	0.03
	0.278
	0.001
	0.985

	Location: rectum
	0.70
	0.276
	1.35
	0.251

	Morphology: nonNon-pedunculated
	2.51
	0.020
	18.30
	0.995

	En bloc resection: Nno
	0.19
	0.776
	-0.55
	0.641

	Tumor differentiation
	-13.16
	0.993
	NA
	

	Positive resection margins: negativeNegative-R1
	0.43
	0.715
	1.75E-14
	1.000

	Positive resection margins: negativeNegative-critical
	-17.26
	0.995
	-8.97E-30
	1.000

	Depth of submucosal invasion: deepDeep
	-0.486
	0.578
	-17.41
	0.995

	Lymphatic invasion
	-16.62
	0.995
	-7.37E-14
	1.000

	Vascular invasion
	1.70
	0.212
	5.19E-15
	1.000

	Tumor budding
	-17.17
	0.997
	NA
	

	Surgery for completion: noNo
	-0.61
	0.343
	-0.429
	0.677


NA: Not available; OR: Odds ratio.



Table 6 Risk factors for long-term adverse outcomes: Multivariate analysis
	Investigated parameter
	Distant metastasis
	Local recurrence

	
	OR
	P value
	OR
	P value

	Size
	-0.02
	0.572
	1.26E-15
	1.000

	Location: rectum
	0.32
	0.648
	19.5
	0.998

	Morphology: non-pedunculated
	1.19
	0.136
	17.7
	0.998

	At least one high-risk feature
	0.59
	0.514
	18.0
	0.999

	Surgery for completion
	-0.39
	0.613
	-19.4
	0.998


OR: Odds ratio.



Table 7 Long-term outcomes in view of the current National Comprehensive Cancer Network recommendations
	Recommendation according to NCCN guideline
	Surgery for completion, n = 70
	Surveillance was sufficient, n = 41

	Resection was performed?
	Yes
	No
	Yes
	No

	
	33
	37
	3
	38

	Adverse outcome: dissemination or local recurrence
	5 (15)
	2 (5.4)
	0
	3 (7.9)

	Dissemination
	5
	2
	0
	2

	Local recurrence
	2
	0
	0
	2


Data are n or n (%). NCCN: National Comprehensive Cancer Network.
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