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Abstract
AIM: To assess the efficacy of full-thickness excision using transanal endoscopic microsurgery (TEM) in the treatment of rectal neuroendocrine tumors.

METHODS: We analyzed the data of all rectal neuroendocrine tumor patients who underwent local full-thickness excision using TEM between December 2006 and December 2014 at our department. Data collected included patient demographics, tumor characteristics, operative details, postoperative outcomes, pathologic findings, and follow-ups. 

RESULTS: Full-thickness excision using TEM was performed as a primary excision (n = 38) or as complete surgery after incomplete resection by endoscopic polypectomy (n = 21). The mean size of a primary tumor was 0.96 ± 0.21 cm, and the mean distance of the tumor from the anal verge was 8.4 ± 1.4 cm. The mean duration of the operation was 57.6 ± 13.7 min, and the mean blood loss was 13.5 ± 6.6 mL. No minor morbidities, transient fecal incontinence, or wound dehiscence was found. Histopathologically, all tumors showed typical histology without lymphatic or vessel infiltration, and both deep and lateral surgical margins were completely free of tumors. Among 21 cases of complete surgery after endoscopic polypectomy, 9 were histologically shown to have a residual tumor in the specimens obtained by TEM. No additional radical surgery was performed. No recurrence was noted during the median of 3 years’ follow-up.

CONCLUSION: Full-thickness excision using TEM could be a first surgical option for complete removal of upper small rectal neuroendocrine tumors. 
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Core tip: Rectal neuroendocrine tumors increase quickly and steadily. Although transanal endoscopic microsurgery (TEM) was widely used for rectal neoplasms, the application of TEM in the full-thickness excision of rectal neuroendocrine tumors has not been well investigated. We analyzed data of all rectal neuroendocrine tumor patients who underwent local full-thickness excision using TEM as a primary excision or as complete surgery after incomplete resection by endoscopic polypectomy. The results suggested that full-thickness excision using TEM is a safe, minimally invasive procedure which could achieve complete resection, and might be a first surgical option for complete removal of higher rectal neuroendocrine tumors of less than 2 cm. 
INTRODUCTION
A rectal neuroendocrine tumor is rare in the general population, but its incidence is increasing quickly and steadily worldwide[1]. It has been reported that the age-adjusted incidence of rectal neuroendocrine tumor has increased about 10-fold over the last 35 years[2]. This dramatic increase may be attributable to the introduction of colonoscopic screening and heightened awareness of the importance of early detection of colorectal disease, as 50% or more of rectal neuroendocrine tumors were diagnosed incidentally[3].

Surgical removal of a single lesion is the only guaranteed curative option[4]. For small rectal neuroendocrine tumors without blood vessel invasion and metastatic spread, local resection should be adequate[5]. Endoscopic polypectomy has been widely used for treatment of rectal neuroendocrine tumors. However, most neuroendocrine tumors arise from the deep portion of the epithelial glands penetrating the muscularis mucosa into the submucosal layer where the tumor forms a nodular lesion[6,7]. Hence, the intrinsic limitations of the conventional endoscopic polypectomy result in a high chance of incomplete resection[6,8]. The rate of incomplete resection or unclear surgical margin and curability have been reported to be 24%-42% because of limited resection up to the submucosal layer and a burn effect[9,10].

With the introduction of transanal endoscopic microsurgery (TEM), the clinical efficacy of TEM for benign neoplasms has been widely reported. The TEM procedure provides several advantages over conventional excision by offering much improved visualization, exposure, and access to higher lesions in the rectum[11]. Moreover, the TEM procedure could achieve accurate determination of margins and full-thickness excision with the possibility of suturing[4]. Full-thickness excision using TEM enables a much greater degree of resection, ensuring more satisfactory oncological results for lesions with malignant potential. However, the application of TEM in full-thickness excision has not been well investigated. We here report our clinical experiences of the largest cohort of rectal neuroendocrine tumors treated by full-thickness excision using TEM. 

MATERIALS AND METHODS
Between December 2006 and December 2014, full-thickness excision using TEM was performed in 59 patients with rectal neuroendocrine tumors at the Peking Union Medical College Hospital. Their clinical data were reviewed retrospectively, including: patient demographics, tumor characteristics, blood loss during surgery, operation time, postoperative outcomes, pathological results, and follow-up clinical notes. 

Surgical techniques

Routine colonoscopy was performed preoperatively to evaluate the location and size of a lesion, and endoscopic ultrasonography was used to evaluate the invasion depth or the status of vessels and lymph nodes. The operation was performed under general anesthesia. The patient was positioned such that the lesion was situated at the bottom of the operative field. Before resection, the scheduled resection area, including the tumor and a clear margin of at least 0.5 cm, was marked by coagulation dots using a needle electrode (Figure 1). Then full-thickness excision down to the outer fatty tissues was performed. The rectal wall was closed by a continuous running suture with absorbable thread and silver clips in place of knots. Tight sutures in the transverse direction were crucial for preventing wound bleeding, dehiscence, and stenosis of the rectal lumen. 

The full-thickness excision could also be used to remove the residual tumor after endoscopic polypectomy (Figure 2) or an unobtrusive neuro​endocrine tumor arising in the deep portion of the epithelial glands diagnosed by transrectal ultrasound (Figure 3). A mark using a tattoo or thread knot was strongly recommended during endoscopic polypectomy or diagnosis of unobtrusive tumor to facilitate localization.

Statistical analysis

Data were summarized and analyzed using the Student t test, Fisher’s exact test, and the 2 test, which were performed with SPSS statistical software (SPSS Inc., Chicago, IL, United States). Differences with a P value < 0.05 were considered statistically significant. The study was reviewed and approved by the Peking Union Medical College Hospital Review Board. The statistical methods of this study were reviewed by Zhou JL from Peking Union Medical College Hospital.

RESULTS

Patients and demographics

Between December 2006 and December 2014, 59 consecutive patients with rectal neuroendocrine tumors underwent full-thickness excision using TEM (Table 1). The median age at diagnosis was 55 years (range, 31-70 years). Most tumors were diagnosed incidentally (47, 79.7%), and a minority were associated with neuroendocrine tumor syndrome (12, 20.3%). A total of 38 patients underwent TEM for primary tumor excision (primary excision group); the remaining 21 patients underwent complete resection (complete surgery group) after endoscopic polypectomy by gastroenterologists in other hospitals. The histopathological results showed that the tumor was a typical neuroendocrine tumor, and the resection margin was microscopically identified as tumor positive. These patients were referred to us for complete resections.

Tumor characteristics

The characteristics of the removed neoplasms are shown in Table 2. The mean tumor size was 0.96 ± 0.21 cm, the anal verge to the distal tumor margin was 8.4 ± 1.4 cm, and 24 tumors were located on the anterior wall of the rectum. In the complete surgery group, the mean size of the primary tumor was 0.89 ± 0.19 cm, which was statistically smaller than that in the primary excision group (1.01 ± 0.21, P = 0.04). This might be the reason why endoscopic polypectomy was initially given. 

Surgery 

The full-thickness excisions using TEM were performed by the same surgical personnel. The mean surgical duration was 57.6 ± 13.7 min, the mean blood loss was 13.5 ± 6.6 mL, and all specimens were integrated. No severe immediate or late complications were noted. Perforation into the peritoneal cavity occurred in 2 patients (3.4%) without conversion to a transabdominal approach. There was no leakage of feces or intestinal juices into the peritoneal cavity because of good bowel preparation and prompt suturing. Moderate fever was observed in 8 patients (13.6%) within 3 d after the surgery, with a maximum body temperature of 38.2 ℃, and was reduced without giving any antibiotics. Absorption fever might be the cause of the transient moderate fever. No complication of peritonitis, fistula, or fecal incontinence was ob​served during the hospital stay and follow-up period. Patients started walking on the first postoperative day, and per-oral intake on the second postoperative day. The mean hospital stay was 2.7 ± 1.0 d. The Wexner score at 6 mo was 4.5 ± 1.4. 

Pathological data 

All removed neoplasms in the primary excision group were diagnosed as typical neuroendocrine tumors. Among the 21 patients who underwent complete surgery after endoscopic polypectomy, 9 (42.9%) had a residual tumor in the mucosal or submucosal layer of the specimens obtained by TEM, but the remaining 12 patients had no histologic evidence of residual tumor. All vertical and lateral surgical margins of specimens were completely free of tumor cells, although 21 out of 59 tumors had developed outside the mucosal layer, with 5 infiltrating into the muscular layer. 

Follow-up

No additional radical surgery was performed on these patients after TEM. They were followed up every 4 or 6 mo thereafter in the outpatient department. Computed tomography, transrectal endoscopy, and ultrasonography were performed. Of the 59 patients, follow-up data was collected for 53 cases. The median follow-up period was 3 years (range, 0.1-8.0 years). No recurrence, and no local or distant metastasis was observed.

DISCUSSION

A neuroendocrine tumor is a well-differentiated epithelial neoplasm with predominant neuroendocrine differentiation. It includes tumors previously classified as “carcinoid”, and rectifies its largely incorrect benign connotation. According to the World Health Organization 2010 classification, the neuroendocrine tumor could be classified as a grade G1 tumor [mitotic count < 2 per 10 high-power field (HPF) and/or Ki67 ≤ 2%] or a grade G2 tumor (mitotic count 2-20 per 10 HPF and/or Ki67 3%-20%)[4]. As the cellular atypia and the proliferative activity are low, a rectal neuroendocrine tumor generally has a favorable prognosis, with an overall 5-year survival rate of 88.3%[12]. The only guaranteed curative option is complete tumor resection[13]. 

Rectal neuroendocrine tumors larger than 2 cm, which are associated with significantly higher proliferative activity and metastatic risk (ranging between 60% and 80%)[14], are suitable candidates for radical surgery. Conventional anterior resection with total mesorectal excision or abdominoperineal extirpation could remove the local lesion and metastasis together when tumors display metastatic tendencies or for patients with any metastasis at diagnosis[4]. Meanwhile, multidisciplinary treatment options could be offered according to the European Neuroendocrine Tumor Society (ENETS) Consensus Guidelines[4]. For most of the small and well-diffe​rentiated neuroendocrine tumors, it is considered that radical surgery carries a higher risk-to-benefit ratio, and local resection is adequate. It is suggested that rectal neuroendocrine tumors that are 1 cm or less in size metastasize in only 3%-9.8% of cases[2,15], and local resection could provide complete resection. However, it may be difficult for conventional polypectomy used with virtual colonoscopy to obtain complete resection and achieve clear surgical margin, especially when the tumor is sessile or arises from the deep portion (Figure 3). As for rectal neuroendocrine tumors between 1 and 2 cm, the metastatic risk is considered to be between 10% and 15%[14]. Moreover, 76% of these tumors extend to the submucosal area[16], so local therapy using conventional endoscopic resection is a matter of debate[17,18]. 

TEM was developed by Buess et al[11] in Germany and was introduced into clinical practice in 1983. With a pressure-controlled gas (carbon dioxide) insufflator, an operating rectoscope (either 12 cm or 20 cm in length), and special long-handled surgical instruments for dissection, excision, and suturing, TEM is feasible for reaching tumors as much as 20 cm from the anal verge[3,13]. Our previous study proved that TEM could resect upper rectal neoplasms and be less invasive than traditional trans-anal or trans-sphincter approaches[19]. Moreover, the TEM procedure enables the accurate determination of surgical margins by marking the resection area with coagulation dots using a needle electrode before resection. Under a magnified visual view of up to 6-fold and a broadened operative field by carbon dioxide insufflations, tumor resection could be performed with safe surgical margins and an accurate surgical plane[20], and full-thickness suturing could be achieved (Figure 1). 

Full-thickness excision using TEM is considered to provide complete resection of a local tumor without lymphatic or blood vessel invasion or lymph node metastases. As described in our report, although 35.6% of tumors developed outside the mucosal layer, the surgical margins of all specimens were negative. That indicates the effectiveness and accuracy of the full-thickness excision using TEM. No recurrence was found, and a cure rate of essentially 100% can be anticipated. Besides, 21 patients underwent complete resection after endoscopic polypectomy by gastroenterologists in other hospitals, because the margin of the specimen was identified as tumor positive. After full-thickness excision of lesions using TEM, 9 patients had microscopic evidence of residual tumors in the specimens obtained, and no complication or recurrence was found. Therefore, full-thickness excision using TEM can be an effective option for complete surgery. Localization using a tattoo or thread knot is strongly recommended during endoscopic polypectomy to facilitate full-thickness excision. If a mark was not applied at the time of snare polypectomy and the margins were found to be inadequate, the patient must be recalled urgently in order to identify the scar before it faded away[21,22]. 

Full-thickness excision using TEM is also a safe procedure. The morbidity of TEM was reported in the literature to be 4% to 29%[23,24], and the most common complications after TEM are bleeding, peritoneal entry, conversion to laparotomy, and fecal soiling[25]. Our data, in conjunction with the data presented by other surgeons, attest to full-thickness excision using TEM as being a very safe procedure[25,26]. The blood loss was about 15 mL, and electric coagulation and water rinsing could provide a clear surgical field. Entry into the peritoneal cavity during TEM was not considered as a complication and not associated with an increased risk of other complications[27]. With the possibility of suturing, rectal wall perforations which were considered as the most hazardous complication of local resection could also be tackled without conversion to laparotomy[28]. Achieving watertight intra-rectal repair of defects is crucial for preventing wound bleeding, peritonitis, and fistula[29]. No peritonitis, fistula, or fecal incontinence was observed in our study, and the Wexner score at 6 mo was 4.5 ± 1.4.

ENETS Consensus Guidelines suggested that a neuroendocrine tumor < 1 cm in diameter without muscularis invasion should have local resection endoscopically, with transanal mucosal-muscular resection using a variety of techniques and equipment for tumors < 1 cm with muscularis invasion, or for tumors between 1 and 2 cm without muscularis invasion[4]. In our study, the tumor of 12 patients in the completion group was < 1 cm in diameter and had no muscularis invasion. Endoscopic resection with many local transanal techniques (band-snare resection, aspiration lumpectomy) did not achieve a negative margin. Therefore, whether that type of endoscopic resection is suitable for these patients should be reconsidered, and full-thickness resection using TEM as the first surgical choice for these patients may be better. In addition, the guidelines did not give suggestions about tumors between 1 and 2 cm with muscularis invasion. We performed full-thickness excision of these tumors on 5 patients, and the surgical margins of all specimens were negative. Our experience is that for patients with neuroendocrine tumors < 2 cm without invasion of the lymph nodes or metastasis, full-thickness excision using TEM should be the preferred option. As TEM enables a much greater extent of resection, it ensures more satisfactory oncological results for lesions with malignant potential, and does not increase the complication rates.

With the clinical application of TEM for rectal neoplasms, several reports involving small case series have been published[30]. To the best of our knowledge, our report is the first and largest to describe the effectiveness of full-thickness excision of rectal neuroendocrine tumors using TEM in China. The largest series in the United States and Japan included 24 patients and 27 patients respectively, but they did not perform full-thickness excisions in all patients[11,21]. The retrospective design and lack of a comparative group are limitations of our study. Although evidence is limited, all the results showed that full-thickness excision using TEM could be a first surgical option for complete removal of rectal neuroendocrine tumors.

In conclusion, TEM is a safe, minimally invasive procedure, and full-thickness excision could achieve complete resection. Therefore, full-thickness excision using TEM could be a first surgical option for complete removal of higher rectal neuroendocrine tumors less than 2 cm.

COMMENTS
Background

The incidence of rectal neuroendocrine tumors is increasing quickly and steadily worldwide, and surgical removal of a single lesion is the only guaranteed curative option. With the introduction of transanal endoscopic microsurgery (TEM), the clinical efficacy of TEM for benign neoplasm has been widely reported. Full-thickness excision using TEM enables a much greater extent of resection, ensuring more satisfactory oncological results for lesions with malignant potential. However, the application of TEM in full-thickness excision has not been well investigated.

Research frontiers

The TEM procedure provides several advantages over conventional excision by offering much improved visualization, exposure, and access to higher lesions in the rectum. Moreover, the TEM procedure could achieve accurate determination of margins and full-thickness excision with the possibility of suturing. The authors here report their clinical experiences of the largest cohort of patients with rectal neuroendocrine tumors treated by full-thickness excision using TEM.

Innovations and breakthroughs

With the clinical application of TEM for rectal neoplasms, several reports involving small case series have been published. To the best of our knowledge, this report is the first and largest to describe the effectiveness of full-thickness excision of rectal neuroendocrine tumors using TEM in China. The largest series in the United States and Japan included 24 patients and 27 patients respectively, but they did not perform full-thickness excisions on all patients.

Applications

The study results suggest that full-thickness excision using TEM could be a first surgical option for complete removal of higher rectal neuroendocrine tumors less than 2 cm. TEM is a safe, minimally invasive procedure, and full-thickness excision could achieve complete resection.

Terminology

Neuroendocrine tumors are epithelial neoplasms with predominant neuroendocrine differentiation which occur in most organs of the body, and share common features, such as similar microscopic appearance, special secretory granules, and secretion of biogenic amines and polypeptide hormones. Many are benign, while some are malignant. TEM is an important application of minimally invasive surgery of the rectum. With a pressure-controlled gas (carbon dioxide) insufflator, an operating rectoscope (either 12 cm or 20 cm in length), and special long-handled surgical instruments, dissection, excision, and suturing could be achieved.

Peer-review

This manuscript analyzed a large number of patients with neuroendocrine tumor compared to the previous papers. Most reviewers found this topic interesting, informative and believed it to bring pleasure to the readers. The manuscript was praised for being well-written and structured. 
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FIGURE LEGENDS

Figure 1  Full-thickness excision of a rectal neuroendocrine tumor visible under transanal endoscopic microsurgery. A: The tumor and a clearance margin marked by coagulation dots using a needle electrode; B: After full-thickness excision with neat surgical margins; C: After suturing the rectal wall. The leakage from the suture line will be negligible; D: The neuroendocrine tumor removed completely with safe surgical margins. 
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Figure 2  Full-thickness excision of a rectal lesion after incomplete resection. A: The scar site after endoscopic polypectomy where the resection margin was identified as tumor positive; B: Fat tissue outside the rectal wall; C: Suturing of the rectal wall; D: Specimen obtained by transanal endoscopic microsurgery with a safe margin. 
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Figure 3  Full-thickness excision of an unobtrusive rectal neuroendocrine tumor using transanal endoscopic microsurgery. A: The unobtrusive tumor found by trans-rectal ultrasound and marked by thread; B: The defect after full-thickness excision; C: Completion of suturing of the rectal wall; D: The neuroendocrine tumor removed completely with safe surgical margins. 

[image: image3.png]~ ﬁ'
3 t’ g
N
N
C
(
. : ‘:
Lo 2
b o ¥
TERE

I

T




FOOTNOTES
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Table 1  Patient and tumor characteristics 


�
Total (n = 59)�
Purpose of TEM�
P value�
�
�
�
Primary excision (n = 38)�
Completion surgery(n = 21)�
�
�
Demographics�
�
 �
�
�
�
Male/female (n)�
32/27�
21/17�
11/10�
NS�
�
Age (yr)1�
55 (31-70)�
47 (31-68)�
53 (35-70)�
NS�
�
Tumor�
�
�
�
�
�
Size of tumor (cm) �
0.96 ± 0.21�
1.01 ± 0.21�
0.89 ± 0.19�
0.04�
�
Location (A/P)�
24/35�
15/23�
9/12�
NS�
�
Distance from AV (cm)�
8.4 ± 1.4�
8.2 ± 1.3�
8.9 ± 1.4�
NS�
�
Central umbilication (yes/no)�
6/53�
4/34�
2/19�
NS�
�
1Values are median (range). TEM: Transanal endoscopic microsurgery; A: Anterior wall; P: Posterior wall; AV: Anal verge; NS: Not significant.





Table 2  Operative details and pathological findings


�
Total (n = 59)�
Purpose of TEM�
P value�
�
�
�
Primary excision (n = 38)�
Completion surgery (n = 21)�
�
�
Operative details �
�
�
�
�
�
Surgical duration (min) �
  57.6 ± 13.7�
  59.6 ± 10.7�
  54.0 ± 17.7�
NS�
�
Blood loss (mL) �
13.5 ± 6.6�
13.2 ± 6.2�
14.0 ± 7.5�
NS�
�
Hospital stay (d) �
  2.7 ± 1.0�
  2.5 ± 0.9�
  2.8 ± 1.0�
NS�
�
Wexner score�
  4.5 ± 1.4�
  4.2 ± 1.4�
  5.0 ± 1.4�
NS�
�
Size of specimen �
  2.3 ± 0.6�
  2.3 ± 0.6�
  2.3 ± 0.5�
NS�
�
Margin(positive/negative)�
0/59�
0/38�
0/21�
NS�
�
Invasion (M/SM/MP)�
26/16/5�
22/11/5�
4/5/01�
�
�
Grade (G1/G2)�
35/12�
28/10�
7/21�
�
�
1Nine specimens obtained by TEM had residual tumor. TEM: Transanal endoscopic microsurgery; M: Mucosa; S: Submucosa; MP: Muscularis propria; NS: Not significant.
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