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1  | INTRODUC TION

Due to the increased uptake of rectal cancer screening and the in-
creasing rates of complete clinical response to chemoradiotherapy, 
more early-stage and down-staged rectal cancers are being treated. 
While total mesorectal excision (TME) remains the gold standard 
of curative rectal cancer treatment, it is associated with significant 
morbidity and long-term effects on anorectal, urinary, and sexual 
function.1,2 Many patients require a permanent stoma and, in pa-
tients with a defunctioning stoma, 19% will not have this closed.3

These factors have triggered surgeons and patients to reassess 
the need for proctectomy and consider individualized surgical care. 
Thus, there is an increasing trend towards organ preservation and 
local excision of early rectal cancers in certain patients.4,5 Currently, 
local excision is only suitable as a curative procedure in early tumors 
with a low risk of lymph node metastases as local lymph nodes are 
not adequately addressed with this technique.

The surgical platforms for local excision or rectal tumors include 
conventional transanal excision (TAE), colonoscopic resection, tran-
sanal endoscopic microsurgery (TEM), and transanal minimally inva-
sive surgery (TAMIS).

Transanal excision utilizes traditional open surgery instruments 
under direct vision. Exposure is limited for all but the most distal 
rectal lesions and rates of specimen fragmentation as well as margin 
positivity are high.6

Transanal endoscopic microsurgery, first described in 1984,7 
uses a fixed rigid resectoscope and insufflation to maintain pneu-
morectum and provide a stable digital or binocular magnified view. 
Proprietary instruments are then used to operate through the two 
working ports. When compared to conventional TAE, TEM provides 
a superior quality resection, with higher rates of negative micro-
scopic margins, reduced rates of specimen fragmentation, and lesion 
recurrence but with equivalent postoperative complications.8 When 
compared to advanced colonoscopic techniques such as endoscopic 
mucosal resection and endoscopic submucosal dissection, TEM re-
mains superior with respect to lesion recurrence.9,10

However, while TEM has been used for more than 30 years, it 
has been slow to become incorporated into routine colorectal prac-
tice due to a steep learning curve11 and significant associated initial 
cost of the operating system.12 These limitations and the need for an 
oncologically safe and also cost-effective procedure led to evolution 
of TAMIS.
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organ preservation in selected cases. Transanal minimally invasive surgery (TAMIS) 
has evolved as an oncologically safe yet cost-effective platform for local excision of 
rectal tumors using traditional laparoscopic instruments. This review highlights the 
recent advances and current role of TAMIS in the treatment of rectal cancer.
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Transanal minimally invasive surgery utilizes conventional 
laparoscopic instruments and cameras with a single incision port 
rather than a specialized platform. This lowers the cost of the 
procedure and enables the surgeon to operate with familiar in-
struments. Another advantage is that TAMIS obtains a 360° ex-
posure of the rectal lumen which allows operating in multiple 
quadrants using the same configuration, while TEM requires 
repositioning of the patient or the platform. First described in 
2010,13 TAMIS was found to be a feasible alternative to TEM, 
providing its benefits at a fraction of the cost without specialized 
instrumentation.14

The most common indications for TAMIS are for benign and ma-
lignant rectal tumors. However since its inception, it has been used 
in a wide variety of clinical scenarios from rectal prolapse and fistula 
repair to managing anastomotic complications and foreign body re-
trieval.15 TAMIS has also evolved to become a platform for transanal 
total mesorectal excision (taTME).16

This chapter reviews the current and future role of TAMIS in the 
local treatment of rectal cancer.

2  | INDIC ATIONS FOR LOC AL E XCISION 
OF REC TAL C ANCER

2.1 | T1N0M0 rectal cancer

In Japan, the United States, and Europe,17–19 en bloc full-thickness 
local excision is indicated for T1N0 rectal cancers with low-risk path-
ologic features.

The main concern regarding local excision is the potential un-
der-treatment of T1 cancers that are node positive. Data from the 
Swedish Rectal Cancer Registry of 205 T1 rectal cancers demon-
strated the overall rate of nodal metastasis was 12%20; however, if 
no adverse features were present, the rate was 6%.20

A meta-analysis of 4510 patients highlighted the risk factors for 
nodal metastasis in the setting of T1 rectal cancer to include submu-
cosal invasion >1 mm (odds ratio [OR]: 3.87), lymphovascular inva-
sion (OR: 4.81), poor differentiation (OR: 5.60), and tumor budding 
(OR: 7.74).21 If any of these risk factors are present on final pathol-
ogy, radical proctectomy is recommended in fit patients due to the 
higher risk of lymph node metastasis.

Analysis of the United States Surveillance, Epidemiology, and 
End Results demonstrated that local excision of T1 rectal cancer 
does not affect cancer-specific survival when compared to radical 
surgery.22

2.2 | T2N0M0 rectal cancer

The risk of positive lymph nodes in T2 cancers is approximately 
22%20 and these patients should be recommended to undergo tra-
ditional total mesorectal excision unless enrolled in a clinical trial as 
local excision is still deemed somewhat experimental.23 However, 

promising results have been published for local excision of selected 
T2 cancers following neoadjuvant therapy.5,24,25

A randomized trial of local excision vs TME for T2N0 low rectal 
cancers following neoadjuvant chemoradiotherapy showed that re-
currence and survival were similar between groups at over 9 years 
of follow-up.25 The ACOSOG Z6041 study of 79 patients with T2N0 
cancers treated with neoadjuvant chemoradiotherapy reported a low 
local recurrence rate of 4% after a median of 56 months as well as a 
3 year disease-free survival of 88%.5 A retrospective analysis of the 
National Cancer Database in the United states also showed that, for 
patients with T2N0 cancers, there was no difference in overall survival 
between radical surgery and chemoradiotherapy followed by local 
excision.24

However, for some patients, pelvic radiotherapy and/or chemo-
therapy can cause morbidity or functional impairment that is compa-
rable to that associated with radical surgery.1 Currently, neoadjuvant 
radiotherapy for clinical stage T1N0 or T2N0 patients is not stan-
dard practice and can be avoided if these patients are treated with 
upfront curative TME.

2.3 | Local excision after neoadjuvant 
chemoradiotherapy

Five year results from the GRECCAR 2 study show no difference in 
oncological outcomes between local excision and total mesorectal 
excision for selected rectal cancers that respond well to neoadju-
vant chemoradiotherapy.4 This study included patients with T2–T3 
and N0–N1 rectal cancers, ≤8 cm from the anal verge and ≤4 cm 
in diameter. Randomization occurred if patients had a good clinical 
response defined as residual tumor ≤2 cm at 8 weeks postradio-
therapy. Patients undergoing local excision were planned for com-
pletion TME if the specimen pathology showed ≥T2 or R1 disease. 
Completion TME did not significantly affect oncologic outcomes 
compared with patients with ≥T2 disease treated with initial TME.

The reported pathologic complete response rate following neo-
adjuvant chemoradiotherapy for rectal cancer is over 20%26; how-
ever, this poorly correlates with clinical complete response as the 
majority of patients with a clinical complete response have resid-
ual cancer on pathology.27 If organ preservation is being pursued 
following a complete clinical response, there is debate whether to 
excise the scar or “watch and wait.” Local excision can determine if 
there are residual viable tumor cells giving prognostic information 
and selecting patients who may benefit from TME; however, local 
excision after chemoradiotherapy can negatively affect anorectal 
function.28

Tumor regrowth after a clinical complete response is reported 
as >20%29 and most can safely undergo salvage surgery.30 In the 
GRECCAR 2 study, tumor regrowth was only 7% after 5 years in the 
local excision group, albeit those with ≥T2 or R1 disease underwent 
completion TME.4 Of the 81 patients treated with local excision in 
the pre-treatment analysis, 38 (47%) had indications for comple-
tion TME with 28 (35%) undergoing TME. The high rate of organ 
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preservation and excellent oncologic results in this study are prom-
ising as the GRECCAR 2 cohort included patients with a good re-
sponse and not just a complete clinical response.

2.4 | Advanced disease

Local excision with TAMIS may be considered for more advanced 
disease as a less invasive but oncologically inferior alternative to 
radical excision in patients with prohibitive comorbidities or who 
refuse radical surgery. Non-surgical treatment options such as pal-
liative chemoradiotherapy should be considered,31 especially for 
>T2 disease due to the high risk of local recurrence and symp-
toms. In the palliative setting, treatment plans should be tailored 
to consider patient symptoms, comorbidities, expected survival, 
and tumor stage.

2.5 | Preoperative staging

A full physical examination, including rigid proctoscopy and digital 
rectal exam should be performed by the operating surgeon to deter-
mine the distance of the lesion from the anal verge in centimeters, 
mobility, size, percentage of circumference involvement, anterior or 
posterior location, its position in relation to the sphincter complex 
and to the valves of Houston. As with any rectal lesion, all patients 
should undergo a full colonoscopy to rule out any synchronous pa-
thology. While this text discusses TAMIS for rectal cancer, approxi-
mately 18.8% of transanally resected clinically benign adenoma will 
have invasive adenocarcinoma on their final pathology.32 Despite 
this, radiologic evaluation of clinically benign lesions may not be 
necessary.33

Preoperative radiologic evaluation aids identification of lesions 
suitable for local excision by determining the radiological tumor, 
node, and metastasis stage. Systemic staging requires a computed 
tomography (CT) of the thorax, abdomen, and pelvis. Local staging 
modalities are magnetic resonance imaging (MRI) and endorectal ul-
trasound (ERUS). When trying to distinguish between early lesions 
(T1 and T2 stage), the resolution of ERUS is better, with over-staging 
of T1 tumors observed in 11% of cases compared to 100% of those 
staged with MRI.34 The accurate detection of involved lymph nodes 
remains challenging, but MRI appears superior in this setting in ad-
dition to assessment of the circumferential resection margin. Thus, 
ERUS and MRI should be considered complementary in assessment 
of early rectal cancer. Biopsy or local excision prior to radiologi-
cal evaluation may lead to reactive lymphadenopathy and, conse-
quently, unnecessary over-staging.

2.6 | Tamis technique

Mechanical bowel preparation should be administered preop-
eratively, and prophylactic antibiotics given. Following informed 

consent, patients should be administered general anesthesia; how-
ever, spinal anesthesia may be considered in high-risk patients.35 
Positioning in the high dorsal lithotomy allows access to lesions in 
any location. Following antiseptic skin preparation and draping, the 
transanal port is inserted and sutured in place (Figure 1).

Pneumorectum is established using CO2 insufflation with a flow 
rate of 40 mm Hg/min and a pressure of 15 mm Hg. The Airseal in-
sufflator (Airseal™, Surgiquest) can improve pneumorectum stability 
at lower pressures, even during use of suction, in addition to dramat-
ically reducing intraluminal smoke.36 A 5 mm, 30° or 45° camera pro-
vides optimal visualization and working space in the tight confines of 
the rectum compared with 10 mm or 0° cameras. Image stabilization 
and sufficient visualization of the working space is dependent on an 
experienced assistant surgeon.

A premium should be placed on the surgical technique and qual-
ity of resection; a non-fragmented specimen with negative margins 
has repeatedly demonstrated the lowest risk of recurrence. A 10 mm 
margin is first scored out on the mucosa using electrocautery to 
maintain orientation and mark the resection (Figure 2A). Standard 
monopolar electrocautery with a spatula, pinpoint, or L-hook cau-
tery allows precise dissection of the tumor and is cheap and reus-
able. Energy devices can also be used with the principal advantage 
of hemostasis, albeit with increased costs. Most practitioners uti-
lize standard, straight non-articulating laparoscopic instruments. 
Handling of the tumor or polyp with graspers should be avoided and 
reduced to the surrounding mucosa to limit specimen fragmentation. 
For malignant lesions, a full-thickness excision must be performed 
with the objective of obtaining a 1 cm minimum negative margin. 
Stage I rectal cancers rarely have intramural or mesenteric spread 
(2.7%) and if this occurs the maximum extent is 4 mm.37 In contrast 

F I G U R E  1   GelPOINT path transanal minimally invasive 
surgery port with three trocars. The camera is in the 12 o'clock 
Airseal™ port held by the assistant. The bottom two ports contain 
instruments used by the operator [Colour figure can be viewed at 
wileyonlinelibrary.com]

www.wileyonlinelibrary.com
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to the historical description of a simple full-thickness incision into 
perirectal fat, we support a pyramidal, volumetric excision contain-
ing an adequate specimen of perirectal fat (Figure 2B). This assures 
an adequate resection with negative margins, in addition to poten-
tially retrieving surrounding lymph nodes for pathologic sampling. 
Aggressive mesorectal excision should not breach the mesorectal 
fascia as it will make future total mesorectal excision challenging, if 
it is required.

Specimen extraction should be performed at completion of 
resection and prior to defect closure to maintain specimen in-
tegrity and avoid accidental proximal migration. The majority of 
platforms accommodate this by allowing removal of the face-
plate; however, some ports require removal of the entire device 
with reinsertion for closure. Irrigation of the excision bed with 
dilute betadine or chlorhexidine, presumably for its tumoricidal 
and bactericidal effects, is a common practice; however, no 

evidence-based literature exists to support this. The specimen 
should be pinned and orientated to ensure accurate pathologic 
assessment (Figure 3).

Rectal wall or mucosal defects are closed in a full-thickness 
manner with absorbable suture material (Figure 2C). The use 
of a V-Loc™ suture (Covidien) can facilitate continuous closure 
by maintaining tension and negating the need for knot-tying. 
Conversely, closure can be performed in an interrupted fashion 
with knot-tying facilitated by disposable devices such as the Cor-
Knot® System (LSI Solutions) or by laparoscopic knot pushers. 
The use of modern suturing devices can significantly shorten 
the learning curve at the expense of increased procedural costs. 
Specialized silver beads with applicators initially designed for 
use with the TEM system are frequently used; however, several 
other simpler laparoscopic knot-tying devices and methods have 
since become available. Whether the defect should be closed or 
left open remains an issue of debate. Surgeons advocating clo-
sure, site expedited healing, less bleeding, and diminished risk of 
stricture. Conversely, other practitioners believe it to be solely 
aesthetic, increasing operative time without any improvement 
in healing. A series of 75 patients with 1 year of follow-up after 
undergoing TAMIS resection has demonstrated no difference be-
tween groups.38

3  | OPER ATIVE OUTCOMES

3.1 | Complications

The complications attributable to TAMIS reported in the literature 
to date have been minor, the commonest being post-procedural 
hemorrhage, which can occur early postoperatively or be delayed 
in presentation.39,40–42 Cases of post-procedural hemorrhage that 

F I G U R E  2   A, Electrocautery marking of margin around tumor; 
B, Full-thickness excision of tumor; C, Suture closure of defect 
[Colour figure can be viewed at wileyonlinelibrary.com]

(A)

(B)

(C)

F I G U R E  3   Specimen pinned for histologic assessment [Colour 
figure can be viewed at wileyonlinelibrary.com]

www.wileyonlinelibrary.com
www.wileyonlinelibrary.com
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do not stop spontaneously have in all cases been managed success-
fully either endoscopically or with examination under anesthesia 
and over-sewing. Scrotal emphysema appears to resolve spontane-
ously.39 Transient pyrexia responds to oral antibiotic treatment40 
and urinary retention resolved following urethral catheterization.41

Serious consideration must be given to the risk of inadvertent or 
unplanned intraperitoneal entry and its recognition is imperative.39 
This is more likely to happen during the resection of larger lesions, 
with an anterior location, with an uppermost level over 10 cm from 
the anal verge.42 The largest TAMIS series published to date report 
a 2% incidence of peritoneal entry.39 The management of this com-
plication must be individualized depending on the size of the defect 
and the patient. These defects may be repaired either transanally 
or with a combined abdominal approach. The decision to fashion a 
subsequent diverting ostomy must also be individualized to the pa-
tient and their ability to tolerate a subsequent anastomotic leak with 
reported incidence of diverting ostomy in the setting of TEM being 
0%–14%.42,43

3.2 | Oncologic quality

Being a relatively new and novel surgical modality, there is limited 
short-term oncological follow-up for TAMIS excisions. These were 
discussed in a recent systematic review that included 259 patients 
and specifically addressed the rates of recurrence of benign and 
malignant rectal neoplasms after TAMIS surgery.44 Altogether, 
there were 2.7% incidence of recurrence reported with 7.1-month 
mean follow-up. A review of TAMIS outcomes demonstrates that 
more than 60% of surgeons consistently performed full-thickness 
excision while 10% performed only submucosal excisions. Thirty 
percent of surgeons performed both full thickness excisions and 
submucosal excisions depending on the location of tumor and 
pathology.

3.3 | Functional/anorectal physiology

A recent series of 25 patients undergoing TAMIS with a SILS™ 
port assessed at 3 months following surgery with a combination 
of endoanal ultrasonography and a fecal incontinence severity 
index (FISI) score did not show anal sphincter injury or fecal incon-
tinence-related symptoms, respectively.35 A further series of 37 
patients undergoing TAMIS revealed an improvement in FISI score 
for patients with impaired preoperative continence.45 Conversely, 
analysis of anorectal function following TEM has shown at 
3 months following excision, the mean Wexner continence score 
deteriorates, with associated symptoms of fecal urgency, but re-
turns to baseline within 5 years.46 Post-operative manometry 
values at 3 months are significantly lower than at baseline but re-
turn to preoperative values at 1 year.46,47 Thus, there has been no 
demonstration to date that the performance of TAMIS adversely 
affects patient continence.

4  | FOLLOW-UP

Pathologic analysis should take place at a multidisciplinary team 
meeting and, for early T1 cancers, national guidelines should be fol-
lowed. The National Comprehensive Cancer Network recommend 
a history, physical examination, rigid proctoscopy, and serum CEA 
level should be performed every 3 months for 2 years, then every 
6 months for a total of 5 years. A full colonoscopy at 1 and 3 years 
following resection should be performed and every 5 years there-
after to identify metachronous lesions. It is the authors' practice to 
further perform an MRI of the pelvis to identify suspicious lymph 
nodes every 6 months for the first 2 years following resection of 
early T1 cancers.

If the tumor is a high-risk T1 or more advanced lesion, a discus-
sion may take place regarding completion TME unless the patient is 
enrolled in a clinical trial or there are other factors precluding them 
from further surgery.

5  | FUTURE DIREC TION

A number of ongoing trials are assessing the outcomes of local exci-
sion of rectal cancer in combination with chemoradiotherapy and as 
such the role of TAMIS in rectal cancer treatment may expand.

Following local excision in high-risk T1 and low-risk T2 rec-
tal cancers, the outcome of completion TME vs adjuvant chemo-
radiotherapy is under investigation in the TESAR Dutch trial.48 
The GRECCAR12 study is investigating the role of neoadjuvant 
FOLFIRINOX in addition to radiochemotherapy for T2/T3 N0/N1 
rectal cancer to determine if this can increase the rate of organ pres-
ervation. All good responders will undergo local excision to histo-
logically assess if TME is indicated.49 STAR-TREK is designed as a 
three-arm trial of TME vs watch and wait vs local excision for T1–T3b 
N0 rectal cancer following either long-course chemoradiotherapy or 
short-course radiotherapy.50

Advances in TAMIS technique may be possible with robotic 
platforms which have the potential to improve ergonomics in the 
confined space of a transanal approach. Early reports have shown 
robotic-TAMIS to have similar short-term outcomes but at a higher 
cost.51 Other innovations which may improve this technique are re-
al-time intraoperative assessment of tissue and margins with mass 
spectrometry52 or immunofluorescence.53

6  | CONCLUSIONS

Based on current evidence, TAMIS, in experienced hands, results in 
the high-quality local excision of early rectal cancers with low rates 
of margin positivity and low recurrence rates. TAMIS has an excellent 
morbidity profile with no long-term adverse effect on continence.

The role of TAMIS in treating more advanced rectal cancer re-
mains the subject of ongoing trials. As such, the authors recommend 
that for tumors that are high-risk T1 or more advanced, a discussion 
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should take place regarding completion TME. TAMIS can also be con-
sidered as a palliative procedure to patients with metastatic disease, 
which would potentially avoid complications of a major surgery.

Transanal minimally invasive surgery has enabled the perfor-
mance of high-quality local excision of rectal lesions by many col-
orectal surgeons, integrating transanal endoscopic surgery into 
mainstream practice. As with all new surgical techniques, appropri-
ate training must be ensured, and the continued assessment and as-
surance of oncological outcome must be maintained.
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