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Abstract	
BACKGROUND
Lateral pelvic lymph node (LLN) metastasis (LLNM) occur in up to 28% of patients with low rectal tumours. While prophylactic lateral pelvic lymph node dissection (LLND) has been abandoned by most western institutions in the era of neoadjuvant chemoradiation therapy (CRT), the role of selective LLND in patients with enlarged LLN on pre-CRT imaging remains unclear. Some studies have shown improved survival and recurrence outcomes when LLNs show “response” to CRT. However, no management algorithm exists to differentiate treatment for “responders” vs “non-responders”.

AIM
To determine if selective LLND in patients with enlarged LLNs results in improved survival and recurrence outcomes. 

METHODS
A systemic search of PubMed and Embase databases for studies reporting on patients with synchronous radiologically suspicious LLNM (s-LLNM) in rectal cancer receiving preoperative-CRT was performed.

RESULTS
Fifteen retrospective, single-centre studies were included. 793 patients with s-LLNM were evaluated: 456 underwent TME while 337 underwent TME with LLND post-CRT. In the TME group, local recurrence (LR) rates range from 12.5% to 36%. Five-year disease free survival (DFS) was 42% to 75%. In the TME with LLND group, LR rates were 0% to 6%. Five years DFS was 41.2% to 100%. Radiological response was seen in 58%. Pathologically positive LLN was found in up to 94% of non-responders vs 0% to 20% in responders. Young age, low tumour location and radiological non-response were associated with final positive LLNM and lowered DFS. 

CONCLUSION
LLND is associated with local control in patients with s-LLNM. It can be performed in radiological non-responders given a large majority represent true LLNM. Its role in radiological responders should be considered in selected high risk patients.
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[bookmark: _Hlk10468991]Core tip: The role of lateral pelvic lymph node (LLN) dissection in rectal cancer patients with synchronous radiologically suspicious LLN is unclear in the era of neoadjuvant chemoradiation. Our systemic review aims to define the role of LLN dissection for patients with synchronous LLNs. 


INTRODUCTION 
Lateral pelvic lymph node (LLN) involvement in advanced rectal cancer located below the peritoneal reflection is common, with incidence ranging from 15% to 28%[1-4]. As such, the Japanese Society for Cancer of the Colon and Rectum (JSCRR) proposes routine LLN dissection (LLND) in low T3 and 4 rectal tumours, citing the potential benefits of improved local control and survival[2]. On the contrary, western data suggest that additional LLND result in increased morbidity without conferring significant oncological benefits[5,6]. This East-West divergence may be partially attributed to the greater utilisation of preoperative radiation therapy in the west. Given the reduced rates of local recurrence (LR) as reported by the Swedish and German group[7-9], neoadjuvant chemoradiation therapy (CRT) has since been adopted as mainstay in the management of locally advanced rectal tumours. 
While the role of prophylactic LLND has been diminished with the advent of CRT, its role in patients with radiologically suspicious synchronous LLN metastasis (s-LLNM) has not been established. Though neoadjuvant CRT can potentially eradicate metastatic foci in the LLNs, long term recurrence outcomes remain unclear. To date, several studies have reported acceptable outcomes in patients who received only total mesorectal excision (TME) with CRT in the presence of s-LLNM but this has not been directly compared with patients who underwent LLND[10-14]. Furthermore, the management of radiological “responders” vs “non-responders” to CRT has not clearly defined. 
Given the lack of randomised trials, we aim to perform a systemic review of the current literature to evaluate the evidence for and against LLND for s-LLNM in rectal cancer post neoadjuvant CRT. We also hope to define a management strategy for “responders” vs “non-responders” to CRT to better select for patients who will benefit most from LLND. 

MATERIALS AND METHODS
A literature search of PubMed, Ovid MEDLINE, and EMBASE databases was conducted for studies reporting on the management of LLNM in rectal cancer, published in English up to December 2018. Studies were included based on the predetermined selection criteria and additional relevant studies were identified from references cited in selected articles. This study was conducted in accordance to the PRISMA guidelines (Figure 1)[16].

Criteria for inclusion of study
Articles were included if they were: (1) original articles published in English in peer-reviewed journals; (2) involved rectal cancer patients who received neo-adjuvant CRT prior to surgery; (3) included patients with s-LLNM as detected on imaging modalities such as computed topography, magnetic resonance imaging or positron emission tomography scans at diagnosis; and (4) had clear documentation of patient survival, recurrence and morbidity outcomes. 
Articles were excluded if they were: (1) abstracts, letters, editorials or expert opinion; (2) included patients with systemic metastases; (3) included patients who did not received neo-adjuvant CRT; or (4) patients in whom LLND was performed prophylactically i.e. without radiologically suspicious LLNM. 

Definitions
Radiological Response post neoadjuvant CRT was defined as any decrease in size in a previously radiologically suspicious s-LLNM. Pathological response was determined upon examination of tumor specimens after surgery, tumor regression grades were microscopically evaluated and a regression score of 4 was considered complete pathological response. 

Data extraction and analysis 
Two reviewers independently reviewed each article and discrepancies resolved by discussion and consensus. Data was then extracted using standardised forms, recording study methodology, patient demographics, surgery performed, post-operative morbidity and mortality, survival and recurrence outcomes. In particular, when available, radiological and pathological response of suspicious LLNM at diagnosis to neoadjuvant CRT was recorded. Subsequently, outcomes of patients who received TME only vs TME with LLND were compared. 	
All studies were assessed for their level of evidence using the Oxford Centre for Evidence-Based Medicine Levels of Evidence table[17]. 
Upon review of all available studies, the authors opted to perform a systemic review over a meta-analysis in view of heterogeneity of available studies as well as the absence of direct comparative data between patients with s-LLNM who had underwent TME vs TME with LLND. Furthermore, when there was potential for overlapping patient groups, studies were reviewed independently by the authors and a decision was made if they should be included in the final analysis based on the amount of additional information that was present in each study. 
Outcome measures such as LR rates, DFS and OS were specifically evaluated. LR was defined as any recurrence of tumour within the pelvic cavity.

RESULTS 
Fifteen articles published between 1998 and 2018 were included in our final analysis (Table 1). 

Quality of evidence 
“TME only” for s-LLNM: Six studies[10-14,18] reported on the outcomes of rectal cancer patients with radiologically suspicious LLN treated with pre-operative radiation therapy (RT) or CRT followed by conventional TME surgery[19,20].
Two studies were retrospective case series evaluating the relationship between the presence of s-LLNM with recurrence and survival outcomes[12,14]. Four were case control studies comparing the outcomes of patients with and without s-LLNM in the era of neoadjuvant CRT[10,11,13,18]. Radiological response of s-LLNM to CRT was evaluated in three studies and this was subsequently correlated with recurrence and survival outcomes[10,11,14].
Three of the six studies originated from Goyang National Cancer Centre, South Korea – two were likely to have non-overlapping patient groups from differing study periods of 2001 to 2009 and 2009 to 2011 respectively[10,12]. It was likely that studies by Kim et al[12,14] drew analysis from a common patient dataset, as such the former study was excluded from the total number of patients with s-LLNM. However as Kim et al[12] did report additional data regarding radiological response, this information was included in a descriptive manner. 

“TME + LLND” for s-LLNM: Nine studies reported on the outcomes of rectal patients with radiologically suspicious LLN that were treated with pre-operative CRT followed by TME and LLND[21-29]. Laparoscopic LLND was adopted in two case series and one case-control study: these were feasibility studies aimed at establishing safety and oncological outcomes with the laparoscopic approach[21,28-29]. Conventional open TME and LLND was the approach in six retrospective studies of which there was one cohort study, two case series, and three case-control study[22-27].
Radiological response of s-LLNM to CRT was evaluated in three studies[22,24,26]. Two studies reported only on radiological non-responders, that is, the presence of persistently enlarged s-LLN post CRT while all other articles were based on pre-CRT imaging findings of suspicious s-LLN[28,29].
Four out of nine studies originated from Cancer Institute Hospital, Tokyo. While patient data from Toshiya and Akiyoshi et al[27] were excluded in the final calculation for s-LLNM in view of the likelihood of duplication; information from these studies was included in a descriptive manner in our report. 
In total, our systemic review evaluated a total of 793 patients with s-LLNM for which 456 underwent TME only and 337 underwent TME with additional LLND. 

Radiological response of s-LLNM to neoadjuvant CRT
In both “TME” and “TME+LLND” groups, preoperative CRT was administered 4 to 8 wk prior to surgery. When long course CRT was prescribed, a 5-fluorouracil (FU) based regime or S1 with a total dose of 45 to 50.4 Gy of radiation in 25 fractions was given to both the primary tumour and lateral pelvic area over 5 to 5.5 wk. With short course CRT, 20 to 25 Gy in 4 or 5 fractions was given with concurrent chemotherapy[11,26].
At diagnosis, most authors considered LLN to be “positive” if it was more than 5 mm in short or long axis diameter[10,12-14,26,29,30]; or had morphological features suspicious of metastasis, such as mixed signal intensity or an irregular or spiculated border[18]. A 7 mm LLN size cut-off was adopted in some series[21-24,27]. Magnetic resonance imaging was the most common modality used for radiological evaluation, but if unavailable, computed topography or positron emission tomography scan was used. 
Radiological response of s-LLNM to CRT was evaluated in three studies in both “TME only”[10,11,14] and “TME + LLND” groups[22,24,26]. Mean diameter of s-LLN pre-CRT was 10.2 mm (range 5-45) and was 7 mm (range 0-45) post-CRT. “Responsive LLNs” were defined as having a short axis diameter > 5 mm pre-CRT and < 5 mm post-CRT; “non-responsive LLNs” were > 5 mm both pre and post CRT[10,24,26]. A 7 mm and 8 mm cut-off were adopted in Inoue’s and Ishihara’s groups respectively[11,22].
Amongst 414 patients in whom radiological response was reported, there were 241 responders and 173 non-responders (Tables 2 and 3). Response rate to CRT was 58% (range 35-72). 

Outcomes of “TME only” for s-LLNM 
A total of 456 patients received neoadjuvant CRT followed by TME only despite the presence of s-LLNM at diagnosis (Table 1). Meticulous sharp dissection and complete removal of the mesorectum to a level that is below the distal margin of the tumour or to the pelvic floor as described by Heald et al[19] and MacFarlane et al[20] was adopted in all cases.
Rates of LR range from 12.5% to 36%. Five-year overall survival (OS) and disease- free survival (DFS) range from 54% to 83.9% and 42% to 75% respectively. When comparing between patients with and without s-LLNM receiving CRT, Inoue, Dharnarajan and the MECURY group did not find a significant difference in survival and recurrence outcomes[11,13,18].

Comparing “responders” vs “non-responders”: From Kim et al[10]’s study, LR was 8.2% in responders vs 25.4% in non-responders (P < 0.05). Five-year OS and DFS was 85.7% and 76.6% in responders vs 74.9% and 56.9% in non-responders respectively (P = 0.006). Inoue et al[11] reported similar findings concluding improved cancer specific survival in LLN responders.

Outcomes of “TME and LLND” for s-LLNM 
Three hundred and thirty-seven patients with suspicious s-LLNM at diagnosis underwent TME with LLND after neoadjuvant CRT (Table 2). As defined by the JSCCR[2], lymph nodes along internal iliac, obturator, external iliac and common iliac basins are considered LLNs. The lateral, medial, cranial, caudal, and dorsal anatomical borders in a standard LLND are the external iliac artery, pelvic plexus, bifurcation of the common iliac artery, levator ani, and the sciatic nerve respectively. Autonomic nerve preservation was performed whenever possible. 
[bookmark: OLE_LINK38][bookmark: OLE_LINK39]Median number of LLNs harvested was 7.5 (range 3-19). Peri- operative complications were evaluated in five studies[21,25,26,28,29]. Mean operative time with additional LLND was 338.4 (range 42-890) min with a mean blood loss of 272 (range 0-1190) mL. Mean length of hospital stay was 11.7 (range 3-100) d. No surgery-related mortality was reported. Morbidity rates ranged from 18.7% to 43.9% and they included superficial skin infections (SSIs), intra-abdominal collections, anastomotic leak, bleeding, chest infections and ileus. Genitourinary dysfunction occurred in 20% to 40%. When comparing patients who received “TME” vs “TME with LLND”, Ogura et al[21] found a significantly longer operative time, greater blood loss, and more prolonged hospital stay in the latter group. Though overall complication rates were worse with additional LLND (33.6% vs 24.5%, P = 0.0839), there was no significant difference in Calvein-Dindo grade 3 and above complications[30]. Similarly, Akiyoshi et al[27] reported no difference in overall complications rates when comparing TME with TME and LLND (29.2% vs 36.8%, P = 0.4).
Rates of LR range from 0% to 6%. Five-year OS and DFS range from 58.7 to 81.2% and 41.2% to 100% respectively. When TME with LLND was performed for patients with s-LLNM based on pre-CRT imaging, Ogura, Ishihara and Akiyoshi et al[27] (2014) found survival outcomes to be comparable with patients without s-LLNM. 

Comparing “responders” vs “non-responders”: True responders post-CRT have pathologically negative LLN after LLND. Of 379 patients in whom final pathology was reported, 57% were true responders. 
Both radiological and pathological response was evaluated in 3 studies[22,24,26]. Radiological response was seen in 35% to 64% of patients. Amongst radiological responders, Oh et al[26] reported a true response rate of 100%. Ishihara and Akiyoshi et al[24] however found pathologically positive LLN in 9% and 20% of patients respectively despite radiological response. Amongst radiological non-responders, pathological positive LLN occurred in 61% to 94%. 
From Oh’s study, LR was 20% in radiological responders vs 47.2% in non-responders (P = 0.012)[26]. Five-year OS and DFS was 77.1% and 72.5% in responders vs 44.6% and 33.7% in non-responders respectively (P = 0.034, 0.011). Akiyoshi et al[24] reported similar findings concluding improved cancer specific survival in radiologically responsive LLNs.
In true pathological responders, recurrence rates was 22.7% vs 59.1% in true non-responders (P = 0.001)[26]. Ishihara et al[22] found that 5-year OS was 100% in true responders vs 60% in patients with and without a pathologically positive LLNM (P = 0.05). Five-year LR rates was 0% in both groups. Factors associated with a final pathological positive LLNM were: younger age, shorter distance from anal verge, larger tumour size, radiologically non-responsive LLNM, less frequent ‘T’ down staging and histological regression.

DISCUSSION 
Extended lymph node dissection in low rectal cancer was first described in the 1950s by Dr Stearns and Deddish[15] and was aimed at reducing LR. Results from the recent JCOG0212 trial from Japan comparing TME alone with TME and LLND lend support to prophylactic dissection by showing reduced rates of LR in the latter group[31]. However, as pre-operative CRT was not utilised, the applicability of this trial to institutions that adopt CRT is questionable. While high level evidence has shown superior recurrence-free survival in recipients of neoadjuvant CRT, improvements in OS have not been conclusively reported[7-9,32,33]. Akiyoshi et al[1], at an attempt to determine if LLNM in rectal cancer represent “local-regional” or “distant” disease, found LLNM patients to have survival outcomes that were comparable to American classified N1/2 disease and superior to those with stage IV disease. Hence, the role of CRT or LLND appears to be confined to providing improved local control.
While preoperative CRT with LLND might be an overkill in the absence of a clinically positive LLNM and may result in increased morbidity without corresponding improvements in local control[34], its role in patients with radiologically persistently suspicious LLNs remains less debateable. Proponents of CRT claim that the presence of suspicious nodes on pre-CRT imaging did not impact OS when TME alone was performed, but fail to show comparable results in local control[18]. In fact, our review found that when pre-CRT LLN size was > 5 mm, up to 43% had pathological metastases[22,24,26]. Even in the radiological responders, residual disease in the LLN is documented to be between 9%-20%, corresponding to a reported LR rate of 8%. Though OS was not significantly different between the “TME only” and “TME with LLND” groups; a difference was seen in DFS and LR rates. 
LRs involving the LLN portend a dismal prognosis. Moore and Yamada et al[36] attempted to classify pelvic recurrences in rectal cancer and found patients with “lateral” invasive types of recurrence to have the lowest 5-yr survival rates[35]. Furthermore, genito-urinary complications were common occurring in up to 58% of patients post intervention for locally recurrent rectal cancer[37]. Quality of life was also substantially reduced with patients reporting chronic pain, gastrointestinal and genitourinary symptoms[38]. Opponents of LLND often cite increased urinary and sexual dysfunction, greater intraoperative blood loss and operative time as a significant morbidities[6]. Our review found a 20% to 40% rate of genitourinary and sexual dysfunction with no difference in major complication rates. Though genitourinary dysfunction post LLND remains a concern, it must be weighed against the increased risk of LR and its implicating consequence without extended surgery in the presence of radiologically suspicious LLNs. 
Radiological response to CRT was seen in up to 64% of patients. While Oh et al[26] reported a 100% true response rate, others found pathological positive LLNM in up to 20% of patients despite radiological response. Potentially, 80% of radiological responders would have received unnecessary LLND given a final pathologically negative LLN. Ishihara et al[22] identified young age, low location and greater T stage of the primary tumour, and radiological non-response to CRT as pre-surgical factors that result in final positive LLNM. With this, we can infer that these high-risk features if present should indicate the need for LLND, and the inverse may predict low-risk patients that might have a final negative LLN and in whom additional LLND may be avoided despite the presence of an enlarged pre-CRT LLN. 
Our review highlights that currently, all available studies on the management of s-LLNM are retrospective in nature and limited by small sample size. In addition, as LLND is more widely performed in the East and majority of studies conducted from Japanese or Korean centres, results tend to be bias toward these institutions. There is also heterogeneity in the studies included, each having differing independent control groups. Furthermore radiological cut-offs used to defined radiologically suspicious LLNs varied. The regime of pre-operative CRT use was not standardised with some adopting short course and others long course CRT. 
In light of evidence showing potential improvements in LR and DFS in patients with s-LLNM undergoing LLND after CRT, randomised control trials are required to determine the optimal course of management for these patients and to better select for patients that will benefit most from LLND.
s-LLNM is common in locally advanced low rectal cancer. Despite preoperative CRT, LLNM may persist necessitating surgical removal. LLND is associated with lowered rates of LR and may improve DFS. In radiological responders, LLND may be considered in patients with ‘high’ risk features to prevent LR. 
In the absence of data from RCTs to guide our management strategy in patients with s-LLNM in rectal cancer, the authors propose the following algorithm base on the results of our systemic review: 

ARTICLE HIGHLIGHTS
Research background
Up to 28% of patients with locally advanced low rectal cancer present with synchronous lateral pelvic lymph node metastasis (LLNM). While neoadjuvant chemoradiation therapy followed by surgery has become the mainstay of treatment, the role of lateral pelvic lymph node dissection (LLND) remains unclear. As such, our study aims to define its role in patients who present with synchronous LLNM. 

Research motivation
An understanding on the optimal management for patients who present with s-LLNM is essential to prevent local recurrence rates. The examination of responders vs non-responders to neoadjuvant chemoradiation can also serve to guide future research to optimise response rates. 

Research objectives 
We aim to evaluate if there is a difference in recurrence and survival outcomes in patients with s-LLNM post neoadjuvant therapy that is treated with TME only vs TME + LLND. This can serve as a guide to surgeons on the management of such patients. 

Research methods
A systemic review was performed for all relevant articles from 1958. To our knowledge, there has been no such review on s-LLNM patients post neoadjuvant chemoradiation therapy. 

Research results
Fifteen studies were included. Local recurrence rates was found to be higher in s-LLNM patients who had underwent only TME when compared with those who had additional LLND. True pathological response after neoadjuvant therapy was mixed and an absence of radiological response reflected final pathological findings. 

Research conclusions
LLND is associated with local control in patients with s-LLNM. It can be performed in radiological non-responders given that a large majority represent true LLNM. Its role in radiological responders should be considered in selected high risk patients.

Research perspectives
Future research should focus on how to predict pathological non-response after neoadjuvant therapy such that super selective LLND may be performed only in non-responders that are more likely to recur. 
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Figure 1 Flow diagram on selection of eligible studies.
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Figure 2 Flow diagram on the strategy of management for suspicious lateral pelvic lymph node metastases. LLNM: Lateral pelvic lymph node metastases; CRT: Chemoradiation therapy; TME: Total mesorectal excision; LLND: Lateral pelvic lymph node dissection.
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	Ref. Table 1 Characteristics of included studies


	Study period

	Study centre
	Study Type 
	Evidence 
	Intervention 
	Study sample 
	Description
	Data on RR post CRT

	Kim et al[10] 
	2009-2011 
	Goyang National Cancer Center, South Korea
	Case control
	3b
	TME
	157
	Compare outcomes of radio+ vs - LLNM post CRT
	Yes

	Inoue et al[11]
	2001-2013
	Mie University Hospital, Tsu, Japan
	Case control
	3b
	TME
	19
	Compare outcomes of radio+ vs - LLNM patients post CRT
	Yes

	Kim et al[12]
	2001-20091
	Goyang National Cancer Center and Seoul National university cancer hospital, South Korea
	Case 
series
	4
	TME
	212
	Identify prognostic factors for LLN recurrence in locally advanced rectal ca post CRT
	No

	MERCURY Study group[18]2
	2002-2003
	Participating centres in MECURY Group
	Case control
	3b
	TME
	38
	Compare outcomes of radio+ vs - LLNM patients post CRT
	No 

	Dharnarajan et al[13]
	2000-2005 
	Washington
University School of Medicine, United States
	Case control
	3b
	TME
	30
	Compare outcomes of radio+ vs - LLNM patients post CRT
	No 

	Kim et al[14]
	2001-20051
	Goyang National Cancer Center, South Korea
	Case
series
	4
	TME
	64
	Identify prognostic factors for LLN recurrence in locally advanced rectal ca post CRT
	Yes

	Ogura et al[21]
	2005-2014
	Cancer Institute Hospital, Tokyo, Japan
	Case Control
	3b
	TME and LLND
	107
	Compare laparoscopic TME and LLND for patients with radio+ LLNM vs TME for radio- LLNM based on pre-CRT imaging3
	No 

	Ishihara et al[22]

	2003-2015
	University of Tokyo, Japan
	Case control
	3b
	TME and LLND
	31
	Compare TME and LLND for patients with radio+ LLNM and TME for radio- LLNM based on pre-CRT imaging3 
	Yes 

	Toshiya et al[23] 
	1985-20121
	Cancer Institute Hospital, Tokyo, Japan 
	Case control
	3b
	TME and LLND
	30
	Evaluate outcomes preopCRT vs no CRT in patients undergoing open TME and LLND 
	No

	Akiyoshi et al[24]
	2004-20131
	Cancer Institute Hospital, Tokyo, Japan
	Case 
series 
	3b
	TME and LLND
	77
	Outcomes of TME and LLND for patients with radio+ LLNM based on pre-CRT imaging (MRI) 
	Yes 

	Otowa et al[25]
	2005 -2013
	Kobe University Graduate School of Medicine, Japan
	Case 
series
	3b
	TME and LLND
	10
	Outcomes of TME and LLND for patients with radio+ LLNM based on pre-CRT imaging (MRI)
	No 

	Oh et al[26]
	2004-2011 
	1)Seoul National University Bundang Hospital
2) Seoul National University Hospital
3) National Cancer Center, South Korea
	Cohort study
	2b
	TME and LLND
	66
	Compare outcomes of patients with responsive vs non-responsive LLNM post-CRT who underwent TME and LLND based on pre-CRT imaging of radio+ LLNM 
	Yes

	Akiyoshi et al[27]
	2004-20101
	Cancer Institute Hospital, Tokyo, Japan
	Case control
	3b
	TME and LLND
	38
	Compare TME and LLND for patients with radio+ LLNM vs TME for radio- LLNM based on pre-CRT imaging3
	No 

	Liang et al[28]
	20102
	National Taiwan University Hospital, Taiwan
	Case
 series
	4
	TME and LLND
	34
	Outcomes of laparoscopic TME and LLND for patients with radio+ LLNM based on post-CRT imaging 
	No

	Park et al[29]
	2003-2009 
	Kyungpook National University hospital, South Korea
	Case
series
	4
	TME and LLND
	9
	Outcomes of laparoscopic/ robotic TME and LLND for patients with radio+ LLNM based on post-CRT imaging
	No 


1Study period not specified. 2Potential overlapping data. 3Additional LLND was performed or patients with radiologically +/enlarged LLN based on pre-CRT imaging. +: Positive; -: Negative; Radio: Radiologically; RR: Radiological response; CRT: Chemoradiation therapy; LLNM: Lateral pelvic lymph node metastases; CRT: Chemoradiation therapy; LLN: Lateral pelvic lymph node; LLND: Lateral pelvic lymph node dissection; TME: Total mesorectal excision; MRI: Magnetic resonance imaging. 
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Table 2 Outcomes of total mesorectal excision only in suspicious lateral pelvic lymph node metastases 
	Ref.
	Primary surgery
	T stage 
	 No. of patients with s-LLNM 
	No. of “Responders” post CRT
	Recurrence
	Overall survival
	Disease free survival

	Kim et al[10]
	Sphinc-sav1 83%
Sphinc-sac3 17%
	All T3/4
	157
	98 (62%)
	LR 15% 
SR+LR 6%
	5-yr2 85.7%
5-yr4 74.9%
	5-yr2 76.6%
5-yr4 56.9%

	Inoue et al[11]
	Sphinc-sav1 63% 
Sphinc-sac3 37%
	All T3/4
	19
	7 (37%) 
	3-yr LR 12.5%
	5-yr2 84.8%
5-yr4 72.9%
	5-yr2 77.1% 
5-yr4 32.4%


	Kim et al[12]
	NA
	All T2/3/4
	212
	NA
	5-yr LR 36%
	5-yr 70.3%5
	5-yr 51.4%5

	MECURY Study group[18]
	NA
	T1/2 18%
T3/4 82%
	38
	NA
	NA
	NA
	5-yr 42%

	Dharnarajan et al[13]
	Sphinc-sav1 77% 
Sphinc-sac3 23%
	T1/216%
T3/4 83%
	30
	NA
	13%
	5-yr 54%
	5-yr 42%

	Kim et al[14]
	Either Sphinc-sav/sac
	All T3/4
	64
	46 (72%)
	19.5%2 
44.4%4
	NA
	NA



1Sphincter-saving. 2Radiological responder post CRT. 3Sphincter-sacrificing. 4Radiological non-responder post CRT. 5Average value taken. s-LLNM: Suspicious lateral pelvic lymph node metastases; CRT: Chemoradiation therapy; LR: Local recurrence; SR: Systemic recurrence; NA: Not available.



Table 3 Outcomes of total mesorectal excision and lateral pelvic lymph node dissection in suspicious lateral pelvic lymph node metastases
	Ref.
	Primary Surgery 
	T Stage 
	No. of patients with s-LLNM 
	No. of “responder” post CRT
	No. of pathologic (+) LLN
	Morbidity
(%)
	Recurrence 
	Overall survival
	Disease free survival 

	Ogura et al[21]
	Sphinc-sav1 65%
	T2 2%
	107
	NA
	26 (24%)
	33.60%
	3-yr 3.2%
	3-yr 95.8%
	3-yr 84.7%

	
	Sphinc-sac2 35%
	T3/4 98%
	
	
	
	
	
	
	

	Ishihara et al[22]
	NA
	T1/2 42%
	31
	11 (35%)
	1 (9%)3
	NA
	5-yr 0%
	5-yr 81.2%
	5-yr 100%

	
	
	T3/4 58%
	
	
	15 (75%)4
	
	
	
	

	Toshiya et al[23]
	NA
	All T3/4
	30
	NA
	NA
	NA
	5-yr 3.5%
	5-yr 78.2%
	5-yr 72.1%

	
	
	
	
	
	
	
	
	
	

	Akiyoshi et al[24]
	Sphinc-sav1 61%
	T2 1%
	77
	49 (64%)
	10 (20%)3
	NA
	NA
	NA
	3-yr3 90%

	
	Sphinc-sac2 39%
	T3/4 99%
	
	
	21 (75%)4
	
	
	
	3-yr4 78%

	Otowa et al[25]
	NA
	All T3/4
	10
	NA
	3 (30%) 
	NA
	NA
	NA
	NA

	Oh et al[26]
	Sphinc-sav1 78% 
	T2 3%
	66
	30 (45%)
	3
	43.90%
	LR 2%5 5%6
	5-yr 58.7%
	5-yr 41.2%

	
	Sphinc-sac2 22%
	T3/4 97%
	
	
	224 (61%)
	
	SR+LR 2%5 27%6
	5-yr3 77.1%
	5-yr3 72.5%

	
	　
	　
	
	
	　
	
	SR 16%5 32%6
	5-yr4 44.6%
	5-yr4 33.7%

	Akiyoshi et al[27]
	Sphinc-sav1 55%
	All T3/T4
	38
	NA
	25 (66%)
	36.80%
	LR 2.7%
	NA
	3-yr 83.8%

	
	Sphinc-sac2 45% 
	
	
	
	
	
	
	
	

	Liang et al[28]
	Sphinc-sav1 82%
	All T3/T4 
	34
	NA
	324 (71%)
	20.60%
	LR 3%
	2-yr4 97.1%
	 NA

	
	Sphinc-sac2 18%
	
	
	
	
	
	SR+LR 3%
	
	

	
	　
	
	
	
	
	
	SR 21%
	
	

	Park et al[29]
	Sphinc-sav1 88%
	All T3
	9
	NA
	64 (66%)
	18.70%
	LR 6% 
	NA
	NA

	
	Sphinc-sac2 12%
	
	
	
	
	
	SR 13% 
	
	


1Sphincter-saving. 2Sphincter-sacrificing. 3Radiological responder post CRT. 4Radiological non-responder post CRT. 5Pathological responder. 6Pathological non-responder. s-LLNM: Suspicious lateral pelvic lymph node metastases; CRT: Chemoradiation therapy; LLN: Lateral pelvic lymph node; LR: Local recurrence; SR: Systemic recurrence; NA: Not available.
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