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a b s t r a c t

Introduction: Patients with low rectal cancer are at risk for lateral lymph node metastasis (LLNM).
Neoadjuvant chemoradiotherapy (CRT) is used to eradicate LLNM in the West, whereas in Japan the
addition of lateral lymph node dissection (LLND) to total mesorectal excision (TME) is performed. A
systematic review was conducted to assess incidence, location, risk factors and diagnosis of LLNM and
lateral lymph node (LLN) treatment outcomes.
Method: The Medline, Embase and Cochrane databases were searched for English-language articles
pertaining to LLNs in rectal cancer.
Results: 242 studies were identified and 15 prospective studies selected for qualitative analysis. LLNM
was detected in 7e40% of patients who underwent LLND, and lower incidence occurred in patients
without preoperative suspicion of LLNM. LLNs located along the middle rectal artery were most common.
LLNM was associated with female sex, advanced T stage and positive mesorectal nodes. LLN short-axis
diameter of �10 mm on preoperative imaging appeared to predict LLNM after neoadjuvant CRT. The
addition of LLND to TME seemed to decrease LR and improve survival rates, with comparable results seen
for CRT. LLND appeared to be associated with longer operation time, greater blood loss and increased risk
of sexual and urinary dysfunction.
Conclusion: LLND could be advantageous for patients with suspected LLNM, but associated morbidities
need to be considered. Further studies are needed to improve preoperative identification of LLNs and to
determine how to manage persistent enlarged LLNs after CRT. Furthermore, the applicability of LLND in a
Western population needs to be investigated.
© 2019 The Authors. Published by Elsevier Ltd on behalf of Surgical Associates Ltd. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Total mesorectal excision (TME) is the gold standard surgery for
mid- and low rectal cancer [1]. The lymphatic drainage of tumors in
the upper and middle rectum occurs predominantly longitudinally.
However, rectal tumors can also spread laterally to lymph nodes
along themiddle rectal arteries, internal iliac and obturator arteries
[2e5]. Lateral lymph node metastasis (LLNM) occurs most
commonly in patients with low rectal cancer [4]. Lateral lymph
node (LLN) drainage, in addition to mesorectal drainage, is present
in over 40% of patients with low rectal cancer [6].
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Lateral lymph node dissection (LLND) and chemoradiotherapy
(CRT) can be added to TME to treat potential LLNM in cases of
advanced low rectal cancer [2,7]. In Japanese guidelines, LLND is
indicated for low rectal tumors below the peritoneal reflection
and invasion beyond the muscularis propria (T3-T4 tumors)
[8e10]. In contrast, preoperative CRT followed by TME without
LLND is the standard treatment of advanced rectal cancer
described in American and European guidelines [1,8,11]. In
Europe, LLND is not considered unless persistent enlargement of
LLNs is seen on imaging following CRT, leading to selective LLND
of solitary or multiple LLNs on the affected side [1,12]. According
to the National Comprehensive Cancer Network Clinical Practice
Guidelines for Rectal Cancer which is the standard of care in the
United States, LLND is not routinely performed in the absence of
clinically suspected LLNM, but suspicious LLNs detected outside
the field of resection should be either biopsied or removed [11].
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Local recurrence (LR) rates have decreased substantially with
the routine use of CRT and the implementation of TME [13e19].
However, LR remains a problem, and evidence suggests that lateral
recurrences make up the majority of locoregional recurrences in
patients with locally advanced rectal cancer undergoing preoper-
ative CRT and TME [14,20e22]. As pelvic nodal involvement is
detected despite preoperative CRT, even in cases with complete
pathologic primary tumor responses, neoadjuvant therapy may be
insufficient to sterilize LLNs completely [2,3,23,24]. In Japan, LLNs
are sometimes removed prophylactically to potentially reduce LR
and improve survival for low rectal cancer patients, but this
approach is not used in the West [1,2,10,11].

The significance of LLNs in rectal cancer remains controversial,
considering the use of different treatment modalities in Japan
versus Europe and the United States. The overarching goal was to
investigate the significance, diagnosis, and treatment of LLNs in
rectal cancer. This systematic review was undertaken to determine
the incidence, location, risk factors, and preoperative diagnostic
assessment of LLNM, in addition to LLN treatment outcomes (e.g.
complications, recurrence).
2. Method

2.1. Search strategy

A systematic review was conducted in accordance with the
PRISMA guidelines [25]. The Cochrane, EMBASE and MEDLINE da-
tabases were systematically searched to February 2018. The search
terms included the MeSH terms “rectal neoplasms” and “lymph
nodes” or “lymphatic metastasis”, combined with following free
text words: “low rectal cancer”, “rectal cancer”, “lateral lymph
node”, “LLN”, “lateral pelvic lymph node metastasis”, and “nodal
disease”. The searches were limited to English language and human
clinical trials. Details of the full search strategy are shown in
Appendix A.
2.2. Selection criteria

Titles, abstracts, and full-text articles identified through data-
base searches were screened independently by two reviewers ac-
cording to pre-determined inclusion and exclusion criteria (SG and
MR). Any disagreements in the eligibility assessment of titles, ab-
stracts and full papers were resolved by discussion with a third
reviewer (PB).

Titles were screened for relevance based on inclusion of key
terms related to rectal cancer nodal involvement, treatment and
outcomes. Basic science studies, non-rectal cancer studies, dupli-
cate studies, and titles without any mention of surgery or lymph
nodes were excluded.

Abstracts were screened for studies related to lymph nodes in a
study population of rectal cancer patients of all ages. Studies
evaluating location, diagnosis and risk factors for lymph node
metastasis were included. Treatment modality outcome studies
were included if at least one of the following outcome measures
was evaluated: LR rate, survival, short- and/or long term compli-
cations. Studies in which chemotherapy or radiotherapy (RT) was
given alone, and not as CRT were included.

Inclusion criteria for the full text screening were prospective
studies explicitly related to LLNs. Retrospective studies and non-
full text articles were excluded. Reference lists of included
studies were hand-searched for additional relevant prospective
articles.
2.3. Data extraction

Data collected from the studies included first author, year of
publication, study design and duration, length of follow-up, num-
ber of patients assigned to each treatment arm, eligibility criteria,
tumor stage and location. With respect to data on proportion of
patients with LLNM, LLNM location and risk factors, radiology im-
aging used and accuracy of diagnostic strategy in LLN detection
were abstracted. Outcomes data were also collected when available
including operation time, adverse effects of CRT, peri-operative
surgical complications, survival, and LR.

2.4. Study quality assessment

Methodological quality of studies was assessed using the
Cochrane Collaboration's tool for assessing risk of bias in rando-
mised trials [26] and the Methodological Index for Non-
Randomized Studies (MINORS) [27]. For the Cochrane tool, a
score of �3, 4 and 5 out of 6 was regarded as high, moderate and
low risk of bias, respectively. MINORS contains 8 methodological
points for comparative and non-comparative studies, with an
additional 4 items for comparative studies. Each item is scored as
0 (not reported), 1 (reported but inadequate) or 2 (reported and
adequate). The ideal global score is 16 for non-comparative studies,
and 24 for comparative studies.

2.5. Statistical analysis

The criteria for pooling data to perform meta-analysis were
homogenous studies and results presented as comparable outcome
variables.

3. Results

3.1. Search results and study characteristics

The results of the systematic search are presented in Fig. 1.
Details about the included studies are shown in Table 1, including
eligibility criteria, tumor stage and surgical approach. Six articles
primarily investigated diagnosis, incidence or risk factors for LLNM
[28e33], whereas nine [34e42] were predominantly related to
clinical outcomes of LLND or CRT in addition to TME. Six studies
were randomized controlled trials (RCTs) of which three studies
[35,37,38] were based on the same clinical trial but evaluated
different outcomes such as postoperative morbidities, sexual
dysfunction and LR.

Pooling of the studies through formal meta-analysis was not
feasible due to heterogeneity among studies regarding patient
eligibility criteria, CRT regimens as well as definitions of clinical
outcomes.

3.2. Quality assessment of included studies

Assessment of risk of bias of the RCTs is shown in Appendix B.
One RCT was judged to have low risk of bias, the other two were
considered to havemoderate and high risk of bias. None of the non-
randomized studies reached the ideal global score.

3.3. Diagnosis of lateral lymph node metastasis

Studies evaluating the diagnosis of LLNM are shown in Table 2.
Two studies [29,33] evaluated diagnostic criteria to predict LLNM,
and three studies investigated diagnostic accuracy of LLNM in



Fig. 1. Preferred Reporting Items for Systematic Reviews (PRISMA) flow diagram showing selection of articles for review.
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imaging modalities [31e33]. Lim et al. [29] suspected LLNM on
preoperative magnetic resonance imaging (MRI) if a node was
�5 mm in the largest short-axis diameter, had a heterogenic
pattern or irregular borders. The correlation between preoperative
imaging and metastasis rates on pathological examination was
analysed. Short-axis diameter of �10 mmwas suggested to predict
LLN involvement both before surgery and CRT [29]. Matsuoka et al.
[33] used no predetermined criteria for preoperative detection of
LLNM. Instead, the long and short-axis of the largest LLNs were
measured by MRI and compared to histopathological sizes of
LLNMs after LLND. The authors found that the optimal diagnostic
criteria for LLNM in patients who did not undergo preoperative CRT
was short-axis diameter �5 mm and ovoid shape [33].

The LLNM diagnostic accuracy was evaluated for computed to-
mography (CT) [31,32] and MRI [31,33]. The CT sensitivity in
detecting LLNM was 33e95% with MRI corresponding sensitivity
56e67%. No studies were found of diagnostic accuracy for PET-CT
and LLNM.

3.4. Incidence, location and risk factors of lateral lymph node
metastasis

Studies presenting LLNM incidence and location are shown in
Table 3. A histopathologically verified LLNM incidence of 7e40%
after LLND was found across nine studies [28e33,37,40,41]. Fujita
et al. [37] was the only study that excluded patients with
LLN � 10 mm on preoperative imaging, and showed postoperative
LLNM in 7% of TME þ LLND patients. Yano et al. [32] performed
LLND in patients with suspected mesorectal or LLN involvement on
preoperative CT, with 54% having pathologically confirmed LLNM.
Postoperative LLNM in the entire study including patients without
suspected LLNM was 19.3%. Lim et al. [29] reported LLNM in 40% of
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surgical excisions after preoperative CRT in patients with
LLN � 5 mm on preoperative imaging [29].

Two studies [28,32] addressed anatomical location of LLNM.
Yano et al. [32] reported the middle rectal artery and obturator
regions as the most common as 90% of LLNM were found in these
locations [32]. Ueno et al. [28] reported LLNM in the middle rectal,
the internal iliac and obturator regions in 52.8%, 30.2% and 24.5% of
patients, respectively.

Risk factors associated with LLNM are presented in Table 4.
Female sex was a significant risk factor [29,30]. Lim et al. [29]
identified low rectal tumors (�5 cm from anal verge), high pre-
operative serum carcinoembryonic antigen levels >6.8 nm/ml
after neoadjuvant CRT, and advanced pT- and pN-stage after
neoadjuvant CRT and surgery as significant risk factors for LLNM.
Circumferential resection margin (CRM) positivity was associated
with LLNM since 15.6% of patients with LLNM had positive CRM as
compared to 2.0% for patients without LLNM [29]. Tan et al. [30]
also found � pT3 and positive mesorectal nodes as significant risk
factors for LLNM.
3.5. Complications and perioperative outcomes following LLN
treatment

All complications and perioperative outcomes are presented in
Appendix C.

Three studies evaluated operation time and intraoperative
blood loss for LLND [34,37,40]. Two studies compared LLND to TME
alone [37] or TME with preoperative RT [34]. The operation time
was longer and the intraoperative bleeding was higher for LLND.
Masaki et al. [40] noted longer operation time and greater blood
loss in the pelvic autonomic nerve preservation (PANP) group
compared to the groupwhere LLND included resection of the pelvic
autonomic nerves.

Postoperative morbidity was reported in four studies
[29,34,37,39]. In summary, complications appeared in 22e57% of
LLND patients and in 15.5e50% for non-LLND patients. Fujita et al.
[38] reported on postoperative grade 3e4 complications according
to the National Cancer Institute-Common Toxicity Criteria during
hospital stay including anastomotic leakage, urinary retention,
surgical hemorrhage, infections and ileus. Nagawa et al. [34] re-
ported on complications of surgery, including infections, anasto-
motic leakage and ileus, without a specified time limit.

Postoperative infections were reported in five studies
[34,37,40e42]. Wound infections and/or pelvic abscesses devel-
oped in 2e21% of patients undergoing LLND compared to <1e14%
for non-LLND.

Bowel complications were reported in seven publications
[29,34,37,39e42]. Postoperative ileus occurred in 1e13% of patients
with LLND across six studies, and in <1%e14% for non-LLND pa-
tients. Anastomotic leak was reported with a frequency of 9e11% in
LLND patients vs 9e13% in TME alone patients (þ/� RT) [34,37].
3.6. Postoperative sexual and urinary dysfunction

Studies evaluating sexual and urinary dysfunction are also
presented in Appendix C. Two studies assessed sexual function
using questionnaires before and one year after surgery and re-
ported sexual dysfunction of 79e92% for LLND versus 45e68% for
non-LLND [34,35].

Urinary dysfunction was reported across six studies
[29,34,37,39,41,42]. Nagawa et al. [34] reported a significant dif-
ference in urinary dysfunction after LLND (65%) compared to TME
with PANP (27%).



Table 2
Diagnostic strategies and accuracies for detection of LLN metastasis.

Reference Imaging modality Diagnostic criteria Diagnostic accuracy

Sensitivity Specificity Overall accuracy

Yano et al. [32] Preoperative CT Preoperative: Lymph node involvement if any lymph nodes were
identified by CT, irrespective of size or pattern of enhancement.
Postoperative: Histopathological tumour nodule of 3 mm or more in
diameter in the lateral pelvic area

95% 94% e

Matsuoka et al. [33] Preoperative MRI Preoperative: LLN with largest long axis diameter.
Postoperative: 10 mm or larger in the long axis, 5 mm or larger in the
short axis. Ovoid shape and heterogeneity of the internal structure.
The combination of ovoid shape with a transverse axis diameter 5 mm
or larger on MRI had the highest diagnostic accuracy.

67%
67%

75%
83%

73%
78%

Arii et al. [31] Preoperative Metastasis confirmed if round shaped lymph node > 7 mm in diameter
on preoperative imaging was detected during surgery.- CT

- MRI
33%
56%

78%
97%

75%
83%

Lim et al. [29] Preoperative MRI with
transrectal ultrasound before
CRT and reperformed before
surgery

Preoperative: suspicious LLN involvement when LN size was �5 mm in
the largest short-axis diameter, had a spiculated or indistinct border, or
a mottled heterogenic pattern.
Postoperative: short-axis LLN diameters predicting LLN metastasis
based on comparisons of preoperative imaging with histopathologic
findings (maximum Youden index in the ROC curves)
- 11.7 mm before CRT
- 11.4 mm before surgery
10 mm was suggested as the optimal criteria for LLN metastasis.

68.8%
62.5%

82%
92%

e

e

CT: computed tomography; MRI: magnetic resonance imaging; LLN: lateral lymph node; LN: lymph node; CRT: chemoradiotherapy.

Table 3
Clinical and pathological incidence (%) of lateral lymph node involvement, and anatomical locations of lateral lymph nodes.

Author Preoperative LLN involvement based on
imaging

Postoperative incidence of LLN
metastases based on pathology

Most common anatomical locations of LLN metastases

Fujita et al. [37] None. Patients with extramesorectal LN
involvement not included.

TME with LLND: 7%
- 42% were clinical stage II
- 58% were clinical stage III

Not reported

Masaki et al. [41] Unknown 21% and 27% in respective
group

Not reported

Masaki et al. [40] Unknown Preserved group: 19%
Resected group: 23%

Lim et al. [29] Suspicious LLN metastasis 40.0% Not reported
Tan et al. [30] Suspicious LLN mestastasis on CT or MRI (size

>1 cm)
Unknown in the case of some low rectal cancers

11%
- T1: 0.5%
- T2: 15%
- T3: 16%
- T4: 44%
- T3-T4: 17.3%
- T1-T2: 3.5%

Not reported

Yano et al. [32] Preoperative CT: lateral node enlargement in
54% of patients who underwent LLND (i.e.
patients with mesorectal or lateral nodal
involvement)

54% of patients who underwent
LLND

Metastatic nodes were found in either of the obturator or
middle rectal artery regions in 90% patients with LLN
metastasis. The other LLN metastases were found in the
common iliac region alone and the internal iliac region alone.

Matsuoka et al. [33] 37% had LLN on MRI 29% Not reported
Ueno et al. [28] Unknown for patients with low rectal cancer.

Suspected LLN involvement on CT/MRI/
intraoperatively for high rectal cancers

21.2% Involvement in at least one of the following lateral divisions n
(%):
Middle rectal artery: 28 (52.8), internal iliac: 16 (30.2), common
iliac: 8 (15.1), external iliac: 8 (15.1), obturator nodes: 13 (24.5),
median sacral: 8 (15.1), aortic bifurcation: 3 (5.7).

Arii et al. [31] Unknown 28%
21% with both regional and LLN
metastases

Not reported

LLN: lateral lymph node; LN: lymph node; TME: total mesorectal excision; LLND: lateral lymph node dissection; CT: computed tomography;MRI: magnetic resonance imaging.
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3.7. Comparison of local recurrence and survival after CRT and
LLND

Studies evaluating oncologic outcomes are shown in Table 5.
Four comparative studies addressed LR rates [34,36,38,39]. Nagawa
et al. [34] identified one recurrence in the pelvic cavity in the LLND
group (1/23 ¼ 4%). The LR rates for TME with LLND was 7.4% and
12.6% for TME alone in the study by Fujita et al. [38]. Kusters et al.
[36] reported 5-year LR rates of 6.9% in the LLND group, 5.8% in the
RT þ TME group and 12.1% in the TME alone group. Kim et al. [39]
reported a 5-year 11% LR rate in the LLND group, and no LR in the
postoperative CRT group after 52 months. In the remaining non-
comparative studies, LLND patients showed 5-year LR rates of
5.6e56.8%.

Eight studies reported survival rates [28,29,34,36,38,39,41,42] of
which four compared LLND to TME [34,36,38,39]. Fujita et al. [38]



Table 4
Risk factors associated with LLN metastases.

Author Risk factors associated with LLN metastases

Lim et al. [29] a � Female sex (59.4% of þ LLNs)
� Tumors of the low rectum (90.6% of þ LLNs)
� Higher pre-surgery carcinoembryogenic levels (6.8 ng/mL

in LLN(þ) vs 2.3 ng/mL in LLN(�) patients
� Longer short-axis of the largest LLN, both before and after

CRT (16.5 mm vs 10.6 mm before CRT, 13.4 vs 7.9 mm
before surgery)

� Advanced ypT- and ypN-categories
� CRM positivity
� Poor response to CRT

Tan et al. [30] b � Female sex
� Not well differentiated tumor
� pT3
� Positive microscopic lymphatic invasion
� Positive mesorectal nodes
Low risk of lateral node spread when fewer than three
positive risk factors (out of sex, differentiation, T stage and
mesorectal nodes) are present (4.7%) Three or more positive
risk factors: odds 7.5 times higher (hazard ratio 7.567)

LLN: lateral lymph nodes; CRT: chemoradiotherapy; CRM: circumferential resection
margin.

a Results based on bivariate analysis.
b Results based on multivariate analysis.
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reported a 5-year overall survival rate of 92.6% for TME with LLND
and 90.2% for TME alone. Five-year overall survival for patients with
stage II/III low rectal cancer who underwent TME þ CRT and
TME þ LLND was 85%/71.7% and 72.6%/68.2%, respectively [39]. No
differences were observed in survival or disease-free survival be-
tween LLND and TME with PANP [34]. Kusters et al. [36] reported a
higher cancer-specific survival in the LLND group compared to TME
alone and RT þ TME groups (HR 2.0 and 1.7, respectively).
4. Discussion

This systematic literature review compared LLND with TME
and CRT. LLND seemed to be associated with longer operation
time and greater operative blood loss, as well as higher rates of
urinary and sexual dysfunctions. In terms of oncologic outcomes,
survival rates tended to be better for LLND compared to
TME ± neoadjuvant RT, and CRT addition to TME seemed to
improve survival. LLND lowered LR rates compared to TME alone
but neoadjuvant RT or postoperative CRT in addition to TME
appeared just as effective.

There appears to be a strong correlation between clinical sus-
picion of LLNM on preoperative imaging and pathology results
postoperatively. However, 7% of LLNM patients had no suspicion of
extramesorectal involvement on preoperative imaging in the study
by Fujita et al. [38], which is in accordance with the LLNM diag-
nostic accuracies of CT andMRI with relatively high specificities but
lower sensitivities for LLNM. PET-CT usage for evaluation of LLN
involvement could be of value but needs further investigation. Not
all LLNM will be identified based on imaging size and better tools
for identification are required. Risk factors such as threatened or
involved CRM, advanced T-stage, and mesorectal lymph node
metastasis should alert suspicion of LLNM.

LLNs that remain enlarged after CRT may contain residual
metastatic disease as LLN enlargement after CRT has been asso-
ciated with higher LR rates and shorter survival [43]. A poor
response to CRT in terms of short-axis diameter >10 mm was
identified as predictor of LLNM, suggesting that CRT may not be
sufficient for some patients [29]. Even patients with suspicious
LLNM who showed good response to preoperative CRT on post
treatment MRI (diameter <5mm) have been shown to develop LR,
where the majority occurred in LLNs [44]. Surgical removal of
LLNs that are not fully sterilized could possibly prevent lateral
pelvic recurrences.

Overall morbidity and the incidence of anastomotic leakage
seem similar in LLND patients and patients undergoing TME ± RT.
Most studies reporting on complications used a combination of CRT
and LLND or lacked an appropriate control group, making it difficult
to conclude whether LLND causes more complications compared to
CRT alone. Ileus and infections were more common after LLND,
which may be related to longer operation time.

Although LLND seems to potentially improve survival and LR
rates, complications and dysfunctions related to LLND must be
taken into account. Proper patient selection where the oncological
benefits outweigh the surgical risks is needed. There are indications
that preoperative RT and LLND had comparable outcomes, making
LLND unnecessary in patients where LLNMs have not been
confirmed preoperatively [34,36]. There is currently not enough
data to recommend LLND as prophylactic treatment for advanced
rectal cancers. Combination therapy including CRT and LLND in
addition to TME may improve the outcomes in a subgroup of rectal
cancer patients with suspected or confirmed LLNM on preoperative
evaluation. LLND would eliminate suspicious LLNs not fully treated
by CRT, and furthermore CRT could remove micrometastases in
nodes or surrounding fat tissue that could otherwise contribute to
LR.

This systematic review, is to our knowledge, the only one
exclusively including prospective studies. Limitations involve var-
iations in eligibility criteria, surgical and oncological treatment
given, as well as inconsistencies in follow-up durations and time of
assessment after surgery, tumor stage and location, which all
contribute to significant heterogeneity and affect the comparability
of the studies. Most of the studies published on LLND are Asian, and
apart fromnon-English language publication bias, it is unclear if the
results are applicable to Western populations with higher BMI and
LLND learning curve for Western surgeons [45].

Oncological outcomes for LLND were better compared to TME
alone when LLNM was either absent or unknown preoperatively
[36,38]. Although LLNDmay implicate potential benefits, additional
randomized trials are needed. Fujita et al. [38] is the only largescale
RCT verifying improved LR by LLND compared to TME alone, as
opposed to previous meta-analyses [46,47]. However, many of the
retrospective studies in thesemeta-analyses included patients with
low stage rectal cancer, less likely to have LLNM and thereby benefit
from LLND. Furthermore, neoadjuvant CRT is seldomly used in
Japan but commonly used for stage II and III rectal cancers in the
West. No RCT has compared neoadjuvant CRT with LLND for cases
with suspicious LLNM to CRT alone. An ongoing Japanese RCT
compares perioperative versus postoperative CRT for suspected
LLNM [48], and a Chinese RCT is investigating LLND with neo-
adjuvant therapy in rectal cancer patients with suspicion of LLNM
[49]. A European or American equivalent, including patients at high
risk for LLNM is needed to explore the LLND feasibility for advanced
rectal cancer in the West.

In summary, LLND could be advantageous for patients with
suspected LLNM. Further studies are needed to improve preoper-
ative identification of patients with LLNM and to determine how to
manage persistent enlarged LLNs after CRT. Furthermore, the
applicability of LLND in a Western population with routine use of
CRT for locally advanced rectal cancer needs to be further
investigated.



Table 5
Studies evaluating oncologic outcomes.

Author Follow up time Local Recurrence (%) Survival (%)

Fujita et al. [38] Median 72.2 months TME with LLND: 7.4%
TME: 12.6%

5-year relapse-free survival
TME with LLND: 73.4%
TME alone: 73.3%
HR 1.07

5-year overall survival
TME with LLND: 92.6%
TME: 90.2%
HR: 1.25

5-year local-recurrence-free
survival TME with LLND:87.7%
TME: 82.4% HR 1.37

Masaki et al. [41] Median 34 months 5.6% in the entire group (At 2 years and
thereafter)
5.3% in IORT with PANP group
4.5% in limited PANP group

Overall survival rates and disease-free survival rates were not statistically different between the two groups

Masaki et al. [40] Median 37 months 10% in IORT with PANP group
11% in group with resection of pelvic
autonomic nerves

Not reported

Nagawa et al. [34] Not reported D1: 0%
D2: 4% (one recurrence in pelvic cavity)

No differences observed in survival or disease-free survival between D1 and D2 (no numbers reported)

Ishikura et al. [42] Median 41 months 12% at 3 years 3-year overall survival 78% 3-year progression-free survival
70%

Kim et al. [39] Median 68 and 64 months in CRT
group and LLND group, respectively

5-year locoregional recurrence:
LLND group 11%
CRT group: 0%
LR rates for stage III rectal cancers
LLND group: 16.7%
Postoperative CRT group: 7.5%
Locoregional recurrence after LLND:
- 5.2% with upper rectal cancer
- 12.7% with lower rectal cancer

5-year OS
LLND: 73.9%
Postoperative CRT: 78.3%

5-year DFS
LLND: 68.6%
Postoperative CRT: 67.3%

Lim et al. [29] Median 34 months LR not reported
37.3% overall recurrence rate

3-year overall survival
90.3% for patients without LLN metastasis
60.3% for patients with LLN metastasis

3-year disease free survival rates
70.5% for patients without LLN
metastasis
31.4% for patients with LLN
metastasis HR 2.938

Yano et al. [32] Median 5.7 years LLND group: 13%
Non-LLND: 7%

Not reported

Ueno et al. [28] Average 71 months Locoregional recurrence in 56.8% w/o
distant metastases

5-year survival rate: 26.6% for all LLND patients
5-year survival rate: 32% for patients w/o distant metastases, 0% for patients with distant metastases

Kusters et al. [36] Median 7.0 and 7.9 years for
Japanese and Dutch patients,
respectively

5-year LRR
6.9% in LLND group
5.8% in RT þ TME
12.1% for TME alone (HR 1.6 compared to
LLND group)

Cancer specific survival: higher for LLND than both TME group (HR 2.0 (1.2e3.3) and RT þ TME group (HR 1.7)

TME: total mesorectal excision; LLND: lateral lymph node dissection; HR: hazard ratio; IORT: intraoperative radiotherapy; PANP: pelvic autonomic nerve preservation; LR: local recurrence; OS: overall survival; CRT: che-
moradiotherapy; DFS: disease-free survival; LLN: lateral lymph node; CI: confidence interval; RT: radiotherapy.

S.G
ulevski

et
al./

InternationalJournal
of

Surgery
O
pen

21
(2019)

73
e
82

80



S. Gulevski et al. / International Journal of Surgery Open 21 (2019) 73e82 81
Ethical approval

No ethical approval was required as this was a systematic review
of published articles.

Funding

This research did not receive any specific grant from funding
agencies in the public, commercial, or not-for-profit sectors.

Author contribution

Stephanie Gulevski: reviewed included studies, collected and
analysed data, wrote most of the manuscript.

Marcia M. Russell: reviewed included studies, reviewed and
edited manuscript.

Pamela Buchwald: contributed towriting, reviewing and editing
manuscript.

Conflicts of interest statement

The authors declare no conflict of interest.

Guarantor

Stephanie Gulevski.
Pamela Buchwald.

Appendix A. Supplementary data

Supplementary data to this article can be found online at
https://doi.org/10.1016/j.ijso.2019.09.001.

References

[1] Glimelius B, Tiret E, Cervantes A, Arnold D. Rectal cancer: ESMO Clinical
Practice Guidelines for diagnosis, treatment and follow-up. Ann Oncol
2013;24(Suppl. 6):vi81e8.

[2] Moriya Y. Treatment of lateral pelvic nodes metastases from rectal cancer: the
future prospective. In: G Chir. vol. 34; 2013. p. 245e8 [Italy].

[3] Beart Jr RW. Multidisciplinary management of patients with advanced rectal
cancer. Clin Cancer Res 2007;13. 6890se3s.

[4] Wang Z, Loh KY, Tan KY, Woo EC. The role of lateral lymph node dissection in
the management of lower rectal cancer. Langenbecks Arch Surg 2012;397:
353e61.

[5] Takahashi T, Ueno M, Azekura K, Ohta H. Lateral node dissection and total
mesorectal excision for rectal cancer. Dis Colon Rectum 2000;43:S59e68.

[6] Funahashi K, Koike J, Shimada M, Okamoto K, Goto T, Teramoto T.
A preliminary study of the draining lymph node basin in advanced lower
rectal cancer using a radioactive tracer. Dis Colon Rectum 2006;49:S53e8.

[7] Hida J, Okuno K, Tokoro T. Distal dissection in total mesorectal excision, and
preoperative chemoradiotherapy and lateral lymph node dissection for rectal
cancer. Surg Today 2014;44:2227e42.

[8] Shinagawa T, Tanaka T, Nozawa H, Emoto S, Murono K, Kaneko M, et al.
Comparison of the guidelines for colorectal cancer in Japan, the USA and
Europe. Ann Gastroenterol Surg 2018;2:6e12.

[9] Sugihara K, Kobayashi H, Kato T, Mori T, Mochizuki H, Kameoka S, et al.
Indication and benefit of pelvic sidewall dissection for rectal cancer. Dis Colon
Rectum 2006;49:1663e72.

[10] Watanabe T, Muro K, Ajioka Y, Hashiguchi Y, Ito Y, Saito Y, et al. Japanese
Society for Cancer of the Colon and Rectum (JSCCR) guidelines 2016 for the
treatment of colorectal cancer. Int J Clin Oncol 2018;23:1e34.

[11] National Comprehensive Cancer Network. NCCN Clinical practice guidelines in
oncology rectal cancer 1 [Internet]. 2018 [cited 2018 April 6] Available from:
http://www.nccn.org/professional/physician_gls/pdf/rectal.pdf; 2018.

[12] Glynne-Jones R, Wyrwicz L, Tiret E, Brown G, Rodel C, Cervantes A, et al. Rectal
cancer: ESMO Clinical Practice Guidelines for diagnosis, treatment and follow-
up. Ann Oncol 2018 Oct 1;29(Suppl 4):iv263.

[13] Sauer R, Becker H, Hohenberger W, Rodel C, Wittekind C, Fietkau R, et al.
Preoperative versus postoperative chemoradiotherapy for rectal cancer.
N Engl J Med 2004;351:1731e40.

[14] Bosset JF, Collette L, Calais G, Mineur L, Maingon P, Radosevic-Jelic L, et al.
Chemotherapy with preoperative radiotherapy in rectal cancer. N Engl J Med
2006;355:1114e23.
[15] MaurerCA,Renzulli P,Kull C,KaserSA,Mazzucchelli L, UlrichA,et al. The impactof
the introduction of totalmesorectal excision on local recurrence rate and survival
in rectal cancer: long-term results. Ann Surg Oncol 2011;18:1899e906.

[16] Heald RJ, Ryall RD. Recurrence and survival after total mesorectal excision for
rectal cancer. Lancet 1986;1:1479e82.

[17] MacFarlane JK, Ryall RD, Heald RJ. Mesorectal excision for rectal cancer. Lancet
1993;341:457e60.

[18] Enker WE, Thaler HT, Cranor ML, Polyak T. Total mesorectal excision in the
operative treatmentof carcinomaof the rectum. JAmColl Surg1995;181:335e46.

[19] Heald RJ, Moran BJ, Ryall RD, Sexton R, MacFarlane JK. Rectal cancer: the
Basingstoke experience of total mesorectal excision, 1978-1997. Arch Surg
1998;133:894e9.

[20] Kusters M, Marijnen CA, van de Velde CJ, Rutten HJ, Lahaye MJ, Kim JH, et al.
Patterns of local recurrence in rectal cancer; a study of the Dutch TME trial.
Eur J Surg Oncol 2010;36:470e6.

[21] Kusters M, Holman FA, Martijn H, Nieuwenhuijzen GA, Creemers GJ, Daniels-
Gooszen AW, et al. Patterns of local recurrence in locally advanced rectal
cancer after intra-operative radiotherapy containing multimodality treat-
ment. Radiother Oncol 2009;92:221e5.

[22] Kim TH, Jeong SY, Choi DH, Kim DY, Jung KH, Moon SH, et al. Lateral lymph
node metastasis is a major cause of locoregional recurrence in rectal cancer
treated with preoperative chemoradiotherapy and curative resection. Ann
Surg Oncol 2008;15:729e37.

[23] Hughes R, Glynne-Jones R, Grainger J, Richman P, Makris A, Harrison M, et al.
Can pathological complete response in the primary tumour following pre-
operative pelvic chemoradiotherapy for T3-T4 rectal cancer predict for ster-
ilisation of pelvic lymph nodes, a low risk of local recurrence and the
appropriateness of local excision? Int J Colorectal Dis 2006;21:11e7.

[24] Ishihara S, Kawai K, Tanaka T, Kiyomatsu T, Hata K, Nozawa H, et al. Oncological
outcomes of lateral pelvic lymph node metastasis in rectal cancer treated with
preoperative chemoradiotherapy. Dis Colon Rectum 2017;60:469e76.

[25] Moher D, Liberati A, Tetzlaff J, Altman DG. Preferred reporting items for sys-
tematic reviews and meta-analyses: the PRISMA statement. PLoS Med 2009;6.
e1000097.

[26] Higgins JP, Altman DG, Gotzsche PC, Juni P, Moher D, Oxman AD, et al. The
Cochrane Collaboration's tool for assessing risk of bias in randomised trials.
BMJ 2011;343:d5928.

[27] Slim K, Nini E, Forestier D, Kwiatkowski F, Panis Y, Chipponi J. Methodological
index for non-randomized studies (minors): development and validation of a
new instrument. ANZ J Surg 2003;73:712e6.

[28] Ueno H, Mochizuki H, Hashiguchi Y, Hase K. Prognostic determinants of patients
with lateral nodal involvement by rectal cancer. Ann Surg 2001;234:190e7.

[29] Lim SB, Yu CS, Kim CW, Yoon YS, Park SH, Kim TW, et al. Clinical implication of
additional selective lateral lymph node excision in patients with locally
advanced rectal cancer who underwent preoperative chemoradiotherapy. Int
J Colorectal Dis 2013;28:1667e74.

[30] Tan K, Yamamoto S, Fujita S, Akasu T, Moriya Y. Improving prediction of
lateral node spread in low rectal cancers–multivariate analysis of clinico-
pathological factors in 1,046 cases. In: Langenbeck's archives of surgery/
Deutsche Gesellschaft Fur Chirurgie. vol. 395; 2010. p. 545e9.

[31] Arii K, Takifuji K, Yokoyama S, Matsuda K, Higashiguchi T, Tominaga T, et al.
Preoperative evaluation of pelvic lateral lymph node of patients with lower
rectal cancer: comparison study of MR imaging and CT in 53 patients. Lan-
genbecks Arch Surg 2006;391:449e54.

[32] Yano H, Saito Y, Takeshita E, Miyake O, Ishizuka N. Prediction of lateral pelvic
node involvement in low rectal cancer by conventional computed tomogra-
phy. Br J Surg 2007;94:1014e9.

[33] Matsuoka H, Nakamura A, Masaki T, Sugiyama M, Nitatori T, Ohkura Y, et al.
Optimal diagnostic criteria for lateral pelvic lymph node metastasis in rectal
carcinoma. Anticancer Res 2007;27:3529e33.

[34] Nagawa H, Muto T, Sunouchi K, Higuchi Y, Tsurita G, Watanabe T, et al.
Randomized, controlled trial of lateral node dissection vs. nerve-preserving
resection in patients with rectal cancer after preoperative radiotherapy. Dis
Colon Rectum 2001;44:1274e80.

[35] Saito S, Fujita S, Mizusawa J, Kanemitsu Y, Saito N, Kinugasa Y, et al. Male
sexual dysfunction after rectal cancer surgery: results of a randomized trial
comparing mesorectal excision with and without lateral lymph node dissec-
tion for patients with lower rectal cancer: Japan Clinical Oncology Group
Study JCOG0212. Eur J Surg Oncol 2016;42:1851e8.

[36] Kusters M, Beets GL, van de Velde CJ, Beets-Tan RG, Marijnen CA, Rutten HJ,
et al. A comparison between the treatment of low rectal cancer in Japan and
The Netherlands, focusing on the patterns of local recurrence. Ann Surg
2009;249:229e35.

[37] Fujita S, Akasu T, Mizusawa J, Saito N, Kinugasa Y, Kanemitsu Y, et al. Post-
operative morbidity and mortality after mesorectal excision with and without
lateral lymph node dissection for clinical stage II or stage III lower rectal
cancer (JCOG0212): results from a multicentre, randomised controlled, non-
inferiority trial. Lancet Oncol 2012;13:616e21.

[38] Fujita S, Mizusawa J, Kanemitsu Y, Ito M, Kinugasa Y, Komori K, et al. Meso-
rectal excision with or without lateral lymph node dissection for clinical stage
II/III lower rectal cancer (JCOG0212). Ann Surg 2017;266:201e7.

[39] Kim JC, Takahashi K, Yu CS, Kim HC, Kim TW, Ryu MH, et al. Comparative
outcome between chemoradiotherapy and lateral pelvic lymph node dissec-
tion following total mesorectal excision in rectal cancer. Ann Surg 2007;246:
754e62.

https://doi.org/10.1016/j.ijso.2019.09.001
http://refhub.elsevier.com/S2405-8572(19)30050-6/sref1
http://refhub.elsevier.com/S2405-8572(19)30050-6/sref1
http://refhub.elsevier.com/S2405-8572(19)30050-6/sref1
http://refhub.elsevier.com/S2405-8572(19)30050-6/sref1
http://refhub.elsevier.com/S2405-8572(19)30050-6/sref2
http://refhub.elsevier.com/S2405-8572(19)30050-6/sref2
http://refhub.elsevier.com/S2405-8572(19)30050-6/sref2
http://refhub.elsevier.com/S2405-8572(19)30050-6/sref3
http://refhub.elsevier.com/S2405-8572(19)30050-6/sref3
http://refhub.elsevier.com/S2405-8572(19)30050-6/sref3
http://refhub.elsevier.com/S2405-8572(19)30050-6/sref4
http://refhub.elsevier.com/S2405-8572(19)30050-6/sref4
http://refhub.elsevier.com/S2405-8572(19)30050-6/sref4
http://refhub.elsevier.com/S2405-8572(19)30050-6/sref4
http://refhub.elsevier.com/S2405-8572(19)30050-6/sref5
http://refhub.elsevier.com/S2405-8572(19)30050-6/sref5
http://refhub.elsevier.com/S2405-8572(19)30050-6/sref5
http://refhub.elsevier.com/S2405-8572(19)30050-6/sref6
http://refhub.elsevier.com/S2405-8572(19)30050-6/sref6
http://refhub.elsevier.com/S2405-8572(19)30050-6/sref6
http://refhub.elsevier.com/S2405-8572(19)30050-6/sref6
http://refhub.elsevier.com/S2405-8572(19)30050-6/sref7
http://refhub.elsevier.com/S2405-8572(19)30050-6/sref7
http://refhub.elsevier.com/S2405-8572(19)30050-6/sref7
http://refhub.elsevier.com/S2405-8572(19)30050-6/sref7
http://refhub.elsevier.com/S2405-8572(19)30050-6/sref8
http://refhub.elsevier.com/S2405-8572(19)30050-6/sref8
http://refhub.elsevier.com/S2405-8572(19)30050-6/sref8
http://refhub.elsevier.com/S2405-8572(19)30050-6/sref8
http://refhub.elsevier.com/S2405-8572(19)30050-6/sref9
http://refhub.elsevier.com/S2405-8572(19)30050-6/sref9
http://refhub.elsevier.com/S2405-8572(19)30050-6/sref9
http://refhub.elsevier.com/S2405-8572(19)30050-6/sref9
http://refhub.elsevier.com/S2405-8572(19)30050-6/sref10
http://refhub.elsevier.com/S2405-8572(19)30050-6/sref10
http://refhub.elsevier.com/S2405-8572(19)30050-6/sref10
http://refhub.elsevier.com/S2405-8572(19)30050-6/sref10
http://www.nccn.org/professional/physician_gls/pdf/rectal.pdf
http://refhub.elsevier.com/S2405-8572(19)30050-6/sref12
http://refhub.elsevier.com/S2405-8572(19)30050-6/sref12
http://refhub.elsevier.com/S2405-8572(19)30050-6/sref12
http://refhub.elsevier.com/S2405-8572(19)30050-6/sref13
http://refhub.elsevier.com/S2405-8572(19)30050-6/sref13
http://refhub.elsevier.com/S2405-8572(19)30050-6/sref13
http://refhub.elsevier.com/S2405-8572(19)30050-6/sref13
http://refhub.elsevier.com/S2405-8572(19)30050-6/sref14
http://refhub.elsevier.com/S2405-8572(19)30050-6/sref14
http://refhub.elsevier.com/S2405-8572(19)30050-6/sref14
http://refhub.elsevier.com/S2405-8572(19)30050-6/sref14
http://refhub.elsevier.com/S2405-8572(19)30050-6/sref15
http://refhub.elsevier.com/S2405-8572(19)30050-6/sref15
http://refhub.elsevier.com/S2405-8572(19)30050-6/sref15
http://refhub.elsevier.com/S2405-8572(19)30050-6/sref15
http://refhub.elsevier.com/S2405-8572(19)30050-6/sref16
http://refhub.elsevier.com/S2405-8572(19)30050-6/sref16
http://refhub.elsevier.com/S2405-8572(19)30050-6/sref16
http://refhub.elsevier.com/S2405-8572(19)30050-6/sref17
http://refhub.elsevier.com/S2405-8572(19)30050-6/sref17
http://refhub.elsevier.com/S2405-8572(19)30050-6/sref17
http://refhub.elsevier.com/S2405-8572(19)30050-6/sref18
http://refhub.elsevier.com/S2405-8572(19)30050-6/sref18
http://refhub.elsevier.com/S2405-8572(19)30050-6/sref18
http://refhub.elsevier.com/S2405-8572(19)30050-6/sref19
http://refhub.elsevier.com/S2405-8572(19)30050-6/sref19
http://refhub.elsevier.com/S2405-8572(19)30050-6/sref19
http://refhub.elsevier.com/S2405-8572(19)30050-6/sref19
http://refhub.elsevier.com/S2405-8572(19)30050-6/sref20
http://refhub.elsevier.com/S2405-8572(19)30050-6/sref20
http://refhub.elsevier.com/S2405-8572(19)30050-6/sref20
http://refhub.elsevier.com/S2405-8572(19)30050-6/sref20
http://refhub.elsevier.com/S2405-8572(19)30050-6/sref21
http://refhub.elsevier.com/S2405-8572(19)30050-6/sref21
http://refhub.elsevier.com/S2405-8572(19)30050-6/sref21
http://refhub.elsevier.com/S2405-8572(19)30050-6/sref21
http://refhub.elsevier.com/S2405-8572(19)30050-6/sref21
http://refhub.elsevier.com/S2405-8572(19)30050-6/sref22
http://refhub.elsevier.com/S2405-8572(19)30050-6/sref22
http://refhub.elsevier.com/S2405-8572(19)30050-6/sref22
http://refhub.elsevier.com/S2405-8572(19)30050-6/sref22
http://refhub.elsevier.com/S2405-8572(19)30050-6/sref22
http://refhub.elsevier.com/S2405-8572(19)30050-6/sref23
http://refhub.elsevier.com/S2405-8572(19)30050-6/sref23
http://refhub.elsevier.com/S2405-8572(19)30050-6/sref23
http://refhub.elsevier.com/S2405-8572(19)30050-6/sref23
http://refhub.elsevier.com/S2405-8572(19)30050-6/sref23
http://refhub.elsevier.com/S2405-8572(19)30050-6/sref23
http://refhub.elsevier.com/S2405-8572(19)30050-6/sref24
http://refhub.elsevier.com/S2405-8572(19)30050-6/sref24
http://refhub.elsevier.com/S2405-8572(19)30050-6/sref24
http://refhub.elsevier.com/S2405-8572(19)30050-6/sref24
http://refhub.elsevier.com/S2405-8572(19)30050-6/sref25
http://refhub.elsevier.com/S2405-8572(19)30050-6/sref25
http://refhub.elsevier.com/S2405-8572(19)30050-6/sref25
http://refhub.elsevier.com/S2405-8572(19)30050-6/sref26
http://refhub.elsevier.com/S2405-8572(19)30050-6/sref26
http://refhub.elsevier.com/S2405-8572(19)30050-6/sref26
http://refhub.elsevier.com/S2405-8572(19)30050-6/sref27
http://refhub.elsevier.com/S2405-8572(19)30050-6/sref27
http://refhub.elsevier.com/S2405-8572(19)30050-6/sref27
http://refhub.elsevier.com/S2405-8572(19)30050-6/sref27
http://refhub.elsevier.com/S2405-8572(19)30050-6/sref28
http://refhub.elsevier.com/S2405-8572(19)30050-6/sref28
http://refhub.elsevier.com/S2405-8572(19)30050-6/sref28
http://refhub.elsevier.com/S2405-8572(19)30050-6/sref29
http://refhub.elsevier.com/S2405-8572(19)30050-6/sref29
http://refhub.elsevier.com/S2405-8572(19)30050-6/sref29
http://refhub.elsevier.com/S2405-8572(19)30050-6/sref29
http://refhub.elsevier.com/S2405-8572(19)30050-6/sref29
http://refhub.elsevier.com/S2405-8572(19)30050-6/sref30
http://refhub.elsevier.com/S2405-8572(19)30050-6/sref30
http://refhub.elsevier.com/S2405-8572(19)30050-6/sref30
http://refhub.elsevier.com/S2405-8572(19)30050-6/sref30
http://refhub.elsevier.com/S2405-8572(19)30050-6/sref30
http://refhub.elsevier.com/S2405-8572(19)30050-6/sref31
http://refhub.elsevier.com/S2405-8572(19)30050-6/sref31
http://refhub.elsevier.com/S2405-8572(19)30050-6/sref31
http://refhub.elsevier.com/S2405-8572(19)30050-6/sref31
http://refhub.elsevier.com/S2405-8572(19)30050-6/sref31
http://refhub.elsevier.com/S2405-8572(19)30050-6/sref32
http://refhub.elsevier.com/S2405-8572(19)30050-6/sref32
http://refhub.elsevier.com/S2405-8572(19)30050-6/sref32
http://refhub.elsevier.com/S2405-8572(19)30050-6/sref32
http://refhub.elsevier.com/S2405-8572(19)30050-6/sref33
http://refhub.elsevier.com/S2405-8572(19)30050-6/sref33
http://refhub.elsevier.com/S2405-8572(19)30050-6/sref33
http://refhub.elsevier.com/S2405-8572(19)30050-6/sref33
http://refhub.elsevier.com/S2405-8572(19)30050-6/sref34
http://refhub.elsevier.com/S2405-8572(19)30050-6/sref34
http://refhub.elsevier.com/S2405-8572(19)30050-6/sref34
http://refhub.elsevier.com/S2405-8572(19)30050-6/sref34
http://refhub.elsevier.com/S2405-8572(19)30050-6/sref34
http://refhub.elsevier.com/S2405-8572(19)30050-6/sref35
http://refhub.elsevier.com/S2405-8572(19)30050-6/sref35
http://refhub.elsevier.com/S2405-8572(19)30050-6/sref35
http://refhub.elsevier.com/S2405-8572(19)30050-6/sref35
http://refhub.elsevier.com/S2405-8572(19)30050-6/sref35
http://refhub.elsevier.com/S2405-8572(19)30050-6/sref35
http://refhub.elsevier.com/S2405-8572(19)30050-6/sref36
http://refhub.elsevier.com/S2405-8572(19)30050-6/sref36
http://refhub.elsevier.com/S2405-8572(19)30050-6/sref36
http://refhub.elsevier.com/S2405-8572(19)30050-6/sref36
http://refhub.elsevier.com/S2405-8572(19)30050-6/sref36
http://refhub.elsevier.com/S2405-8572(19)30050-6/sref37
http://refhub.elsevier.com/S2405-8572(19)30050-6/sref37
http://refhub.elsevier.com/S2405-8572(19)30050-6/sref37
http://refhub.elsevier.com/S2405-8572(19)30050-6/sref37
http://refhub.elsevier.com/S2405-8572(19)30050-6/sref37
http://refhub.elsevier.com/S2405-8572(19)30050-6/sref37
http://refhub.elsevier.com/S2405-8572(19)30050-6/sref38
http://refhub.elsevier.com/S2405-8572(19)30050-6/sref38
http://refhub.elsevier.com/S2405-8572(19)30050-6/sref38
http://refhub.elsevier.com/S2405-8572(19)30050-6/sref38
http://refhub.elsevier.com/S2405-8572(19)30050-6/sref39
http://refhub.elsevier.com/S2405-8572(19)30050-6/sref39
http://refhub.elsevier.com/S2405-8572(19)30050-6/sref39
http://refhub.elsevier.com/S2405-8572(19)30050-6/sref39
http://refhub.elsevier.com/S2405-8572(19)30050-6/sref39


S. Gulevski et al. / International Journal of Surgery Open 21 (2019) 73e8282
[40] Masaki T, Matsuoka H, Kobayashi T, Abe N, Takayama M, Tonari A, et al.
Quality assurance of pelvic autonomic nerve-preserving surgery for advanced
lower rectal cancer–preliminary results of a randomized controlled trial. In:
Langenbeck's archives of surgery/Deutsche Gesellschaft Fur Chirurgie. vol.
395; 2010. p. 607e13.

[41] Masaki T, Takayama M, Matsuoka H, Abe N, Ueki H, Sugiyama M, et al.
Intraoperative radiotherapy for oncological and function-preserving surgery
in patients with advanced lower rectal cancer. Langenbeck's Arch Surg
2008;393:173e80.

[42] Ishikura S, Ogino T, Ono M, Arai T, Sugito M, Shimizu W, et al. Preliminary
results of pelvic autonomic nerve-preserving surgery combined with intra-
operative and postoperative radiation therapy for patients with low rectal
cancer. Jpn J Clin Oncol 1999;29:429e33.

[43] Inoue Y, Saigusa S, Hiro J, Toiyama Y, Araki T, Tanaka K, et al. Clinical signif-
icance of enlarged lateral pelvic lymph nodes before and after preoperative
chemoradiotherapy for rectal cancer. Mol Clin Oncol 2016;4:994e1002.

[44] Kim HJ, Choi GS, Park JS, Park SY, Cho SH, Lee SJ, et al. Optimal treatment
strategies for clinically suspicious lateral pelvic lymph node metastasis in
rectal cancer. Oncotarget 2017;8:100724e33.
[45] (2014) Global status report on noncommunicable diseases [Internet]. World
Health Organisation; 2014 [cited 15 August 2018]. Available from: http://
www.who.int/nmh/publications/ncd-status-report-2014/en.

[46] Georgiou P, Tan E, Gouvas N, Antoniou A, Brown G, Nicholls RJ, et al. Extended
lymphadenectomy versus conventional surgery for rectal cancer: a meta-
analysis. Lancet Oncol 2009;10:1053e62.

[47] Cheng H, Deng Z, Wang ZJ, Zhang W, Su JT. Lateral lymph node dissection with
radical surgery versus single radical surgery for rectal cancer: a meta-analysis.
Asian Pac J Cancer Prev 2011;12:2517e21.

[48] Ohue M, Iwasa S, Kanemitsu Y, Hamaguchi T, Shiozawa M, Ito M, et al. A Phase
II/III randomized controlled trial comparing perioperative versus post-
operative chemotherapy with mFOLFOX6 for lower rectal cancer with sus-
pected lateral pelvic node metastasis: Japan Clinical Oncology Group Study
JCOG1310 (PRECIOUS study). Jpn J Clin Oncol 2017;47:84e7.

[49] Wei M, Wu Q, Fan C, Li Y, Chen X, Zhou Z, et al. Lateral pelvic lymph node
dissection after neoadjuvant chemo-radiation for preoperative enlarged
lateral nodes in advanced low rectal cancer: study protocol for a randomized
controlled trial. Trials 2016;17:561.

http://refhub.elsevier.com/S2405-8572(19)30050-6/sref40
http://refhub.elsevier.com/S2405-8572(19)30050-6/sref40
http://refhub.elsevier.com/S2405-8572(19)30050-6/sref40
http://refhub.elsevier.com/S2405-8572(19)30050-6/sref40
http://refhub.elsevier.com/S2405-8572(19)30050-6/sref40
http://refhub.elsevier.com/S2405-8572(19)30050-6/sref40
http://refhub.elsevier.com/S2405-8572(19)30050-6/sref41
http://refhub.elsevier.com/S2405-8572(19)30050-6/sref41
http://refhub.elsevier.com/S2405-8572(19)30050-6/sref41
http://refhub.elsevier.com/S2405-8572(19)30050-6/sref41
http://refhub.elsevier.com/S2405-8572(19)30050-6/sref41
http://refhub.elsevier.com/S2405-8572(19)30050-6/sref42
http://refhub.elsevier.com/S2405-8572(19)30050-6/sref42
http://refhub.elsevier.com/S2405-8572(19)30050-6/sref42
http://refhub.elsevier.com/S2405-8572(19)30050-6/sref42
http://refhub.elsevier.com/S2405-8572(19)30050-6/sref42
http://refhub.elsevier.com/S2405-8572(19)30050-6/sref43
http://refhub.elsevier.com/S2405-8572(19)30050-6/sref43
http://refhub.elsevier.com/S2405-8572(19)30050-6/sref43
http://refhub.elsevier.com/S2405-8572(19)30050-6/sref43
http://refhub.elsevier.com/S2405-8572(19)30050-6/sref44
http://refhub.elsevier.com/S2405-8572(19)30050-6/sref44
http://refhub.elsevier.com/S2405-8572(19)30050-6/sref44
http://refhub.elsevier.com/S2405-8572(19)30050-6/sref44
http://www.who.int/nmh/publications/ncd-status-report-2014/en
http://www.who.int/nmh/publications/ncd-status-report-2014/en
http://refhub.elsevier.com/S2405-8572(19)30050-6/sref46
http://refhub.elsevier.com/S2405-8572(19)30050-6/sref46
http://refhub.elsevier.com/S2405-8572(19)30050-6/sref46
http://refhub.elsevier.com/S2405-8572(19)30050-6/sref46
http://refhub.elsevier.com/S2405-8572(19)30050-6/sref47
http://refhub.elsevier.com/S2405-8572(19)30050-6/sref47
http://refhub.elsevier.com/S2405-8572(19)30050-6/sref47
http://refhub.elsevier.com/S2405-8572(19)30050-6/sref47
http://refhub.elsevier.com/S2405-8572(19)30050-6/sref48
http://refhub.elsevier.com/S2405-8572(19)30050-6/sref48
http://refhub.elsevier.com/S2405-8572(19)30050-6/sref48
http://refhub.elsevier.com/S2405-8572(19)30050-6/sref48
http://refhub.elsevier.com/S2405-8572(19)30050-6/sref48
http://refhub.elsevier.com/S2405-8572(19)30050-6/sref48
http://refhub.elsevier.com/S2405-8572(19)30050-6/sref49
http://refhub.elsevier.com/S2405-8572(19)30050-6/sref49
http://refhub.elsevier.com/S2405-8572(19)30050-6/sref49
http://refhub.elsevier.com/S2405-8572(19)30050-6/sref49

	Significance, diagnosis and treatment of lateral lymph nodes in rectal cancer: A systematic review
	1. Introduction
	2. Method
	2.1. Search strategy
	2.2. Selection criteria
	2.3. Data extraction
	2.4. Study quality assessment
	2.5. Statistical analysis

	3. Results
	3.1. Search results and study characteristics
	3.2. Quality assessment of included studies
	3.3. Diagnosis of lateral lymph node metastasis
	3.4. Incidence, location and risk factors of lateral lymph node metastasis
	3.5. Complications and perioperative outcomes following LLN treatment
	3.6. Postoperative sexual and urinary dysfunction
	3.7. Comparison of local recurrence and survival after CRT and LLND

	4. Discussion
	Ethical approval
	Funding
	Author contribution
	Conflicts of interest statement
	Guarantor
	Appendix A. Supplementary data
	References


