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Thesis abstract 

  

Introduction: Pre-treatment abnormal lateral lymph nodes (LLNs) are present in 

approximately 20% of patients with locally advanced rectal cancer. Western treatment of 

LLNs consists of neoadjuvant (chemo)radiotherapy (nCRT) followed by total mesorectal 

excision (TME), meaning these nodes are not removed surgically. There is, however, 

potential benefit in performing an additional lateral lymph node dissection (LLND) as 

enlarged LLNs have been shown to be predictive for local recurrence. Furthermore, the 

impact on oncological outcomes when enlarged LLNs harbour malignant features is currently 

unknown. Therefore, the aims of this thesis were to investigate if patients benefit from an 

additional LLND after nCRT and to determine oncological outcomes when malignant 

features are present in enlarged LLNs. 

Methods: A multi-centre cohort study was conducted at six tertiary referral centres in the 

US, the Netherlands and Australia. All patients had locally advanced rectal cancer with 

enlarged LLNs with a short-axis of ≥5mm. Malignant features were defined as nodes with 

internal heterogeneity and/or border irregularity. Firstly, patients who underwent nCRT 

followed by TME (LLND-) were compared to those who underwent a LLND in addition to 

nCRT and TME (LLND+). Next, a systematic review and meta-analysis was performed on 

studies comparing LLND- versus LLND+. Finally, patients with and without malignant 

features were compared. Outcomes of interest were local recurrence-free survival (LRFS), 

distant metastatic-free survival (DMFS), disease-free survival (DFS), and overall survival 

(OS). 

Results: LLND+ patients (n=44) were younger with higher ASA-classifications and ypN-

stages compared to LLND- patients (n=115). LLND+ patients had larger median LLNs short-

axes and received more adjuvant chemotherapy (100 vs. 30%; p<0.0001). Between groups, 
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LRFS was 97% for LLND+ versus 89% for LLND- (p=0.13). DFS (p=0.94) and OS (p=0.42) 

were similar. LLND was an independent significant factor for local recurrences (p=0.01) in 

the multi-variate analysis. Sub-analysis of patients who underwent long-course nCRT and 

had adjuvant chemotherapy (LLND- n=30, LLND+ n=44) demonstrated a higher LRFS for 

LLND+ patients (97% versus 84% for LLND-; p=0.04). DFS (p=0.10) and OS (p=0.11) were 

similar between groups. 

Seven studies were included in the systematic review. Five-year LRFS after LLND+ was 

improved (range 85-95%) compared to LLND- (43-89%; statistically significant in three 

studies). DFS was increased after LLND+ (range 61-74%) compared to LLND- (54-79%; 

significant in three studies). No study reported five-year overall survival benefit after LLND+ 

(range 72-80%; 69-91% for LLND-). 

In the analysis of malignant features, median LLNs short-axis was 7mm (range 5-28) for the 

complete cohort, of whom 60 patients (52%) had malignant features. LLNs with malignant 

features showed no difference in LRFS (p=0.20) but had worse DMFS (p=0.004) and OS 

(p=0.006) compared to those without malignant features. Cox regression analysis confirmed 

malignant features as an independent factor for DMFS.   

Conclusions: This thesis suggests that a LLND in addition to nCRT in locally advanced 

rectal cancer improves LRFS and DFS, and that malignant features present in enlarged LLNs 

are predictive for a worse DMFS. More high-quality studies are required to further explore 

the value of LLND and the role of malignant features in LLNs. 
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General introduction 

 

The incidence of colorectal cancer in Australia is 15,540 patients per year, with over 5,000 

patients dying from this disease annually.1 In approximately a third of patients with colorectal 

cancer, the tumour is located in the rectum. Of these, 20-25% suffer from locally advanced 

rectal cancer (American Joint Committee on Cancer [AJCC] Stage III disease) with disease 

progression to the loco-regional lymph nodes, either to the nodes directly surrounding the 

rectum in the mesorectum, or farther from the rectum to the so-called lateral lymph nodes 

(LLNs) in the pelvic side-wall in one of the following drainage basins: obturator, internal 

iliac, external iliac and/or common iliac basin.2-6 (Figure I.1)  

Pre-treatment, LLNs are considered metastatic when they are enlarged, commonly ≥5mm in 

short-axis diameter, although size criteria have been debated, with or without one of the 

following malignant features: border irregularity or internal heterogeneity.4-6 (Figure I.2) 

 

Figure I.1a: Lymphatic drainage of the rectum and lateral pelvic lymph nodes. (adopted 

from: Otero de Pablos, et al.)5 
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Figure I.1b: External iliac basin (red), obturator basin (green) and internal iliac basin (blue) 

on MRI. (adopted from: Ogura, et al.)6 

 
 

 

Figure I.2: Pre-treatment pelvic MRI of patient with locally advanced rectal cancer with 

enlarged lateral lymph nodes with (black arrow) and without (white arrow) malignant 

features. 

 

 

There is some divergence in cancer treatment paradigms between Eastern and Western 

centres in this area. In the West, standard treatment of patients with rectal cancer and disease 

progression to the mesorectal lymph nodes consists of neoadjuvant chemoradiotherapy 
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(nCRT) followed by total mesorectal excision (TME) surgery, during which the rectum with 

the tumour and the surrounding lymph nodes in the mesorectum are removed.7 Contrary to 

involved mesorectal lymph nodes, pre-treatment enlarged LLNs are normally not removed 

surgically. In these patients, it is assumed LLNs are neutralised by nCRT, however, it is 

unclear if this treatment is indeed sufficient.8-9 In comparison to patients with metastatic 

mesorectal lymph nodes only, patients with LLNs have an increased risk of developing local 

recurrences (LR), which can severely impact quality of life due to symptoms such as pain and 

limb swelling, and can reduce overall survival (OS).4,10-12  

In contrast, for AJCC Stage III rectal cancer patients with pre-treatment enlarged LLNs, the 

treatment strategy in the East (mainly South Korea and Japan) has evolved differently, 

consisting of TME, often without nCRT, but with a lateral lymph node dissection (LLND).3 

Interestingly, comparisons of the Western (nCRT) and the Eastern (LLND) treatments for 

pre-treatment enlarged LLNs have shown similar LR and OS rates, despite the differences in 

approach.4,9,13  

In recent years, an increasing number of studies suggest beneficial long-term oncological 

outcomes when a LLND during TME is performed in addition to nCRT in patients with pre-

treatment enlarged LLNs.14-16 Therefore, combining both treatment modalities may improve 

oncological outcomes. However, since these studies have mostly been conducted in the East 

without a comparative group, it remains unclear whether an additional LLND after nCRT 

leads to improved LR rates and OS in Western patients.  

This thesis comprises three chapters investigating the metastatic potential and long-term 

oncological outcomes of pre-treatment abnormal LLNs and evaluates the results of an 

addition LLND following nCRT.  

Chapter 1 is the first comparative study describing long-term oncological outcomes of 

Western patients with rectal cancer, all treated with nCRT and undergoing either a LLND 
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during TME (LLND+ group) or TME only (LLND- group). An international multi-centre 

collaborative was formed between six international tertiary referral centres from the 

Netherlands (NL: Antoni van Leeuwenhoek-Netherlands Cancer Institute in Amsterdam, 

Catharina Hospital in Eindhoven and Leiden University Medical Center in Leiden), Australia 

(AUS: Royal Adelaide Hospital and St. Andrew’s hospital both in Adelaide) and the United 

States (US: MD Anderson Cancer Center in Houston (MDACC), Texas). From these centres, 

data were compiled and analysed. Results show that a LLND in addition to nCRT may 

improve loco-regional control in Western patients with rectal cancer and pre-treatment 

enlarged LLNs, with significantly lower LR rates (LRR) in the LLND+ group in the 

multivariate analysis as well as in the univariate analysis of the subgroup of patients who all 

had adjuvant chemotherapy. 

Chapter 2 brings together the work from chapter 1 with the current literature, which 

developed during the course of the thesis, in a systematic review and meta-analysis. This 

study includes seven studies that reported long-term oncological outcomes of rectal cancer 

patients with pre-treatment enlarged LLNs undergoing a LLND at the time of TME in 

addition to nCRT (LLND+ group) versus patients who underwent nCRT and TME only 

(LLND- group). The results of this systematic review show lower LR rates for the LLND+ 

group but no difference in disease-free survival and OS between both groups.  

Chapter 3 aims to further refine which patient may benefit most from a LLND. Previous 

studies have suggested that enlarged LLNs are predictive of LR after standard Western 

treatment, consisting of nCRT followed by TME, which was confirmed in Chapter 1 and 

2.4,12,17,18 but not much is known of the impact when malignant features are also present. 

Therefore, this chapter compares long-term oncological outcomes of patients from the above-

mentioned centres, with pre-treatment enlarged LLNs and malignant features to those without 

malignant features, who were all treated according to the Western standard of nCRT followed 
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by TME, without a LLND. The results confirm that pre-treatment enlarged LLNs are 

predictive of LR in the univariate and multivariate analyses. In addition, the presence of 

malignant features are predictive for a worse distant metastatic-free survival, suggesting an 

increased metastatic potential of these nodes.  

Considering the results described in the chapters of this thesis, an argument could be made to 

perform an additional LLND during TME after nCRT in rectal cancer patient with pre-

treatment abnormal LLNs, with size and morphology influencing decision making.  
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Abstract 

 

 

Introduction: In the West, low rectal cancer patients with abnormal lateral lymph nodes 

(LLNs) are commonly treated with neoadjuvant (chemo)radiotherapy (nCRT) followed by 

total mesorectal excision (TME). Additionally, some perform a lateral lymph node dissection 

(LLND). To date, no comparative data (nCRT vs. nCRT+LLND) are available in Western 

patients.  

Methods: An international multi-centre cohort study was conducted at six centres from the 

Netherlands, US and Australia. Patients with low rectal cancers from the Netherlands and 

Australia with abnormal LLNs (≥5mm short-axis in the obturator, internal iliac, external iliac 

and/or common iliac basin) who underwent nCRT and TME (LLND- group) were compared 

to similarly staged patients from the US who underwent a LLND in addition to nCRT and 

TME (LLND+ group). 

Results: LLND+ patients (n=44) were younger with higher ASA-classifications and ypN-

stages compared to LLND- patients (n=115). LLND+ patients had larger median LLNs short-

axes and received more adjuvant chemotherapy (100 vs. 30%; p<0.0001). Between groups, 

the local recurrence rate (LRR) was 3% for LLND+ vs. 11% for LLND- (p=0.13). Disease-

free survival (DFS, p=0.94) and overall survival (OS, p=0.42) were similar. On multivariable 

analysis, LLND was an independent significant factor for local recurrences (p=0.01). Sub-

analysis of patients who underwent long-course nCRT and had adjuvant chemotherapy 

(LLND- n=30, LLND+ n=44) demonstrated a lower LRR for LLND+ patients (3% vs. 16% 

for LLND-; p=0.04). DFS (p=0.10) and OS (p=0.11) were similar between groups.  

Conclusion: A LLND in addition to nCRT may improve loco-regional control in Western 

patients with low rectal cancer and abnormal LLNs. Larger studies in Western patients are 

required to evaluate its contribution. 
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Introduction 

 

Pre-treatment abnormal lateral lymph nodes (LLNs; ≥5mm short-axis in the obturator, 

internal iliac, external iliac and/or common iliac basin) are present in 16-23% of patients with 

a primary locally advanced low rectal cancer.1 These LLNs are associated with increased risk 

of developing local recurrences (LR).2 In most Western centres, standard treatment for 

patients with LLNs is similar to the treatment of those without LLNs and consists of 

neoadjuvant (chemo)radiotherapy (nCRT), mostly with extended beam radiotherapy to 

include the LLNs basins, followed by total mesorectal excision (TME).3-5 This means that, in 

the West, abnormal LLNs are normally not resected but are assumed to be sterilized by 

nCRT. It is, however, unclear how effective this Western treatment approach in neutralizing 

LLNs.6-9  

In contrast, for similarly staged patients, the treatment strategy in the East (mainly Japan) has 

evolved in a different direction, consisting of TME, often without nCRT, but with a lateral 

lymph nodal dissection (LLND).1,10 Recent data from primarily Eastern centres and two 

Western centres performing LLNDs have suggested oncological benefit in terms of lower 

local recurrence rates (LRR), when, after nCRT, a LLND is carried out at the time of TME 

compared to nCRT and TME alone.11 This is likely due to residual disease in the LLNs after 

nCRT.8,9 For this reason, some centres in the West now treat patients with low rectal cancer 

and LLNs with nCRT and LLND.12,13 

To date, however, no studies exist in Western LLNs patients comparing those undergoing a 

TME with LLND to TME only after nCRT. It remains therefore unclear whether a LLND 

after nCRT leads to lower LRR in this population. In order to investigate its value, we 

conducted an international multi-centre study including Western patients only with locally 

advanced low rectal cancers and LLNs who underwent nCRT followed by a LLND at the 
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time of TME, or TME only, with the hypothesis that an additional LLND results in a lower 

LRR. 
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Methods 

 

The ‘Strengthening the Reporting of Observational Studies in Epidemiology’ guideline was 

used for this paper.14 

A retrospective comparative cohort study was conducted at six international tertiary referral 

centres from the Netherlands (NL: Antoni van Leeuwenhoek-Netherlands Cancer Institute in 

Amsterdam, Catharina Hospital in Eindhoven and Leiden University Medical Center in 

Leiden), Australia (AUS: Royal Adelaide Hospital and St. Andrew’s hospital both in 

Adelaide) and the MD Anderson Cancer Center in Houston (MDACC), Texas, USA. Patients 

from MDACC underwent nCRT and a LLND with TME and were compared to NL/AUS 

patients who were treated with nCRT and TME only (without LLND). The study was 

approved by the human research ethics committee at each site.  

For the current study, patient inclusion criteria from the Lateral Node Study Consortium were 

adopted.11 Included were consecutive patients from each centre, ≥18 years with a primary 

locally advanced rectal cancer ≤8 cm of the anal verge with abnormal pre-treatment lateral 

lymph nodes on staging MRI, without distant metastases, who were treated with curative 

intent between January 2009 and December 2016, with a minimum of three-year follow-

up.1,11 LLNs were considered abnormal in case of a short-axis of ≥5 mm in the following 

anatomical locations: the obturator, internal iliac, external iliac and/or common iliac 

basins.1,15-17 The MRI’s were re-reviewed and reported by dedicated radiologists. All patients 

underwent neoadjuvant therapy which consisted of either short-course radiotherapy (5x5 

Gray) or long-course chemoradiotherapy (45-50.4 Gray in 28 fractions over 5.5 weeks) with 

one of the following concomitant chemotherapy regimens: FOLFOX (folinic acid, 

fluorouracil and oxaliplatin), capecitabine, or 5-fluorouracil. In all participating centres, 

radiotherapy routinely a boost and fields were extended to include LLNs basins. Restaging 
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after nCRT was not performed routinely at all participating sites. A TME with curative intent 

was carried out 6-8 weeks after completion of nCRT. Additionally, MDACC patients 

underwent an indicated LLND at the time of TME to remove the pre-treatment abnormal 

LLN basins according to a previously described technique.3,6,18 None of the AUS/NL patients 

underwent a LLND. All operations were performed by two to five senior attending surgeons 

per centre at least three years before data analysis. Following surgery, routine oncological 

follow-up took place. LR was defined as tumour regrowth in the pelvis at the site of the 

anastomosis, the previously resected mesorectal tissues, or in one or more of the LLNs 

basins. Lateral local recurrence (LLR) was defined as tumour regrowth in one or more of the 

LLNs basins. Distant metastases were defined as tumour growth in inguinal and/or para-

aortic lymph nodes, peritoneum and/or in distant organs. Excluded were patients with a high 

rectal cancer (>8cm), those with distant metastatic disease beyond the LLNs at the time of 

diagnosis, patients with LR after previous rectal resections, patients who did not receive 

nCRT, and patients who did not undergo TME. 

Preoperative data collected included age, sex, body mass index (BMI), ASA-classification, 

cTNM-stage, height of tumour from the anal verge on MRI, clinical circumferential resection 

margin (cCRM), side of LLNs, short-axis and malignant features (defined as nodes with 

internal heterogeneity and/or border irregularity; Figure 1.1) of LLNs and type of 

neoadjuvant therapy. Peri-operative data included: type of resection, operation time, side and 

sites of LLNs resected (MDACC only), Clavien-Dindo complication grade19, Length of 

hospital stay (LOS), ypTNM-stage, resection margins, lymphovascular invasion, number of 

lymph nodes resected, and adjuvant chemotherapy. Primary outcomes were LLR and LR. 

Secondary outcomes were: postoperative complications, 30-day mortality, distant metastatic-

free survival (DMFS), disease-free survival (DFS) and overall survival (OS). Time to LLR 

and LR, and DMFS, DFS and OS were all calculated from time of surgery until occurrence of 
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event. Data were collected at the six participating hospitals using departmental prospective 

colorectal databases, and electronic and paper medical records. 

 

 

Figure 1.1: Pre-treatment pelvic MRI of a patient with locally advanced rectal cancer with 

enlarged lateral lymph nodes with and without malignant features. 

 

 

De-identified data of all participating centres were collected, forming a new database which 

was collectively analysed. Patients were divided into two groups: LLND+ group (MDACC 

data) and LLND- group (NL/AUS data). Two analyses were performed: one including the 

complete cohort and one including only those patients receiving adjuvant chemotherapy. 

Continuous variables are shown as medians with range and categorical variables are 

presented as absolute numbers with percentages. Differences in characteristics between 

groups were evaluated with the Mann Whitney U-test for continuous variables, and the Chi-

square or the Fisher's exact test (in tables indicated with *) for categorical variables.20 Lateral 

local recurrence rate (LLRR), LRR, DMFS, DFS, and OS were estimated using the Kaplan-

Meier method, with the Mantel-Haenszel tests from the day of surgery.21 For LLRFS, an 

event was defined as tumour recurrence in one or more of the LLNs basins. For LRFS, this 



34 
 

was defined as tumour recurrence in the pelvis at the site of the anastomosis, the previously 

resected mesorectal tissues, or in one or more of the LLNs basins. For DMFS, an event was 

defined as distant tumour recurrence in liver, lung, peritoneum, or any other distant organ 

site. For DFS, this was defined as lateral and local tumour recurrence, and distant metastases. 

For OS, an event was defined as death from all causes. Multivariable survival analysis was 

performed using the Cox proportional hazard model with stepwise backward method. A p-

value of ≤0.05 was considered statistically significant. Statistical analyses were performed 

using SPSS version 25.0 (IBM Corp, Armonk, NY, USA) and GraphPad Prism version 8.0.2 

(GraphPad Software Inc., San Diego, CA, USA).  
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Results 

 

Complete cohort 

In total, 159 rectal cancer patients with pre-treatment abnormal LLNs met the inclusion 

criteria; 44 of whom in the LLND+ group and 115 in the LLND- group.  

LLND+ patients were significantly younger (median 56 vs. 64 years; p=0.0009), included 

more female patients (52 vs. 25%; p=0.002) and had higher ASA-classifications (p<0.0001; 

Table 1.1). The tumour was located more proximally in the LLND+ patients (median 5.0 vs. 

3.3cm from the anal verge; p=0.016) with significantly fewer having cT4 disease (20 vs. 

36%; p=0.023) but more with advanced mesenteric nodal stages (cN1/2 in 95 vs. 83%; 

p=0.032). The LLNs in LLND+ patients had a larger median short-axis diameter (11.0 vs. 

7.0mm; p<0.0001), but showed fewer malignant features on MRI compared to LLND- 

patients (29 vs. 52%; p=0.012). Furthermore, LLND+ patients had more LLNs located in 

multiple nodal basins (34 vs. 7%; p<0.0001). All LLND+ patients received long-course 

nCRT, whereas 17% of the LLND- patients received a short-course regimen (p=0.001). 

 

Table 1.1: Baseline patient and tumour characteristics of complete cohort of low rectal 

cancer patients with pre-treatment abnormal lateral lymph nodes either undergoing 

neoadjuvant (chemo)radiotherapy followed by lateral lymph node dissection at the time of 

total mesenteric excision (TME), or had neoadjuvant (chemo)radiotherapy and TME only.  

 Abnormal LLNs not 

resected 

(n=115) 

Abnormal LLNs 

resected 

(n=44) 

P-value 

Age in years, median 

(range) 

 

 

64 (26 - 85) 

 

56 (20 - 82) 

 

0.0009 

 

Sex (%) 

  Male 

  Female 

 

 

 86 (75) 

29 (25) 

 

 

21 (48) 

23 (52) 

 

0.002 

BMI, median (range) 

 

26.6 (16.9 - 46.2) 26.7 (17.2 - 48.5) 0.36 

ASA-classification (%) 

  1 

 

9 (16) 

 

1 (2) 

 

<0.0001 
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  2 

  3 

  4 

  

32 (58) 

14 (26) 

0 (0)1 

 

5 (11) 

38 (87) 

0 (0) 

cT-stage (on MRI) (%) 

  cT1 

  cT2 

  cT3 

  cT4 

 

 

0 (0) 

1 (1) 

72 (63) 

42 (36) 

 

0 (0) 

3 (7) 

32 (73) 

9 (20) 

 

0.023 

cN-stage mesenteric 

(on MRI) (%) 

  cN0 

  cN1 

  cN2 

 

 

 

19 (17) 

38 (33) 

58 (50) 

 

 

2 (5) 

23 (52) 

19 (43) 

 

 

0.032 

Height of tumour in 

cm, median (range) 

 

 

3.3 (0.0 - 9.5) 

 

5.0 (0.0 - 10.0) 

 

0.016 

cCRM-involvement 

(on MRI) (%)* 

  Yes 

  No  

 

 

 

48 (42) 

67 (58) 

 

 

17 (39) 

27 (61) 

 

 

0.86 

Side of LLNs (%) 

  Left 

  Right  

  Both 

 

 

49 (43) 

59 (51) 

7 (6) 

 

15 (34) 

17 (39) 

12 (27) 

 

0.001 

Site of LLNs (%) 

  External iliac 

  Internal iliac 

  Obturator  

  Common iliac 

   

 

9 (8) 

34 (29) 

73 (61) 

3 (2)3 

 

1 (2) 

35 (60) 

16 (28) 

6 (10)2 

 

<0.0001 

Short-axis LLNs in 

mm, median (range) 

 

 

7.0 (5 - 28) 

 

11.0 (5 - 70) 

 

<0.0001 

Malignant features 

LLNs (%)* 

  Yes 

  No  

 

 

61 (52) 

54 (48) 

 

 

 

13 (29) 

31 (71) 

 

 

0.012 

Malignant features 

LLNs (%) 

 No 

 Heterogeneity 

 Irregular border 

 Both 

 

 

 

54 (47) 

24 (21) 

 11 (9) 

 26 (23) 

 

 

31 (71) 

7 (16) 

5 (11) 

1 (2) 

 

 

0.009 
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Neoadjuvant therapy 

(%)* 

  Short-course RT  

  Long-course CRT 

 

 

 

 20 (17) 

95 (83) 

 

 

0 (0) 

44 (100) 

 

 

0.001 

LLNs: lateral lymph nodes, BMI: body mass index, ASA: American Society of 

Anaesthesiologists, cT-stage: clinical tumour stage, MRI: magnetic resonance imaging, cN-

stage: clinical nodal stage, cCRM: clinical circumferential resection margin, RT: 

radiotherapy, CRT: chemoradiotherapy, 1 60 patients missing, 2 58 sites involved, 3 119 sites 

involved. *Fisher’s exact test. 

 

There was an equal distribution in the procedure type between groups (Table 1.2). The 

surgery was performed more often by an open approach (77 vs. 46%; p=0.0005) and took 

longer in LLND+ patients (median 436 vs. 255 minutes; p<0.0001) but they had a shorter 

median hospital stay (8 vs. 11 days; p=0.0004). On pathological analysis, LLND+ patients 

had more advanced nodal (ypN)-stage (ypN I/II in 61 vs. 37%; p=0.018). In the LLND+ 

group, the median number of LLNs removed was 3, with a median of 0.5 being tumour 

positive upon histopathology. In 22 (50%) of the LLND+ patients, metastases were found in 

the LLNs upon histopathology. Two out of the eight patients (25%) with LLNs with a short-

axis of 5-6mm had metastatic nodes upon histopathology. Adjuvant chemotherapy was 

administered to significantly more LLND+ patients (100 vs. 30%; p<0.0001).  

 

Table 1.2: Peri-operative characteristics and postoperative histopathology of complete cohort 

of low rectal cancer patients with pre-treatment abnormal lateral lymph nodes either 

undergoing neoadjuvant (chemo)radiotherapy followed by lateral lymph node dissection at 

the time of total mesenteric excision (TME), or had neoadjuvant (chemo)radiotherapy and 

TME only. 

 Abnormal LLNs not 

resected 

(n=115) 

Abnormal LLNs 

resected 

(n=44) 

P-value 

Type of resection 

(%) 

  LAR 

  APR 

  Exenteration 

 

 

 

53 (46) 

62 (54) 

0 (0) 

 

 

19 (43) 

22 (50) 

3 (7) 

 

 

0.30 

 

Approach (%)* 

  Open 

 

48 (46) 

 

34 (77) 

 

0.0005 
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  Minimally  

  invasive 

 

56 (54)1 10 (23) 

Operation time in 

minutes, median 

(range) 

 

 

255 (78 - 675)2 

 

436 (176 - 898)3 

 

<0.0001 

Side of LLNs 

resected (%) 

  Left 

  Right 

  Both 

 

 

N/A 

 

 

15 (34) 

17 (39) 

12 (27) 

 

 

 

N/A 

Clavien-Dindo 

grade (%)19 

  0 

  1 

  2 

  3 

  4 

  5 

 

 

 

19 (41) 

0 (0) 

21 (45) 

3 (6) 

3 (6) 

1 (2)4 

 

 

20 (46) 

1 (2) 

13 (30) 

9 (20) 

1 (2) 

0 (0) 

 

 

0.64 

Length of hospital 

stay in days, 

median (range) 

 

 

11 (4 - 62)2 

 

8 (2 - 58) 

 

0.0004 

ypT-stage (%) 

  ypT0 

  ypT1 

  ypT2 

  ypT3 

  ypT4 

 

 

12 (11) 

6 (5) 

30 (26) 

54 (47) 

13 (11) 

 

4 (9) 

4 (9) 

9 (20) 

21 (48) 

6 (14) 

 

0.85 

ypN-stage (%) 

  ypN0 

  ypN1 

  ypN2 

 

 

72 (63) 

29 (25) 

14 (12) 

 

17 (39) 

16 (36) 

11 (25) 

 

0.018 

Resection 

margins (%) 

  R0 

  R1 

  R2 

 

 

 

103 (89) 

11 (10) 

1 (1) 

 

 

 39 (89) 

5 (11) 

0 (0) 

 

 

0.78 

Lympho-vascular 

invasion (%)* 

  Yes 

  No 

 

 

 

23 (22) 

 83 (78)5 

 

 

13 (30) 

31 (70) 

 

 

0.30 
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Total number of 

mesorectal LN 

harvested, median 

(range) 

 

Total number of 

LLNs harvested, 

median (range) 

 

 

16 (5 - 46) 

 

 

 

N/A 

 

22.5 (6 - 60) 

 

 

 

3 (0 - 15) 

 

0.004 

 

 

 

N/A 

 

Tumour positive 

mesorectal lymph 

nodes, median 

(range) 

 

Tumour positive 

LLNs, median 

(range) 

 

 

0 (0 - 14) 

 

 

 

N/A 

 

0 (0 - 13) 

 

 

 

0.5 (0 - 3) 

 

0.15 

 

 

 

N/A 

Adjuvant 

chemotherapy 

(%)* 

  No 

  Yes 

 

 

 

 

80 (70) 

35 (30) 

 

 

 

0 (0) 

44 (100) 

 

 

 

 

<0.0001* 

LLNs: lateral lymph nodes, LAR: low anterior resection, APR: abdomino-perineal resection, 

ypT-stage: post-neoadjuvant pathological tumour stage, ypN-stage: post-neoadjuvant nodal 

stage, LN: lymph nodes, N/A: not-applicable, 1 11 patients missing, 2 60 patients missing 310 

patients missing, , 4 68 patients missing, 5 9 patients missing. *Fisher’s exact test. 
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Median follow-up for LLND+ patients was 47 months (range 1-141), and 59 months (range 

1-106) for LLND- patients. No patients were lost to follow-up. There were no significant 

differences between groups in three-year LLRR (0% for LLND+ vs. 7% for LLND-; p=0.09), 

LRR (3% for LLND+ vs. 11% for LLND-; p=0.13), DMFS (p=0.72), DFS (p=0.94) and OS 

(p=0.42). (Figure 1.2) 

 

Figure 1.2: Kaplan-Meier survival curves of complete cohort showing lateral local 

recurrence-free survival (2a; p=0.09), local recurrence-free survival (2b; p=0.13), distant 

metastatic-free survival (2c; p=0.72), disease-free survival (2d; p=0.94) and overall survival 

(2e; p=0.42) for LLND+ vs. LLND- patients. 
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Cox multivariable analysis showed that LLND was an independent significant factor for LRs 

(p=0.01). (Table 1.3) 

 

Table 1.3: Complete cohort - Cox regression analysis summary.  

HR: hazard ratio, 95%CI: 95% confidence interval, ypN-stage: post-neoadjuvant pathological 

nodal stage, LLND: lateral lymph node dissection, cCRM: clinical circumferential resection 

margin. 

 

 

 

 

 

 

 

 

 

Endpoint - Variable p-value HR 95%CI 

  
Lateral local recurrence  

   ypN-stage 

 

 

0.04 

 

4.26 

 

1.28 – 14.74 

Local recurrence  

   Age  

   Short axis  

   ypN-stage 

   LLND 

 

 

0.02 

0.02 

0.04 

0.01 

 

0.91 

1.33 

9.89 

8.34 

 

0.84 – 0.99 

1.06 – 1.68 

1.06 – 22.75 

3.07 – 32.94 

Distant metastasis  

   cCRM involved   

   Malignant features  

   Resection margin  

   Adjuvant chemotherapy  

 

 

0.04 

0.03 

0.01 

0.04 

 

2.37 

0.35 

4.20 

4.63 

 

1.04 – 5.40 

0.14 – 0.91 

1.39 – 12.76 

1.64 – 13.04 

Overall survival 

   Age   

   Resection margin 

 

 

0.05 

0.04 

 

 

1.03 

4.89 

 

 

1.01 – 1.06 

1.68 – 14.27 
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Adjuvant chemotherapy cohort 

Table 1.4 shows the analysis of the baseline patient and tumour characteristics of patients 

who all underwent long-course nCRT and had adjuvant chemotherapy (n=44 for the LLND+ 

group; n=30 for the LLND- group). The LLND+ group consisted of more female patients (52 

vs. 30%; p=0.09) and consisted of more patients with ASA grade 3 (87 vs. 29%; p<0.0001). 

Patient groups had similar ages, BMI, cT- and mesenteric cN-stages, height of tumour from 

the anal verge and cCRM involvement. The LLND+ group had larger median short-axis 

diameter of the LLNs (11.5 vs. 7.5mm; p=0.05) but a lower percentage of LLNs with 

malignant features (29 vs. 60%; p=0.02). 

 

Table 1.4: Baseline patient and tumour characteristics of low rectal cancer patients with pre-

treatment abnormal lateral lymph nodes who had adjuvant chemotherapy after either 

undergoing long-course neoadjuvant chemoradiotherapy followed by lateral lymph node 

dissection at the time of total mesenteric excision (TME), or had long-course neoadjuvant 

chemoradiotherapy and TME only. 

 Abnormal LLNs not 

resected 

(n=30) 

Abnormal LLNs 

resected 

(n=44) 

P-value 

Age in years, median 

(range) 

 

 

58 (26 - 80) 

 

56 (20 - 82) 

 

0.78 

 

Sex (%)* 

  Male 

  Female 

 

 

 21 (70) 

  9 (30) 

 

 

21 (48) 

23 (52) 

 

0.09 

BMI, median (range) 

 

27.2 (20.8 - 40.1) 26.7 (17.2 - 48.5) 0.90 

ASA-classification (%) 

  1 

  2 

  3 

  4 

  

 

2 (8) 

15 (63) 

7 (29) 

0 (0)1 

 

 

1 (2) 

5 (11) 

38 (87) 

0 (0) 

 

<0.0001 

cT-stage (on MRI) (%) 

  cT1 

  cT2 

  cT3 

  cT4 

 

 

0 (0) 

1 (3) 

21 (70) 

8 (27) 

 

0 (0) 

3 (7) 

32 (73) 

9 (20) 

 

0.58 
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cN-stage mesenteric (on 

MRI) (%) 

  cN0 

  cN1 

  cN2 

 

 

 

1 (3) 

13 (43) 

16 (53) 

 

 

2 (5) 

23 (52) 

19 (43) 

 

 

0.69 

Height of tumour in 

cm, median (range) 

 

 

3.4 (0.0 - 9.5) 

 

5.0 (0.0 - 10.0)2 

 

0.29 

cCRM-involvement (on 

MRI) (%)* 

  Yes 

  No  

 

 

 

14 (47) 

16 (53) 

 

 

17 (39) 

27 (61) 

 

 

0.63 

Side of LLNs (%) 

  Left 

  Right  

  Both 

 

 

14 (47) 

10 (33) 

6 (20) 

 

15 (34) 

17 (39) 

12 (27) 

 

0.54 

Site of LLNs (%) 

  External iliac 

  Internal iliac 

  Obturator  

  Common iliac 

   

 

2 (6) 

13 (39) 

16 (49) 

2 (6)4 

 

1 (2) 

35 (60) 

16 (28) 

6 (10)3 

 

0.12 

Short-axis LLNs in mm, 

median (range) 

 

 

7.5 (5 - 26) 

 

11.5 (5 - 70) 

 

0.05 

Malignant features 

LLNs (%)* 

  Yes 

  No  

 

 

18 (60) 

12 (40) 

 

 

 

13 (29) 

31 (71) 

 

 

0.02 

Malignant features 

LLNs (%) 

 No 

 Heterogeneity 

 Irregular border 

 Both 

 

 

 

12 (40) 

9 (30) 

 5 (17) 

 4 (13) 

 

 

31 (71) 

7 (16) 

5 (11) 

1 (2) 

 

 

0.04 

LLNs: lateral lymph nodes, BMI: body mass index, ASA: American Society of 

Anaesthesiologists, cT-stage: clinical tumour stage, MRI: magnetic resonance imaging, cN-

stage: clinical nodal stage, cCRM: clinical circumferential resection margin, RT: 

radiotherapy, CRT: chemoradiotherapy, 1 6 patients missing, 2 1 patient missing; 3 58 sites 

involved, 4 33 sites involved. *Fisher’s exact test.  
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The surgery was performed more often by an open approach (77 vs. 40%; p=0.004) and 

median operation time was longer in LLND+ patients (436 vs. 255 minutes; p<0.0001) but 

they had a shorter hospital stay (8 vs. 13 days; p=0.004). All other peri-operative and 

histopathology results were similar between both groups (Table 1.5). 

 

Table 1.5: Peri-operative characteristics and postoperative histopathology of low rectal 

cancer patients with pre-treatment abnormal lateral lymph nodes who had adjuvant 

chemotherapy after either undergoing long-course neoadjuvant chemoradiotherapy followed 

by lateral lymph node dissection at the time of total mesenteric excision (TME), or had long-

course neoadjuvant chemoradiotherapy and TME only. 

 Abnormal LLNs not 

resected 

(n=30) 

Abnormal LLNs 

resected 

(n=44) 

P-value 

Type of resection (%) 

  LAR 

  APR 

  Exenteration 

 

 

13 (43) 

17 (57) 

0 (0) 

 

19 (43) 

22 (50) 

3 (7) 

 

 

0.33 

 

Approach (%)* 

  Open 

  Minimally  

  invasive 

 

 

10 (40) 

15 (60)1 

 

34 (77) 

10 (23) 

 

0.004 

Operation time in 

minutes, median (range) 

 

 

255 (78 - 675)2 

 

436 (176 - 898)3 

 

<0.0001 

Side of LLNs resected 

(%) 

  Left 

  Right 

  Both 

 

 

N/A 

 

 

15 (34) 

17 (39) 

12 (27) 

 

 

 

N/A 

Clavien-Dindo grade 

(%)19 

  0 

  1 

  2 

  3 

  4 

  5 

 

 

 

5 (23) 

0 (0) 

14 (64) 

2 (9) 

1 (4) 

 0 (0)4 

 

 

20 (46) 

1 (2) 

13 (30) 

9 (20) 

1 (2) 

0 (0) 

 

 

0.38 

Length of hospital stay 

in days, median (range) 

 

13 (6 - 35)2 

 

8 (2 - 58) 

 

0.004 
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ypT-stage (%) 

  ypT0 

  ypT1 

  ypT2 

  ypT3 

  ypT4 

 

 

2 (6) 

1 (3) 

8 (27) 

14 (47) 

5 (17) 

 

4 (9) 

4 (9) 

9 (20) 

21 (48) 

6 (14) 

 

0.84 

ypN-stage (%) 

  ypN0 

  ypN1 

  ypN2 

 

 

14 (47) 

12 (40) 

4 (13) 

 

17 (39) 

16 (36) 

11 (25) 

 

0.47 

Resection margins (%) 

  R0 

  R1 

  R2 

 

 

24 (80) 

5 (17) 

1 (3) 

 

 39 (89) 

5 (11) 

0 (0) 

 

0.36 

Lympho-vascular 

invasion (%)* 

  Yes 

  No 

 

 

 

10 (30) 

20 (70) 

 

 

 

13 (30) 

31 (70) 

 

 

0.80 

Total number of 

mesorectal LN 

harvested, median 

(range) 

 

Total number of LLNs 

harvested, median 

(range) 

 

 

20 (6 - 46) 

 

 

 

 

N/A 

 

22.5 (6 - 60) 

 

 

 

 

3 (0 - 15) 

 

0.18 

 

 

 

 

N/A 

 

Tumour positive 

mesorectal lymph 

nodes, median (range) 

 

Tumour positive LLN, 

median (range) 

 

 

0.5 (0 - 13) 

 

 

 

N/A 

 

0 (0 - 13) 

 

 

 

0.5 (0 - 3) 

 

0.84 

 

 

 

N/A 

LLNs: lateral lymph nodes, LAR: low anterior resection, APR: abdomino-perineal resection, 

ypT-stage: post-neoadjuvant pathological tumour stage, ypN-stage: post-neoadjuvant 

pathological nodal stage, LN: lymph nodes, N/A: not applicable, 1 5 patients missing, 2 7 

patients missing, 3 10 patients missing; 4 8 patients missing. *Fisher’s exact test. 
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Median follow-up for LLND+ patients was 47 months (range 1-141), and 64 months (range 

1-98) for LLND- patients. Three-year LLRR was 0% for LLND+ vs. 8% for LLND- patients 

(p=0.05), and LRR was 3% for LLND+ vs. 16% for LLND- (p=0.04). DMFS was 74% for 

LLND+ vs. 55% for LLND- (p=0.12), DFS was 72% for LLND+ vs. 51% for LLND- 

(p=0.10), and OS was 86% vs. 62%, respectively (p=0.11). (Figure 1.3)  

 

Figure 1.3: Kaplan-Meier survival curves of long-course nCRT and adjuvant chemotherapy 

cohort showing lateral local recurrence-free survival (3a; p=0.05), local recurrence-free 

survival (3b; p=0.04), distant metastatic-free survival (3c; p=0.12), disease-free survival (3d; 

p=0.10) and overall survival (3e; p=0.11) for LLND+ vs. LLND- patients. 
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Discussion 

 

The current study suggests beneficial oncological outcomes when a LLND is performed in 

addition to TME surgery after nCRT in Western patients with pre-treatment abnormal LLNs 

in terms of lower LLRR and LRR.   

A recent international multi-centre study in 223 patients comparing those with mesorectal 

nodes only to those with LLNs showed a lower LRR and a longer DFS in patients with 

mesorectal nodes only.2 Another study showed that four years after treatment, 33% of LLNs 

patients developed a LR when treated with nCRT only.22 These studies show that pre-

treatment abnormal LLNs are more advanced disease than metastatic mesorectal lymph nodes 

and that they may have been undertreated with nCRT alone. 

In the East, mainly Japan, treatment differs from the West, as most patients with LLNs 

undergo a LLND at the time of TME, however, often without nCRT.10 Despite these 

differences in treatment between the East and the West, comparable LRRs have been 

reported.23 Interestingly, it has been shown that if LLNs harbour tumour upon pathology, a 

LLND alone, without nCRT, may not be adequate treatment to prevent LRs.24  

Multiple centres, again mainly from the East, have published their experience combining both 

treatment strategies, performing a LLND after nCRT. Similarly to the current study, in these 

series, metastatic disease was found upon histopathology in 22-66% of the resected LLNs, 

demonstrating that LLNs are not eradicated completely by nCRT only.6-8,17 Furthermore, 

Ishihara et al. reported that a LLND after nCRT resulted in a 0% LRR and improved OS.7 

Similar results have been presented by a large multi- centre LLNs analysis, showing a 

reduction of the 5-year LRR from 19.5% for those treated with nCRT only, to 5.7% after an 

additional LLND.11 These studies, however, included almost exclusively Eastern patients in 

the dissected group, which may represent significant bias. Since it is not clear whether the 
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biological behaviour of rectal cancer is different in Eastern patients, or whether there are 

other geographical confounders impacting outcomes, the current study contributes as the first 

to directly compare outcomes in only Western patients with pre-treatment abnormal LLNs 

undergoing nCRT with or without a LLND. Interestingly, we found a reduction in the three-

year LRR: from 14% to 3%, but this difference did not reach statistical significance in the 

adjuvant chemotherapy cohort, likely due to low patient numbers, but the 3% LRR in 

LLND+ patients is lower than would be expected and in the Cox multivariable analysis a 

LLND was a significant factor for less LRs.11 This is an interesting finding, as LRs after 

rectal cancer are challenging to treat and associated with significant morbidity, and reduce 

quality of life and OS.25 

In the complete cohort analysis, differences in baseline characteristics were found between 

both groups. These differences may have had an influence on the LRRs and other outcome 

measures. In particular, there was a higher rate of adjuvant chemotherapy use in the LLND+ 

group. It is unclear whether this was due to a higher rate of ypN+ disease or due to 

institutional differences in indications for adjuvant treatment. Anecdotally, particularly in the 

Netherlands, adjuvant chemotherapy is used sparingly and reserved for patients who are more 

likely to develop recurrences. To overcome the difference in adjuvant chemotherapy between 

groups, the analysis only including patients who underwent adjuvant chemotherapy was 

performed. In this subset analysis, most of the previously significant baseline characteristics, 

such as the cTNM-stage, were now more similar between both cohorts.  

A LLND is a complex procedure with associated risks of intra- and postoperative 

complications.26-28 Although the operating time was longer in the LLND group, 

complications were similar to patients who underwent TME only, and LOS was shorter. 

While LOS may have been influenced by the hospital’s local protocols, the current results 

suggest that a LLND is not associated with significant short-term adverse events. 
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Some limitations of the current study have to be mentioned. Firstly, due to the retrospective 

nature of the study, exact details of radiotherapy could not be retrieved. However, all 

participating centres include LLNs during radiotherapy. Interpretation of the results is also 

limited by the retrospective nature of the study, heterogeneity between centres and of the 

patient populations, (neoadjuvant) treatment strategies and surgical technique. We did not 

capture functional outcomes and therefore cannot report on long-term morbidity such as 

sexual and urinary dysfunction. The results of the JCOG0212 trial suggested similar 

morbidity and functional outcomes after LLND.29 Furthermore, there was variability in the 

median length of follow-up, however, as a minimum 3-year follow-up was mandated for 

inclusion in the study, most recurrences are likely to have been captured.30 The sites of the 

involved LLNs basins were different between LLND+ and LLND- cohorts, which may have 

been the results of a difference in definition between the participating centres.11 Interestingly, 

a recent multi-centre cohort study showed a difference in LRR between internal iliac and 

obturator LLNs, indicating the need for uniform definition.9 Similar to the definition of the 

anatomical location of the LLNs, a cut-off short-axis size of ≥5mm for LLNs was chosen 

based on previous publications and threshold of surgical management, yet, in literature the 

definition of LLNs varies between a short-axis of 5-10mm, making comparisons 

challenging.9,11,15-17 Lastly, despite including patients treated at tertiary referral centres, the 

number of patients meeting the inclusion criteria was relatively low. This could indicate that 

patients with low rectal cancer and abnormal LLNs are missed at diagnosis as the incidence 

of abnormal LLNs is estimated to be 16-23%.1 

In future studies it would be beneficial if more Western centres could participate, especially 

those centres performing LLNDs, although this may be difficult considering the number of 

Western centres who have experience performing the procedure. For this reason, it is unlikely 

that a randomised trial in Western patients will be conducted in the foreseeable future. 
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Therefore, the results of the soon to open Lateral Nodal Recurrence in Rectal Cancer 

(LaNoReC) study and the currently recruiting trial by Wei et al., randomising Chinese LLNs 

patients after nCRT for a LLND at the time of TME to TME only, are eagerly awaited.31,32 

In conclusion: A lateral lymph node dissection at the time of total mesorectal excision in 

addition to neoadjuvant (chemo)radiotherapy may improve loco-regional control in Western 

patients with low rectal cancer and abnormal lateral lymph nodes. Larger studies in Western 

patients are required to evaluate its contribution. 
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Dear editor,  

 

We would like to thank Patel, et al.1 for their interest in our work on the benefit of lateral 

lymph node dissection (LLND) following neoadjuvant (chemo)radiotherapy (nCRT) in 

Western patients with low rectal cancers and pre-treatment abnormal lateral lymph nodes 

(LLN).2 We appreciate the opportunity to reply. 

Patel et al. state that the groups compared, those undergoing an additional LLND during total 

mesorectal excision (TME) following nCRT vs. patients who underwent TME after nCRT 

only, are heterogeneous at baseline, making comparison ineffective as the TME only group 

had more T4 tumours, more N2 disease and tumours closer to anal verge, all factors with a 

higher likelihood of abnormal lateral lymph nodes. However, both cohorts in our study were 

already diagnosed with abnormal LLN, making this argument less valid. Furthermore, 

because of these differences in baseline characteristics and use of (neo)adjuvant therapy, we 

performed a second analysis in a subset of patients who all underwent long-course nCRT as 

well as adjuvant chemotherapy. In this subset, the baseline characteristics mentioned above 

were no longer different between groups. Interestingly, the local recurrence rates were now 

significantly different in favour of the TME and LLND group.  

As the authors of the letter correctly noticed, consolidation therapy was not part of our study, 

because during the study period (2009-2016), consolidation chemotherapy and total 

neoadjuvant therapy regimes were not yet implemented at the centres participating in this 

study. Also, radiotherapy boosts that were administered were not given to the LLN. 

Our study did have limitations. Restaging, for instance, was not performed at all centres, 

which could have led to overtreatment of some patients, and due to the retrospective nature of 

the study, diagnosis of mucinous tumours and extra mural venous invasion (EMVI) could not 

be retrieved. Also, despite including tertiary referral centres, the number of patients meeting 
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the inclusion criteria was relatively low, with a low number of events for lateral local 

recurrence, potentially reducing its statistical power. Performing a propensity matched 

analysis as suggested, however, would not overcome this problem in a small cohort, as an 

insufficient number of patients would remain in each group after matching. The Cox 

regression analysis, on the other hand, did identify LLND as an independent significant factor 

for reduced local recurrences, despite the low number of patients.  

The TME and LLND group included exenterations (n=3; 7%). Due to the extended resection, 

these patients likely had a further reduced risk of local recurrences compared to LLND alone. 

In the Cox regression analysis, however, the type of resection was not a significant factor for 

any of the oncological outcomes. Lastly, we agree that the outcomes of the LLND performed 

by the MD Anderson Cancer Centre require validation in a larger cohort.  

Despite these limitations, our study is the first describing the potential benefit in terms of 

loco-regional control of a LLND in addition to nCRT in Western patients with rectal cancer 

with pre-treatment abnormal LLN.  

In future studies, it would be beneficial if more Western centres participate, performing 

LLND and reporting in a standardized fashion. We are therefore looking forward to the future 

results of the Lateral Nodal Recurrence in Rectal Cancer (LaNoReC) study, in which a 

standardised LLND and radiological characterization for reporting of LLN as established by 

Ogura et al. will be included.3,4 
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Abstract 

 

Background: Standard Western management of rectal cancers with pre-treatment metastatic 

lateral lymph nodes (LLNs) is neoadjuvant (chemo)radiotherapy (nCRT) followed by total 

mesorectal excision (TME). In recent years, there is growing interest in performing an 

additional lateral lymph node dissection (LLND). The aim of this systematic review and 

meta-analysis was to investigate long-term oncological outcomes of nCRT followed by TME 

with or without LLND in patients with pre-treatment metastatic LLNs. 

Methods: PubMed, Ovid MEDLINE, Embase, Cochrane Library and Clinicaltrials.gov were 

searched to identify comparative studies reporting long-term oncological outcomes in pre-

treatment metastatic LLNs of nCRT followed by TME and LLND (LLND+) vs. nCRT 

followed by TME only (LLND-). Newcastle-Ottawa risk-of-bias scale was used. Outcomes 

of interest included local recurrence (LR), disease-free survival (DFS), and overall survival 

(OS). Summary meta-analysis of aggregate outcomes was performed. 

Results: Seven studies, including 946 patients, were analysed. One (1/7) study was of good-

quality after risk-of-bias analysis. Five-year LR rates after LLND+ were reduced (range 3-

15%) compared to LLND- (11-27%; RR=0.40, 95%CI[0.25-0.62], p<0.001). Five-year DFS 

was not significantly different after LLND+ (range 61-78% vs. 46-79% for LLND-; 

RR=0.72, 95%CI[0.51-1.02], p=0.143), and neither was five-year OS (range 69-91% vs. 72-

80%; RR=0.72, 95%CI[0.45-1.14], p=0.163). 

Conclusion: In rectal cancers with pre-treatment metastatic LLNs, nCRT followed by an 

additional LLND during TME reduces local recurrence risk, but does not impact disease-free 

or overall survival. Due to the low quality of current data, large prospective studies will be 

required to further determine the value of LLND. 
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Introduction 

 

Between 15-20% of patients with locally advanced rectal cancer have metastases to the 

lateral lymph nodes (LLNs) in the pelvic side-wall at diagnosis at diagnosis.1 Historically, 

treatment paradigms for these pre-treatment metastatic LLNs differs between the East and the 

West.2,3 Standard treatment in the East does not include neoadjuvant (chemo)radiotherapy 

(nCRT), but consists of upfront rectal resection adhering to total mesorectal excision (TME) 

principles and a lateral lymph node dissection (LLND) to remove the tumour and the 

metastatic LLNs.1,4 In contrast, standard treatment in the West consists of nCRT followed by 

only TME, without a LLND.5,6 

This difference in approach to similar disease finds its origin in the definition of LLNs. In the 

East, LLNs are considered regional, surgically treatable disease, while historically the West 

has defined LLNs as distant metastatic disease, with the assumption that outcomes are not 

altered by a LLND.7-9 However, there is growing debate as to whether TME and nCRT 

adequately treats LLNs given studies have shown that nCRT sterilises metastatic LLNs in 

less than 50% of patients, and therefore, whether a LLND should be performed in addition 

for optimal long-term oncological outcomes and local control.2,6,10-12 

On the other hand, a LLND is associated with increased operation time, blood loss, and 

potential postoperative morbidity such as urinary, sexual, and lower limb movement 

dysfunction.13-15 Furthermore, the incidence of these complications is potentially higher in the 

West than that reported in the East, as LLND is technically more complex in patients with a 

higher BMI and after pelvic radiotherapy.2 As a result, there has been reluctance to perform a 

LLND in the West when metastatic LLNs are present. 

Recently, however, some Western centres have reported favorable outcomes of LLND after 

nCRT in patients with pre-treatment metastatic LLNs.10,12,16 Likewise, a number of Eastern 
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centres are now administering nCRT before TME and LLND to patients these patients.3,17 

Therefore, the aim of this systematic review and meta-analysis was to investigate long-term 

oncological outcomes in patients with rectal cancer and pre-treatment metastatic LLNs, 

treated with nCRT followed by TME with or without an additional LLND. 
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Methods 

 

A comprehensive systematic review of the literature was performed and reported in 

accordance with the Preferred Reporting Items for Systematic Reviews and Meta-Analysis 

(PRISMA) guidelines (Supplementary Tables 2.1 and 2.2).18,19 The study protocol was 

registered prospectively at the PROSPERO database of systematic reviews 

(CRD42021275927). 

 

Search strategy 

Searches to identify relevant publications were performed independently by two reviewers 

(HK and LH) on PubMed, Ovid MEDLINE, Embase, Cochrane Library and 

Clinicaltrials.gov. Searches were conducted from 1st January 1985 (since the first 

publications on neoadjuvant therapy for rectal cancer) to 30th September 2021.20,21 Medical 

Subject Headings (MeSH) terms and key words that were used included:‘rectal neoplasm’, 

‘pelvic neoplasm’, ‘rectal cancer’, ‘lymphatic metastasis’, ‘lateral lymph node’, ‘lateral 

pelvic lymph node’, ‘pelvic side wall node’, ‘neoadjuvant therapy’, ‘chemoradiotherapy’, 

‘proctectomy’, ‘rectal resection’, ‘total mesorectal excision’, ‘lymph node dissection’, 

‘extended lymphadenectomy’, ‘lateral lymph node dissection’, ‘lateral pelvic lymph node 

dissection’, ‘pelvic side wall dissection’, ‘comparative study’. 

Supplementary Tables 2.3 and 2.4 provide the search strategies. Boolean AND/OR operators 

were used to combine MeSH terms and keywords. The related-articles function was used to 

broaden the searches.  
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Eligibility criteria for including studies 

Included studies were those describing outcomes of patients with rectal cancer with pre-

treatment metastatic LLNs, without distant metastatic disease, who underwent a LLND 

during TME surgery after nCRT compared to patients who underwent nCRT and TME only: 

nCRT+TME+LLND (LLND+ group) vs. nCRT+TME (LLND- group). Randomised 

controlled trials (RCTs) as well as prospective and retrospective cohort studies were 

considered for inclusion. 

Excluded were non-English studies, letters, short communications, reviews, commentaries, 

and case reports. Also excluded were studies describing treatment of malignancies other than 

rectal cancer, single-arm non-comparative studies (e.g. nCRT+TME or nCRT+TME+LLND 

only), studies in which no nCRT was used, studies including rectal cancer patients without 

metastatic LLNs, those including patients with distant metastases, recurrent rectal cancer and 

multivisceral resection studies, and those describing other surgical procedures (e.g. LLN 

sampling or pelvic exenterations). 

 

Study Selection 

Following the searches, all identified titles and abstracts were reviewed independently by two 

reviewers (HK and LH), followed by full-text review of potentially eligible studies. 

Reference lists of full-text articles were manually searched to identify additional eligible 

studies. Any differences in study selection were resolved by consensus and, if needed, 

discussed with a third reviewer (NHR) to reach agreement.  

 

Risk of bias assessment 

The methodological quality of the included studies was assessed using the Newcastle–Ottawa 

Scale (NOS) independently by two reviewers (HK and NHR), examining three factors: 
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method of patient selection, comparability of the study groups, and number of outcomes 

reported.22 A rating of 0–9 was allocated to each study based on these parameters. 

Publications with a score of *≥7 were considered good-quality studies. 

 

Data extraction 

A predefined spreadsheet (Supplementary Table 2.5) was used to extract data from the 

included studies independently by two reviewers (HK and LH). Any discrepancies were 

discussed and resolved by a third author (NHR). The data extracted from each article 

included first author, country, publication year, study design, single or multi-centre, number 

of patients in each arm, population characteristics, tumour characteristics, surgical 

procedures, postoperative pathology, adjuvant therapy, follow-up times, and survival 

analyses.  

 

Outcomes of interest and statistical analysis 

The primary outcomes of interest were local recurrence, disease-free survival, and overall 

survival. Secondary outcomes included lateral local recurrences and distant metastases in 

LLND+ vs. LLND- groups. Descriptive statistics were used for individual patient data 

analysis. No assumptions for missing data were made. Summary meta-analysis of aggregate 

data, using relative risk (RR), was performed on the outcomes of interest using StatsDirect 

software Version 3 (StatsDirect Ltd, Birkenhead, Wirral, United Kingdom) as only summary 

statistics were provided or able to be extracted from the included studies.23 Survival data 

extracted from Kaplan-Meier curves and hazard ratios (HR) were used for the corresponding 

quantitative analysis using the method of inverse of the invariance (fixed effect model) in 

absence of sensitive heterogeneity. Results are presented as RR with 95% confidence 

intervals (95%CI) and in forest plots. For overall effect p<0.05 was considered statistically 
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significant. Cochran’s Q test and I2 results were used to estimate heterogeneity. Heterogeneity 

was considered statistically significant when p<0.05 for the Cochran’s Q test and I2>50%. 

Risk of bias was analysed using the Eggar method, in which p<0.05 indicated significant 

bias.24 
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Results 

 

The search identified 689 studies. After removing duplicate entries (n=137), 552 article titles 

and abstract were screened. Ninety-seven articles were selected for full-text analysis, after 

which seven were eligible for this systematic review, with one additional article included 

from the reference list (Figure 2.1).2,10,16,25-28 

 

Figure 2.1: PRISMA chart outlining the selection of included articles.  

 

LLNs, lateral lymph nodes; LLND, lateral lymph node dissection; nCRT, neoadjuvant 

(chemo)radiotherapy. 
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Table 2.1 demonstrates the patient characteristics and preoperative management of the 

included studies. All studies were retrospective observational in design. Four were multi-

centre studies,2,10,16,27 and three single-centre.25,26,28 The seven studies included a total of 946 

patients who all underwent neoadjuvant therapy: 266 underwent a LLND during TME 

(LLND+ group), and 640 underwent TME only (LLND- group) One study did not report size 

of the groups.27 

Tumour height was reported with a range of 3.3-5.2cm from the anal verge in three studies 

reporting median distance10,26,27 and four studies reported the majority of tumours were 

located in the lower rectum (range 53-81%).2,16,25,28 Three studies used short-axis of ≥5mm as 

LLNs size selection criteria for suspicion of metastases,10,25,28 Ogura et al. used short-axis 

cut-off of ≥7mm, and Shiratori used LLNs long-axis cut-off of ≥6mm.2,26 Five studies 

described the anatomical location of metastatic LLNs as enlarged nodes in the internal iliac, 

external iliac and obturator basins. Three studies included the common iliac basin also and 

one study included enlarged LLNs at the aortic bifurcation.10,25,26 In five studies all patients 

underwent nCRT, and in two studies a small percentage underwent radiotherapy only: 11% of 

patients in the study by Ogura et al. and 17% of the LLND- group in the study by Kroon et 

al.2,10,16,25-28     
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Table 2.1: Patient characteristics and preoperative management included studies. 

LLND, lateral lymph node dissection; LLNs, lateral lymph nodes; CRT, chemoradiotherapy; RT, radiotherapy; SA, short-axis; LA, long-axis - 

not reported; a reported for complete cohort; b reported for complete cohort with LLNs ≥7mm; c according to LOREC criteria29; d number of 

patients per group not reported; e reported for standard TME cohort (no CRT n=24, CRT n=68). 

  

Author, country, 

year 

 

Study design Single/ 

multi 

centre 

No. of 

patients 

Male/ 

female 

(%) 

Age(median) Tumour 

height  

(median / %) 

cT-stage (%) LLNs size 

criteria 

(mm) 

Site of LLNs Neoadjuvant 

CRT/RT 

(%) 

LLND + or -   + - + - + - + - + -   + - 

Kim HJ, Korea, 

201725 

Retrospective 

observational 

Single 53 31 58/42 81/19 13% 

≥70 yr 

15% 

≥70 yr 

81% 

<5cm 

65% 

<5cm 

T2: 7 

T3: 76 

T4: 17 

T2: 12 

T3: 76 

T4: 12 

≥5 SA Internal iliac 

External iliac  

Obturator 

Common iliac 

Aortic bifurcation 

100/0 100/0 

Shiratori, Japan, 

201826 

Retrospective 

observational 

Single 34 206 65/35
a 

- 63 yr1 - 4.4 

cma 

- T2: 1 

T3: 92 

T4: 7a 

- ≥6 LA Internal iliac 

External iliac 

Obturator 

Common iliac 

100/0a - 

Ogura, 

international 

collaborative, 

20182 

Retrospective 

observational 

Multi 53 118 58/42
b 

- 45% 

≥62 yr2  

- 68% 

lowb,c 

- T3: 59 

T4: 41b 

- ≥7 SA Internal iliac 

External iliac 

Obturator 

89/11a - 

Nishizaki, Japan, 

201927 

Retrospective 

observational 

Multi 40d - - - - - 5.2 

cma 

- - - ≥5 - 100/0 100/0 

Jones, UK, 

202016 

Retrospective 

observational 

Multi 13 68 54/46 76/24
e 

57 yr 64 yr5 54% 

≤5cm 

53% 

≤5cm
e 

Mean cT: 

3.25 

Mean cT: 

3.3 

- Internal iliac 

External iliac 

Obturator 

100/0 100/0 

Kim MJ, Korea, 

202028 

Retrospective 

observational 

Single 69 102 - - 58 yr 55 yr 60% 

≤5cm 

60% 

≤5cm 

- - ≥5 SA - 100/0 100/0 

Kroon, 

US/AUS/NL, 

202110 

Retrospective 

observational 

Multi 44 115 48/52 75/25 56 yr 64 yr 5.0 

cm 

3.3 

cm 

T2: 7 

T3: 73 

T4: 20 

T2: 1 

T3: 63 

T4: 36 

≥5 SA Internal iliac 

External iliac 

Obturator 

Common iliac 

100/0 83/17 
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Five studies reported details of the operative management (Table 2.2).2,10,16,25,28 A low 

anterior resection was performed in the majority of patients in the two Korean studies,25,28 

while in the two studies including Western patients an abdominoperineal resection was 

performed more often.2,10 Single side LLND was performed mostly in two studies,10,16 and in 

one study a bilateral LLND was performed in 75% of the patients.25 Operating time was 

reported in one study, which was longer in the LLND+ group (436 vs. 255 minutes for 

LLND- group) with higher postoperative complication rates (Clavien-Dindo grade ≥3: 22% 

vs. 14%), but with shorter hospital stay (8 vs. 11 days).10 There was a wide range in the use 

of adjuvant chemotherapy in both groups: LLND+ range 43-100%, LLND- range 30-

98%.2,10,25,28 No study reported long-term morbidity. 

Range of pathological (yp)T3/4 stage for the LLND+ group was 50-70% and 52-58% in the 

LLND- group.2,10,25,26,28 Pathological (yp)N+ was present in 23-81% of the LLND+ group, 

and in 23-43% of the LLND- group.2,10,25,26,28 Resection margins were positive in 8-23% of 

the LLND+ group, and 9-12% of the LLND- group.2,10,16,25,28 Of the LLNs resected, 8-56% 

were tumour positive.16,25,26,28 

 

 

 

 

 

 

 

 

 



78 
 

Table 2.2: Operative, postoperative and pathological outcomes of included studies.  

Author, country, year 

 

Operation 

performed: 

LAR/APR, (%) 

LLND: 

single/bilateral 

(%) 

Adjuvant 

therapy 

(%) 

ypT-stage  

(%) 

ypN+  

(%) 

Positive resection 

margins 

(%) 

Tumour positive 

LLNs  

(%) 

LLND + or - + - + - + - + - + - + - + - 

Kim HJ, Korea, 201725  
85/15 90/10 25/75 N/A 95a - 

T0-2: 34 

T3-4: 66 

T0-2: 48 

T3-4: 52 
45 23 8a - 38 N/A 

Shiratori, Japan, 

201826 
- - - N/A - - 

T0-2: 50 

T3-4: 50a 
- 23a,b - - - 56 N/A 

Ogura, international 

collaborative, 20182 
47/53a - - N/A 43c - 

T0-2: 45 

T3-4: 55a 
- 81d - 9d - - N/A 

Nishizaki, Japan, 

201927 
- - - N/A - - - - - - - - - N/A 

Jones, UK, 202016 
- - 100/0 N/A - - Mean: 2.55 Mean: 2.45 

Mean: 

0.62 

Mean: 

0.66 
23 9 8 N/A 

Kim MJ, Korea, 

202028  
97/3 79/21 - N/A 84 98 

T0-2: 30 

T3-4: 70 

T0-2: 42 

T3-4: 58 
52 37 22 12 35 N/A 

Kroon, US/AUS/NL, 

202110 
43/50 46/54 73/27 N/A 100 30 

T0-2: 38 

T3-4: 62 

T2-3: 42 

T3-4: 58 
61 43 11 11 0.5e N/A 

LLND, lateral lymph node dissection; LLNs, lateral lymph nodes; N/A, not applicable; LAR, low anterior resection; APR, abdominoperineal 

resection; - not reported; a reported for complete cohort; b reported as mesenteric ypN; c reported for complete cohort with LLNs ≥7mm; d 

reported for complete cohort with LLNs ≥7mm; e median number of positive LLNs resected per patient. 
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Table 2.3 lists survival outcomes. Follow-up ranged between 34-59 months. Two studies 

reported five-year lateral local recurrence rates with ranges of 0-6% for LLND+ and 7-20% 

for LLND-.2,10 Local recurrence rates were reported in five studies and ranged from 3-15% 

for LLND+ and 11-27% for LLND-.2,10,16,25,28 Five-year distant metastatic rate was reported 

in three studies with a range of 14-41% for LLND+ and 26-31% for LLND-.2,10,25 Five-year 

disease-free survival was reported in five studies with a range of 61-78% for LLND+ and 46-

79% for LLND-.10,16,25,27,28 Ogura et al. reported five-year cancer-specific survival rates of 

94% and 79% for LLND+ and LLND-, respectively.2 Range of five-year overall survival was 

69-91% for LLND+ and 72-80% for LLND-.10,16,25,28 

 

 

 

 

 

 

 

 

 

 

 

 

 



80 
 

Table 2.3: Postoperative survival outcomes of included studies. 

Author, country, 

year 

 

Follow-up 

in months 

(median) 

5-year lateral 

local 

recurrence 

rate (%) 

5-year local 

recurrence 

rate (%) 

5-year distant 

metastatic rate 

(%) 

5-year 

disease-free 

survival (%) 

5-year cancer-

specific 

survival (%) 

5-year overall 

survival (%) 

LLND + or - + - + - + - + - + - + - + - 

Kim HJ, Korea, 

201725 
34a - - - 8b,c 23*,c 41b,c 26c 61b,c 54*,c - - 84b,c 80c 

Shiratori, Japan, 

201826 d 47a - - - - - - - - - - - - - 

Ogura, international 

collaborative, 20182 
57a - 6 20* 6 26* 14 31* - - 94 79* - - 

Nishizaki, Japan, 

201927 
- - - - - - - - 78 46* - - - - 

Jones, UK, 202016 - - - - 15 12 - - 69 79 - - 69 80 

Kim MJ, Korea, 

202028 
37 54 - - 5 27* - - 74 61* - - 91 77 

Kroon, US/AUS/NL, 

202110 
47 59 0 7 3 11 29 30 68 64 - - 74 72 

- not reported; *significant difference between rates was reported; a reported for complete cohort; b combined for reported groups (LLND+ after 

response to nCRT) and (LLND+ with no response to nCRT); c 3-year rates; d Shiratori did not report survival analysis for LLND+ vs. LLND-. 
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Risk of bias assessment of the included studies using the NOS is listed in Table 2.4. One 

article qualified as a good-quality study (*≥7). Most studies were retrospective comparative 

series, and no RCTs were available. Selection bias was present in three studies.2,10,26 Issues 

pertaining to follow-up (e.g. no follow-up, short follow-up, or high number of patients lost to 

follow-up) were a common recurrent theme in the studies.2,10,16,25-28 

 

Table 2.4: Newcastle Ottawa quality assessment for included studies. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Author, country, year 

 

Selection 

(0-4) 

Comparability 

(0-2) 

Outcome 

(0-3) 

Total 

(0-9) 

Kim HJ, Korea, 201725 **** * * 6 

Shiratori, Japan, 201826 *** - ** 5 

Ogura, international 

collaborative, 20182 
** * ** 5 

Nishizaki, Japan, 201927 *** * - 4 

Jones, UK, 202016 **** * * 6 

Kim MJ, Korea, 202028 **** * ** 7 

Kroon, US/AUS/NL, 202110 ** * *** 6 
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Meta-analysis could be performed for local recurrence, disease-free survival, and overall 

survival with respectively five, four and four studies reporting on these outcomes (Table 2.5). 

This showed that local recurrence was significantly lower in the LLND+ group (RR=0.40, 

95%CI[0.25-0.62], p<0.0001) compared to the LLND- group.2,10,16,25,28 Disease-free survival 

(RR=0.72, 95%CI[0.51-1.02], p=1.43) and overall survival (RR=0.72, 95%CI[0.45-1.14], 

p=0.163) were not significantly different between both groups.10,16,25,28 Meta-analysis on 

lateral local recurrences and distant metastases could not be performed due to lack of studies 

reporting these outcomes (two and three, respective).



83 
 

Table 2.5: Meta-analysis of (A) local recurrences, (B) disease-free survival and (C) overall survival of included studies.  

A. Summary meta-analysis for local recurrence. 

 

Study Log (HR) SE Weight (%) RR (fixed 95%CI) 

 

Kim HJ25 -0.86 0.62 17.1 0.42  (0.13-1.14) 

Ogura2 -0.96 0.49 26.2 0.38  (0.16-0.93) 

Jones16 0.22 0.78 8.7 1.25  (0.27-5.71) 

Kim MJ28 -1.16 0.37 36.9 0.31  (0.15-0.66) 

Kroon10 -0.96 0.69 11.1 0.38  (0.10-1.48) 

     

Total   100 0.40  (0.25-0.62) 

Heterogeneity: Cochran Q=2.62 (df=4), p=0.622, I2=0% 

Test for overall effect: Z=4.02 (p<0.0001) 

Egger: bias=2.26 (95%CI=-0.86 to 5.38), p=0.104 
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B. Summary meta-analysis for disease-free survival. 

 

Study Log (HR) SE Weight (%) RR (fixed 95%CI) 

 

Kim HJ25 -0.03 0.34 26.8 0.97  (0.50-1.91) 

Jones16 0.13 0.79 5.0 1.14  (0.24-5.38) 

Kim MJ28 -0.73 0.28 40.8 0.48  (0.28-0.83) 

Kroon10 -0.09 0.34 27.4 0.92  (0.47-1.77) 

     

Total   100 0.72  (0.51-1.02) 

Heterogeneity: Cochran Q=3.76 (df=3), p=0.289, I2=20.2% 

Test for overall effect: Z=1.47 (p=0.143) 

Egger: bias=1.75 (95%CI=-6.21 to 9.72), p=0.442 
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C. Summary meta-analysis for overall survival. 

 

Study Log (HR) SE Weight (%) RR (fixed 95%CI) 

 

Kim HJ25 -0.30 0.55 18.6 0.74  (0.25-2.16) 

Jones16 0.21 0.79 8.9 1.23  (0.26-5.8) 

Kim MJ28 -0.57 0.41 32.6 0.56  (0.25-1.27) 

Kroon10 -0.26 0.37 39.9 0.77  (0.37-1.61) 

     

Total   100 0.72  (0.45-1.14) 

Heterogeneity: Cochran Q=0.86 (df=3), p=0.835, I2=0% 

Test for overall effect: Z=1.40 (p=0.163) 

Egger: bias=1.19 (95%CI=-2.89 to 5.28), p=0.34
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Discussion 

 

To our knowledge, this is the first systematic review and meta-analysis of current literature 

specifically looking at the role of adding a LLND at the time of TME in patients with pre-

treatment metastatic LLNs who all had nCRT. The results show that local recurrence rates are 

significantly reduced when a LLND is performed, but no difference in disease-free survival 

or overall survival was observed.  

Lymphatic spread of rectal cancer occurs in two directions: medially along the inferior 

mesenteric artery and laterally along the internal iliac artery into the lateral nodal basins. In 

lateral spread, the Mercury study has shown that patients with metastatic LLNs on pre-

treatment MRI, have lower five-year disease-free survival rates than patients without 

metastatic LLNs on MRIs.30 Therefore, to reduce the chance of recurrences, metastatic LLNs 

should pro-actively be treated.31 In most Western centers, nCRT is considered adequate 

treatment to sterilise LLNs after which TME is performed to remove the tumour, while in the 

East, LLND is performed during TME, however, often without nCRT.7,8,31,32 Because of this 

difference in management of rectal cancer with pre-treatment metastatic LLNs between the 

East and West, it is difficult to compare both treatment approaches.  

In recent years, emerging evidence has shown that local recurrences are a significant clinical 

issue in patients with pre-treatment metastatic LLNs, due to the risk of failure of nCRT 

followed by TME only.2,11,33 Also, surgeons from Japan are re-evaluating the role of nCRT, 

as this may reduce the need for prophylactic LLNDs, reserving the procedure for patients 

with metastatic LLNs.14,32 Therefore, the treatment philosophies of the East and West are 

moving closing together, highlighting the concept that LLND after nCRT in locally advanced 

rectal cancer can be complementary in the management of metastatic LLNs.2,34 
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A number of systematic reviews on the benefits of LLND in rectal cancer have been 

published over the past years. However, none have addressed the clinically relevant question 

of the benefit of the addition of LLND in patients with pre-treatment metastatic LLNs after 

nCRT. Three reviews, for instance, examined recurrence and survival outcomes, but also 

included studies that did not use nCRT and studies in which a prophylactic LLND was 

performed in patients without metastatic LLNs.35-37 It was therefore not surprising that, 

similarly to the early landmark systematic review on this topic by Georgiu et al., none of 

these studies found local recurrence or survival benefits of LLND.38 Overall, the null findings 

of these previous reviews can be explained by the broad selection of studies reporting on 

rectal cancers with heterogeneous stages, overshadowing the group of patients in whom a 

LLND after nCRT could be of added value; those with pre-treatment metastatic LLNs. 

Including patients without metastatic LLNs is likely to have diluted the findings of these 

reviews as it has previously been shown that these patients do not have local recurrence or 

survival benefit from a LLND after nCRT.39-41 The current systematic review and meta-

analysis is the first to report local recurrence benefit of LLND after nCRT in patients with 

pre-treatment metastatic LLNs, and thus the first to answer this clinical dilemma. 

Some limitations of the current study have to be addressed. Firstly, the number of studies in 

current literature that report on long-term oncological outcomes of LLND during TME after 

nCRT vs. TME only after nCRT is low. Furthermore, all included studies are retrospective 

series, with a high risk of bias, mainly in patient selection. There are currently no prospective 

or RCTs available. Thirdly, the studies included relatively low patient numbers and limited 

follow-up for the survival analyses. Fourthly, details on operative management, especially the 

technical aspect of how a LLND was performed, in-hospital recovery, and long-term 

morbidity were not reported in the majority of studies. Finally, for the study by Nishizaki et 

al. only an abstract was available with to date no full article published, and Shiratori et al. 
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reported the combined survival outcomes for the complete cohort without reporting long-term 

oncological outcomes for LLND+ vs. LLND- separately.26,27 

Considering the outcomes of this systematic review and meta-analysis, an argument could be 

made to perform a LLND following nCRT in rectal cancers with metastatic LLNs to reduce 

local recurrence rates. However, because data is limited, more robust prospective results are 

eagerly awaited. In view of this, it is unfortunate the RCT by Wei et al. (NCT02614157) has 

been recently terminated, leaving the multi-center Lateral Nodal Recurrence in Rectal Cancer 

(LaNoReC) study as the only currently recruiting prospective study to in the future provide 

more evidence on the value of an additional LLND after nCRT in rectal cancers with 

metastatic LLNs.42,43 

In conclusion, this systematic review and meta-analysis suggests that in rectal cancer patients 

with pre-treatment metastatic LLNs, nCRT followed by an additional LLND during TME 

results in a lower local recurrence rate. Due to the low quality of current literature, future 

higher quality studies will determine the true value of a LLND in this setting.  
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PRISMA 2020 Checklist 

Supplementary Table 2.1: Prisma 2020 Checklist. 

Section and 
Topic  

Item 
# 

Checklist item  
Location 
where item 
is reported  

TITLE   

Title  1 Identify the report as a systematic review. p. 1 

ABSTRACT   

Abstract  2 See the PRISMA 2020 for Abstracts checklist. p. 2 

Supplement 
2 

INTRODUCTION   

Rationale  3 Describe the rationale for the review in the context of existing knowledge. p. 3,4 

Objectives  4 Provide an explicit statement of the objective(s) or question(s) the review addresses. p. 3,4 

METHODS   

Eligibility criteria  5 Specify the inclusion and exclusion criteria for the review and how studies were grouped for the syntheses. p. 5,6 

Information 
sources  

6 Specify all databases, registers, websites, organisations, reference lists and other sources searched or consulted to identify studies. Specify the 
date when each source was last searched or consulted. 

p. 5 

Search strategy 7 Present the full search strategies for all databases, registers and websites, including any filters and limits used. p. 5 

Supplement 
3 

Selection process 8 Specify the methods used to decide whether a study met the inclusion criteria of the review, including how many reviewers screened each record 
and each report retrieved, whether they worked independently, and if applicable, details of automation tools used in the process. 

p. 5,6 

Data collection 
process  

9 Specify the methods used to collect data from reports, including how many reviewers collected data from each report, whether they worked 
independently, any processes for obtaining or confirming data from study investigators, and if applicable, details of automation tools used in the 
process. 

p. 7 

Data items  10a List and define all outcomes for which data were sought. Specify whether all results that were compatible with each outcome domain in each 
study were sought (e.g. for all measures, time points, analyses), and if not, the methods used to decide which results to collect. 

p. 7 

Supplement 
4 

10b List and define all other variables for which data were sought (e.g. participant and intervention characteristics, funding sources). Describe any 

assumptions made about any missing or unclear information. 
p. 7 

Supplement 
4 
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Section and 
Topic  

Item 
# 

Checklist item  
Location 
where item 
is reported  

Study risk of bias 
assessment 

11 Specify the methods used to assess risk of bias in the included studies, including details of the tool(s) used, how many reviewers assessed each 
study and whether they worked independently, and if applicable, details of automation tools used in the process. 

p. 6,7 

Effect measures  12 Specify for each outcome the effect measure(s) (e.g. risk ratio, mean difference) used in the synthesis or presentation of results. p. 7 

Synthesis 
methods 

13a Describe the processes used to decide which studies were eligible for each synthesis (e.g. tabulating the study intervention characteristics and 
comparing against the planned groups for each synthesis (item #5)). 

p. 6,7 

13b Describe any methods required to prepare the data for presentation or synthesis, such as handling of missing summary statistics, or data 
conversions. 

p. 7 

13c Describe any methods used to tabulate or visually display results of individual studies and syntheses. p. 7 

13d Describe any methods used to synthesize results and provide a rationale for the choice(s). If meta-analysis was performed, describe the 
model(s), method(s) to identify the presence and extent of statistical heterogeneity, and software package(s) used. 

p. 7 

13e Describe any methods used to explore possible causes of heterogeneity among study results (e.g. subgroup analysis, meta-regression). p. 7 

13f Describe any sensitivity analyses conducted to assess robustness of the synthesized results. p. 7 

Reporting bias 
assessment 

14 Describe any methods used to assess risk of bias due to missing results in a synthesis (arising from reporting biases). p. 6,7 

Certainty 
assessment 

15 Describe any methods used to assess certainty (or confidence) in the body of evidence for an outcome. p. 7 

RESULTS   

Study selection  16a Describe the results of the search and selection process, from the number of records identified in the search to the number of studies included in 
the review, ideally using a flow diagram. 

p. 8  

Fig. 1 

16b Cite studies that might appear to meet the inclusion criteria, but which were excluded, and explain why they were excluded. Fig. 1 

Study 
characteristics  

17 Cite each included study and present its characteristics. p. 8,9  

Table 1,2,3 

Risk of bias in 
studies  

18 Present assessments of risk of bias for each included study. p. 9,10 

Table 4 

Results of 

individual studies  
19 For all outcomes, present, for each study: (a) summary statistics for each group (where appropriate) and (b) an effect estimate and its precision 

(e.g. confidence/credible interval), ideally using structured tables or plots. 
p. 9,10 

Table 5 

Results of 

syntheses 
20a For each synthesis, briefly summarise the characteristics and risk of bias among contributing studies. p. 9,10 

Table 4,5 

20b Present results of all statistical syntheses conducted. If meta-analysis was done, present for each the summary estimate and its precision (e.g. 
confidence/credible interval) and measures of statistical heterogeneity. If comparing groups, describe the direction of the effect. 

p. 10 

Table 5 

20c Present results of all investigations of possible causes of heterogeneity among study results. p. 10 
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Section and 
Topic  

Item 
# 

Checklist item  
Location 
where item 
is reported  

Table 5 

20d Present results of all sensitivity analyses conducted to assess the robustness of the synthesized results. p. 10  

Table 5 

Reporting biases 21 Present assessments of risk of bias due to missing results (arising from reporting biases) for each synthesis assessed. p. 10 

Table 5 

Certainty of 
evidence  

22 Present assessments of certainty (or confidence) in the body of evidence for each outcome assessed. p. 10 

Table 5 

DISCUSSION   

Discussion  23a Provide a general interpretation of the results in the context of other evidence. 11,12,13 

23b Discuss any limitations of the evidence included in the review. 12,13 

23c Discuss any limitations of the review processes used. 12,13 

23d Discuss implications of the results for practice, policy, and future research. 11,12,13 

OTHER INFORMATION  

Registration and 
protocol 

24a Provide registration information for the review, including register name and registration number, or state that the review was not registered. 5 

24b Indicate where the review protocol can be accessed, or state that a protocol was not prepared. 5 

24c Describe and explain any amendments to information provided at registration or in the protocol. - 

Support 25 Describe sources of financial or non-financial support for the review, and the role of the funders or sponsors in the review. 1 

Competing 
interests 

26 Declare any competing interests of review authors. 1 

Availability of 
data, code and 
other materials 

27 Report which of the following are publicly available and where they can be found: template data collection forms; data extracted from included 
studies; data used for all analyses; analytic code; any other materials used in the review. 

5,6,7 

From: Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, Mulrow CD, et al. The PRISMA 2020 statement: an updated guideline for reporting systematic 

reviews. BMJ 2021;372:n71. doi: 10.1136/bmj.n71 For more information, visit: http://www.prisma-statement.org/  
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PRISMA 2020 for Abstracts Checklist 

Supplementary Table 2.2: Prisma 2020 for Abstracts Checklist. 

Section and Topic  
Item 
# 

Checklist item  
Reported 
(Yes/No)  

TITLE   

Title  1 Identify the report as a systematic review. Yes 

BACKGROUND   

Objectives  2 Provide an explicit statement of the main objective(s) or question(s) the review addresses. Yes 

METHODS   

Eligibility criteria  3 Specify the inclusion and exclusion criteria for the review. Yes 

Information sources  4 Specify the information sources (e.g. databases, registers) used to identify studies and the date when each 
was last searched. 

Yes 

Risk of bias 5 Specify the methods used to assess risk of bias in the included studies. Yes 

Synthesis of results  6 Specify the methods used to present and synthesise results. Yes 

RESULTS   

Included studies  7 Give the total number of included studies and participants and summarise relevant characteristics of studies. Yes 

Synthesis of results  8 Present results for main outcomes, preferably indicating the number of included studies and participants for 
each. If meta-analysis was done, report the summary estimate and confidence/credible interval. If comparing 
groups, indicate the direction of the effect (i.e. which group is favoured). 

Yes 

DISCUSSION   

Limitations of evidence 9 Provide a brief summary of the limitations of the evidence included in the review (e.g. study risk of bias, 
inconsistency and imprecision). 

Yes 

Interpretation 10 Provide a general interpretation of the results and important implications. Yes 

OTHER   

Funding 11 Specify the primary source of funding for the review. Yes 

Registration 12 Provide the register name and registration number. Yes 

From: Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, Mulrow CD, et al. The PRISMA 2020 statement: an updated guideline for reporting systematic reviews. 

BMJ 2021;372:n71. doi: 10.1136/bmj.n71. For more information, visit: http://www.prisma-statement.org/ 
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Supplementary Table 2.3: Search terms and strategies. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Databases Search strategies 

PubMed (((((((((((((((((((rectal neoplasm) OR (pelvic neoplasm)) OR 

(rectal cancer)) AND (lymphatic metastasis)) OR (lateral lymph 

node)) OR (lateral pelvic lymph node)) OR (pelvic side wall 

node)) AND (neoadjuvant therapy)) OR (chemoradiotherapy)) 

AND (proctectomy)) OR (rectal resection)) OR (total mesorectal 

excision)) AND (lymph node dissection)) OR (extended 

lymphadenectomy)) OR (lateral lymph node dissection)) OR 

(lateral pelvic lymph node dissection)) OR (pelvic side wall 

dissection)) AND (comparative study) 

 

Ovid Medline (Rectal cancer and neoadjuvant and lateral lymph node 

dissection | Total mesorectal excision and neoadjuvant and lateral 

lymph node) 

 

EMBASE (rectum cancer and lateral lymph node metastasis | lateral lymph 

node metastasis and neoadjuvant therapy) 

 

Cochrane Library ((rectal cancer or rectal neoplasm) and lateral lymph nodes and 

(neoadjuvant or chemoradiotherapy)) 

 

Clinicaltrials.gov (rectal cancer or rectal neoplasm | lateral lymph nodes or pelvic 

side wall node) 
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Supplementary Table 2.4: Search terms and strategies. 

 

 

 

 

 

 

 

 

Databases searched: PubMed, Ovid MEDLINE, EMBASE, Cochrane Library, 

Clinicaltrials.gov 

Between: 1st January 1985 and 30th September 2021 

 Search Terms 

Rectal cancer 1. Rectal neoplasm 

2. Pelvic neoplasm 

3. Rectal cancer 

4. OR 1-3 

Lateral lymph node 5. Lymphatic metastasis 

6. Lateral lymph node 

7. Lateral pelvic lymph node 

8. LPLN 

9. Pelvic side wall node 

10. OR 5-9 

Neoadjuvant 

chemoradiotherapy 

11. Neoadjuvant therapy 

12. Chemoradiotherapy 

13. OR 12-13 

Total mesorectal excision 14. Proctectomy 

15. Rectal resection 

16. Total mesorectal excision 

17. Mesorectal excision 

18. OR 14-17 

Lateral lymph node 

dissection 

19. Lymph node dissection 

20. Extended resection 

21. Extended lymphadenectomy 

22. Lateral lymph node dissection 

23. LLND 

24. Lateral pelvic lymph node dissection 

25. Pelvic side wall dissection 

26. OR 19-25 

Comparative study 27. Comparative study 

28. Randomized-controlled trial 

29. OR 27-28 

 30. AND 4, 10, 13, 18, 26, 29 
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Supplementary Table 2.5: Data extraction sheet. 

Name of Study  

First author  

Country  

Publication year  

Study design  

Single/multi center  

 LLND+ LLND- 

No. of patients in each arm   

Gender M/F (%)   

Age in years (median)   

Tumour height from anal verge in cm 

(median / %) 

  

cT stage (%)   

Size criteria used for metastatic lateral 

lymph nodes (mm) 

  

Site of metastatic lateral lymph nodes   

Type of neoadjuvant therapy (%)   

type of operation performed 

LAR/APR (%) 

  

Operation time (mins)   

LLND performed single/bilateral (%)   

Postoperative complications Clavien-

Dindo (%) 

  

Hospital stay (days)   

Adjuvant therapy (%)   

Long-term morbidity (%)   

ypT-stage (%)   

ypN-stage (%)   

Resection margins (%)   

Tumour positive LLNs (%)   

Follow up (months)   

5-year lateral local recurrence rate (%)   

5-year local recurrence rate (%)   

5-year distant metastatic rate (%)   

5-year disease-free survival rate (%)   

5-year cancer-specific survival (%)   

5-year overall survival rate (%)   
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Abstract 

 

Introduction: Pre-treatment enlarged lateral lymph nodes (LLNs) in patients with locally 

advanced low rectal cancer are predictive for local recurrences after neoadjuvant 

(chemo)radiotherapy (nCRT) followed by total mesorectal excision (TME). Not much is 

known of the impact on oncological outcomes when in addition malignant features are 

present in enlarged LLNs. 

Methods: A multi-centre retrospective cohort study was conducted at five tertiary referral 

centres in the Netherlands and Australia. All patients were diagnosed with locally advanced 

low rectal cancer with LLNs on pre-treatment MRI and underwent nCRT followed by TME. 

LLNs were considered enlarged with a short-axis of ≥5mm. Malignant features were defined 

as nodes with internal heterogeneity and/or border irregularity. Outcomes of interest were 

local recurrence-free survival (LRFS), distant metastatic-free survival (DMFS), and overall 

survival (OS). 

Results: Out of 115 patients, the majority was male (75%) and the median age was 64 years 

(range 26-85). Median pre-treatment LLNs short-axis was 7mm (range 5-28) and 60 patients 

(52%) had malignant features. After a median follow-up of 47 months, patients with larger 

LLNs (7+mm) had a worse LRFS (p=0.01), but no difference in DMFS (p=0.37) and OS 

(p=0.54) compared to patients with smaller LLNs (5-6mm). LLNs patients with malignant 

features had no difference in LRFS (p=0.20), but worse DMFS (p=0.004) and OS (p=0.006) 

compared to patients without malignant features in the LLNs. Cox regression analysis 

identified LLNs short-axis as an independent factor for local recurrences. Malignant features 

in LLNs was an independent factor for DMFS.   
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Conclusion: The current study suggests that pre-treatment enlarged LLNs that also harbor 

malignant features are predictive of a worse DMFS. More studies will be required to further 

explore the role of malignant features in LLNs. 
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Introduction 

 

Technical progress of magnetic resonance imaging (MRI) has greatly improved diagnostic 

and staging accuracy in patients with rectal cancer, allowing better identification of high-risk 

disease.1,2 Specifically pre-treatment abnormal lateral lymph nodes (LLNs) can now more 

accurately be detected.3 On staging MRI, LLNs are defined as enlarged nodes in one of the 

lateral nodal basins with or without malignant features, such as border irregularity or internal 

heterogeneity.4,5 LLNs are present in approximately 20% of patients with locally advanced 

low rectal cancer (AJCC stage III), and are associated with worse oncological outcomes after 

treatment, which in the West normally consists of neoadjuvant (chemo)radiotherapy (nCRT) 

followed by total mesorectal excision (TME).6-8 

Previous studies, mainly focused on size, have shown that larger pre-treatment LLNs are 

predictive for local recurrences.5,9-11 Interestingly, not much is known about the impact on 

oncological outcomes when malignant features are present in LLNs.4,7,8 Therefore, the aim of 

the current study was to investigate the effects on long-term oncological outcomes when 

malignant features are present in pre-treatment LLNs in patients with locally advanced low 

rectal cancer. 
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Methods 

 

The ‘Strengthening the Reporting of Observational Studies in Epidemiology’ guideline was 

used for this paper.12 

A retrospective cohort study was conducted at five tertiary referral centres in the Netherlands 

(NL: Antoni van Leeuwenhoek-Netherlands Cancer Institute in Amsterdam, Catharina 

Hospital in Eindhoven and Leiden University Medical Center in Leiden) and Australia (AUS: 

Royal Adelaide Hospital and St. Andrew’s hospital both in Adelaide). The study was 

approved by the human research ethics committee at each site. 

Included were patients ≥18 years with a primary locally advanced (AJCC stage III) rectal 

cancer, ≤9 cm of the anal verge with pre-treatment LLNs on MRI.6 All patients were treated 

with curative intent, by nCRT followed by TME, between January 2009 and December 2016. 

Exclusion criteria were patients with a high rectal cancer (>9cm), those with distant 

metastatic disease at the time of diagnosis (AJCC stage IV), patients in whom lateral lymph 

nodes were resected during surgery, patients requiring pelvic exenteration surgery and other 

patients who did not undergo TME, patients who did not receive nCRT, and patients with 

locally recurrent disease after a previous rectal resection. 

MRI assessment guidelines as published by the Lateral Node Study Consortium were 

followed.8 In short, pre-treatment MRI’s were reviewed by the same dedicated radiologist at 

each centre using a colour map atlas of the pelvis for re-evaluation of the LLNs status as 

described previously.4 In addition to the AJCC TNM staging, circumferential resection 

margin, and tumour height, radiologists were asked to assess LLNs status, based on the node 

with the largest short-axis. LLNs were considered enlarged with a short-axis of ≥5 mm 

located in the following compartments: obturator, internal iliac, and external iliac basins. 
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Furthermore, the presence of malignant features in the LLNs, e.g., internal heterogeneity 

and/or border irregularity, was noted (Figure 3.1).  

 

Figure 3.1: Pre-treatment pelvic MRI of patient with locally advanced rectal cancer with 

enlarged lateral lymph nodes with (black arrow) and without (white arrow) malignant 

features. 

 

 

Neoadjuvant therapy consisted of either short-course radiotherapy (5x5 Gray) or long-course 

chemoradiotherapy (45-50.4 Gray in 28 fractions over six weeks with one of the following 

concomitant chemotherapy regimens: FOLFOX (folinic acid, fluorouracil and oxaliplatin), 

capecitabine, or 5-fluorouracil. Radiotherapy fields were routinely extended to include LLNs 

basins. TME with curative intent was carried out after nCRT. Following surgery, routine 

oncological follow-up was performed, with a minimum of three years for all patients.  

De-identified data were collected from the participating hospitals’ departmental prospective 

databases, and electronic and paper medical records, forming a new database that was 

collectively analysed. Preoperative collected data included age, sex, body mass index (BMI), 

ASA-classification, cTNM-stage, height of tumour from the anal verge on MRI, clinical 
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circumferential resection margin (cCRM), side of LLNs, LLNs basin involved, short-axis and 

malignant features of LLNs, and type of neoadjuvant therapy. Peri-operative collected data 

included: type of resection and operative time, Clavien-Dindo complication grade, length of 

stay (LOS), ypTNM-stage, resection margins, lymphovascular invasion, number of 

mesorectal lymph nodes resected, and adjuvant chemotherapy.13 

Lateral local recurrences (LLR) were defined as tumour regrowth in one of the LLNs basins.  

Local recurrences (LR) were defined as tumour regrowth in the pelvis at the site of the 

anastomosis, in the previously resected mesorectal tissues, or in one of the LLNs basins. 

Distant metastases were defined as tumour growth in the para-aortic lymph nodes and/or 

distant organs. For each patient, all events were recorded during follow-up. Outcomes of 

interest were: lateral local recurrence-free survival (LLRFS), local recurrence-free survival 

(LRFS), distant metastatic-free survival (DMFS) and overall survival (OS). For this analysis 

patients with malignant features in LLNs were compared to patients without malignant 

features. Two groups according to LLNs size were also created: 5-6mm and 7+mm.4,8 

Continuous variables are shown as medians with range and categorical variables are 

presented as absolute numbers with percentages. Differences in characteristics between 

groups were evaluated with the Mann Whitney U-test for continuous variables, and the Chi-

square or the Fisher's exact test (in tables indicated with *) for categorical variables.14 Three-

year oncological outcomes (lateral local recurrence, local recurrence, distant metastases and 

mortality rates) were evaluated with the Chi-square or the Fisher's exact test (indicated in the 

tables with *). LLRFS, LRFS, DMFS, and OS were estimated using the Kaplan-Meier 

method, with the Cochran-Mantel-Haenszel test from the day of surgery.15 Multivariate 

survival analysis was performed using the Cox proportional hazard model with stepwise 

backward method. A p-value of ≤0.05 was considered statistically significant. Statistical 
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analyses were performed using SPSS version 25.0 (IBM Corp, Armonk, NY, USA) and 

GraphPad Prism version 8.0.2 (GraphPad Software Inc., San Diego, CA, USA).  
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Results 

 

A total of 124 patients were identified. In 9 patients enlarged LLNs were removed during 

surgery, leaving 115 patients for inclusion in the study (Table 3.1). The median age of the 

complete cohort was 64 years (range 26-85 years) and the majority was male (75%). Most 

patients had a clinical tumour stage 3 (cT3; 63%) and clinical nodal stage 1 (cN1) and 2 

(cN2) were equally distributed (50% each). Median short-axis of the LLNs was 7mm (range 

5-28mm). Malignant features in the LLN were present in 60 patients (52%), and 55 patients 

had no malignant features (48%). Compared to patients without malignant features, patients 

with malignant features in the LLNs had higher rates of cT4a-stage disease (27% vs. 45%, 

respectively; not reaching significance: p=0.08) and cN-stage disease (40% vs. 60%, 

respectively; p=0.04). Median short-axis of LLNs in patients with malignant features was 

8mm, and 6mm for patients without malignant features (p=0.01). Other baseline 

characteristics between groups were not significantly different. Most frequent malignant 

features present in LLNs were heterogeneity (38%) or both irregular borders and 

heterogeneity (43%).  

 

Table 3.1: Baseline patient and tumour characteristics. 

 

Variable Complete cohort 

(n=115) 

Malignant 

features – 

(n=55) 

Malignant 

features + 

(n=60) 

P-value 

Age in years, median (range) 

 

 

64 (26 - 85) 

 

 

65 (30 - 82) 

 

62 (26 - 85) 

 

0.17 

Sex (%) 

  Male 

  Female 

 

 

86 (75) 

29 (25) 

 

 

43 (78) 

12 (22) 

 

43 (72) 

17 (28) 

 

0.52* 

BMI, median (range) 

 

 

  26.6 (16.9 - 46.2)1 

 

 

26.8 (20.4 - 

39.5)1 

 

26.3 (16.9 - 

46.2)1 

 

0.60 

ASA-classification (%)     
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  1 

  2 

  3 

  4 

  

 9 (16) 

32 (58) 

14 (26)2 

0 

5 (16) 

18 (58) 

8 (26)2 

0 

4 (17) 

14 (58) 

6 (25)2 

0 

0.94 

cT-stage (%) 

  cT2 

  cT3 

  cT4a 

 

 

1 (1) 

72 (63) 

42 (36) 

 

 

0 

40 (73) 

15 (27) 

 

1 (2) 

32 (53) 

27 (45) 

 

0.08 

cN-stage (%) 

  cN1 

  cN2 

 

 

57 (50) 

58 (50) 

  

 

33 (60) 

22 (40) 

 

24 (40) 

36 (60) 

 

0.04 

Height of tumour in cm, 

median (range) 

 

 

3.2 (0.0 - 9.0) 

 

 

3.6 (0.0 - 9.0) 

 

2.8 (0.0 - 8.5) 

 

 

0.11 

cCRM-involvement (%) 

  Yes 

  No  

 

 

48 (42) 

67 (58) 

 

20 (36) 

35 (64) 

 

28 (47) 

32 (53) 

 

0.26 

Side of LLNs (%) 

  Left 

  Right  

  Both 

 

 

57 (50) 

49 (42) 

9 (8) 

 

28 (51) 

24 (44) 

3 (5) 

 

29 (48) 

25 (42) 

6 (10) 

 

0.67 

Involved LLNs basin (%) 

  External iliac  

  Obturator  

  Internal iliac 

 

 

10 (14) 

39 (55) 

22 (31)3 

 

4 (12) 

17 (52) 

12 (36)3 

 

6 (16) 

22 (58) 

10 (26)3 

 

 

0.65 

Short-axis LLNs in mm, 

median (range) 

 

 

7 (5 - 28) 

 

6 (5 - 21) 

 

 

8 (5 - 28) 

 

0.01 

Short-axis of LLNs by size 

group (%) 

  5-6mm 

  7mm+ 

   

 

 

57 (50) 

58 (50) 

 

 

 

38 (69) 

17 (31) 

 

 

 

19 (32) 

41 (68) 

 

 

<0.0001* 

Type of malignant features 

LLNs (%) 

 Heterogeneity 

 Irregular border 

 Both 

 

 

 

- 

 

   

 

 

- 

 

 

23 (38) 

11 (19) 

 26 (43) 

 

 

 

- 

Neoadjuvant therapy (%) 

  Short-course RT  

  Long-course CRT 

 

 

20 (17) 

95 (83) 

 

11 (20) 

44 (80) 

 

 

9 (15) 

51 (85) 

 

0.62* 
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LLNs: lateral lymph nodes, BMI: body mass index, ASA: American Society of 

Anaesthesiologists, cT-stage: clinical tumour stage, cN-stage: clinical nodal stage, cCRM: 

clinical circumferential resection margin, RT: radiotherapy, CRT: chemoradiotherapy.  
1 2 patients missing (1 malignant features -, 1 malignant features +), 2 60 patients missing (24 

malignant features -, 36 malignant features +), 3 71 sites (33 malignant features -, 38 

malignant features +), * Fisher’s exact test. 

 

None of the peri-operative and postoperative histopathology outcomes were significantly 

different between both groups (Table 3.2). Patients with malignant features underwent more 

frequently an abdomino-perineal resection (APR; 62% vs. 45% for patients without 

malignant features; not reaching significance: p=0.08) and had a wider range of tumour 

positive mesorectal nodes (0-14 nodes vs. 0-8 nodes for patients without malignant features; 

not reaching statistical significance p=0.09).  

 

Table 3.2: Peri-operative characteristics and postoperative histopathology. 

 

Variable Complete cohort 

(n=115) 

Malignant 

features – 

(n=55) 

Malignant 

features + 

(n=60) 

P-value 

Type of resection (%) 

  LAR 

  APR 

   

 

53 (46) 

62 (54) 

 

 

30 (55) 

25 (45) 

 

23 (38) 

37 (62) 

 

 

0.08 

Operation time in minutes, 

median (range) 

 

 

255 (78 - 675)1 

 

223 (117 - 

675)1 

 

262 (78 - 

595)1 

 

 

0.82 

Clavien-Dindo grade (%)13 

  0/1 

  2 

  3 

  4 

  5 

 

 

 

19 (34) 

23 (42) 

8 (15) 

4 (7) 

 1 (2)1 

 

 

 

11 (39) 

11 (39) 

3 (11) 

2 (7) 

1 (3)1 

 

 

 

8 (30) 

12 (44) 

5 (19) 

2 (7) 

01 

 

 

 

0.74 

Length of hospital stay in 

days, median (range) 

 

 

11 (4 - 62)1 

 

11 (4 - 35)1 

 

 

12 (6 - 62)1 

 

 

0.63 

ypT-stage (%) 

  ypT0 

  ypT1 

  ypT2 

 

12 (11) 

6 (5) 

30 (26) 

 

8 (15) 

3 (5) 

14 (25) 

 

4 (7) 

3 (5) 

16 (26) 

 

0.74 
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  ypT3 

  ypT4a 

 

54 (47) 

13 (11) 

24 (44) 

6 (11) 

30 (50) 

7 (12) 

ypN-stage, mesorectal nodes 

only (%) 

  ypN0 

  ypN1 

  ypN2 

 

 

 

72 (63) 

29 (25) 

14 (12) 

 

 

37 (67) 

14 (26) 

4 (7) 

 

 

35 (58) 

15 (25) 

10 (17) 

 

 

0.29 

Lympho-vascular invasion 

(%) 

  Yes 

  No 

 

 

 

22 (22) 

 76 (78)2 

 

 

11 (22) 

39 (78)2 

 

 

11 (23) 

37 (77)2 

 

 

0.99* 

Total number of mesorectal 

LN harvested, median 

(range) 

 

Range tumour positive 

mesorectal lymph nodes 

 

 

 

13 (2 - 46) 

 

 

0 - 14 

 

 

 

 

16 (6 - 46) 

 

 

0 - 8 

 

 

16 (5 - 45) 

 

 

0 - 14 

 

 

0.24 

 

 

0.09 

Resection margins (%) 

  R0 

  R1 

  R2 

 

 

103 (89) 

11 (10) 

 1 (1) 

 

51 (93) 

4 (7) 

0 

 

52 (87) 

7 (11) 

1 (2) 

 

0.39 

Adjuvant chemotherapy 

(%) 

  No 

  Yes 

 

 

 

80 (70) 

35 (30) 

 

 

40 (73) 

15 (27) 

 

 

40 (66) 

20 (33) 

 

 

0.54* 

LAR: low anterior resection, APR: abdomino-perineal resection, ypT-stage: post-neoadjuvant 

pathological tumour stage, ypN-stage: post-neoadjuvant pathological nodal stage, LN: lymph 

nodes, N/A: not-applicable.  
1 60 patients missing (27 malignant features -, 33 malignant features +), 2 17 patients missing 

(5 malignant features -, 12 malignant features +). * Fisher’s exact test. 
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Type of neoadjuvant therapy and the rate of adjuvant chemotherapy administered were not 

significantly different between LLNs groups with or without malignant features (Table 3.1 

and 3.2), or by LLNs size (Table 3.3).     

 

 

Table 3.3: Administration of neoadjuvant and adjuvant therapies by lateral lymph node size.  

RT: radiotherapy, CRT: chemoradiotherapy. * Fisher’s exact test. 

 

Three years after surgery, LLR and LR rates were worse for patients with larger LLNs 

(7+mm; p=0.06 and p=0.03, respectively), while there was no significant difference in distant 

metastatic and mortality rates (p=0.67 and p=0.54, respectively; Table 3.4a).  

 

 

Table 3.4a: Three-year oncological outcomes for metastatic lateral lymph nodes according to 

short-axis size. 

 

 5-6mm 

n=57 

7+mm 

n=58 
P-value 

Lateral local 

recurrence (%) 

 

1 (2) 7 (12) 

 

0.06* 

Local recurrence 

(%) 

 

2 (4) 10 (17) 

 

0.03* 

Distant 

metastases (%) 

 

14 (25) 17 (29) 

 

0.67* 

Mortality (%) 

 

 

16 (28) 20 (34) 

 

0.54* 

* Fisher’s exact test. 

Variable Complete cohort 

(n=115) 

LLN size 5-6 

mm  

(n=57) 

LLN size 7+ 

mm  

(n=58) 

P-value 

Neoadjuvant therapy (%) 

  Short-course RT  

  Long-course CRT 

 

 

20 (17) 

95 (83) 

 

10 (18) 

47 (82) 

 

10 (17) 

48 (83) 

 

0.99* 

Adjuvant chemotherapy (%) 

  No 

  Yes 

 

 

80 (70) 

35 (30) 

 

44 (77) 

13 (23) 

 

36 (62) 

22 (38) 

 

0.10* 
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Similarly, after a median follow-up of 47 months, patients with larger LLNs (7+mm) had 

worse LLRFS (p=0.02) and LRFS (p=0.01), but no significant difference in DMFS (p=0.36) 

and OS (p=0.30; Figure 3.2).  

 

Figure 3.2: Kaplan-Meier survival curves of lateral local recurrence-free survival (a; p=0.02), 

local recurrence-free survival (b; p=0.01), distant metastatic-free survival (c; p=0.36) and 

overall survival (d; p=0.30) by size of lateral lymph nodes. 
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In contrast, three years after surgery, LLR and LR rates were not different for LLNs patients 

with and patients without malignant features (p=0.28 and p=0.37, respectively; Table 3.4b), 

while distant metastatic and mortality rates were worse for LLNs patients with malignant 

features (p=0.02 and p=0.0003, respectively).  

 

Table 3.4b: Three-year oncological outcomes for metastatic lateral lymph nodes with or 

without malignant features. 

 

 

Malignant 

features - 

n=55 

 

Malignant 

features + 

n=60 

 

P-value 

Lateral local 

recurrence (%) 

 

2 (4) 6 (10) 

 

0.28* 

 

Local recurrence 

(%) 

 

4 (7) 8 (13) 

 

0.37* 

Distant 

metastases (%) 

 

9 (16) 22 (37) 

 

0.02* 

 

Mortality (%) 

 

 

 8 (15) 28 (47) 

 

0.0003* 

* Fisher’s exact test. 
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Also, LLRFS (p=0.23) and LRFS (p=0.20) were not significantly different for LLNs patients 

with or without malignant features, but DMFS (p=0.004) and OS (p=0.006) were worse for 

LLNs patients with malignant features (Figure 3.3).  

 

Figure 3.3: Kaplan-Meier survival curves of lateral local recurrence-free survival (a; p=0.23), 

local recurrence-free survival (b; p=0.20), distant metastatic-free survival (c; p=0.004), and 

overall survival (d; p=0.006) of lateral lymph nodes with or without malignant features.  
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When analysing LLNs with malignant features by size, DMFS and OS were also worse for 

LLNs with 5-6mm short-axis compared to LLNs without malignant features (p=0.02 and 

p=0.01, respectively) (Figure 3.4). 

 

Figure 3.4: Kaplan-Meier survival curves of lateral local recurrence-free survival (a; p=0.17), 

local recurrence-free survival (b; p=0.19), distant metastatic-free survival (c; p=0.02), and 

overall survival (d; p=0.01) of enlarged lateral lymph nodes without malignant features and 

by size groups with malignant features.  
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Cox regression analysis showed that short-axis size of the LLNs remained an independent 

significant factor for LR (p=0.02). Malignant features in LLNs remained an independent 

significant factor for DMFS (p=0.04) (Table 3.5).   

 

Table 3.5: Summary of Cox regression analysis.  

HR: hazard ratio, 95%CI: 95% confidence interval. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Endpoint - Variable p-value HR 95%CI 

  
Lateral local recurrence  

  ypN-stage 

 

 

0.04 

 

 

2.94 

 

 

1.43 - 4.56 

 

Local recurrence  

  cT-stage 

  cN-stage 

  Short-axis size LLNs 

 

 

0.03 

0.05 

0.02 

 

4.06 

3.32 

1.31 

 

 

2.66 - 6.23 

1.67 - 7.32 

1.21 - 2.12 

 

Distant metastasis 

  cN-stage  

  Malignant features LLNs 

 

 

0.02 

0.04 

 

 

3.19 

1.89 

 

 

2.18 - 8.63 

1.20 - 4.04 

Overall survival 

  Age 

  ypN-stage  

  Lymphovascular invasion 

  Resection margins 

 

 

0.03 

0.05 

0.03 

0.02 

 

2.31 

2.14 

4.42 

3.54 

 

1.52 - 5.96 

1.35 - 4.90 

1.11 -10.53 

2.15 - 10.91 
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Discussion 

 

In rectal cancer, size criteria for LLNs are well established to predict loco-regional 

recurrences.4,5,9-11 Using LLNs size criteria helps to identify patients who may benefit from 

local treatment.8 The current study suggests that additional malignant features present in 

enlarged LLNs are predictive for worse DMFS. This could represent a poorer biology of the 

tumour and helps to select patients for systemic treatment.  

Current knowledge about the clinical significance of enlarged LLNs also harbouring 

malignant features is limited. In a recent publication, the Lateral Node Study Consortium has 

been one of the few to investigate oncological outcomes of malignant features also.4,7,8 In 

contrast to the current study, this consortium found that malignant features were associated 

with a worse LLR and LR, but not DMFS. In this study, a large number of patients from the 

East were included, 12% of whom underwent a lateral lymph node dissection (LLND) while 

20% did not undergo any neoadjuvant treatment. In order to create a more homogeneous 

cohort, only Western patients were included in the current analysis, of whom all underwent 

neoadjuvant therapy, and none underwent a LLND, making the results more applicable to 

Western practices.  

A study conducted in Oxford, suggested that LLNs with malignant features do not result in 

different LLR rates, DMFS or cancer specific survival.7 However, this study only included 13 

LLNs patients (10%) with malignant features, meaning that it likely underestimated the true 

impact of LLNs harbouring malignant features. Furthermore, 40 patients (31%) did not 

undergo any neoadjuvant therapy. Since increased LLNs size was significantly related to 

poorer cancer-specific survival and OS, it was concluded that LLNs size might is a better 

measure than assessment of malignant features. Additionally, Japanese surgeons mainly base 

their judgement of LLNs on size, and less on malignant features.7  
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Indeed, LLNs size is one of the most important prognostic factors for long-term oncological 

outcomes.4,8 Additionally, the current study suggests that patients with enlarged LLNs 

harbouring malignant features have poorer DMFS compared to those without these features. 

This means that additionally to using LLNs short-axis size, taking malignant features into 

consideration, may result in improved diagnosis of smaller nodes.16-20  

In the analysed cohort, patients with malignant features in enlarged LLNs had higher cN-

stages and had larger LLNs compared to patients without malignant features. This could have 

impacted the distant metastatic rate, but in the Cox regression analysis, malignant features 

remained an independent factor for DMFS.     

In the current cohort, no LLNDs were performed as the Western standard treatment of nCRT 

followed by TME, was followed. It is therefore unclear if enlarged LLNs, with or without 

malignant features, actually were metastatic or if they were inflammatory only, as no 

postoperative histopathology was available. Previous studies have shown that LLNs 

harboring metastases upon postoperative pathology are associated with decreased survival. 

21,22,23 In light of this, another interpretation of the results of the current study could be that 

malignant features identified true metastatic LLNs more accurately, while those that were 

enlarged only could have been either inflammatory or metastatic, resulting in increased 

distant metastatic rates in LLNs with malignant features. For this reason, performing an 

additional LLND after nCRT in patients with enlarged LLNs could be of benefit, the more 

because some Western centres have recently reported reduced local recurrence rates after 

LLND, but evidence is limited.8,9,24 In the future, more robust results from the currently 

recruiting multi-centre Lateral Nodal Recurrence in Rectal Cancer (LaNoReC) study are 

expected.25 

Some limitations of the current study have to be addressed. Firstly, this is a retrospective 

cohort series conducted at multiple centres, resulting in unavailability of parameters, such as 
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extramural vascular invasion and number of LLNs, and in heterogeneity of patients and 

treatment modalities, such as nCRT and adjuvant chemotherapy regimens used. Particularly 

in the Netherlands, adjuvant chemotherapy is used sparingly in rectal cancer and reserved for 

patients who develop recurrences. However, all patients in the current study were treated 

according to the local protocol, independently of their LLNs status. Secondly, for each patient 

all events were recorded during follow-up to reflect the real-life setting of the study. This 

could have resulted in altered identification of a potential second recurrence due to adjuvant 

treatment that had been initiated following the first recurrence. Thirdly, due to differences in 

interpretation, radiologists at the participating institutions, although all with a special interest 

in rectal cancer imaging, may have interpreted the presence of malignant features variably, 

especially in smaller LLNs.19,20 Also, we were not able to evaluate the LLNs response to 

nCRT as patients did not undergo a restaging MRI routinely. Lastly, despite including 

patients treated at five tertiary referral centres, the number of patients meeting the inclusion 

criteria was relatively low.   

In conclusion: the current study suggests that pre-treatment enlarged LLNs that also harbor 

malignant features are predictive of a worse DMFS. More studies will be required to further 

explore the role of malignant features in LLNs. 
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Past 

Pre-treatment metastatic lateral lymph nodes (LLNs) are present in approximately 20% of 

locally advanced low rectal cancers. LLNs are defined as enlarged nodes in one of the lateral 

nodal basins with or without malignant features, such as border irregularity or internal 

heterogeneity.1 Previous research has shown that enlarged LLNs predict local recurrence after 

standard Western treatment, consisting of neoadjuvant chemoradiotherapy (nCRT) followed 

by total mesorectal excision (TME).2 Not much is known of the impact on oncological 

outcomes when additionally malignant features are present in LLNs. 

 

Present  

In the current international multi-centre study, it was confirmed that pre-treatment enlarged 

LLNs are predictive of local recurrence in univariate and multivariate analyses.3 In addition, 

enlarged LLNs that also had malignant features on pre-treatment MRI were predictive of 

worse distant metastatic-free survival, suggesting increased metastatic potential. This can be 

interpreted as analogous to the behaviour of primary rectal cancers, with bulky locally 

advanced tumours representing a greater risk of local recurrence (so-called “ugly” tumours), 

and those with extra tumoral deposits representing a greater distant failure risk (“bad” 

tumours). 

 

Future 

In the current dataset, lateral lymph node dissection (LLND) was not performed after nCRT 

and TME.3 Considering the outcomes of this paper, an argument could be made for 

performing LLND after nCRT in rectal cancers with abnormal LLNs, with potentially 

different roles depending on morphology (size, malignant features, or both). Some Western 

centres have recently reported reduced local recurrence rates after LLND, but evidence 
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remains limited and generally based on LLNs size rather than on morphology.2,4 In the future, 

more robust results from the multi-centre Lateral Nodal Recurrence in Rectal Cancer 

(LaNoReC) study are expected, providing more evidence on the significance of size and 

morphology criteria of LLNs in rectal cancer.5 
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Thesis summary 

 

Summary and Discussion 

Pre-treatment enlarged lateral lymph nodes (LLNs) are present in approximately 20% of all 

patients with locally advanced rectal cancer. LLNs are defined as enlarged nodes in one of 

the lateral nodal basins with or without malignant features, such as border irregularity or 

internal heterogeneity.1 In the West, standard treatment of LLNs consists of neoadjuvant 

(chemo)radiotherapy (nCRT) followed by total mesorectal excision (TME), meaning the 

LLNs are not resected surgically. Because of reports from the East, mainly Japan and South 

Korea, there is a recent growing interest in performing an additional lateral lymph node 

dissection (LLND) in these patients.1-3 

For the studies included in this thesis, an international multi-centre database including 

patients with locally advanced rectal cancer and enlarged LLNs from six Western tertiary 

referral hospitals in the US, the Netherlands and Australia was constructed and analysed. All 

patients had locally advanced rectal cancer with enlarged LLNs, with a short-axis of ≥5mm, 

and underwent nCRT followed by TME. In addition, the patients from the US underwent a 

LLND. 

Results showed that enlarged LLNs predict local recurrences after nCRT followed by TME, 

which is in accordance to previous literature,4,5 and that enlarged LLNs with malignant 

features are predictive of worse distant metastatic-free survival, suggesting an increased 

metastatic potential.  

Considering these outcomes, an argument could be made for performing a LLND after nCRT 

in rectal cancer patients with abnormal LLNs. Therefore, long-term oncological outcomes of 

the addition of a LLND after nCRT were studied compared to a group undergoing nCRT 

only, showing reduced local recurrences for patients who underwent an additional LLND.6 
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In a systematic review, including seven studies, the addition of a LLND after nCRT in 

patients with rectal cancer with LLNs was analysed compared to patients who were treated by 

nCRT only. This systematic review confirmed the results from the clinical study showing 

lower local recurrence rates, and in addition improved disease-free survival rates, both in 

favour of LLND. 

Considering the results described in the chapters included in this thesis, an argument could be 

made to perform an additional LLND during TME after nCRT in rectal cancer patient with 

pre-treatment enlarged LLNs, with potentially different approaches depending on 

morphology (size, malignant features, or both).  

 

Future 

Due to the retrospective nature of the clinical studies included in this thesis and the low 

quality of the studies included in the review, high-quality studies are required to determine 

the value of LLND in this setting. 

In future studies it would therefore be beneficial if more Western centres could participate, 

especially those centres performing LLNDs. However, for this to occur, increased experience 

with performing the LLND procedure in the West will be necessary. The results of the now 

open Lateral Nodal Recurrence in Rectal Cancer (LaNoReC) study are eagerly awaited.7 
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