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Summary

Purpose: Accurate staging of cancers of the colon and rec-
tum (CRC) requires adequate lymph node (LN) evaluation, 
and many studies have demonstrated an association between 
the number of LNs examined and survival. The number of 
lymph nodes which are retrieved during resections for CRC 
may however vary and has been associated with various fac-
tors in the literature. The aim of the present study was to 
identify such factors in our CRC surgical practice.

Methods: The study included specimens from 115 male and 
177 female patients with a mean age of 69.2±11.9 years (31-
94) who were treated for CRC in a Surgical Oncology Depart-
ment over a 5-year period. The number of LNs harvested per 
patient was the main endpoint of interested. The analysed 
parameters were the patient’s age and sex, the site of resec-
tion, the depth of tumour invasion (T stage), the grade of dif-
ferentiation, the size of the tumour (maximal diameter) and 
the length of the resected colon. Neoadjuvant radiotherapy in 
rectal cancer cases was also taken into consideration. Analy-

sis was applied using the statistical software PASW version 
18. A p value<0.05 was considered statistically significant. 

Results: Female sex, right location of tumour and age 
younger than 65, were factors associated with significantly 
higher LN yield in resected specimens of CRC. Furthermore, 
the length of the resected bowel and the size of the tumour 
were positively correlated with the LN yield. In patients with 
rectal cancer, where neoadjuvant radiotherapy was applied, 
the LN yield was significantly lower. Lastly, the depth of 
invasion and the grade of tumour’s differentiation did not 
have any impact on the number of harvested LNs. 

Conclusion: LN harvest in patients with CRC is highly vari-
able and may be determined by multiple factors. Meticulous 
surgical technique and an adequate length of specimen are 
required in order to obtain as many LNs as possible.
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Introduction

 Colorectal cancer (CRC) is the third most com-
mon cancer worldwide and the fourth most com-
mon cause of death [1]. The status of lymph nodes 
(LNs) at the time of surgical resection is the most 
important prognostic factor in CRC and many stud-
ies have demonstrated an association between the 
number of LNs examined and survival [2,3]. Accu-
rate staging of CRC requires adequate LN evalu-
ation. Retrieval of at least 12 LNs is currently a 
benchmark in CRC resections [4]. Nevertheless, the 
number of LNs which are retrieved during resec-

tions for CRC has been associated with various fac-
tors in the literature [5-11]. The aim of the present 
study was to identify such factors in our CRC surgi-
cal practice. 

Methods 

 The study included specimens from 115 male and 
117 female patients with a mean age of 69.2±11.9 years 
(31–94) who were treated for CRC in a Surgical Oncol-
ogy Department over a 5-year period. The operative pro-
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cedures were 83 right colectomies, 1 transverse colec-
tomy, 16 left colostomies, 36 sigmoid colectomies, 73 
low anterior resections (LAR) and 23 abdominoperineal 
resections (APR). Right-sided colon cancer was defined 
as a tumour proximal to the splenic flexure, left-sided 
colon cancer as a tumour between the splenic flexure 
and rectosigmoid junction and rectal cancer as a tumour 
distal to the rectosigmoid junction. The number of LNs 
harvested per patient was the main endpoint of interest. 
The analysed parameters were the patient’s age and sex, 
the site of resection, the depth of tumour invasion (T 
stage), the grade of differentiation, the size of the tumour 
(maximal diameter) and the length of the resected colon. 
Neoadjuvant radiotherapy in rectal cancer cases was also 
taken into consideration. 

Statistics

 Categorical variables were summarised by frequen-
cies and percentages whereas quantitative variables as 
mean and standard deviation (Table 1). Independent 
t-test was used for comparisons between two groups. 
Bivariate correlations were performed between continu-
ous variables. All variables were also included in lin-
ear regression analysis. The statistical software PASW 
version18 was used and a p value<0.05 was considered 
statistically significant.

Results

 As shown in Table 1, the mean number of har-
vested LNs in this cohort of specimens was 14.98 
±8.7 with a median of 14 lymph nodes. In 58.6% of 
the cases at least 12 LNs were retrieved. 
 In females, the mean number of harvested 
lymph nodes was 15.6±8.9 whereas in males it was 

Variables Number of cases (%) 

Sex 

Male 115 (49.6) 

Female 117 (50.4) 

Age, years

Mean (SD) 69.2 (11.9) 

<50 15 (6.5) 

≥50<65 53 (22.9) 

≥65<80 113 (48.7) 

≥80 51 (21.9) 

Location of tumour 

Right  83 (35.7) 

Left 60 (25.9) 

Rectum 89(38.4) 

Depth of invasion 

Tis 12 (5.2) 

T1 18 (7.7) 

T2 33 (14.2) 

T3 115 (49.6) 

T4 54 (23.3) 

Grade of differentiation 

High 18 (7.8) 

Moderate 187 (80.6) 

Low 27 (11.6) 

Neoadjuvant radiotherapy (rectal cancers) 

Yes 17 (19.1) 

No 72 (80.9) 

Number of harvested LNs 

Mean (SD) 14.98 (8.7) 

Median 14 

≥ 12 136 (58.6) 

< 12 96 (41.4)

Node positive 

Yes 104 (44.8) 

No 128 (55.2) 

Table 1. Summary of the tested variables

Figure 1. Boxplot diagram showing the difference in LN 
yield between males and females. 

Figure 2. Boxplot diagram showing the LN yield in vari-
ous age groups. The LN yield was significantly higher in 
younger patients. 
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14.3±8.6 and this difference was found significant 
(Figure 1).
 In patients younger than 50 years, the mean 
LN yield was 19.3±9.9, whereas in patients be-
tween 50 and 64 years it was 15±7.5, in patients 
between 65 and 79 years it was 13.9±8.3 and lastly 
in patients of 80 years and over, the mean number 
of harvested LNs was 16.5±9.7. This difference in 
favour of patients younger than 65 years and par-
ticularly younger than 50 years was statistically 
significant (Figure 2). 
 In specimens of right sided tumours, the mean 
number of harvested LNs was 17.1±8.8, whereas 
in left sided tumours it was 13.1±7.2 and in rectal 
tumours it was 13.9±9.1. This difference in favour 
of right sided tumours was statistically significant 
(Figure 3).
 Furthermore, the length of the resected bowel 
and the size of the tumour (maximal diameter) 

positively correlated with the LN yield (Figures 4 
and 5).
 As shown in Figure 6, in the subgroup of pa-
tients with rectal cancer, neoadjuvant radiotherapy 
was associated with a lower number of harvested 
LNs (9.38±6.82 vs 14.78±9.15).
 Linear regression analysis showed that pa-
tient’s age and sex, the site of resection, the size of 
the tumour (maximal diameter) and the length of 
the resected colon were independent factors signifi-
cantly associated with the number of the harvested 
LNs. Lastly, the depth of invasion and the grade of 
tumour’s differentiation did not have any impact 
on the LN harvest (Table 2). 

Discussion

 Accurate staging of cancers of the colon and 
rectum requires adequate LN evaluation. In order 

Figure 3. Boxplot diagram showing the LN yield according 
to tumour’s location. The LN yield was significantly higher 
in right sided tumours.

Figure 4. Scatter diagram showing a positive linear cor-
relation of the number of harvested LNs with the length of 
the resected bowel. 

Figure 5. Scatter diagram showing a positive linear cor-
relation of the number of harvested LNs with the length of 
the resected bowel. 

Figure 6. Boxplot diagram showing the LN yield in rectal 
specimens. Neoadjuvant radiotherapy was associated with 
a lower number of harvested LNs. 
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to define pathological N staging in CRC, current 
guidelines recommend retrieval of at least 12 LNs 
in the surgical specimen. In clinical practice, how-
ever, there is a wide variation regarding the num-
ber of LNs that are retrieved in resected specimens 
of colon and rectum. This reflects variability both 
in surgical and pathological performance. Surgical 
factors include operator’s experience and adequacy 
of the en bloc resection [12]. Pathological factors 
include the use of fat clearing or LN revealing so-
lutions and the experience of the pathologist in 
finding LNs [13]. It has been shown that with ac-
cumulation of experience and colorectal workload 
the number of retrieved LNs increases with time 
[14]. Furthermore, the number of LNs which are 
retrieved during resections for CRC has been as-
sociated with various other factors in the literature 
[5-11]. 
 The present study found that the number of 
LNs harvested in surgery for CRC tends to be high-
er in females. This is consistent with other studies 
in the literature [5,14,15].
 The number of lymph nodes harvested is as-
sociated with the age of the patients [16-18]. Oth-
er studies have also reported a reduction in the 
number of LNs with advancing age in colon cancer 
independently of sex and AJCC stage. A plausible 
explanation is that in older patients, LNs may be 
more difficult to be identified and retrieved due to 
reduced immunological response. Another expla-
nation which needs to be considered is that in older 
patients, surgeons are often reluctant to perform 
extensive resections. In patients younger than 65 
years and particularly younger than 50 years, the 
LN yield was significantly higher in the present 
study.
 Several studies have shown that tumour loca-
tion is significantly associated with the number 
of LNs in resection specimens; specifically, more 
LNs are usually obtained from right-sided colon 

cancers than from left-sided colon cancers, and the 
lowest number is from rectal cancers [19-22]. The 
reasons for this difference are still not fully under-
stood. The literature indicates that more numerous 
intermediate nodes can be found in and around the 
ileocaecal region than in the mid-, left, and sigmoid 
colon. This may partially explain generally higher 
LN yield in right-sided specimens than in left-sided 
specimens. In addition, difficulties in LN recovery 
from rectal resection specimens are well known. 
Cawthorn et al [23] found that LN metastases in the 
supralevator part of the mesorectum may be diffi-
cult to identify by manual dissection. One theory to 
explain the higher LN yield in right colon cancers 
is that right hemicolectomy specimens are gener-
ally longer and therefore have a larger mesocolon 
but the evidence for this hypothesis is conflicting 
[8,24,25]. It is still not known whether the right 
colon mesentery contains more LNs than the left 
colon mesentery in normal subjects and this is cur-
rently under investigation [9].
 Another hypothesis is that right-sided colon 
cancers are biologically distinct from left-sided co-
lonic and rectal cancers [26,27]. Sporadic CRCs with 
microsatellite instability or CpG island methylator 
phenotype are more common in the right colon and 
tend to occur at an older age [28-31]. 
 Furthermore, these right-sided tumours show a 
greater lymphocyte infiltration [29,31,32]. It is hy-
pothesized that this reflects the host’s anti-tumour 
immune response, which may explain the improved 
prognosis associated with microsatellite instability 
and why right-sided colonic cancers have a higher 
lymph node yield [31]. 
 The length of resected bowel specimen is a 
strong predictor of the harvested LNs. A longer 
segment of resected bowel will have more pericolic 
and mesenteric LNs. This is consistent with the 
principle that the surgeon must perform a surgical 
resection, including removal of an adequate seg-

Model Unstandardised Coefficients Standardised 
Coefficients

t Sig. 95.0% Confidence Interval for B

B Std. error Beta Lower bound Upper bound

(Constant) 12.296 0.681 18.058 0.000 10.962 13.631

Age -0.023 0.006 -0.029 -3.541 0.000 -0.035 -0.010

Sex 0.481 0.140 0.028 3.432 0.001 0.206 0.755

Length of resected colon 0.088 0.007 0.100 11.920 0.000 0.073 0.102

Diameter of tumour 0.623 0.037 0.147 17.064 0.000 0.551 0.694

Grade of differentiation (G) 0.234 0.172 0.012 1.362 0.173 -0.103 0.571

Depth (T) 0.100 0.073 0.012 1.373 0.170 -0.043 0.243

Site of resection -0.696 0.081 -0.072 -8.544 0.000 -0.856 -0.537

Table 2. Output of regression analysis
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ment of bowel and the main lymphovascular sup-
ply to the resected segment.
 In the present study, a positive correlation was 
also found between the number of harvested LNs 
and the maximal diameter of the tumour. The size 
of the tumour is a parameter that has not been ad-
dressed in previous studies. 
 The present study also found that the number 
of harvested LNs increased with increasing T stage, 
which is consistent with several other studies 
[4,16]. It is possible that the locoregional immune 
response to the tumour is stimulated in propor-
tion to the depth of tumour invasion [4]. Reactive 
changes in the draining LNs lead to enlargement 
and this in turn makes them easier to detect.
 Lastly, the grade of tumour’s cellular differen-
tiation was not associated with the LN yield in the 
present study. 
 Patients with rectal cancer receiving neoad-

juvant radiotherapy were found to have a lower 
LN number in this study. Previous reports have 
identified significantly decreased LN yield in pa-
tients treated with neoadjuvant radiation [33,34]. 
The diligence and accuracy of the pathologist and 
the correct high-quality total mesorectal excision 
by surgeon are essential in order to detect the ma-
jority of LNs and to achieve a valid nodal staging 
after preoperative radio (chemo) therapy [35]. 
 In conclusion, LN harvest in patients with CRC 
is highly variable and may be determined by mul-
tiple factors. Meticulous surgical technique and an 
adequate length of specimen are required in order 
to obtain as many LNs as possible. 
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