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Objectives
Adequate lymph node harvest (LNH) is an important factor for the correct staging 
and subsequent proper adjuvant therapy for patients with colon cancer. Dissection 
of more than or equal to 12 lymph nodes (LNs) is recommended by American 
Joint Committee on Cancer to be adequate, and below this number is considered 
insufficient, which will affect adjuvant therapy. So, we aimed in this study to analyze 
the clinicopathological and surgical factors associated with poor LNH.
Patients and methods
We have retrospectively analyzed the data of 75 patients who underwent curative 
resection for stages I–III colon cancer in Menoufia University Hospital, Egypt, 
between January 2020 and March 2022. Variables like age, sex, primary site, type 
of surgery, specimen length, tumor size, and stage were evaluated for their effect 
on the LNH.
Results
Of 75 patients, 11 (14.67%) patients had poor LNH (≤12). On univariate analysis, 
inadequate LNH (≤12) was associated with male patients, left colon+cancer, pT3-T4 
diseases, short distal margin, resected specimen length, and after neoadjuvant 
therapy. On multivariate analysis, length of specimen, surgical margin, and after 
neoadjuvant therapy were found to significantly affect LNH.
Conclusion
Elderly, male patients with left colon cancer, shorter specimen length, advanced 
tumor stage, and after neoadjuvant therapy were at increased risk of a poor LNH.
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Introduction
Colorectal cancer (CRC) is a significant cause of 
cancer-related deaths worldwide [1]. In Egypt, the 
estimated rate of colon neoplasms is 6.5% of all 
malignant tumors, and data released by the National 
Cancer Institute registry at Cairo University show 
that CRC morbidity and mortality rank sixth among 
all malignancies and that they are increasing year after 
year, along with changes in lifestyle [2]. Complete 
tumor resection plus lymph node harvest (LNH) plays 
a key role in the treatment of operable localized colon 
neoplasms [3]. Examination of an adequate number of 
lymph nodes (LN) is an important factor for the correct 
staging and subsequent therapy for patients with CRC. 
The presence of metastatic LNs represents a step toward 
systemic tumor spread, and it is also considered a strong 
indicator of adverse prognosis, and node metastasis is 
the major determinant of adjuvant therapy for patients 
with colon cancer [4]. Tumor node metastasis staging 
system, developed and maintained by the Union for 
International Cancer Control and American Joint 
Committee on Cancer, recommended that examination 
of at least 12 LN is required for adequate colon 
neoplasm staging [5]. LNH is affected by numerous 

factors related to the patient, the tumor, and surgical 
and histopathological practice [6]. The aim of this 
current study was to determine the clinicopathological 
and surgical factors associated with poor LNH.

Patients and methods
In this retrospective study, 75 patients who had 
locoregional primary invasive colonic adenocarcinoma 
were included, and they were treated at General Surgery 
Department, Menoufia University Hospitals, between 
January 2020 and March 2022. Patients with colonic 
adenocarcinoma stages I–III and who underwent 
curative resection, and patients with and without 
neoadjuvant therapy were included in this study. 
Exclusion criteria included patients presented with 
pathologies other than adenocarcinoma, metastatic 
disease in the colon, synchronous colon cancer, and 
palliative surgery patients. This study was approved by 
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the local ethics committee of the Faculty of Medicine, 
Menoufia University (Approval No.4/2022SURG), 
and written patient consent was not obtained because 
of the retrospective nature of this study.

Before surgery, all patients were subjected to full clinical 
assessment, laboratory investigations, and imaging studies 
such as chest and pelvi-abdominal computed tomography. 
According to the standard for colon cancer surgery (done 
by the same surgical team), central vascular ligation 
was emphasized to enable adequate LNH. The mean 
number of total LN examined was initially calculated. 
Gross and microscopic pathological examinations were 
done by the same pathological team in our university 
hospitals according to the 8th edition of the American 
Joint Committee on Cancer tumor node metastasis 
classification [7]. LNs were identified by hematoxylin and 
eosin staining. Subsequently, the number of patients who 
had adequate LNH (≥12) and the number of patients 
who had inadequate LNH (<12) in their pathologic 
report were determined. All potential tumor (anatomical 
site, tumor size, grade, and the total number of involved 
LNs), demographic data, and treatment (type of surgery 
and neoadjuvant treatment) characteristics were evaluated 
for their effect on the number of LNH. Tumors located 
in the region from the ileocecal valve to the distal part 
of the transverse colon were known as right colon cancer, 
and tumors located in the region from splenic flexure to 
anorectal junction were known as left colon cancer.

Statistical analysis
The data analysis was performed using SPSS (Statistical 
Package for the Social Sciences Inc., Chicago, Illinois, 
USA) program, version 20 for Windows. Descriptive 
statistics were used to summarize the demographic 
characteristics of patients in which qualitative data 
were presented in the form numbers and percentages 
and quantitative data were presented in the form of SD, 
mean, and range. Univariate and multivariate logistic 
regression models were applied to assess the influence 
of primary tumor characteristics on the number of 
LNH. In addition, 95% confidence intervals (CIs) were 
determined for the odds ratio (OR) values obtained by 
logistic regression models. Statistical significance was 
demonstrated for results (P<0.05).

Results
A total of 75 patients were included in this study, of 
which 44 (58.67%) were males and 31 (41.33%) were 
females, and 23 (30.67%) patients were less than or 
equal to 65 years. The mean number of evaluated nodes 
was 22.13 ± 10.92 in surgically treated patients with 
colon cancer. Adequate LNH (≥12 LN) was performed 
in 64 (85.3%) patients and inadequate (<12 LN) was 
done in 11 (14.7%) patients (Table 1).

Table 1  Clinicopathological data of 75 surgically treated pa-
tients with colon cancer (stages I–III)

Factors n (%) Mean±SD

Sex

  Male 44 (58.67)  

  Female 31 (41.33)  

Age  61.34 ± 12.87

  ≤65 years 23 (30.67)  

  >65 years 52 (69.33) –

BMI (kg/m2)   26.98 ± 5.31

  <25 26 (34.67)  

  ≥25 49 (65.33)  

Elective/emergency

  Elective 58 (77.33)  

  Emergency 17 (22.67)  

Open/laparoscopic   

  Open 51 (68.00)  

  Laparoscopic 24 (32.00)  

Primary site   

  Right colon 21 (28.00)  

  Left colon 54 (72.00)  

Primary tumor stage   

  T0 2 (2.67)  

  T1 5 (6.67)  

  T2 7 (9.33)  

  T3 53 (70.67)  

  T4 8 (10.67)  

Tumor size (cm)   4.73 ± 2.91

  <5 48 (64.00)  

  ≥5 27 (36.00)  

Tumor differentiation   

  Well 17 (22.67)  

  Moderate 46 (61.33)  

  Poor 7 (9.33)  

  Undefined 5 (6.67)  

LN harvest  22.13 ± 10.92

  <12 11 (14.67)  

  ≥12 64 (85.33)  

Specimen length  17.32 ± 2.45

  <20 cm 52 (69.33)  

  ≥ 20 cm 23 (30.67)  

TNM stage

  Stage I 16 (21.33)  

  Stage II 32 (42.67)  

  Stage III 27 (36.00)  

Extranodal involvement

  Yes 6 (8.00)  

  No 69 (92.00)  

Lymphovascular invasion

  Yes 9 (12.00)  

  No 66 (88.00)  

Free tumor nodule

  Yes 6 (8.00)  

  No 69 (92.00)  

Perineural invasion

  Yes 8 (10.67)  

  No 67 (89.33)  

Neoadjuvant therapy

  Yes 26 (34.67)  

  No 49 (65.33)  

BMI, basal metabolic index; LN, lymph node; TNM, tumor node 
metastasis.
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Based on univariate analysis, inadequate LNH was 
found to be higher in male patients, but this was not 
significant (P=0.718). Moreover, inadequate LNH was 
higher in old patients more than 65 years, patients with 
BMI more than or equal to 25, tumors of the left colon, 
pT3-4, open surgery, small tumor size, surgical margin 
less than 5 cm (P=0.29), and shorter specimen length 
(P=0.016). Using a multivariate logistic regression 
analysis, inadequate LNH was significantly associated 
with shorter resected specimen (P=0.03, OR=4.698, 
95% CI=1.163–18.985) and surgical margin less than 
5 cm (P=0.05, OR=3.956, CI=0.977–16.021). Of 75 
patients, 26 (34.67%) patients received neoadjuvant 
therapy followed by curative-intent surgery with at 
least 4–6-week interval. Of them, seven (26.92%) 
patients had inadequate LNH, and this was significant 
according to univariate and multivariate analyses 
(P=0.038 and 0.037, respectively) (Table 2).

Discussion
The presence of neoplastic cells in LN is the most 
important prognostic factor in CRC after tumor 
resection. The number of sampled and histologically 
analyzed LNs is also considered as a marker for 
adequate staging, quality of surgery, pathologic 
analysis, and survival rate [8]. Therefore, inadequate 
LN examination is a common pitfall in the pathologic 
staging of CRC cancer. This staging defect causes a 
great clinical challenge for predicting the prognosis and 
determining adjuvant treatments [9]. There are many 
factors that can influence LNH such as sex and age of 
the patient, BMI, location of the tumor, neoadjuvant 
therapy, surgical technique, and pathologist’s handling 
of the specimen. Deodhar et al. [5] stated that distal 
colonic location, small tumor volume, early stage, 
neoadjuvant therapy, and preoperative radiotherapy 
were factors adversely affecting the LN yield.

In the present study, the total number of patients with 
inadequate LNH were 11 (14.7%) patients, which was 
similar to the literature. The female sex had a relatively 
higher LNH, and this result was similar to the previous 
studies but this relation is still unclear [10,11]. In 
contrast, Morcos et  al. [12] stated that female sex 
adversely affected the LNH. In a retrospective study, 
Shen et  al. [13] reported that inadequate LNH was 
associated with old age, and this finding was similar to 
our results. Moreover, Tekkis et al. [14] and Tsai et al. 
[15] reported that fewer LN are removed in elderly 
patients, which may be associated with the decrease in 
immunological and inflammatory reactions to cancer 
tissues in elderly patients, so that LNs might not be 
visible to the surgeon and the pathologist.

Although some studies have reported inadequate 
numbers of LN being removed in patients with a high 
BMI, the effect of BMI on the number of dissected 
LNs is still unclear [16]. In this current study, there 
was no significant difference between the number 
of LN removed in low-weight and normal-weight 
patients (BMI <25 kg/m2) and overweight and obese 
patients (BMI >25 kg/m2). Moreover, our study has 
demonstrated that laparoscopic surgery was associated 
with higher LNH even if it did not reach statistical 
significance, and this was in agreement with many 
studies [17,18].

Inadequate LNH was associated with patients 
with left colon tumors in our current study, and this 
finding was similar to previous studies [11,19]. This 
may be explained by variant lymphatic anatomy (i.e. 
a natural decline in LN numbers with more distal 
progression within the colonic mesentery, and there 
is a disproportionate number of LNs exist along the 
ileocolic artery) and other variations in tumor biology, 
such as microsatellite instability [20]. Moreover, 
differences in embryonic development or a greater 
length of the mesenteric root have been discussed as 
possible causes [21].

Tekkis et  al. [14] demonstrated that tumor 
differentiation was associated with the number of 
removed LN, so that poorly differentiated tumors 
had more LNH compared with well or moderately 
differentiated neoplasms, and these findings are 
consistent with our study. In contrast, Mekenkamp 
et al. [22] stated that poor differentiation grade of the 
tumor was associated with decreased number of LN 
harvest.

Ong and Schofield [6] and Moro-Valdezate et  al. 
[23] demonstrated that the number of LN obtained 
in resection specimen for colon cancer was associated 
with the length of the resected segment and the tumor 
size, and regarding our data, inadequate LNH was 
associated with shorter specimen length less than 
20 cm in both univariate and multivariate analyses. 
Tumor size is an established predictor of LNH [24], 
which was confirmed by our study. Larger tumors may 
be more visible on pathologic examination owing to 
increased cancer antigen and inflammation response. 
It has been proposed that larger tumors elicit an 
intense antigenic immune response within the regional 
LNs basin, making them more visible to pathologic 
examination and possibly leading to increasing LNH 
[19]. In the study by Orsenigo et al. [10], higher LN 
counts were associated with pT3-T4 diseases, and this 
finding is similar to our study.



Lymph node harvest after colon cancer surgery Alabassy et al.  717

Our results showed that there was a statistically 
significant difference in univariate and multivariate 
analyses regarding surgical margin, and poor LNH 
was associated with surgical margin less than 5 cm. 
This finding was in agreement with the study done 
by Morikawa et  al. [25], who stated that close 

surgical margin was associated with low numbers of 
LN being removed.

Extranodal involvement, free tumor nodule, 
lymphovascular, and perineural invasion are indicators 
of tumor aggression. Their relationship with the number 

Table 2  Univariate and multivariate logistic regression analyses of clinicopathological factors affecting lymph node harvest

Variables LNH ≥ 12 [n (%)] LNH < 12 [n (%)] Univariate Multivariate

   OR (95% CI) P value OR (95% CI) P value

Sex

  Male 37 (84.09) 7 (15.91) 0.783 (0.208–2.946) 0.718   

  Female 27 (87.10) 4 (12.90)     

Age

  ≤65 years 19 (82.61) 4 (17.39) 0.739 (0.193–2.823) 0.658   

  >65 years 45 (86.54) 7 (13.46)     

BMI (kg/m2)

  <25 23 (88.46) 3 (11.54) 1.496 (0.361–6.200) 0.579   

  ≥25 41 (83.67) 8 (16.33)     

Elective/emergency

  Elective 52 (89.66) 6 (10.34) 3.611 (0.943–13.827) 0.061 1.084 (0.085–13.877) 0.951

  Emergency 12 (70.59) 5 (29.41)     

Open/laparoscopic

  Open 43 (84.31) 8 (15.69) 0.768 (0.185–3.195) 0.717   

  Laparoscopic 21 (87.50) 3 (12.50)     

Primary site

  Right colon 17 (80.95) 4 (19.05) 0.633 (0.164–2.437) 0.506   

  Left colon 47 (87.04) 7 (12.96)     

Primary tumor stage

  T3 + 4 54 (88.52) 7 (11.48) 3.086 (0.760–12.533) 0.115 5.273 (0.219–126.900) 0.306

  T0 + 1+2 10 (71.43) 4 (28.57)     

Tumor size (cm)

  <5 42 (87.50) 6 (12.50) 1.591 (0.436–5.803) 0.482   

  ≥5 22 (81.48) 5 (18.52)     

Tumor differentiation

  Poor+undefined 10 (83.33) 2 (16.67) 0.833 (0.156–4.445) 0.831   

  Well+Moderate 54 (85.71) 9 (14.29)     

Specimen length

  ≥20 cm 48 (92.31) 4 (7.69) 5.250 (1.358–20.303) 0.016* 4.698 (1.163–18.985) 0.03*

  <20 cm 16 (69.57) 7 (30.43)     

Surgical margin

  ≥5 cm 46 (92.00) 4 (8.00) 4.472 (1.166–17.147) 0.029* 3.956 (0.977–16.021) 0.05*

  <5 cm 18 (72.00) 7 (28.00)     

Extranodal involvement

  Yes 4 (66.67) 2 (33.33) 0.300 (0.048–1.882) 0.199   

  No 60 (86.96) 9 (13.04)     

Lymphovascular invasion

  Yes 6 (66.67) 3 (33.33) 0.276 (0.057–1.327) 0.108   

  No 58 (87.88) 8 (12.12)     

Free tumor nodule

  Yes 4 (66.67) 2 (33.33) 0.300 (0.048–1.882) 0.199   

  No 60 (86.96) 9 (13.04)     

15.Perineural invasion

  Yes 5 (62.50) 3 (37.50) 0.226(0.045–1.131) 0.070   

  No 59 (88.06) 8 (11.94)     

16. Neoadjuvant therapy

  Yes 19 (73.08) 7 (26.92) 0.241 (0.063–0.922) 0.038* 0.069 (0.006–0.852) 0.037*

  No 45 (91.84) 4 (8.16)     

BMI, basal metabolic index; CI, confidence interval; LNH, lymph node harvest; OR, odds ratio.
*Significant as P value < 0.05.
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of dissected LN could not be demonstrated by previous 
studies. Gelos et al. [26] showed that the presence of 
lymphovascular invasion did not correlate with LNH, 
and this was in agreement with our findings. Moreover, 
in our study, neoadjuvant treatment had a significant 
effect on the number of LNH in both univariate and 
multivariate models. Inadequate LNH was associated 
with patients who had taken neoadjuvant therapy, and 
these findings are in agreement with previous studies 
[12,27]. However, Gurawalia et al. [28] concluded that 
removal of fewer than 12 LN in patients with neoadjuvant 
radiotherapy with or without chemotherapy should be 
considered as a good indicator of tumor response with 
better local disease control and a good prognostic factor, 
rather than as a pointer of poor diligence of the surgical 
and pathological assessment.

The limitations of our study included unicentric study 
and lower number of cases.

Conclusion
The LNH is affected by various factors. LN may be 
more difficult to identify in specimens from patient who 
are elderly, male patients, smaller tumor size and stage, 
shorter specimen length, and after neoadjuvant therapy. 
LNH can be increased by investment of time and good 
technical skill of LN dissection, thereby accurately staging 
patients and making them receive appropriate treatment.
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