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Abstract
There are numerous factors which can affect the lymph 
node (LN) yield in colon cancer specimens. The aim 
of this paper was to identify both modifiable and non-
modifiable factors that have been demonstrated to 

affect colonic resection specimen LN yield and to summarise 
the pertinent literature on these topics. A literature 
review of PubMed was performed to identify the potential 
factors which may influence the LN yield in colon cancer 
resection specimens. The terms used for the search 
were: LN, lymphadenectomy, LN yield, LN harvest, LN 
number, colon cancer and colorectal cancer. Both non-
modifiable and modifiable factors were identified. The 
review identified fifteen non-surgical factors: (13 non-
modifiable, 2 modifiable) which may influence LN yield. 
LN yield is frequently reduced in older, obese patients 
and those with male sex and increased in patients with 
right sided, large, and poorly differentiated tumours. 
Patient ethnicity and lower socioeconomic class may 
negatively influence LN yield. Pre-operative tumour 
tattooing appears to increase LN yield. There are 
many factors that potentially influence the LN yield, 
although the strength of the association between the 
two varies greatly. Perfecting oncological resection 
and pathological analysis remain the cornerstones to 
achieving good quality and quantity LN yields in patients 
with colon cancer.  
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Core tip: Surgeons, pathologists and patients alike must 
appreciate that there are many factors which influence 
lymph node (LN) yield in resected colon cancer specimens. 
Clinicians must strive for the perfect oncological operation 
and pathological analysis. However, clinicians should 
be aware that despite optimal surgery and pathological 
analysis, other factors may influence the LN yield follow
ing colonic resection for cancer.
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INTRODUCTION
The American Joint Committee on Cancer/Union Inter­
nationale Contre le Cancer utilises the TNM system to 
stage colon cancer. The stage of disease is dependent on 
the depth of penetration into the intestinal wall (T1-T4), 
the presence of localized lymph node (LN) metastases 
(N0-N2) and the presence of distant metastases (M0-M1). 
This system potentially lends itself to “understaging” 
of disease since accurate staging is closely linked to 
both adequate and high quality LN evaluation. Indeed, 
numerous studies have demonstrated an association 
between the number of LNs examined and patient 
survival, with the consistent finding that an increased 
number of evaluated LNs leads to improved survival[1-9]. 
Furthermore, the decision to administer adjuvant chemo­
therapy is highly dependent on the presence or absence 
of LN metastases: When present, patients are classified 
as stage Ⅲ and typically receive chemotherapy while 
those with stage Ⅱ disease and no adverse features 
routinely undergo surveillance only.

The “gold” standard of at least a 12 LN examination 
following resection for colon cancer was initially proposed 
in 1990[10]. The National Institute of Clinical Excellence 
suggested that when more nodes are examined the 
tumour is significantly more likely to be classified as node 
positive. Conversely, when few nodes are examined, 
there is a substantial risk of understaging[11]. This standard 
has now been adopted in multiple guidelines for both 
colon and rectal cancer resection specimen analysis[12-14]. 
More recently, the analysis of ≥ 12 LNs has been 
adopted as a standard quality indicator for colorectal 
resection specimens in the United States by the National 
Quality Forum[13,15], the National Comprehensive Cancer 
Network (NCCN), the American Association of Clinical 
Oncology and the American College of Surgeons[16-18]. 
However, the literature is variable on the subject with 
some groups suggesting that a harvest of 9 LNs is 
sufficient to stage node negative tumours[19], others 
agreeing that harvesting more than 12 LNs is adequate 
for staging colon cancer[4,6,20] and others still suggesting 
that there is no clear cut-off value and that as many LNs 
as possible should be harvested and analysed[2,8]. 

Irrespective of the agreed and accepted LN cut-off, 
it should be appreciated that multiple factors may be 
influence nodal yield. Undoubtedly, surgical technique 
and pathological analysis are the cornerstones for 
adequate LN examination, however other, principally 
patient factors may be of relevance and lead to reduced 
LN yield despite optimal surgery and specimen analysis. 
This study aimed to review both modifiable and non-
modifiable non-surgical factors that have been shown 
to influence colonic resection specimen LN yield and to 
summarise the pertinent published literature. 

LITERATURE REVIEW
A literature review of PubMed for the period 1991-2015 
was performed to identify the potential factors which 
may influence the LN yield in colon cancer resection 
specimens. The terms used for the search were: LN, 
lymphadenectomy, LN yield, LN harvest, LN number, 
colon cancer and colorectal cancer. Both non-modifiable 
and modifiable factors were identified (Table 1) and the 
individual papers reviewed. Further relevant publications 
were identified by cross reference of the reviewed 
papers.

NON-MODIFIABLE FACTORS
Ethnicity
There have been a number of studies which have asses­
sed the influence of ethnicity on LN yield. The rationale 
as to why ethnicity would potentially affect the LN yield 
remains unclear. 

In a large study Cone et al[21] interrogated the 
Surveillance Epidemiology and End Results (SEER)-
Medicare database in the United States, evaluating all 
colonic cancer resections between the years 2000 and 
2003. Their analysis included nearly 33000 patients, 
62.5% of whom had less than 12 LNs in the resected 
specimen. Multivariate analysis showed that Hispanics 
were less likely than Caucasian patients to have ≥ 12 
LNs resected (OR = 0.61, 95%CI: 0.5-0.74). Hispanic 
patients were younger (although all patients in the 
analyses were older than 65 years), lived in more 
populated areas and had a lower income status than 
their Caucasian counterparts. The reduced LN yield 
did not confer a negative outcome with no significant 
difference in survival between the groups. 

Other smaller single institution studies such as that by 
Valsecchi et al[22] failed to show an association between 
LN yield and ethnicity. 

Age
Numerous studies have assessed the influence of patient 
age on LN yield in resected colon cancer, the hypothesis 
being that younger patients are more likely to have a 
more aggressive oncological procedure, or conversely 
that older patients frequently undergo less aggressive 
lymphadenectomy. A national United Kingdom study 
from 2006 reported that increasing age was associated 
with a significant reduction in the number of harvested 
LNs (P < 0.001)[23]. Moreover, for every 10 years increase 
in age in their cohort, there was an associated reduction 
in LN harvest by 0.9 nodes (95%CI: 0.7-1.1). The 
authors also noted that as the patient age increased 
there was also a significant increase in variability of LN 
harvest between the 79 participating centres (P < 0.001), 
which included both peripheral and tertiary referral 
centres. These findings were felt most likely to be due to 
a wider lymphadenectomy being performed in younger, 
medically fitter (and elective) patients as opposed 
to older patients with co-morbidities. An alternative 
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hypothesis is that LNs undergo a process of involution 
with increasing age[23]. 

Stocchi et al[24], in their study from the Cleveland 
Clinic, Ohio, also reported an association in 901 patients 
with stage Ⅱ colon cancer between increasing age and 
fewer examined LNs (P < 0.001)[24]. Patients younger 
than 65 years had a mean of 35.1 (range 15-44) nodes 
examined compared to a mean of 22.2 (range 12-28) 
nodes in patients older than 65 years. 

Another population-based study by Chou et al[15] 
analysed 127927 patients who underwent resection 
for stages Ⅰ-Ⅲ colon cancer between 1994 and 2005 
in the United States. Of note, in 4.6% of patients, no 
regional LNs were examined and thus, these individual 
patients were not staged. Once again, age was shown to 
be a consistently important determinant of LN yield and 
for every 10-year incremental increase in patient age, 
there was an associated average reduction of 9% in the 
number of harvested LNs (P < 0.01). It should be noted 
that over the timeframe of the study, there was not only 
an increase in the average LN yield, but also a decrease 
in the mean age at diagnosis for patients with colon 
cancer - from 70.3 years in 1994 to 68.8 years in 2005. 
The rationale for this significant association between 
age and LN yield in this paper was thought to be as a 
result of a “complex interplay of patient and surgeon 
factors”. The authors explained this by hypothesising 
that older patients are likely to be considered higher-
risk operative candidates and thus a suboptimal surgical 
dissection (with resultant inadequate lymphadenectomy) 
may be performed with a view to reducing operative 
time. Nathan and colleagues also interrogated the SEER 
database for patients operated with curative intent for 
stage Ⅰ-Ⅲ colon cancer between 1998 and 2005[25]. In 
the 27101 patients analysed, increasing patient age was 
again significantly associated with a decreased LN yield 
(P < 0.001). Finally, Baxter et al[26] also interrogated 
the SEER database, specifically focusing on patient who 
had undergone colonic resection for pT3 lesions. They 
identified 11044 patients and once again were able 
to show that older patients had fewer LNs examined 
(P < 0.001). Several other studies have mirrored these 

findings[22,27-34], however, 2 smaller studies of 341 and 
223 patients respectively, failed to demonstrate an 
association between colonic LN yield and patient age[35,36]. 

Overall, it appears that increased patient age signifi
cantly influences LN yield in colon cancer.

Patient gender
A number of studies have shown a significant association 
between male sex and reduced LN yield[25,28,36]. The 
largest of these included over three hundred thousand 
patients in a United States population based study 
analysing factors influencing LN yield in patients with 
gastrointestinal cancer[28]. The reasons underlying this 
association are poorly understood. Dubecz et al[28] sug­
gested that men are more likely to be uninsured and thus 
may be less likely to receive “state-of-the-art” treatment 
which might include adequate lymphadenectomy as 
performed in a high-volume colorectal centre. 

Socioeconomic class
It has been suggested that patients with lower socioeco­
nomic class may be less likely to be treated in specialised 
centres and to receive the most up to date management 
with the result that their LN yield following resection for 
colon cancer is lower. A population-based analysis of 
all patients with gastrointestinal (GI) adenocarcinomas 
treated surgically in the United States between 1998 and 
2009 (n = 326243) was performed by Dubecz et al[28]. 
They aimed to evaluate time trends in lymphadenectomy 
for GI cancer and to identify factors associated with 
inadequate LN yield. Adequate lymphadenectomy was 
defined by the NCCN recommendations as a LN yield 
of > 12 in colon and rectal cancer. Throughout the 
study period it was found that the LN yield increased 
over time for all of the sub classifications of GI cancer. 
The median number of LNs retrieved for colon cancer 
increased from 9 in 1998 to 16 in 2009. However, only 
49% of patients with a GI adenocarcinoma diagnosis 
underwent adequate lymphadenectomy. The rate of 
adequate evaluation was higher in colon cancer (77%) 
than in rectal cancer (42%). Patients living in areas 
with higher poverty rates were more likely to undergo 
inadequate lymphadenectomy. The socioeconomic data 
was based on county of residence which was linked to 
United States Census data. The first quartile, Q1 (most 
well off), had an adequate lymphadenectomy in 49% 
of cases, Q2 in 51% adequate while Q3 and Q4 (least 
well off) had adequate lymphadenectomy in 47% of 
cases. Patients of lower socioeconomic class were most 
likely to have an inadequate lymphadenectomy with the 
authors postulating that this finding most likely reflected 
a high proportion of uninsured patients who may be less 
likely to receive state of the art treatment. In a separate 
study, Rajput et al[29], also showed that insurance status 
was associated with LN yield across patients identified 
from the NCCN and SEER databases. On multivariate 
analysis, patients with Medicare and Medicaid plans had 
lower yields than patients covered by commercial plans 
(P = 0.007). The authors’ belief was that this finding 
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Non-modifiable Modifiable

Ethnicity Tumour tattooing
Age Neoadjuvant therapy
Gender
Socioeconomic class
Tumour location
Tumour size
Tumour histological subtype
ASA grade
Tumour classification and stage
Tumour microsatellite instability
Lymph node positivity/negativity
Lymphovascular invasion
Body mass index

Table 1  Factors influencing lymph node yield in colon cancer 
resection specimens

ASA: American Society of Anesthesiologists.
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was secondary to the age profile of the patients, with 
those in the Medicare population tending to be older than 
those with private insurance coupled with a demonstrable 
decrease in LN yield with increasing age across all patients 
in the study. 

In summary, lower SE status may be associated with 
reduced LN yield following resection for colon cancer, 
however there are multiple factors that may underlie this 
association.

Tumour location
There is consistent evidence that the location within 
the colon of the primary is strongly associated with the 
number of LN examined by the pathologist, with the 
length of the specimen often implicated as the causative 
factor. Stocchi et al[24] reported that a 12 LN harvest 
was more likely with right sided as opposed to left sided 
carcinomas (85% vs 72%, P < 0.001). Similarly, in the 
study from Baxter et al[26], patients with a left sided 
colon cancer (and rectal cancer) were less likely to have 
an adequate LN evaluation compared with patients 
with right sided lesions. In a separate study, Wright et 
al[37] reported a median number of 12 LNs for right sided 
cancer and 9 LNs for left sided colonic tumours. Chou et 
al[15] also reported a similar trend: In a sub-analysis of 
right and left sided colon cancers, tumours located in the 
ascending colon and hepatic flexure had, on average, 
34% more LNs retrieved than those in the sigmoid 
and rectosigmoid. However, the authors acknowledged 
that the SEER data on which their study was based did 
not record the length of the resected specimen and 
speculated that the observed differences in LN yield may 
in fact be due to longer specimen lengths following right 
sided resection. The association between specimen length 
and LN yield has been repeatedly demonstrated. Stocchi 
et al[24] showed that specimens less than 30 cm in length 
had a median LN harvest of 17 nodes whereas those 
longer than 30 cm had a median harvest of 24 nodes 
(P < 0.001)[24]. Shen et al[31] also reported variability in 
LN yield depending on both tumour site and specimen 
length. They studied 365 resected colon cancers and 
demonstrated an increased LN yield of 17.8 for caecal 
and ascending colon lesions vs 14.3 for sigmoid lesions 
(P < 0.01). Descending colon lesions were associated 
with the longest specimens at 29.2 cm and there was a 
clear association between the length of the specimen and 
LN yield, with an average of 11 LNs in specimens of 10 
cm or less in length compared with 18.3 LNs when the 
specimens were over 30 cm in length. Numerous studies 
have shown similar patterns of decreased LN yield for 
left-sided vs right-sided colonic cancer[22,27,29,33,34,38-40]. Two 
smaller studies, analysing 137 and 48 colon specimens 
respectively, failed to show an association between LN 
yield and primary tumour site[41,42]. 

In summary, the published literature supports the 
hypothesis that tumour location influences LN yield in 
colon cancer. 

Tumour size
It has previously been proposed that larger tumours elicit 
an intense antigenic response within the surrounding 
regional LN basin. This “response” may potentially make 
them more visible to pathologic examination and may 
thus lead to an increased LN yield[37]. In a study by Chou 
et al[15], for every 1 cm increase in tumour size, there 
was a corresponding average 2% increase in the number 
of examined LNs in colon cancer specimens. Tumour 
size was also shown to be a significant predictor of LN 
yield in univariate analysis in a study by Valsecchi et al[22] 
(P < 0.01). There have been 2 recent studies from the 
Memorial Sloan Kettering group, both reporting a strong 
association between tumour size and the nodal yield[27,43]. 
In the first study, tumour size of 4 cm or less resulted 
in a mean nodal harvest of 19.7 as compared to a mean 
nodal harvest of 23.3 when the tumour measured over 
4 cm (P = 0.02)[27]. In the second and more recent study, 
analysis of 256 colectomy specimens demonstrated a 
linear relationship between tumour size and LN yield (P < 
0.0001)[43]. Søreide et al[39] also showed that LN harvest 
is related to tumour size. Tumours greater than 5 cm had 
adequate LN yield in 50% of cases, compared to 24%, 
when tumour size were less than 5 cm.  

Colon cancer histological subtype and tumour 
differentiation
Tekkis et al[23], in a study including more than 5000 
patients, showed that the tumour differentiation was one 
of eight factors which had a significant influence on the 
number of LNs examined. Poorly differentiated tumours 
had significantly increased LN yield when compared to 
well or moderately differentiated lesions. In the same 
study, the tumour subtype was not shown to significantly 
influence nodal yield. 

A number of other studies have reported an associa­
tion between tumour differentiation subtype and LN 
yield, with the consensus being that the more poorly 
differentiated the tumour the greater the LN yield com­
pared to well differentiated lesions[25,27,35,37]. 

ASA grade
The evidence to support an association between American 
Society of Anesthesiologists (ASA) grade and LN yield is 
limited. The rationale behind linking ASA grade and LN 
yield is similar to that for increasing age. Patients with 
higher ASA are often older and may undergo emergent 
surgery, which may lead to less radical dissection in order 
to complete the operation in a timelier manner. A national 
United Kingdom study published in 2004[23] did show that 
patients with higher ASA grade were less likely to have 
adequate LN harvesting when compared to patients with 
lower ASA grades: ASA Ⅲ vs Ⅰ (P < 0.001) and ASA Ⅳ-Ⅴ 
vs Ⅰ (P = 0.036).  

LN positivity
The available literature shows conflicting findings with 
respect to the influence of LN positivity on LN yield. Any 
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association, positive or otherwise, should be interpreted 
with some caution due to the potential for underlying 
bias. An association between increased LN yield and 
nodal positivity, as shown by Tekkis et al[23] for example, 
may simply reflect a more comprehension search for 
nodes. On the other hand, a finding of multiple involved 
nodes may lead to a less thorough search for further 
nodes leading to a lower overall nodal yield. In a study by 
Nash et al[27], no correlation was demonstrable between 
the total number of LNs examined and the number of LNs 
with metastatic disease (P = 0.32). However, there was a 
trend towards finding one fewer LN in each specimen for 
every 2 metastatic LNs.

Lymphovascular invasion
Lymphovascular invasion (LVI) is a surrogate marker for 
tumour aggressiveness and is associated with a poorer 
outcome. The limited available data shows no associa­
tion between LVI and LN yield. Gelos et al[35] performed 
a retrospective analysis of 341 patients who underwent 
colorectal cancer resection with curative intent between 
2000 and 2005 and investigated the impact of a 
number of factors including LVI on LN yield. There 
was a median of 15.17 LNs retrieved per patient, with 
82.8% of the 341 patients having a LN harvest greater 
than 12, however the presence of LVI did not influence 
tumour LN yield. In another smaller study (48 patients) 
with a mean LN count of 14.1, no statistically significant 
relationship existed between the number of LNs and the 
presence of LVI (P = 0.64)[42]. 

Microsatellite instability 
An association between LN yield and microsatellite 
instability (MSI) has been put forward by a number of 
authors. MSI tumours are considered less aggressive 
than their microsatellite stable (MSS) counterparts and 
may demonstrate an enhanced host inflammatory 
reaction[44-47].

An association between a high rate of MSI and a high 
total LN count in colorectal cancer has been demonstrated 
in a number of small studies. Higher LN retrieval may 
in part explain the improved survival seen in patients 
with MSI. Søreide et al[39] studied 121 patients under 
the age of 75 with the aim of determining whether 
proximal tumour location and MSI improved LN yield. 
One thousand two hundred (1200) LNs were retrieved 
from 121 patients and of these, 96 were positive (0.8%). 
Median LN harvest was 10 and only 36% of patients 
had an adequate harvest (i.e., 12 or more LN). MSI was 
found in 33 out of the 121 patients (27%) and this was 
associated with a greater median LN yield of 12 vs 9 in 
the MSS group. Fifty-four percent of patients with MSI 
had adequate LN harvest vs 29% in the MSS group and 
36% in the study as a whole [OR = 2.9 (1.3-6.5), P = 
0.011][39]. 

Eveno et al[48] reported a smaller series of 82 patients 
with stages Ⅰ and Ⅱ colon cancer and also showed a signi­
ficantly increased LN yield in the MSI group (mean 23.6 
vs 13.7 LN).

A separate study investigated the association between 
MSI and LN yield but did not show a significant associa
tion[49]. Of 168 patients with stage Ⅲ colon cancer the 
mean total LN yield for MSI and MSS tumours was 
15.9 and 16.9 respectively (P = 0.664). The authors 
concluded that increased survival in the MSI group (P = 
0.026) could not be explained by differences in LN yield.

Body mass index
Studies performed in patients with gastric and rectal 
cancers have shown an association between obesity and 
reduced LN yield[50,51]. Damadi et al[52] retrospectively 
reviewed 191 patients who underwent a resection for 
colon cancer between 1999-2006. They hypothesized 
that obese patients with a body mass index (BMI) > 
30 kg/m2 would have a smaller yield of LNs compared to 
non-obese patients with a BMI < 30 kg/m2, however 
they found no significant difference between the groups 
(mean LN yield 12.7 in obese vs 12.4 in non-obese, P > 0.2). 

Linebarger et al[53] performed a retrospective review 
of 401 patients, and stratified them into six groups based 
on BMI: Underweight (< 18.5 kg/m2), normal (18.5-24.9 
kg/m2), overweight (25-29.9 kg/m2), stage Ⅰ obesity 
(30-34.9 kg/m2), stage Ⅱ obesity (35-39.9 kg/m2) and 
stage Ⅲ obesity (> 40 kg/m2). They found no significant 
difference in the number of LNs harvested for each of the 
groups.

Kuo et al[54] retrospectively analysed 645 patients 
with stage Ⅲ colon cancer from Taiwan who under­
went colectomy. Patients were again placed into four 
groups based on their BMI: Obese (BMI > 27 kg/m2), 
overweight (BMI 24-27 kg/m2), normal (BMI 18.5-24 
kg/m2) and underweight (BMI < 18.5 kg/m2). The 
mean BMI of the patients in the study was 23 kg/m2. 
The authors showed a significantly increased mean LN 
yield in the underweight patient group (28.1 vs 23 in 
the normal BMI group, 19.5 in the overweight group 
and 19.8 in obese patient group respectively). A 2010 
study analysed a cohort of 718 NCCN patients with 
stage Ⅰ-Ⅲ colon cancer and found three factors were 
associated with not meeting the quality standard of a 12 
LN evaluation: Left-sided tumours, stage Ⅰ disease and a 
BMI > 30 kg/m2[28]. 

The impact of BMI on LN yield is overall unclear, with 
some studies pointing to a reduced in patients with a 
higher BMI.

MODIFIABLE FACTORS
Tumour tattooing
Endoscopic tattooing is frequently performed in order 
to facilitate tumour localisation during laparoscopic 
resection. Tumour tattooing may inadvertently map the 
sentinel node and associated draining nodes and thus 
make them more readily identifiable for pathological 
evaluation. A retrospective case controlled trial conducted 
between 2005 and 2009 aimed to determine if colono­
scopic tumour tattooing could be utilised to increase 
staging accuracy by increasing the LN yield[55]. The 
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authors assessed two groups of patients: The first 
group contained a series of 95 consecutively tattooed 
patients and the second group a series of 210 non-
tattooed patients. All patients underwent surgery for 
colorectal cancer within the same time period. There was 
a higher LN yield in patients with pre-operative tattooing 
compared to the non-tattooed control group (median 
LN yield of 15 vs 12 nodes, P = 0.014). Multivariate 
analysis showed that the presence of carbon-containing 
LNs (with a detection rate of 71%) was an independent 
predictor for an increased LN yield (P = 0.002), although 
the reason for the lack of a predictive characteristic for 
the group in which tattooing did not result in carbon 
containing LNs was not clear.

The potential role of preoperative tattooing was also 
reported by Nash et al[27]. Their study was designed to 
develop a predictive model of LN yield in colon cancer. 
One hundred and fifty-two specimens from patients 
who had undergone resection for colon cancer were 
used, with detailed anatomical and surgical technique 
documentation on each specimen. A linear regression 
analysis was performed and this identified both predictors 
and confounders of the quantity of the LN harvest. Of 
the 15 variables analysed, it was found that tumour size, 
tumour location, number of resected pedicles and use 
of pre-operative tattoo had significant linear/quadratic 
relationships on the LN yield. When controlling for the 
14 other variables, patients who underwent endoscopic 
tattooing had 3.1 more LNs harvested. This data further 
suggests that endoscopic tattooing may be used pre-
operatively to maximise LN yield and increase the 
accuracy of disease staging. The authors acknowledged 
that as they did not record the proportion of LNs which 
harboured grossly apparent dye at the time of LN 
identification, they could not make a definitive conclu­
sion as to the mechanism by which preoperative colonic 
cancer tattooing might increase LN yield Dawson et al[56] 
also hypothesised that pre-operative tattooing with India 
ink might increase the subsequent LN yield from the 
resected specimens. Their retrospective study included 
174 patients who underwent surgery for colon cancer 
between 2006 and 2009. Sixty-two patients had pre-
operative tattooing. The mean number of LNs harvested 
in the tattooed group was 23 compared to 19 in the non-
tattooed group (P = 0.03). In the tattooed colon cancer 
group a 12 LN minimum was achieved in 87.1% patients 
vs 72.3% in the non-tattooed group. These results were 
mirrored in a separate analysis, within the same study, 
of 35 patients with rectal cancer. Once again, the results 
from this study suggest the routine utilisation of pre-
operative colonoscopic tattooing may increase the LN 
yield in resected colonic malignancy.

Neoadjuvant chemotherapy
The role of neoadjuvant therapy in the setting of colon 
cancer remains in evolution. Data from studies performed 
in patients with rectal cancer has shown that neoadjuvant 
therapy may result in a decreased LN yield, however 

this is in the context of both radiotherapy and chemo­
therapy. The initial data from the United Kingdom based 
FOxTROT trial reported on 150 patients in 35 centres[57]. 
All patients had either T3 (with > 5 mm invasion into 
the muscularis propria) or T4 colon tumours and were 
randomised to either preoperative and postoperative 
chemotherapy or standard postoperative chemotherapy 
alone (2:1 randomisation). Overall, the authors reported 
that preoperative chemotherapy was a viable option 
with acceptable toxicity in this cohort. When the LN data 
were examined, 85 of 98 patients (87%) and 43 of 50 
patients (86%) had 12 or more LNs examined in the 
combined preoperative and postoperative chemotherapy 
and postoperative chemotherapy groups respectively. 
Indeed, 46% and 54% of patients in both groups had 
greater than 20 LNs examined with median values of 21 
and 22 nodes respectively (P = 0.2). The apical node was 
positive in 1 of 98 patients in the combined group (1%) 
and 10 of 50 patients in the postoperative chemotherapy 
only group (20%). Thus, in this study neoadjuvant 
chemotherapy did not result in a lower LN yield however 
more data is needed before definitive conclusions can be 
made.

CONCLUSION
There are many factors that can potentially influence 
the LN yield following resection for colon cancer and 
the relationship between these factors remains poorly 
understood. High quality oncological surgery and 
pathological analysis are the most important factors in 
ensuring optimal LN yield. However, the current review 
has highlighted a number of additional modifiable and 
non-modifiable factors that may also influence the 
number of LNs harvested. Older age, obesity, and male 
sex may be associated with reduced LN yield. Similarly, 
studies have shown an association between ethnicity 
and lower socioeconomic class and reduced LN harvest. 
Rather than being true associations, however, it is likely 
that these findings reflect, at least in part, external 
modifiable factors such as the surgeon’s attitude to 
older patients undergoing surgery or the quality of care 
received by patients in lower SE groups. LN yield appears 
to be increased in patients with right-sided cancer, bulky 
tumours, or poor tumour differentiation. Again, these 
associations may reflect other factors known to influence 
nodal yield such as the length of the resection specimen. 
Nonetheless, these variables should be taken into 
consideration when evaluating the completeness of the 
LN harvest for individual patients. 
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