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Abstract

For patients undergoing curative resections for colon can-
cer, the nodal status represents the strongest prognostic
factor, yet at the same time the most disputed issue as well.
Consequently, the qualitative and quantitative aspects of
lymph node evaluation are thus being scrutinized beyond
the blunt distinction between ‘node positive’ (pN+) and
‘node negative’ (pNO) disease. Controversy ranges from a
minimal or ‘least-unit’ strategy as exemplified by the ‘senti-
nel node’ to a maximally invasive or ‘all inclusive’ approach
by extensive surgery. Ranging between these two extremes
of node sampling strategies are factors of quantitative and
qualitative value, which may be subject to modification.
Qualitative issues may include aspects of lymph node har-
vest reflected by surgeon, pathologist and even hospital
performance, which all may be subject to modification.
However, patient’s age, gender and genotype may be non-
modifiable, yet influence node sample. Quantitative issues

may reflect the balance between absolute numbers and
models investigating the relationships of positive to nega-
tive nodes (lymph node ratio; log odds of positive lymph
nodes). This review provides an updated overview of the
current controversies and a state-of-the-art perspective on
the qualitative and quantitative aspects of using lymph
nodes as a prognostic marker in colon cancer.

Copyright © 2013 S. Karger AG, Basel

Introduction

Colorectal cancer is a leading cause of cancer morbid-
ity and mortality in the Western world. Progress in di-
agnosis and management has increased the expected
long-term survival considerably over the past decades,
now exceeding 60% for curatively resected patients [1,
2]. While considerable research efforts have been put
into an increased understanding of the underlying dis-
ease mechanism at the genetic and molecular level [3],
very few molecular features have made it into the clinical
toolbox. Many genetic features have predictive or prog-
nostic value [4], but molecular heterogeneity has pre-
vented an overall applicable use of biomarkers for better

© 2013 S. Karger AG, Basel
0253-4886/13/0301-0001$38.00/0

KARGER

E-Mail karger@karger.com
www.karger.com/dsu

Prof. Kjetil Sereide, MD, PhD
Department of Gastrointestinal Surgery
Stavanger University Hospital
NO-4068 Stavanger (Norway)

E-Mail ksoreide @ mac.com


http://dx.doi.org/10.1159%2F000349923

staging so far. Still, stage based on tumor growth (T),
nodal status (N) and distant metastasis status (M) re-
mains the strongest predictor of survival. For patients
undergoing curative resections, the node status repre-
sents the strongest prognostic factor [5]. Consequently,
the qualitative and quantitative aspects of lymph node
evaluation are thus being scrutinized beyond the simple
and blunt distinction between ‘node positive’ (pN+) and
‘node negative’ (pNO0) disease. Over the past decades, the
principles of management of colon and rectal cancer
have diverged [2, 6]. The contemporary standard of care
for rectal cancers includes preoperative staging with
magnetic resonance imaging, dedicated criteria for pre-
operative radiochemotherapy and standards of surgical
technique as well as quality indicators including evalua-
tion of the circumferential resection margin — now mak-
ing rectal cancer prognosis superseding that of colon
cancer patients [1]. For colon cancer, the lymph node’
represents the single most evaluated, yet disputed, prog-
nostic factor to the current date.

In this ongoing research area, there is considerable
controversy ranging from a minimal or ‘least-unit’ strat-
egy as exemplified by the ‘sentinel node’ (searching for
the ‘correct’ node is better than finding all nodes) to a
maximally invasive or ‘all inclusive’ approach by exten-
sive surgery, dubbed D3 resection or ‘complete mesocolic
excision’ (CME). Ranging between these two extremes of
node sampling strategies are factors indicative of qualita-
tive issues (i.e. lymph node harvest as an indicator of sur-
geon, pathologist and even hospital performance) and
quantitative issues, i.e. the balance between absolute
numbers and models investigating the relationships of
positive to negative nodes (lymph node ratio; log odds of
positive lymph nodes). This review provides an updated
overview of the current controversies and a state-of-the-
art perspective on the qualitative and quantitative aspects
of using lymph nodes as a prognostic marker in colon
cancer.

Methods

We searched the English PubMed indexed literature using
combinations of the MeSH terms and/or the key words ‘colon
cancer’, lymph node’, ‘sentinel node’, ‘node’, lymph node ratio’,
and ‘Tymph node harvest’ for the period 2000 until December
2012. Results including systematic reviews and meta-analyses (if
available) and literature from the past 5 years (up to December
2012) were given priority for inclusion, as were large population-
based studies, where available. Identified studies were scruti-
nized for further available studies by going through the reference
lists.
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Results

Quantitative Issues

There is no immediate and straightforward answer to
the question what constitutes an adequate lymph node
harvest after curative surgery for colon cancer. Most
likely, the absolute number represents a continuum in
terms of number of nodes needed for a proper node
evaluation. However, to guide clinical practice and serve
as a common reference, a general agreement has been
reached, which is commonly referred to by most re-
searchers. In 1990, a Working Party Report recom-
mended to the World Congress of Gastroenterology in
Sydney that at least 12 lymph nodes should be sampled
to stage a patient with colorectal cancer [7, 8]. Since
then, curative surgery of colorectal cancer has strived
towards reaching >12 nodes, although an adequate yield
is only achieved in about 60% of patients, even in the
most recent series of both open and laparoscopic sur-
gery [9]. Numerous publications about the optimal
number of retrieved lymph nodes have been published.
Several studies have investigated and found an associa-
tion between an adequate node number and survival
[10]. The 7th edition of the American Joint Committee
on Cancer (AJCC) recommends obtaining at least 10-14
lymph nodes for adequate staging. Several population-
based studies from Sweden [11] and the USA [12] have
demonstrated an increase in node numbers with time.
Also, an international multicenter study found a year-
by-year increase in adequate lymph node yield after in-
stituting requirements for adequate node harvest [13],
although this was not followed by an increase in adju-
vant chemotherapy.

Issues Concerning Upstaging

Among the prevailing arguments for a higher node
harvest is the associated better staging (upstaging) of pa-
tients with pN+ who would otherwise be staged as pNO.
One large study does not support this view. Although the
number of harvested nodes steadily increased over 2 de-
cades, the proportion of pN+ disease did not [12]. Fur-
thermore, adequate lymph node evaluation for colon can-
cer was associated with lower mortality among all pa-
tients [14]. However, among 3-year survivors, the
association between lymph node evaluation and lower
hazard of death at 3 years was no longer significant at
long-term follow-up, while postsurgical care - including
adjuvant chemotherapy, surveillance colonoscopy, com-
puted tomography (CT) scans, and carcinoembryonic
antigen (CEA) testing — remained strongly associated
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with lower long-term mortality, indicating that postsur-
gical care may partially explain the relationship between
lymph node evaluation and mortality [14].

Quantitative Issues in the Mathematical Modeling of

Lymph Node Evaluation

With the uncertainty around the absolute number of
nodes harvested for proper staging, several investigators
have explored other alternatives of relating the prognosis
to the number of nodes found and their status as positive
or negative. Among those suggested are [15-17]:

- total number of lymph nodes (LNT);

- number of positive lymph nodes (LNP);

- number of negative lymph nodes (LNN);

- ratio of positive lymph nodes (lymph node ratio =

LNR), and
- log odds of positive lymph nodes (LODDS).

Among these, the LNR is probably the best investi-
gated and particularly pertains to substaging of stage III
disease [15, 18-26]. The LNR, defined as the ratio of the
number of positive nodes over the total number of ex-
amined nodes, was proposed to stratify outcome in stage
IIT patients. A recent systematic review of 16 studies in-
cluding 33,984 patients summarized the role of LNR in
stage III colon or rectal cancer. In all identified studies,
the LNR was identified as an independent prognostic
factor in patients with stage III cancer of the colon or
rectum. The prognostic separation obtained by the LNR
was superior to that of the number of positive nodes. The
pooled hazard ratios for overall and disease-free survival
were 2.4 and 3.7, respectively [15]. As such, the LNR al-
lows superior prognostic stratification in stage III
colorectal cancer but should be validated in prospective
studies. Similar results were obtained in a series of al-
most 1,800 patients, where the LNR discerned groups of
patients with divergent survival probabilities across all
pN groups [18].

Furthermore, in a large population-based study (n =
16,790), the investigators compared and analyzed the
LNT, LNP,LNN, LNR, and LODDS for stage I-1II disease
[16]. Correlation analyses for patients with stage III dis-
ease showed that LNR and LODDS were highly corre-
lated, as were LNT and LNN. LNT was prognostic of
long-term survival in patients with stage II disease, while
LNR and LNP were the most powerful prognosticators
for patients with stage III disease [16]. Both the receiver
operating characteristics curve analysis and area under
the curve indicated that LNR had the best discriminating
capability to predict 5-year survival, followed by LODDS.
The overarching problem, though, is that for patients un-
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dergoing resection for colon cancer, all factors (LNR,
LODDS, LNT, LNN, and LNP) have been proposed as a
‘better’ prognostic factor with no clear consistency be-
tween reports [15-17, 27-29].

The potential advantage of the ‘ratio’ approach is the
potential for diminishing the role of the absolute number
of nodes sampled. However, in one large study, the inde-
pendent prognostic role of LNR was no longer present for
patients with a sample count <10 nodes [30]. Further, a
major problem with most of these ‘mathematical’ ap-
proaches is that the prognostic information only con-
cerns patients with a metastatic lymph node present (i.e.
stage III), and this information thus cannot be used to
differentiate between the ‘good’ stage III cancers com-
pared to the ‘bad’ stage II cancers, which often represents
the clinical conundrum. That may be the cause for these
methods not having reached a clinical implementation or
use for clinical decision making as of yet.

Qualitative Issues

Examination of the surgical specimen after bowel re-
section constitutes the base for stratification of tumor sta-
dium (pT,_4) and the presence of lymph node metastases
(pN status) as defined by the current criteria for staging.
Careful evaluation of the specimen provides information
on whether the primary tumor is confined to the bowel,
or whether the tumor invades the pericolic fat (i.e. T3) or
adjacent organs (i.e. pTy).

When distant metastases have been excluded, the pres-
ence of lymph node metastases (pN+) confirmed by his-
tology, i.e. stage III disease, represents the most impor-
tant prognostic factor after curative resection for colon
cancer, and usually indicates that adjuvant chemotherapy
should be offered. Thus, the nodal status of patients with
colon cancer surgically treated with curative intent is of
great importance both for further treatment decision
making and for the prognosis.

A poor node harvest after surgery is associated with
lower survival in many studies, and node yield has thus
become the subject of quality measure in colon cancer
care (fig. 1). Consequently, a fierce debate has ensued as
to the responsible part for poor node harvest (= poor
quality of care) [31-36]. The blame has been put on the
surgeon (poor quality surgery), the pathologist (poor
quality specimen handling), the hospital (low quality in
low-volume hospitals) and also to patients (elderly fare
worse, as do patients with emergency presentations) as
well as tumor location (more nodes in the right colon)
and possibly tumor biology (genetic determinants are re-
lated to higher node yields). Most likely, an interplay be-
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tween these factors contributes to the actual number of
nodes harvested in the individual patient. However, some
issues deserve further attention in this regard.

Hospital Characteristics

Hospitals providing surgery for colon cancer may
vary widely with regard to basic characteristics, such as
caseload, teaching or non-teaching, rural or urban catch-
ment area, primary hospital or referral center, with con-
sequences for the selection of the patients treated at the
various institutions. Several factors may influence the
quality of treatment, and eventually treatment outcomes.
The recommendation to evaluate >12 lymph nodes in
the surgical specimen has been studied in a recent publi-
cation with regard to the influence of hospital volume
and other characteristics [37]. The authors analyzed
SEER data from 1996 to 2007 with regard to the ability to
adhere to the 212 lymph node recommendation among
228 hospitals, which had treated about 25,000 patients
curatively for colon cancer at different time periods.
They found a clear trend of increased encounter of lymph
node harvest 212 over the study period from 26.3% in
1996-1998 to 70.6% in the 2005-2007 time period. Inter-
estingly, hospitals with initially insufficient lymph node
harvest failed more frequently to improve the number of
lymph nodes evaluated as compared to those hospitals
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which had a higher frequency of adequate lymph node
harvest at the start of the study period [37]. Improve-
ments were associated with several other hospital char-
acteristics, such as teaching status or membership in pro-
fessional surgical oncological associations among the
surgical staff. While these factors lost statistical influence
over time, hospital volume was still a significant predic-
tor of lymph node harvest 212 at the end of the study
period. A recent national cohort study from Norway
showed that during 2007 and 2008 at least 12 lymph
nodes had been evaluated in 69% of the patients [38].
Having an annual caseload of 25 colonic resections or
less was found as an independent predictor of an insuf-
ficient lymph node harvest (set as <8 lymph nodes sam-
pled). Hsieh et al. [39] demonstrated that lymph node
harvest varied at different types of hospital, being higher
at hospitals with cancer programs. Consequently, data
reported from different registries [37-39] indicate that
hospital caseload is of importance for adequate lymph
node harvest. However, it appears that hospital volume
per se is not the explanation, but may be rather an expres-
sion of higher standard of care at higher-volume hospi-
tals. Higher-volume hospitals are better capable to pre-
vent, detect and treat complications, in part because of
their higher level of supportive care. The institution con-
stitutes an independent prognostic factor, and both high-
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er surgeon and hospital volumes are associated with low-
er mortality and better outcomes in colorectal cancer
surgery [40].

Surgical Factors Influencing the Node Yield

Laparoscopic resections of colon cancer have been re-
ported since the early 1990ies; however, implementation
of laparoscopic surgery for curative treatment of patients
with colon cancer has been slow, mostly due to the com-
plexity of the procedure with a long learning curve, but
also due to economic considerations. During the past de-
cade, several randomized controlled trials have been per-
formed with regard to the short- and long-term outcomes
[41]. The number of lymph nodes harvested has been used
asan outcome measure for the quality of the surgical spec-
imen and showed that lymph node harvest was similar in
both surgical approaches. A recent meta-analysis found
no difference in the number of harvested nodes between
laparoscopic and open surgery for colon cancer [42].
However, Mathis et al. [43] found a clear relationship be-
tween hospital caseload and lymph node harvest in lapa-
roscopically resected specimens. At present, laparoscopic
surgery is by many considered equal to open surgery. The
US COST trial found no difference in lymph node sam-
pling between open and laparoscopic surgery, nor was
lymph node number prognostic for long-term survival
[43]. The authors speculate that standardization, creden-
tialing and monitoring may even out the prognostic im-
pact of lymph node retrieval as found in this study [43].

CME and Central Vascular Ligation

In a study comparing ‘high tie’ surgery with ‘standard’
surgery [44], the CME and central vascular ligation (CVL)
surgery removed more tissue, had a longer length of large
bowel and a higher measured area of mesentery — all in-
dicative of a wider, and probably oncologically superior,
resection. In addition, CME and CVL surgery was associ-
ated with more mesocolic plane resections and a greater
lymph node yield, with a median number of nodes of 30
versus 18 for the ‘standard’ group.

Further, the Japanese D3 resection and the European
CME with CVL are both based on similar oncologic prin-
ciples [45]. A study comparing the two techniques [45]
revealed that the ‘European’ extended longitudinal resec-
tion after CME with CVL increased the nodal yield (me-
dian 18 for Japanese D3 vs. 32 for European CME, p <
0.001) but did not increase the number of involved nodes
(pN+). The proponents of CME state that the radical
lymph node dissection in colon cancer is not associated
with inferior outcomes for the patient [46]. No adverse
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effects were observed when the dissection is performed in
embryonic planes preserving the autonomous nerves
[45-47]. The complication rates were not increased com-
pared to other studies, even to those with limited lym-
phatic dissection. In addition, radical lymph node dissec-
tion in colon cancer may improve survival. Reports also
suggest CME is feasible with a laparoscopic approach [48,
49], which seems to offer specimens of similar quality to
the open approach after CME-CVL surgery for colon
cancer. Issues of completeness of excision from laparos-
copy are raised for tumors located in the transverse colon.
While the proponents of ‘high tie’ surgery point to im-
proved survival and better oncological outcomes, this has
yet to be replicated in systematic reviews and large data
cohorts [50, 51]. In one study introducing CME surgery
as a routine, the mean gain in lymph node was 2 (from 25
to 27) [47], which is unlikely to represent an oncological
difference. Again, this points to other factors than surgery
that may influence the lymph node yield. Some have also
questioned the ‘uniqueness’ of the CME principle, as it
may arguably already be performed at some standardized
level in many institutions already [52, 53].

Pathology

Pathologic examination of the specimen, and the re-
porting that follows, influences the number of lymph
nodes retrieved and the accuracy of the report. Several
factors in pathology reporting may influence the lymph
node assessment, of which the use of a structured tem-
plate, the use of specific solutions to identify lymph nodes,
and the time taken (either by the pathologist or a techni-
cal assistant) influence the number of nodes found in a
specimen. Also, the specific evaluation of the lymph node
per se may influence the detection rate of metastatic
nodes, such as multiple slicing of a node, use of immuno-
histochemistry (IHC) or use of other molecular tech-
niques to identify cancerous cells.

First, the use of synoptic reporting, a protocol or a tem-
plate has been proven superior in ensuring that key pa-
rameters are reported [54-59]. These are parameters that
are essential in planning further treatment and follow-up.
At the same time, the use of a template in reporting has
reduced the amount of time the pathologist spends on
reporting. Also, technician or pathologist assistants have
been demonstrated to achieve higher yield rates for lymph
nodes in several studies, probably related to more time
taken and a higher dedication to the work [32, 60-63].

Second, to increase the identification of lymph nodes
in the specimen, several techniques have been tested [64-
66]. An alternative to conventional fat clearing is the use
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of a modified fixation method, usually applied as post-
fixative agent. It involves using a mixture of glacial acetic
acid, ethanol, water and formaldehyde (GEWEF). The
number of studies is fairly small and although a signifi-
cant increase in lymph node number has been reported,
the absolute yield is not reported consistently across stud-
ies [65-69]. The use of GEWF solution for 12-24 h in-
creases the harvest from 9 to 15 lymph nodes for colon
cancer and from 10 to 16 for rectal cancer without in-
creasing the percentage of stage III cancer [66]. Patholo-
gists in one hospital reported less time spent on the iden-
tification of lymph nodes when using the GEWF solution,
but the increased number of lymph nodes will lead to
more work for technicians and more time examining the
lymph nodes on the microscope [65].

Third, the definition of ‘metastatic foci’ influences the
‘presence’ of metastatic nodes. Ultrastaging, by means of
IHC, may identify small lesions or clusters of cells not
otherwise detected readily by the microscopic evaluation.
Tumor cell deposits, defined between 0.2 and 2.0 mm, are
referred to as occult metastasis (OM) or micro-metasta-
ses (pN1mi+) [70]. A number of adverse primary patho-
logic colon cancer characteristics, such as poor differen-
tiation and lymphovascular invasion, correlate with the
presence of OMs [71]. In patients with negative nodes on
hematoxylin-eosin staining (HE) and stage T3/T4 colon
cancer, lymphovascular invasion or high tumor grade,
consideration should be given to performing IHC for cy-
tokeratins (epithelial markers). The detection of OMs in
this subset may influence decisions regarding adjuvant
chemotherapy and risk stratification [71]. One area where
the ultrastaging procedure has been used is for sentinel
lymph nodes (SLNs). In one randomized study [72] com-
paring standard pathological evaluation with SLN, the
SLN mapping, step sectioning, and IHC identified small-
volume nodal disease and improved staging by about 10%
in patients with resectable colon cancer. However, the
clinical significance of colon cancer micrometastases in
SLNs is not currently known. Recently, a novel diagnostic
system, called one-step nucleic acid amplification
(OSNA), has been designed to detect cytokeratin 19 (CK-
19) mRNA as a surrogate for lymph node metastases. In
one study [73], half of each lymph node was analyzed ini-
tially by HE followed by an intensive histologic workup
(5 levels of HE and IHC analyses, the gold standard for
the assessment of sensitivity/specificity of OSNA), and
the other half was analyzed using OSNA. Compared with
intensive histopathology, OSNA had 94.5% sensitivity,
97.6% specificity and a concordance rate of 97.1%. OSNA
resulted in an upstaging of 2 of 13 patients (15.3%) with
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LNN colon cancer after standard HE examination [73].
However, this needs to be replicated and validated in oth-
er studies before clinical utility can be recommended.

SLN Technique

An area of interest to both surgeons and pathologists is
the sentinel node principle. The concept of SLN, i.e. a
lymph node highly representative for the remaining
lymph nodes within the draining area of a certain ana-
tomical area, has gained wide acceptance in surgery for
breast cancer and malignant melanoma of the extremities
[74,75]. This approach has also been of interest in the field
of surgery for colorectal cancer during the past decade.
The main idea is that conventional pathologic lymph
node examination is limited as mostly one or two slides of
the lymph node identified in the specimen are examined,
and thus microscopic lymph node metastases may be
overlooked, leading to understaging of a subgroup of pa-
tients who should receive adjuvant chemotherapy. As ex-
tended examination of all harvested lymph nodes with
multiple slides appeared not to be feasible in daily prac-
tice, extensive examination of SLNs might provide highly
reliable information with regard to pN status of the surgi-
cal specimen. The concept of SLN diagnosis has been in-
vestigated widely with intraoperative in vivo or ex vivo
sampling [70], and with various techniques such as IHC
or molecular techniques, including polymerase chain re-
action (PCR) [76]. Methodological challenges and the ap-
plication of both an in vivo and an ex vivo approach make
comparisons difficult. Radiocolloid technique is feasible
[77], but labor intensive and not superior to the regular
blue-dye technique currently used in most studies. In a
recent systematic review [78], the pooled SLN identifica-
tion rate was 90.7% (95% CI 88.2-93.3), with a signifi-
cantly higher identification rate in studies including >100
patients or studies using the ex vivo SLN technique. The
pooled sensitivity of the SLN procedure was 69.6% (95%
CI 64.7-74.6), which increased to 80.2% (95% CI 4.7-
10.7) when IHC findings were included. The authors con-
cluded that there was an overall sensitivity of 70% in pa-
tients with colorectal cancer, and that the SLN procedure
had an increased sensitivity and refined staging in early-
stage colon cancer. The ex vivo SLN mapping, regarded as
an easy technique, was considered most applicable in ad-
dition to conventional resection in colon cancer [78].Ina
similar systematic review [79], analysis of data showed no
significant difference in sensitivity between colon and
rectal cancer. Also, there was no dependency of sensitiv-
ity on T stage for both colon and rectal cancer. The sub-
group of eight studies with high methodological quality
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showed a mean detection rate of 0.96 (95% CI 0.90-0.99)
for colonic tumors and 0.95 (95% CI 0.75-0.99) for rectal
tumors, and a mean sensitivity of 0.90 (95% CI 0.86-0.93)
for colonic tumors and 0.82 (95% CI 0.60-0.93) for rectal
tumors [78]. However, increased detection does not relate
to improved survival or difference in survival in one study
of SNLs characterized by molecular markers [76].

Nevertheless, from a clinical point of view, the intro-
duction of SLN biopsy in colon cancer and its possible
staging and prognostic impact remains a matter of con-
troversy. One recent Swiss multicenter study found that
the SLN procedure results in upstaging of >15% of node-
negative patients [80]. Further, a Dutch study found bet-
ter staging and improved survival from the SLN tech-
nique [70]. During follow-up, a lower recurrence rate was
seen in NO patients after SLN mapping compared with the
conventional staging group (4 vs. 15.2%, p = 0.04). The
SLN procedure [hazard ratio (HR) 4.1] was an indepen-
dent predictor of disease recurrence [70]. In a systematic
review, a total of 39 studies with 4,087 patients were in-
cluded [81]. ITHC, reverse transcriptase PCR, and both
techniques were applied in 30, 7, and 2 studies, respec-
tively. Thirteen studies were graded with low risk of bias.
Meta-analyses revealed that molecular tumor cell detec-
tion in regional lymph nodes was associated with poor
overall survival (HR 2.20; 95% CI 1.43-3.40), disease-spe-
cific survival (HR 3.37; 95% CI 2.31-4.93) and disease-
free survival (HR 2.24;95% CI 1.57-3.20). Subgroup anal-
yses showed the prognostic significance of molecular tu-
mor cell detection to be independent of the applied
detection method, molecular target and number of re-
trieved lymph nodes. Molecular detection of occult dis-
ease in regional lymph nodes was associated with an in-
creased risk of disease recurrence and poor survival in
patients with node-negative colorectal cancer [81].

However, despite continued interest in SLN mapping
and ultrastaging for colon cancer, to date, the results of
SLN mapping for staging remain discordant and are not
sufficiently accurate for identifying lymph node metasta-
ses, with a particular concern for the high rate of false-
negative nodal staging [82, 83].

Patient Demographics, Tumor Biology and Genetic

Factors

Age appears to be a determinant for lower lymph node
yield [84]. Also, body mass index (BMI) has been sug-
gested to be associated with the lymph node yield, but
with diverse results [85, 86]. One study [85] demonstrat-
ed a decreased lymph node yield in patients being over-
weight (BMI >24), while a second study [86] found no
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difference in normal and overweight, but a higher lymph
node yield in patients that were underweight (BMI <18).
A third study did, however, not find any association
among several investigated anthropometric features and
lymph node harvest [87], so the influence on body com-
position, height and weight remains disputed and un-
solved as of yet. Not surprisingly, the prognostic impact
of anthropometric features and survival in colorectal can-
cer is also equivocally reported among studies [85-89].

The tumor location within the colon has been reported
to be associated with differences in lymph node yield
across several studies. Right-sided tumors have long been
associated with a higher lymph node yield [11, 27, 60, 90,
91], and many have proposed this to be an effect of better
and more adequate surgery, a larger specimen (and thus
node harvest) with a right-sided hemicolectomy, and
higher risk for lower-quality surgery and a smaller speci-
men length on the left side, in particular for left hemico-
lectomy, or sigmoid resections [38, 92].

In a population-based study that included over 153,000
patients, the investigators found that age, tumor location
and tumor size were associated with lymph node yield [91].
Further, they found that for every decade increase in pa-
tients’ age, there was a decrease of an average 9% in lymph
node yield for both colon and rectal cancer [91]. Right-sid-
ed colon cancers had on average 34% higher lymph node
yield than tumors in the descending or sigmoid colon.
Whether this increased harvest can be associated with
length of specimen could not be verified, since the SEER
data do not document specimen length. Also tumor size
was associated with the number of lymph nodes harvested;
this association was stronger for colon cancer than for rec-
tal cancer. Compared to T'1 tumors, the percentage increase
in lymph nodes for T2, T3 and T4 was 11, 24 and 18% for
colon cancer, and 7, 20 and 16% for rectal cancer [91].

Colorectal cancer comprises a heterogeneous group of
patients both in terms of clinical presentation and clinico-
pathological features [93, 94], but also in the genetic
make-up of the tumor itself [3, 4, 95]. An improved un-
derstanding of different genomic instability pathways of
these tumors may provide prognostic information of clin-
ical importance. For one, microsatellite instability (MSI)
is associated with several characteristic clinicopathologi-
cal features, including age (at both extremes) and highest
prevalence of MSI associated with tumor location in the
proximal colon [96]. Several recent studies have pointed
to an association between MSI and increased number of
lymph nodes in the specimen [90, 97-99]. Others have not
found such an association [100], or did not find an inde-
pendent role when including location [90].
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Fig. 2. The optimal node sampling is dependent on quantitative
and qualitative issues which may or may not be modified.

Conclusions and Future Strategies
As should be clear from the quantitative and qualita-

tive factors studied above, there are a number of factors
that may influence the sampling and evaluation of lymph
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