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Abstract
Outcome prediction based on tumor stage reflected 
by the American Joint Committee on Cancer (AJCC)/
Union for International Cancer Control (UICC) tumor 
node metastasis (TNM) system is currently regarded as 
the strongest prognostic parameter for patients with 
colorectal cancer. For affected patients, the indication 
for adjuvant therapy is mainly guided by the presence 
of regional lymph node metastasis. In addition to the 
extent of surgical lymph node removal and the thor-
oughness of the pathologist in dissecting the resection 
specimen, several parameters that are related to the 
pathological work-up of the dissected nodes may affect 
the clinical significance of lymph node staging. These 
include changing definitions of lymph nodes, involved 
lymph nodes, and tumor deposits in different editions 
of the AJCC/UICC TNM system as well as the minimum 
number of nodes to be dissected. Methods to increase 
the lymph node yield in the fatty tissue include methy-
lene blue injection and acetone compression. Outcome 
prediction based on the lymph node ratio, defined as 
the number of positive lymph nodes divided by the 
total number of retrieved nodes, may be superior to 
the absolute numbers of involved nodes. Extracapsular 
invasion has been identified as additional prognostic 
factor. Adding step sectioning and immunohistochem-
istry to the pathological work-up may result in higher 

accuracy of histological diagnosis. The clinical value of 
more recent technical advances, such as sentinel lymph 
node biopsy and molecular analysis of lymph nodes tis-
sue still remains to be defined. 

© 2013 Baishideng Publishing Group Co., Limited. All rights 
reserved.
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Core tip: For patients with colorectal cancer, the indica-
tion for adjuvant therapy is mainly guided by the pres-
ence of regional lymph node metastasis. This review 
provides an in depth analysis of parameters affecting 
the clinical significance of lymph node staging, focusing 
on changing definitions of lymph nodes, involved lymph 
nodes, and tumor deposits in different editions of the 
American Joint Committee on Cancer/Union for Inter-
national Cancer Control tumor node metastasis stag-
ing system, the minimum number of lymph nodes that 
should be evaluated, lymph node ratio, extracapsular 
invasion, sentinel node biopsy, and the potential benefit 
of ancillary techniques, such as immunohistochemistry 
and molecular analysis.
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INTRODUCTION
Colorectal cancer is one of  the most common cancers 
worldwide. In the United States, approximately 102480 
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new cases of  colon cancer and 40340 new cases of  rectal 
cancer have been estimated for 2013. For the same time 
period, 50830 deaths from colorectal cancer have been 
calculated, accounting for about 9% of  all cancer deaths[1]. 

Surgical resection is the treatment of  choice for pa-
tients with locally confined disease. Outcome prediction 
based on tumor stage reflected by the American Joint 
Committee on Cancer (AJCC)/Union for International 
Cancer Control (UICC) tumor node metastasis (TNM) 
system is currently regarded as the strongest prognostic 
parameter. Adjuvant chemotherapy, which is primarily 
based on 5-fluorouracil, has decreased tumor recurrence 
in AJCC/UICC stage Ⅲ patients, while neoadjuvant che-
motherapy and total mesorectal excision have improved 
local control in patients with rectal cancer. The indication 
for adjuvant therapy is mainly guided by the presence of  
regional lymph node metastasis[2-4]. 

A plethora of  controversies exists how the evaluation 
of  resected lymph nodes should be performed, many of  
these affecting the clinical significance of  lymph node 
staging in daily routine practice (Table 1). This already 
starts with varying definitions of  lymph nodes as such, 
lymph nodes involved by metastatic tumor tissue, and 
their differentiation from tumor deposits, as is reflected 
by changing criteria in different editions of  the AJCC/
UICC TNM staging system[5]. The number of  examined 
lymph nodes has been identified as an additional impor-
tant issue. Some investigators claim the lymph node ratio, 
defined as the number of  positive lymph nodes divided 
by the total number of  retrieved nodes, to be more im-
portant than the absolute number of  positive nodes[6-9]. 
Likewise, the identification of  extracapsular invasion by 
cancer cells may help to improve the prognostic signifi-
cance of  lymph node staging[10-13]. 

Manual dissection with subsequent histological as-
sessment based on routinely hematoxylin and eosin (HE) 
stained slides is the standard approach in the examination 
of  regional lymph nodes in cancer specimens (Figure 
1)[14]. However, some studies have raised the suspicion 
that analysis based solely on HE stained slides is insuf-
ficient for a proper evaluation. This notion has led to the 
introduction of  new techniques, such as sentinel node 
biopsy, immunohistochemical and molecular analyses in 
the work-up of  cancer specimens[15]. 

In this review, we will refer to the controversies men-
tioned above in detail, focusing on both clinical impact and 
technical issues. Data for this review were compiled using 
MEDLINE/PubMed and Thomson Reuters Web of  Sci-
ence®, assessing articles published before August 2013. 
The search terms included colorectal cancer, colon cancer, 
rectum cancer, TNM classification, lymph node metastasis, 
lymph node ratio, extracapsular invasion, sentinel lymph 
node, immunohistochemistry, and molecular analysis. Only 
articles published in English were considered.

LYMPH NODE STAGING ACCORDING TO 
THE AJCC/UICC TNM SYSTEM 
Quantitative lymph node evaluation has repeatedly been 

validated as a powerful prognostic tool in patients with 
colorectal cancer. In particular, the absolute number of  
positive nodes has been identified as a highly effective 
predictor of  adverse outcome, as shown by worsening 
of  prognosis with increasing number of  lymph nodes 
involved by cancer[16,17]. 

Hence, in the AJCC/UICC staging system the prog-
nostic stratification of  nodal disease is based on the 
absolute number of  positive lymph nodes. Difficulties, 
however, arise with respect to changing definitions of  
lymph nodes as such, involved lymph nodes, and/or tu-
mor deposits (satellites) in different editions[5]. Tumor de-
posits are macroscopic or microscopic nests or nodules 
of  cancer found in the pericolic and/or perirectal adipose 
tissue’s lymph drainage area of  a primary carcinoma (away 
from the leading edge of  the infiltrating tumor) without 
histological evidence of  residual lymph node in the nod-
ule. They are histologically heterogeneous and may be 
seen associated with distinct anatomic structures, such 
as veins[18]. These deposits may represent discontinuous 
primary tumor spread, venous invasion with extravascular 
spread, or a totally replaced lymph node (Figure 2A-C). 

The main differences between the different editions 
of  the AJCC/UICC TNM system regarding lymph node 
staging are as follows: The 5th edition of  the TNM sys-
tem (TNM-5) introduced the 3 mm rule for their classi-
fication, providing a tool based exclusively on the size of  
the lesions[19]. The 6th edition (TNM-6) discarded the size 
criterion and referred to the contour of  the lesions[20]. 
The 7th edition (TNM-7) focused on the differentiation 
of  lymph node metastases from tumor deposits, includ-
ing the latter in the pN category (pN1c)[21]. Details are pre-
sented in Table 2. 

Nagtegaal et al[5] have proven lymph node staging ac-
cording to TNM-5 to be superior to TNM-6, as demon-
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Table 1  Parameters affecting the clinical significance of 
lymph node staging in colorectal cancer

Extent of surgical lymph node removal 
Thoroughness of the pathologist in dissecting the resection specimen 
Technical methods to increase lymph node yield 
   Methylene blue injection 
   Fat clearing 
   Acetone compression 
Changing definitions of lymph nodes, involved lymph nodes, and 
tumor deposits in different editions of the AJCC/UICC TNM staging 
system 
History of neoadjuvant treatment 
Absolute number of retrieved lymph nodes 
Absolute number of positive lymph nodes 
Lymph node ratio 
Presence of extracapsular invasion 
Sentinel node biopsy 
Number of histological sections 
Use of immunohistochemistry to identify micrometastasis and/or 
isolated tumor cells 
Use of molecular techniques to identify minimal tumor disease in 
lymph node tissue 

AJCC: American Joint Committee on Cancer; UICC: Union for Interna-
tional Cancer Control; TNM: Tumor node metastasis. 
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Figure 1  Manual dissection with subsequent histological assessment based on routinely hematoxylin and eosin stained slides is the standard approach 
in the examination of regional lymph nodes in cancer specimens. A: Rectum cancer specimen of a 56-year-old female; B: Ulcerated primary tumor, measuring 5 
cm in largest diameter; C: After preparation of the primary tumor (including the fatty tissue underneath the lesion and the circumferential margin) the remaining peri-
rectal/mesocolic fatty tissue is carefully removed; D: Specimen for subsequent manual lymph node dissection; E: 36 presumed lymph nodes are isolated, of which the 
largest four are cut into halves and embedded on their own, respectively (lower right); F: 31 lymph nodes are confirmed on hematoxylin and eosin stained slides, one 
of which with metastatic cancer tissue (encircled). 
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MINIMUM NUMBER OF LYMPH NODES 
Adequate assessment of  nodal status depends on the to-
tal number of  retrieved lymph nodes that are available for 
histological evaluation. A recommendation put forward 
by Fielding et al[23] stated the ideal minimum to be 12 
nodes since below this cut-off  value there is a high risk 
of  false-negative reporting of  lymph node involvement 
due to inadequate sampling[16]. This recommendation was 
adopted by the AJCC/UICC TNM system and has been 
included in various clinical practice guidelines[2-4,24]. The 
minimum number of  lymph nodes that should be as-
sessed ensures adequate staging, prognostication, and ac-
curate treatment, since affected lymph nodes are the pri-
mary determinant for the use of  adjuvant chemotherapy. 

The variability in the number of  retrieved lymph 
nodes remains to be a major problem in patient manage-
ment since often the recommended minimum number 
of  12 lymph nodes is not achieved. This may be due to 
differences in the extent of  surgical lymph node removal, 
the thoroughness of  the pathologist in dissecting the 
cancer specimen, and/or the actual number of  regional 
lymph nodes that is related to tumor location[25,26]. In 
rectal cancer, the increasing use of  neoadjuvant therapy 
represents another important factor affecting lymph 
node yield. Under combined chemo-and radiotherapy 
regional lymph nodes undergo a process of  regression. 
Thus, the recommended number of  12 lymph nodes was 

strated in two independent populations. Therefore, sev-
eral national guidelines in Europe still refer to TNM-5 for 
classification. It is simpler, more reproducible, allows for 
comparison with preoperative imaging, and is effective 
and accurate[5]. The potential value of  TNM-7 remains to 
be evaluated in larger prospective studies. The fact that 
all patients with tumor deposits will now be classified in 
the node-positive group has raised major concerns. This 
holds true particular for the evaluation of  tumor regres-
sion and residual tumor foci after neoadjuvant therapy. In 
the group of  patients who did not receive preoperative 
treatment, however, staging according to TNM-7 appears 
to be highly prognostic and possibly superior to TNM-5 
and TNM-6[5]. The reproducibility of  the definitions 
given in the latest version may, however, be imperfect. In 
a recent interobserver variability study of  lymph nodes 
and tumor deposits by Rock et al[22], seven gastrointestinal 
pathologists completely agreed on only 11 of  25 lesions 
(κ-value 0.48; 95%CI: 0.28-0.67). Top-ranked features 
for the differentiation of  lymph node metastases from 
tumor deposits included round shape, peripheral lympho-
cyte rim, peripheral lymphoid follicles, subcapsular sinus, 
residual lymph node surrounding fibroadipose tissue, 
and thick capsule. As inconsistency remains even under 
expert pathologists, it is currently unclear whether the cri-
teria that are available for the distinction of  lymph node 
metastases from tumor deposits are feasible in everyday 
routine practice performed by general pathologists. 
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Figure 2  Lymph node metastases and tumor deposits in patients with colorectal cancer. A: Metastatic adenocarcinoma within a mesocolic lymph node [hema-
toxylin and eosin (HE) original magnification, × 100]; B: Mesocolic lymph node totally replaced by metastatic cancer tissue, note the smooth contour of the lesion (HE, 
original magnification, × 150); C: Tumor deposit (satellite) within the mesocolic fatty tissue, note the irregular contour of the lesion (HE, original magnification, × 250); D: 
Mesocolic lymph node metastasis with extracapsular extension of cancer tissue (original magnification, × 250). 
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reached in only about 20% of  cases in large international 
trials that investigated the benefit of  neoadjuvant therapy 
in rectal cancer. This observation prompted the question 
whether the insufficient number of  lymph nodes is due 
to the disappearance of  the nodes, or just reflects pro-
gressive atrophy and fibrosis with subsequent reduction 
in lymph node size, rendering them undetectable during 
routine pathological work-up[27]. 

Due to the fact that the recommended number of  
nodes is often not reached by traditional manual dissec-
tion new technical methods were introduced to facilitate 
lymph node harvest in the fatty tissue. These include fat 
clearing methods, methylene blue-assisted lymph node 
dissection, as well as acetone elution with subsequent 
compression of  adipose tissue (“acetone compression”). 
The method of  methylene blue-assisted lymph node dis-
section was introduced in 2007 as a cheap and simple 
tool[28]. The method is based on ex vivo intraarterial injec-
tion of  15-20 mL of  methylene blue solution in the fresh 
or shortly formalin-fixed resection specimen. After fix-
ing overnight lymph nodes are dissected manually. This 
technique results in dramatically increased lymph node 
counts compared to conventional dissection. The effect 
is particularly evident in rectal cancer patients after neo-
adjuvant therapy and helps to ensure a sufficient lymph 
node harvest in these patients. However, according to a 

recently published study[29], the application of  this tech-
nique does not seem to be associated with an increased 
detection of  lymph node metastases. In this study, com-
paring methylene blue assisted dissection with standard 
dissection, neither the rate of  nodal positive cases, nor 
the rate of  pN2 cases differed between the two groups. 
The most probable explanation for this finding is the fact 
that mostly involved lymph nodes are enlarged and there-
fore easy to find[30]. 

The acetone elution and compression method was 
introduced by Basten et al[31]. After manual dissection for 
large palpable lymph nodes (usually > 1 cm in diameter) 
the mesorectal fat is perforated with a needle roller and 
transferred to acetone. After elution in acetone, tissue 
samples are mechanically compressed using a manual 
squeezing machine, as described in detail by Gehoff  et 
al[27]. By this method a reduction of  about 90% of  meso-
rectal fat volume is achieved. Specifically, acetone com-
pression facilitates the detection of  any tumor deposit in 
mesorectal and mesenteric fatty tissue and therefore pro-
vides a reliable survey of  tumor cell deposits including 
perineural cancer infiltrates, particularly after neoadjuvant 
therapy[27]. As for methylene blue-assisted lymph node 
dissection, the total number of  harvested lymph nodes 
markedly increased in that study, the number of  positive 
lymph nodes, however, did not change. From a biologi-
cal standpoint it is interesting to note that, basically, the 
number of  lymph nodes is independent of  pretreatment 
status[27]. 

LYMPH NODE RATIO OR ABSOLUTE 
NUMBER OF INVOLVED LYMPH NODES? 
Several studies have demonstrated that simply the analysis 
of  a larger number of  lymph nodes results in a survival 
advantage for patients with stage Ⅱ and Ⅲ disease, while 
the situation for stage Ⅰ disease is less clear[32-36]. A study 
by Lykke et al[36] demonstrated that in patients with more 
than 12 nodes, there was a significantly higher proportion 
of  stage Ⅲ disease, indicating that stage migration takes 
place when high numbers of  lymph nodes are harvested. 
To overcome the dependence on the number of  harvest-
ed lymph nodes, a ratio-based node staging system has 
been proposed. 

The lymph node ratio, defined as the number of  posi-
tive lymph nodes divided by the total number of  retrieved 
nodes, has gained increasing attention. A large number 
of  studies showed that the prognostic significance of  
lymph node ratio is superior to that of  the absolute num-
ber of  involved lymph nodes[6,8,36-44]. Lymph node ratio 
was identified as an independent predictor of  disease-
free survival, overall survival, and cancer-specific survival 
in stage Ⅲ disease. Notably, lymph node ratio remains to 
be an independent prognosticator even after neoadjuvant 
therapy, despite reduction of  the absolute number of  re-
trieved nodes[45]. The lymph node ratio may thus improve 
TNM-based prognostic stratification and may help to 
identify patients at high risk of  disease recurrence and/or 

Table 2  Changing definitions of lymph nodes, involved 
lymph nodes, and tumor deposits in different editions of the 
American Joint Committee on Cancer/Union for International 
Cancer Control tumor node metastasis staging system

TNM-5 A tumor nodule greater than 3 mm in diameter in perirectal 
or pericolic adipose tissue without histological evidence of 
a residual lymph node in the nodule is classified as regional 
lymph node metastasis. However, a tumor nodule up to 3 mm 
in diameter is classified in the T category as discontinuous 
extension, i.e., T3

TNM-6 A tumor nodule in the pericolic/perirectal adipose tissue 
without histological evidence of residual lymph node in the 
nodule is classified in the pN category as a regional lymph 
node metastasis if the nodule has the form and smooth contour 
of a lymph node. If the nodule has an irregular contour, it 
should be classified in the T category and also coded as V1 
(microscopic venous invasion) or V2, if it was grossly evident, 
because there is a strong likelihood that it represents venous 
invasion.

TNM-7 Tumor deposits (satellites), i.e., macroscopic or microscopic 
nests or nodules, in the pericolorectal adipose tissue’s lymph 
drainage area of a primary carcinoma without histological 
evidence of residual lymph node in the nodule, may represent 
discontinuous spread, venous invasion with extravascular 
spread (V1/2) or a totally replaced lymph node (N1/2). If such 
deposits are observed with lesions that would otherwise be 
classified as T1 or T2, then the T classification is not changed, 
but the nodule(s) is recorded N1c. If a nodule is considered 
by the pathologist to be a totally replaced lymph node 
(generally having a smooth contour), it should be recorded as 
a positive lymph node and not as a satellite, and each nodule 
should be counted separately as lymph node in the final pN 
determination.

TNM: Tumor node metastasis. 
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progression. 
Problems, however, remain, particularly as different 

cut-off  values were applied in the studies that identified 
lymph node ratio as promising tool. Currently, we do not 
know which cut-off  value is ideal and whether this value 
may be the best for both colon and rectum cancer. Future 
prospective studies, applying a data-driven approach are 
urgently needed to accurately define these cut-off  values, 
as obviously “not one size fits all”[40]. 

Although the concept of  lymph node ratio was devel-
oped to generate a prognostic marker that is independent 
from the number of  examined nodes data are still con-
flicting in this regard. According to Chen et al[43], lymph 
node ratio independently estimates survival, irrespective 
of  the number of  nodes examined. In the study by Berg-
er et al[38], lymph node ratio was a significant parameter 
when 10 or more lymph nodes were removed, but not 
for patients with less than 10 lymph nodes. 

EXTRACAPSULAR LYMPH NODE 
INVASION
Extracapsular lymph node invasion refers to the exten-
sion of  cancer cells through the nodal capsule into the 
perinodal fatty tissue (Figure 2D)[46]. This phenomenon 
has gained considerable attention as prognostic variable 
in several solid organ tumors, particularly in cancers origi-
nating from breast and head and neck region as well as in 
several gastrointestinal malignancies. 

In colorectal cancer, extracapsular invasion has been 
observed in 18% to 68% of  stage Ⅲ tumors[10-13,46]. Ac-
cording to Komuta et al[10], extracapsular invasion occurs 
more likely in lymph nodes that are occupied for more 
than 50% by cancer cells, compared to lymph nodes with 
less than 50% occupation. Its occurrence has been related 
to high pT-classification, high number of  involved nodes, 
and presence of  positive distant lymph nodes, which al-
lows the conclusion that extracapsular invasion is more 
likely to be found in advanced tumor stage[11-13]. 

The ability of  metastatic nodes to recruit degrada-
tion factors that permit cancer cells to break through the 
lymph node capsule reflects the invasiveness and aggres-
siveness of  the primary tumor, even in an immunologi-
cally hostile environment[46]. Thus, patients with extracap-
sular invasion at metastatic sites are at particularly high 
risk to develop disease progression and distant cancer 
spread[12,13]. In particular, survival and recurrence rates 
of  patients with extracapsular invasion are significantly 
worse than those of  patients without, and extracapsular 
invasion has been identified as independent predictor of  
disease-free and overall survival in patients with node 
positive cancers[11,12,47,48]. 

Overall, the detection and, possibly, quantification 
of  extracapsular invasion may help to individualize post-
operative treatment strategies by identification of  a sub-
group of  patients with significantly poorer long-term 
survival and poorer local control who might benefit from 
intensified adjuvant therapy[46]. 

SENTINEL LYMPH NODE BIOPSY
The sentinel lymph node, defined as the first lymphatic 
station within a given lymph drainage area, is considered 
to be of  eminent importance in oncologic practice. Sen-
tinel node detection may be accomplished by injection of  
blue dye (e.g., methylene blue) or radiotracers near to the 
tumor. Afterwards the surgeon detects the node by visual 
inspection or by use of  gamma probe or Geiger counter. 
In clinical practice, sentinel lymph node biopsy has been 
found to be highly effective in correctly predicting the 
nodal status in malignant melanoma and breast cancer[49]. 
Commonly, a frozen section procedure is employed so 
if  neoplasia is detected further lymph node dissection 
may be performed. If, however, the sentinel node is free 
of  cancer the extent of  operation may be kept to a mini-
mum. 

Within the last two decades, several investigators 
aimed to enlarge the field of  application and have evalu-
ated sentinel lymph node biopsy in various malignan-
cies[50]. In colorectal cancer, the potential benefit of  
sentinel lymph node biopsy is different from that of  ma-
lignant melanoma and breast cancer. Here, the method 
does not intend to reduce the extent of  surgery but aims 
to identify conditions that might lead to more extensive 
surgical lymph node dissection. Another purpose is to 
establish more accurate lymph node staging in order to 
identify patients at risk for disease recurrence and/or 
progression[51]. 

According to a recent meta-analysis[52], the pooled 
sentinel node identification rate is approximately 90% in 
patients with colorectal cancer, with a significantly higher 
rate in studies including more than 100 patients or stud-
ies using an ex vivo approach. The pooled sensitivity of  
the procedure is approximately 70%. Subgroups with 
significantly higher sensitivity could be identified. These 
include individuals with ≥ 4 sentinel nodes identified (vs 
individuals < 4 nodes), colonic location (vs rectal loca-
tion), and early, i.e., pT1/2 carcinomas (vs advanced, i.e., 
pT3/4 carcinomas).

How sentinel lymph node biopsy may be success-
fully incorporated in routine practice has recently been 
illustrated in a study by Saha et al[53]. The authors investi-
gated 192 patients undergoing surgery for colon cancer 
and identified aberrant drainage, i.e., drainage outside the 
standard resection margin requiring change of  the extent 
of  operation, in 22% of  patients. Notably, nodal positiv-
ity was higher in patients undergoing change of  opera-
tion (62%) compared to those undergoing only standard 
oncologic resection (43%). 

Major drawbacks remain to be the still imperfect de-
tection rate and the comparably low sensitivity for the 
identification of  nodal disease. The detection rate is sig-
nificantly influenced by several patient-and disease-specif-
ic factors, the most important of  which being body mass 
index, center experience, and learning curve[49]. The con-
siderably high false-negative rate to identify node-positive 
patients may be explained by aberrant drainage sites and 
the presence of  skip lesions. It is known that skip lesions 
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occur when lymphatics are obstructed by tumor. Retter 
et al[54] showed that in 63% of  their false negative tumors, 
lymphatic and venous invasion by cancer cells was pres-
ent. 

The extent of  the pathological work-up is another 
major factor with significant impact on the performance 
and clinical significance of  the sentinel node biopsy con-
cept. According to the meta-analysis cited above, adding 
step sectioning and immunohistochemistry, e.g., using 
antibodies directed against pankeratin (Figure 3), to the 
pathological work-up resulted in a mean upstaging in 
18.9% (range 0%-50%). True upstaging defined as mi-
crometastases [pN1(mi)] rather than isolated tumor cells 
[pN0(i+)] occurred in 7.7%[52]. The optimal technical 
method how sentinel lymph nodes should be evaluated 
still has to be defined. Several papers have addressed this 
topic, the three most relevant will be referred to in detail. 

In the study by Bembenek et al[49], a total of  141 of  
186 patients classified as nodal negative by routine HE 
staining underwent step sectioning and immunohis-
tochemical analysis for pankeratin (MNF116) of  their 
sentinel lymph nodes. Thirty of  these patients revealed 
micrometastases (n = 7) or isolated tumor cells (n = 23), 
resulting in an overall upstaging rate of  30 of  141 (21.3%). 
In the clinically important subgroup of  stage Ⅱ patients, 
upstaging occurred in 24.2% (21 of  91).

In the study by van der Zaag et al[51], three serial sec-
tions (cut at 500 μm intervals) of  all 908 lymph nodes 

from 58 patients with pN0 carcinomas (according to 
standard evaluation on HE stained slides) were examined 
with three different antibodies [directed against pankera-
tin (Cam5.2), keratin 20, and Ber-EP4]. The examination 
revealed occult tumor cells in 33% (19 of  58) of  histo-
logically pN0 patients (12% micrometastases and 21% 
isolated tumor cells). Occult tumor cells were predomi-
nantly found in sentinel nodes with an overall sensitivity 
of  sentinel mapping for occult tumor cells of  88%. 

In the study by Märkl et al[55], applying methylene blue 
injection in an ex vivo approach lymph node metastases 
were found in 20 of  47 (43%) cases with skip metastases 
occurring in four of  them. Performing three additional 
HE step sections and immunohistochemical staining for 
pankeratin (MNF116) in sentinel lymph nodes and all 
other lymph nodes, resulted in true upstaging (N0N1mi) 
in 1 of  23 cases (4%). 

MOLECULAR ANALYSIS OF LYMPH 
NODES - A FEASIBLE APPROACH? 
The identification of  lymph node involvement is the 
most important factor to predict outcome and qualify af-
fected patients for adjuvant chemotherapy[55]. Manual dis-
section of  fatty tissue and histopathology based on HE 
stained sections remain to be the standard approach in 
pathological lymph node evaluation. 
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Figure 3  Value of immunohistochemistry in the evaluation of lymph nodes from patients with colorectal cancer. A: Micrometastasis in the subcapsular sinus 
of a mesocolic sentinel node evaluated by standard hematoxylin and eosin (HE) staining (original magnification, × 400); B: Micrometastasis in the subcapsular sinus 
of a mesocolic sentinel node evaluated by immunohistochemistry using an antibody preparation directed against pankeratin (serial section to A, original magnification, 
× 400); C: Atrophic perirectal lymph node with marked fibrosis after neoadjuvant treatment (original magnification, × 100); D: Identification of residual cancer cells by 
pankeratin immunostaining (original magnification, × 400). 
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This may, however, lead to underestimation of  disease 
and understaging of  patients. About 30% of  the patients 
with histopathology-negative lymph nodes (AJCC/UICC 
TNM stages Ⅰ and Ⅱ) develop recurrent and/or progres-
sive disease, likely associated with undetected metastatic 
deposits[15,56-59]. As shown above, the use of  additional 
step sections and immunohistochemistry may improve 
the identification of  positive lymph nodes. Of  note, 
many patients initially staged lymph node-negative, who 
experienced disease recurrence had isolated tumor cells 
and/or micrometastases after advanced evaluation[60]. A 
major limitation of  the histological examination is the 
fact that only a small portion of  the lymph node, usually 
the section(s) with the largest cut surface, is assessed leav-
ing most parts of  the nodes uninspected[61]. 

As current techniques for nodal examination may be 
inadequate for the detection of  micrometastases and/or 
isolated tumor cells, molecular analysis of  lymph node 
tissue has been introduced as additional tool in the work-
up of  cancer patients. The identification of  minimal 
disease in lymph nodes by molecular techniques may help 
to identify patients at high risk for recurrence and/or 
progression, who could benefit from adjuvant therapy[62]. 
The following features are relevant: (1) no expression of  
the respective marker in immune cells; (2) no or weak 
downregulation in tumors compared to normal tissue; 
and (3) relatively high and constant expression in tumor 
tissue irrespective of  tumor stage[63]. Several molecular 
markers have been applied (Table 3). In the following we 
will refer to some of  them in detail. 

Keratin 20 (K20) is constitutively expressed in intes-
tinal epithelia and is the most important keratin subtype 
expressed in colorectal cancer. It can be found in more 
than 90% of  primary tumors. Immunoreactivity in meta-
static tissues is known to match well with that of  cor-
responding primary tumors, with high concordance for 
lymph node and distant metastases, respectively[64]. The 
significance of  quantitative real-time polymerase chain 
reaction (RT-PCR) for the detection of  K20 mRNA 
in regional lymph nodes of  cancer patients has been 
investigated by several groups, mainly in sentinel node 
biopsies[15,57,65-71]. In general, these studies demonstrated 
a higher sensitivity of  molecular analysis compared to 
standard evaluation based on HE stained slides and also 

compared to advanced evaluation applying immunohisto-
chemistry.

MUC2 apoprotein, which is secreted from non-
neoplastic intestinal goblet cells and is expressed in the 
majority of  colorectal cancers, has been introduced as 
another promising marker[15,63,72,73]. Some groups investi-
gated carcinoembryonic antigen[63,68,69,72,74], while others 
referred to guanylyl cylase C (GCC)[58,68,75]. GCC is a re-
ceptor for bacterial enterotoxins and the paracrine ligands 
guanylin and uroguanylin and is expressed selectively by 
intestinal epithelium. Comparable to mucin apoprotein 2 
(MUC2), the expression of  GCC is preserved throughout 
the transition from adenoma to carcinoma in colorectal 
tissues[56,58]. Most recently, so-called one-step nucleic acid 
amplification (OSNA) has been introduced to detect 
keratin 19 (K19) mRNA as a surrogate for lymph node 
metastasis. K19 is expressed in many types of  cancer, 
albeit in varying frequencies. OSNA is based on reverse 
transcription-loop-mediated isothermal amplification to 
amplify K19 mRNA[59,61,76]. 

All these techniques allow the examination of  the 
entire lymph node, thereby overcoming the problem 
of  sampling bias due to insufficient analysis of  mate-
rial in the standard histological approach. This may lead 
to improved staging and better selection of  patients for 
adjuvant chemotherapy. More importantly the molecular 
detection of  tumor cells in regional lymph nodes has 
been associated with disease recurrence and poor survival 
in node-negative colorectal cancer[14,77]. 

Problems, however, remain. The value of  quantitative 
RT-PCR assays for the detection of  occult tumor cells 
in regional lymph nodes relies on the balance between 
sensitivity and specificity in order to minimize the oc-
currence of  false-positive or false-negative results[78]. 
None of  the markers are really specific. K19 has been 
used as a molecular marker in a variety of  studies dealing 
with several types of  cancer, including colorectal cancer. 
Doubt has arisen about the tissue specificity of  K19 gene 
expression. Already in 1996, Gunn et al[79] noted K19 gene 
expression in 34 of  40 lymph nodes from patients who 
underwent bowel resection for benign disease. The rea-
sons for the observed false-positivity rate are not entirely 
clear. In addition to simple contamination or dissemina-
tion of  tumor cells and/or tumor cell fragments via the 
lymphatics during the procedure, amplification of  K19 
pseudogenes may play a role[78]. Finally, Bustin et al[68] de-
tected K20, carcinoembryonic antigen, and GCC mRNA 
in 47%, 89% and 13% of  149 lymph nodes, respectively 
from patients with benign disease indicating that K19 is 
not the only marker for which specificity problems re-
main to be solved. 

Nevertheless, the molecular approach has opened new 
options concerning the diagnosis of  isolated tumor cells 
and micrometastases in patients with histopathology-neg-
ative lymph nodes[57]. Benefits of  the molecular approach 
have to be weighed against potential drawbacks. A major 
reason for controversy is the lack of  standardization of  
molecular analyses hampering comparison of  different 
studies as well as inclusion of  molecular techniques into 

Table 3  Markers for molecular lymph node staging

Keratin 20 
Keratin 19 (including one-step nucleic acid amplification technique) 
Mucin apoprotein 2  
Guanylyl cylase C 
Carcinoembryonic antigen 
CEACAM6 
CEACAM1-S 
CEACAM1-L 
CEACAM7-1 
CEACAM7-2 
c-Met 
K-ras mutation 
Estrogen receptor promoter methylation 
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routine practice[57]. According to current practice guide-
lines, AJCC/UICC stage Ⅲ patients receive adjuvant 
treatment. This strategy results in significantly improved 
outcome when nodal disease is proven histologically. 
However, it is currently not entirely clear whether the 
patients with nodal disease proven on a molecular level 
experience similar benefits if  chemotherapy is given. 

CONCLUSION
Lymph node staging is a major prognostic factor in 
colorectal cancer and remains to be the most important 
criterion to select patients for adjuvant treatment. Chang-
ing definition of  lymph nodes, involved lymph nodes, 
and tumor deposits in different editions of  the AJCC/
UICC TNM system have influenced the significance of  
lymph node staging in the past. The standard approach 
for lymph node evaluation is based on manual dissection 
and histological evaluation of  HE stained slides. Methy-
lene blue injection and fat clearing methods increase 
lymph node harvest in cancer specimens. Adding step 
sectioning and immunohistochemistry to the pathologi-
cal work-up may result in higher accuracy of  histological 
diagnosis. The clinical value of  more recent techniques, 
such as sentinel lymph node biopsy and molecular analy-
sis of  lymph nodes tissue still remains to be defined. 
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