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Background: The principal role of sentinel lymph node (SLN)
sampling and ultrastaging in colon cancer is enhanced staging
accuracy. The utility of this technique for patients with colon cancer
remains controversial.

Purpose: This multicenter randomized trial was conducted to de-
termine if focused assessment of the SLN with step sectioning and
immunohistochemistry (IHC) enhances the ability to stage the re-
gional nodal basin over conventional histopathology in patients with
resectable colon cancer.
Patients and Methods: Between August 2002 and April 2006 we
randomly assigned 161 patients with stage I–III colon cancer to
standard histopathologic evaluation or SLN mapping (ex vivo,
subserosal, peritumoral, 1% isosulfan blue dye) and ultrastaging
with pan-cytokeratin IHC in conjunction with standard histopathol-
ogy. SLN-positive disease was defined as individual tumor cells or
cell aggregates identified by hematoxylin and eosin (H&E) and/or
IHC. Primary end point was the rate of nodal upstaging.
Results: Significant nodal upstaging was identified with SLN ultra-
staging (Control vs. SLN: 38.7% vs. 57.3%, P � 0.019). When
SLNs with cell aggregates �0.2 mm in size were excluded, no
statistically significant difference in node-positive rate was apparent
between the control and SLN arms (38.7% vs. 39.0%, P � 0.97).
However, a 10.7% (6/56) nodal upstaging was identified by evalu-
ation of H&E stained step sections of SLNs among study arm
patients who would have otherwise been staged node-negative (N0)
by conventional pathologic assessment alone.
Conclusion: SLN mapping, step sectioning, and immunohistochem-
istry (IHC) identifies small volume nodal disease and improves
staging in patients with resectable colon cancer. A prospective trial
is ongoing to determine the clinical significance of colon cancer
micrometastasis in sentinel lymph nodes.

(Ann Surg 2007;245: 846–857)

Presence and extent of regional nodal metastasis predict
outcome in patients with colon adenocarcinoma. Com-

pleteness of nodal resection and staging accuracy has signif-
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icant implications in terms of diagnosis, treatment, and sur-
vival in patients with this disease.1 Up to 30% of patients with
node-negative colon cancer staged by standard pathologic
techniques ultimately suffer disease recurrence and tumor-
related mortality following potentially curative primary re-
section.2 Variations in outcome among patients with node-
negative early stage disease may reflect inadequate nodal
resection and inaccuracies of pathologic staging.

Standard pathologic evaluation may overlook low vol-
ume nodal metastasis, thereby failing to identify nodes im-
perative to accurate staging. Inconsistencies in number of
nodes harvested at time of pathologic processing impact
significantly colon cancer staging accuracy. This nodal sam-
pling error serves as the basis for guidelines establishing a 12
node minimum for adequate staging utilizing conventional
techniques.3 Up to 78% of metastases are identified in sub-
centimeter nodes that may be overlooked during standard
gross pathologic dissection of resected specimens.3–5 Micro-
scopic examination of 1 or 2 hematoxylin and eosin-stained
sections of a 5-mm node limits pathologic assessment to
�1% of the entire node, making identification of small tumor
cell aggregates challenging.

Nodal step-sectioning may improve staging accuracy;
however, this technique cannot be applied to all harvested
nodes, as processing time, human resource requirement, and
cost would be prohibitive. Directed and detailed examination
of a limited number of nodes at highest likelihood of metas-
tases would be a practical way to enhance staging accuracy.

The recognition that there exists an orderly, sequential,
and predictable dissemination of epithelial cancer cells from
the site of primary disease, through regional lymphatic chan-
nels, to principal or “sentinel” first draining node(s) ushered
in an entirely new means of patient-specific staging and
surgical treatment into the realm of oncology. This enabled
focused, detailed pathologic assessment of a few nodes most
predictive of the status of the regional nodal basin without
compromising diagnostic accuracy. Furthermore, this devel-
opment was heralded and validated as a highly reliable means
of increasing staging accuracy and limiting radical, poten-
tially morbid operations to those sentinel node-positive pa-
tients with breast cancer and melanoma.

Regional lymphadenectomy with en bloc primary tu-
mor resection remains the standard of care for resectable
colon cancer. As there is minimal associated complexity or
morbidity with lymphadenectomy for this indication, sentinel
lymph node (SLN) mapping and biopsy for colon cancer does
not provide added information that will alter the extent of
operation. The principal advantage for SLN mapping in colon
cancer is the identification of nodes that can undergo focused
and detailed pathologic scrutiny critical to optimizing staging
accuracy.

Although there appears to be a significant advantage,
not only in terms of accuracy of staging but also identification
of nodal metastasis earlier in the natural history of the
disease, inconsistencies in surgical and pathologic tech-
niques, and diagnostic criteria for SLN-positive disease have
led some to question the utility of applying the sentinel node
paradigm to colon cancer.6,7 Prospective randomized trials

are lacking to address the three important issues related to
sentinel node mapping and biopsy in colon cancer: (1) SLN
upstaging; (2) biology of micrometastatic disease; and, (3)
benefit of adjuvant therapy in patients with micrometastatic-
only node positive disease.8 We have undertaken this ran-
domized trial to determine whether step sectioning and cyto-
keratin immunohistochemistry of the SLN(s) more accurately
stages lymph nodes and identifies nodal micrometastasis
undetected by conventional histopathology in patients with
colon cancer.

METHODS
This report complies with the reporting standards es-

tablished by the revised Consolidated Standards of Reporting
Trials consensus statement.9

Participants
An international, multicenter prospective randomized

clinical trial was conducted by the United States Military
Cancer Institute (USMCI) Clinical Trials Group. This study
was approved by the Department of Clinical Investigation
Human Use Committee, Walter Reed Army Medical Center
and participating medical center Institutional Review Boards.
This study was conducted from August 2002 to April 2006 at
five academic medical centers located in the United States,
Israel, and Serbia. During the study period 175 patients
enrolled, provided informed consent, and were assigned ran-
domly to undergo standard complete surgical resection of the
tumor-bearing colon, with en bloc regional lymphadenec-
tomy followed by either conventional histopathologic evalu-
ation (using paraffin embedding, single section hematoxylin
and eosin staining (H&E), and microscopy) or sentinel lymph
node mapping, biopsy, and ultrastaging (step sections with
pancytokeratin immunohistochemistry (IHC)) in conjunction
with standard histopathologic evaluation. Patients were strat-
ified according to clinical disease stage (stage I/II vs. stage
III) and extent of resection (segmental or greater colectomy).
Method of nodal staging was unblinded.

Eligible patients had biopsy-proven, primary, nonmeta-
static colon carcinoma or colon tumors clinically consistent
with cancer and subsequently confirmed by pathology, were
older than 18 years, and capable of providing written in-
formed consent. Patients with recurrent or metastatic colon
carcinoma, those who received prior chemotherapy or radia-
tion, and those without pathologically confirmed adenocarci-
noma were excluded. Thirteen patients (7.4%) were excluded
after randomization due to absence of invasive adenocar-
cinoma (n � 5), gastrointestinal stromal tumor (n � 1),
distant metastatic disease (n � 2), surgical specimen fixation
failure (n � 3), or failure to identify the SLN (n � 2; included
in assessment of the SLN mapping and biopsy technique).

Interventions
Standard Histopathologic Evaluation

Subjects underwent standard surgical resection of the
tumor-bearing colon, with en bloc regional lymphadenec-
tomy. The entire formalin-fixed surgical specimen (colon and
mesentery) underwent standard histopathologic evaluation
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and staging using conventional paraffin embedding, section-
ing and H&E staining, and microscopy. The colonic mesen-
tery was examined carefully for lymph nodes. Any firm tissue
remaining after pressure on the mesenteric fat was excised,
embedded in paraffin, sectioned at a thickness of 4 �m,
stained with H&E, and evaluated microscopically. Nodes
�3 mm in maximal dimension were embedded in their en-
tirety. Nodes �3 mm were bisected along the longitudinal
axis of the node. One section of each node was evaluated.
Total number of nodes and those nodes with metastatic
disease were recorded in accordance with standards of care.

Sentinel Lymph Node Mapping
Subjects underwent standard surgical resection. Imme-

diately following removal of the colon and node-bearing
mesentery, isosulfan blue dye (Lymphazurin 1%; Ben Venue
Labs, Bedford, OH) was injected (ex vivo) subserosally
(colon specimen left intact/unopened) at the proximal and
distal margin of the tumor along the longitudinal axis of the
specimen and at 90 degrees from these injection sites. The in-
jection site was then gently massaged for 5 minutes. The amount
of blue dye injected was 0.5 mL per centimeter of tumor
diameter.

Sentinel nodes were defined as the first blue staining
nodes to appear within 5–10 minutes of dye injection. All
nodes that stained blue within that time period were dissected
from the mesentery and submitted to pathology as separately
labeled specimens. The specimen and separated SLNs were
delivered in a fresh state to the Pathology Department within
30 minutes of lymphatic mapping. H&E staining and micros-
copy were performed identically for SLNs and non-SLNs as
was done in the control arm of the study. The remaining
resected colon and attached mesentery were fixed in formalin
for standard histopathologic evaluation according to standard
of care protocol. The ex vivo SLN mapping technique was
used to facilitate standardized, uniform specimen processing
and assessment, with improved technical quality control;
however, aberrant lymphatic drainage could not be assessed.

Sentinel Lymph Node Pathologic Evaluation
After diagnosis of colon adenocarcinoma was con-

firmed, the SLNs were measured and bisected along the
longitudinal axis of the node. Paraffin-embedded blue nodes
(single face if node �3 mm and 2 faces in bivalved nodes �3
mm) underwent step sectioning at 40 �m intervals and at four
levels, yielding sections approximately 4 �m thick. All four
sections were stained with H&E. Two unstained slides were
prepared at the second and fourth level of the block for IHC
staining. Sentinel node ultrastaging was defined as step sec-
tioning of the sentinel node(s) followed by pathologic eval-
uation of 4 H&E stained, and 2 IHC stained sections of each
SLN.

IHC was performed on formalin-fixed and paraffin-
embedded sections of the SLN using the avidin-biotin-per-
oxidase complex method. A commercially obtained
pan-cytokeratin antibody cocktail was used in this study
(Pan-keratin AE1/AE3, CAM 5.2, 35bH11; Ventana Medical
Systems, Tucson, AZ). Endogenous peroxidase was sup-

pressed by incubation with 1% hydrogen peroxide. Diamino-
benzidine tetrahydrochloride (DAB; Biogenex, San Ramon,
CA) was used as the chromogen. Formalin-fixed paraffin-
embedded sections of tonsils and or skin were used as
positive controls and a section from the SLN block incubated
with negative control buffer. A total of 4 H&E and 2 cyto-
keratin immunostained sections were examined for each SLN
block. A cytokeratin immunostain was considered positive if
strongly positive individual cells or cell clusters were iden-
tified that demonstrated anatomic and cytologic features of
colon carcinoma cells. The definition of positive sentinel
node in this trial was a blue-staining node containing single
cells or cell aggregates demonstrating morphologic features
consistent with colon carcinoma apparent on evaluation of
H&E and/or pan-cytokeratin IHC stained nodal sections.

The remaining formalin-fixed mesentery for study sub-
jects randomized to the SLN arm was evaluated for non SLNs
as described above for standard pathologic evaluation. Tumor
histology, total number of lymph nodes, sentinel node map-
ping success, number of SLNs, number of non SLNs, number
of SLNs positive by H&E, number of SLNs positive by IHC
(categorized according to isolated tumor cells, cell clusters
�0.2 mm, micrometastasis �0.2 and �2 mm, and macrome-
tastasis �2 mm) and number of non-SLNs positive by H&E
as per standard protocol were recorded. For SLNs containing
positive staining individual cells or cell clusters, the nodal
H&E sections were rereviewed to determine if the cells were
clearly identifiable on those sections. Tumor staging was
conducted in accordance with the American Joint Commis-
sion on Cancer (TNM) Staging (2002, 6th edition).

The protocol required that resected surgical specimens
in this study be prepared with two different sets of instru-
ments—one set for lymph node dissection, the other for
primary tumor preparation. The nodes were washed with
saline after harvesting. These measures reduced the likeli-
hood of nodal epithelial cell contamination.

Clinical decisions regarding adjuvant chemotherapy
were based on conventional pathologic nodal assessment and
not influenced by findings of isolated cells or cell clusters in
SLNs, as the prognostic importance of micrometastatic dis-
ease remains undefined. Subject participation in this study
concluded with the surgical procedure and nodal staging. No
follow-up was required for this clinical trial.

Quality Control
Surgeons participating in this trial were experienced

surgical oncologists and colorectal surgeons. They received
formal instruction and technical training in SLN mapping and
the specimen handling used in this study. Prior to enrolling
patients into the study each surgeon completed 6–12 learning
cases and demonstrated proficiency with the SLN mapping
technique. Six surgeons at 5 participating centers performed
all SLN mapping procedures. Regional study directors mon-
itored the technical aspects of this trial to ensure compliance
with SLN mapping, specimen handling, and processing. Speci-
men procurement, handling, transport, processing, and anal-
ysis oversight were provided by senior regional study pathol-
ogists experienced with GI pathology and cytochemistry.
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Standard histopathologic assessment was conducted by the
Department of Pathology at each participating center, super-
vised by a dedicated study pathologist in each institution, and
reviewed by each senior regional study pathologist. Paraffin
embedded nodal blocks were transported to regional study
laboratories for diagnostic confirmation, specimen processing
and pathologic assessment. All IHC analysis for the three
participating centers in Serbia was conducted by a central
laboratory headed by the regional study pathologist (SU-
Serbia) and all SLN analyses in Israel and the United States
were conducted by DP and CFA, respectively.

A single senior study pathologist (CFA) blinded to the
nodal staging results conducted a centralized pathologic re-
view of all SLN sections. Changes were made to 8 of the 87
cases (82 SLN group study subjects and 5 negative controls).
The following changes in diagnosis were rendered (Fig. 1):
(1) Isolated tumor cells (ITCs) instead of cell clusters (CC) in
SLN (n � 1); (2) false-positive SLN instead of ITCs, due to
knife tumor carry over effect (n � 1); (3) ITCs identified in
SLNs by IHC, positive instead of negative SLN (n � 3); (4)
number of positive SLNs increased, as ITCs found in SLNs

other than SLN containing metastasis �2 mm in size (n � 2);
(5) number of multiple IHC-positive SLNs decreased (from 7
to 6 SLNs), as one SLN contained CK positive mast cell (n �
1). All five negative controls for SLN IHC were confirmed to
be indeed negative. All 5 patients with suspected colon
adenocarcinoma presented with right colon tumors (4 symp-
tomatic) and underwent segmental resection. Three tumors
proved to be benign adenomas, one Crohn’s stricture and one
was a localized GIST. Two, 4, 5, 6, and 8 SLNs were
identified in these patients; mean number of total nodes
evaluated pathologically in these 5 cases was 14 nodes.
Although occasional false-positive staining was identified in
mesothelial and endothelial cells in rare sections, mast cells
or occasional histiocytes containing-anthracotic pigment/he-
mosiderin, no cytoplasmic or membranous staining was iden-
tified in morphologically malignant cells localized to a sub-
caspular sinus or intra nodal sinusoid (Fig. 1).

Objectives
When this study was initiated, no randomized trial had

been published to determine whether SLN mapping signifi-

FIGURE 1. False-positive IHC stain-
ing in sentinel lymph nodes. A, H&E
stained section of SLN in a patient
that underwent biopsy of colon ade-
nocarcinoma; typical postbiopsy
changes of giant cells (arrow), and
hemosiderin-laden histiocytes (cir-
cles). B, cytokeratin IHC section
demonstrating extraneous matter
and transferred tumor cells (arrow),
knife carry-over effect. C, immuno-
histochemical endothelial cell stain-
ing (arrow). D, characteristic positive
IHC staining of endogenous peroxi-
dase-rich granular mast cells. E, posi-
tively staining mesothelium (circle)
in omental fat fragment adherent to
SLN on IHC. F, typical histologic ap-
pearance of nodal pigmented mac-
rophages (circle).
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cantly increases staging accuracy for adenocarcinoma of the
colon. The principal aim of this trial was to define the rate of
upstaging of colon carcinoma lymph node metastasis with
SLN mapping. The hypothesis to be tested was: H0: There is
no difference in the rate of lymph node metastasis between
conventional histopathologic and SLN ultrastaging in sub-
jects with resected colon carcinoma versus H1: There will be
a 25% difference in the rate of nodal metastasis between
conventional histopathologic staging and SLN ultrastaging.

Outcomes
The primary outcome variable was the rate of nodal

upstaging. Identification rate of the sentinel node, accuracy,
sensitivity, and false-negative rate were calculated. Identifi-
cation rate was calculated as the proportion of patients having
SLNs identified with ex vivo peritumoral blue dye injection.
Accuracy of SLN mapping and biopsy was defined as the
proportion of patients with successful lymphatic mapping
having SLN examination correctly reflect the tumor status of
the nodal basin. Sensitivity of SLN mapping was defined as
the proportion of patients with positive nodes found by
routine H&E examination to have positive SLNs, and upstag-
ing the proportion of patients with negative nodes found by
conventional pathologic examination to have micrometastatic
disease by focused examination of the SLN. False-negatives
represented the proportion of patients with successful lym-
phatic mapping having tumor-positive non-SLNs but SLNs
without apparent tumor cells. The false-negative rate was
calculated as the proportion of false-negative over the sum of
false-negative and true positive SLN cases. The following
data were also collected/calculated: total nodes identified;
number of SLNs identified per subject; total patients with
positive and negative SLNs; total node-negative subjects per
study group; total SLN� and non-SLN� subjects as well as
total SLN� and non-SLN� subjects in SLN group; rate of
SLN only micrometastasis; proportion of H&E�/IHC�,
H&E�/IHC� SLNs.

Sample Size
Sample size calculation was based on expected accrual

of 50 subjects per year. The calculation was based on the
assumption that 40% of the subjects in the standard pathology
group would be node-positive compared with 65% of subjects
in the SLN group � an absolute SLN upstaging rate of 25%.
Controlling the probability of a Type I error at � � 0.05, a
sample of 69 subjects per group would have 80% power to
detect a 25% difference in proportion of subjects with node-
positive status using a “two-tailed” test, for a total of 138
subjects. Accounting for dropouts/inability to identify SLN
(�20%), up to 172 subjects were planned to enroll in the
study over a 4-year period.

Randomization
This trial was planned as a group sequential random-

ized study. Subjects were randomized to one of two arms:
standard histopathologic evaluation or SLN mapping and
ultrastaging with IHC in conjunction with standard his-
topathologic assessment. Randomization was balanced be-
tween the two treatment arms stratified by clinical stage and

extent of resection. Randomization was performed at the
Department of Clinical Investigation, Walter Reed Army
Medical Center utilizing a stratified permuted block scheme
and a separate randomization table for each participating
study site with the aim of avoiding inequalities in treatment
group assignment. The randomization sequence was con-
cealed until the treatment group was assigned. The allocation
sequence was generated by the study biostatistician (RH).
Neither study participants nor those administering treatment
were blinded to group assignment.

Statistical Methods
The categorical variables between groups were com-

pared using Fisher exact test or �2 test. Differences in
observed sample means for single measurements were eval-
uated using analysis of covariance to adjust for potentially
important clinical factors. To examine the influence of pos-
sible confounding variables on SLN identification and staging
logistic regression analysis was used. To assess the indepen-
dent predictive effect of a covariate for a nominal response
(SLN positive rate) a logistic regression model was con-
structed and parameters estimated using maximum likeli-
hood. Factors potentially significant (P � 0.05) on categori-
cal contingency analysis were entered into the multivariate
model. The Wald test statistic was computed for each effect
in the model. Confidence limits and odds ratios were calcu-
lated for the maximum likelihood parameter estimates. Sta-
tistical analysis was performed using JMP and SAS software
(JMP and SAS, Cary, NC). A P value �0.05 was considered
significant.

RESULTS

Patient Characteristics
The study was initiated by the USMCI in August 2002.

Enrollment ended in April 2006. One hundred seventy-five
patients were randomly assigned to conventional histopathol-
ogy or SLN mapping and ultrastaging with conventional
histopathology. Eighty and eight-two patients in the control
and intervention group completed the study protocol and
were analyzed for nodal staging, respectively. Thirteen pa-
tients were excluded. The sentinel lymph node could not be
localized in 2 patients and nodal fixation failure occurred in
3 cases. Two patients were found to have distant disease and
6 did not have colon adenocarcinoma, 5 of whom served as
negative controls for IHC. Flow of participants through each
stage of the trial is demonstrated in Figure 2. Statistical
analysis included 162 patients. Baseline demographic and
clinical characteristics of study participants are reported in
Table 1 indicating no significant imbalance between the two
study arms. In two-thirds of cases the primary tumor invaded
through the muscularis propria into the subserosa or pericolic
tissue (AJCC pT3) and involved regional nodes by standard
pathologic assessment in one-third of patients (AJCC pN1 or
N2, 57/162, 35.2%). Mean number of nodes analyzed per
patient was 18.2 � 0.9 (95% CI 16.5–19.9). A mean number
of 2.7 � 0.3 (95%CI 2.3–3.2) SLNs were identified in the 82
study arm patients.
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Nodal Upstaging
Utilizing our predetermined definition of node-positive

disease (individual tumor cells or cell aggregates identified by
H&E and/or IHC), a significant nodal upstaging was identi-
fied with SLN ultrastaging (control vs. SLN: 38.7% vs.
57.3%, P � 0.019). When SLNs with cell aggregates �0.2
mm in size were excluded, no statistically significant differ-
ence in node-positive rate was apparent between the control
and SLN arms (38.7% vs. 39.0%, P � 0.97). Similarly, no
difference in proportion of node-positive patients staged by
conventional nodal pathologic staging was detected between
groups (control vs. SLN: 38.7% vs. 31.7%; P � 0.35).
However, a 10.7% (6/56) nodal upstaging was identified by
evaluation of H&E stained step sections of SLNs among
study arm patients who would have otherwise been regarded
as node negative by conventional pathologic assessment
alone (Fig. 3).

Sentinel Node Ultrastaging
SLNs were successfully identified in 82 of 84 patients

(97.6%). A median of 2 SLNs were identified per patient
(range: 1–15): 1 SLN in 27 (32.9%), 2 SLNs in 23 (28.0%),
3 SLNs in 11 (13.4%), 4 SLNs in 6 (7.3%), and 5 or more
SLNs in 15 (18.3%) patients. Twenty-six patients (31.7%)
were positive by conventional histopathology, and 47
(57.3%) were node positive by SLN ultrastaging (H&E and
IHC) in the SLN arm. Accuracy and sensitivity of SLN
mapping and biopsy was 90.2% (74/82) and 69.2% (18/26),
respectively. No single clinical, pathologic, or surgical co-
variate emerged as an independent predictor of positive SLN.

There were 8 false-negative cases (9.8%), as shown in
Table 2. Of multiple clinical and pathologic variables ana-
lyzed only one, number of SLNs identified, demonstrated a
statistical correlation with the finding of false-negative SLN
�for 1, 2, 3, and 4� SLNs: TP vs. FN, 30.8% vs. 75.0%;
25.6% vs. 12.5%; 12.8% vs. 12.5%; and 30.8% vs. 0% (P �
0.049)	. Thus, 6 of 8 (75%) false-negative cases had only 1
SLN identified and no false-negative cases occurred when 4

or more SLNs were localized. Mean number of SLNs iden-
tified in false-negative (n � 7) and true positive (n � 39)
SLN cases was 1.4 and 3.2 SLNs, respectively (P � 0.07).
Distribution and volume of nodal disease is shown in Table 3
and Figure 4. Analysis of the pattern and distribution of
metastasis in non-SLN and SLNs indicates that an exclusive
site of metastasis in SLNs was found in 6 cases (10.7% of 56
non-SLN negative cases) by step section and H&E staining
alone, and in 15 cases by more meticulous ultrastaging of the
SLN incorporating cytokeratin IHC (26.8% of 56 non-SLN
negative cases).

DISCUSSION
This multicenter randomized trial was conducted to

determine if ex vivo SLN mapping followed by step section
and cytokeratin IHC improves staging of resectable colon
cancer over conventional histopathologic staging alone. Ap-
plying a predetermined definition of nodal positivity, a sig-
nificant 19% nodal upstaging was identified with SLN map-
ping compared with the control arm. When nodes with
isolated tumor cells or cell clusters �0.2 mm were excluded
from the analysis, node-positive rate was identical in the two
arms of the study. However, an 11% nodal upstaging (tumor
deposits �0.2 mm) was demonstrated by pathologic assess-
ment of H&E stained step sections of nodes within the SLN
study arm, in patients who would have been deemed node
negative by conventional pathologic assessment, and not
offered adjuvant systemic chemotherapy.

Several large single institutional studies have demon-
strated the technical feasibility and increased detection rate of
tumor cell deposits in step sectioned nodes evaluated by H&E
and IHC. Successful identification of the SLNs has been
reported in the range of 96%–100% in large studies with the
SLN accurately reflecting the tumor status of the nodal basin
in 92%–96% of cases.10–13 The proportion of patients with
negative nodes staged by conventional histopathology found
to have tumor cells by focused examination of the sentinel
nodes (upstaging) was 13%–31% in these single institutional
series. A number of recent multi-institutional studies support
the feasibility, accuracy and improved staging (13.4%–26.1%
upstaging) with targeted nodal assessment in colon cancer
indicating proportion of false-negative cases (3.6%–10.6%)
comparable to those in other epithelial cancers.14–16 The
current multicenter randomized collaborative study demon-
strates comparable findings with SLN mapping and ultrast-
aging using H&E and IHC analysis of SLN step sections:
successful identification, 98%; accuracy, 90%; upstaging,
19% (compared with the control arm); false-negatives, 10%.
These favorable results have not been reproduced by other
nonrandomized collaborative group trials pointing to the lack
of uniformity in sensitivity and false-negative rates for lym-
phatic mapping in colon cancer. This inconsistency under-
scores a number of important technical issues that account for
large discrepancies in published results, and that fuel consid-
erable controversy over the value of SLN mapping in this
disease.6,7

False-negative findings for colon SLN staging are at-
tributable to a number of factors including extent of disease,

FIGURE 2. Flow of participants randomized to conventional
nodal histopathology and sentinel lymph node mapping and
targeted pathologic assessment for colon adenocarcinoma.
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mapping technique, timing and method of pathologic pro-
cessing, number of SLNs evaluated, and method of ultra-
staging.8 Local tumor invasion of adjacent pericolic nodes,
nodes replaced by tumor, and extranodal disease extension
are both indicators of tumor biology and predictors of false-
negative SLN mapping. Viehl et al demonstrated that tumor
volume is an important consideration in SLN mapping and
that tumor-volume-adjusted blue dye dosing improves signif-
icantly SLN mapping success.17 The findings of the current

study underscore the importance of number of identified blue
nodes. It appears that false-negative SLN mapping for colon
cancer is both a technical problem and pathologic reality, as
false-negative findings could not be eliminated despite at-
tempts to eliminate factors that could create significant vari-
ation in this trial, through rigorous surgical and pathologic
quality control. Our results suggest that those false-negative
cases where 1 or 2 blue nodes are identified likely represents
technical failure (technical false-negatives); however,

TABLE 1. Baseline Characteristics of the 175 Patients

Characteristic

Standard
(n � 82)

Standard
� SLN

(n � 93)

P

Total Patients
(n � 175)

No. % No. % No. %

Patient age (yr) 0.76

Mean 65.7 � 1.6 65.0 � 1.5

95% Confidence interval 62.5–68.9 62.1–68.0

Gender 0.74

Male 40 48.8 43 46.2 83 47.4

Female 42 51.2 50 53.8 92 52.6

Location of tumor 0.26

Right colon 29 35.4 43 46.2 72 41.1

Transverse colon 2 2.4 5 5.4 7 4.0

Left colon 15 18.3 9 9.7 24 13.7

Sigmoid colon 30 36.6 28 30.1 58 33.1

Multiple polyps/tumors 6 7.3 8 8.6 14 8.0

Extent of colon resection 0.59

Segment 62 75.6 67 72 129 73.7

�Segment 20 24.4 26 28 46 26.3

Type of resection 0.31

Open colectomy 56 68.3 70 75.3 126 72.0

Laparoscopic colectomy 26 31.7 23 24.7 49 28.0

ASA category 0.13

I or II 50 61.0 43 46.2 93 53.1

III 29 35.3 47 50.5 76 43.4

IV 3 3.7 3 3.2 6 3.4

AJCC T and N 0.52

T0N0 3 3.7 6 6.4 9 5.1

TisN0 2 2.4 1 1.1 3 1.7

T1N0 6 7.3 6 6.4 12 6.9

T2N0 12 14.6 9 9.7 21 12.0

T3N0 26 31.7 37 39.8 63 36.0

T4N0 1 1.2 1 1.1 2 1.1

T2N1 4 4.9 7 7.5 11 6.3

T3N1 21 25.6 16 17.2 37 21.1

T4N1 0 0.0 1 1.1 1 0.6

T2N2 0 0.0 2 2.2 2 1.1

T3N2 6 7.3 7 7.5 13 7.4

T4N2 1 1.2 0 0.0 1 0.6

Total lymph nodes identified 0.23

Mean 16.9 � 1.2 18.9 � 1.1

95% Confidence interval 14.6–19.2 16.7–21.1

Total positive non-SLNs 0.92

Mean 1.4 � 0.4 1.3 � 0.4

95% Confidence interval 0.6–2.1 0.6–2.0
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when multiple (�2 SLNs) blue nodes are discovered in
false-negative cases, these likely represent pathologic fail-
ure or skip metastases (pathologic false-negatives). It is
important to emphasize that, unlike the impact of false-
negative sentinel nodes in breast cancer and melanoma
staging, false-negative SLNs in colon cancer do not alter
extent of operation or limit total number of nodes assessed
by conventional histopathology.

Standardization of working definitions, training, map-
ping technique, and pathologic processing and review are
critical to the success of SLN mapping for colon carcinoma.
Although there are variations in SLN definition, the one
applied in this study, blue nodes with the most direct drainage
from the tumor to appear within 5–10 minutes of dye injec-
tion, is an accepted one applied consistently in multicenter
trials.14,15 The ex vivo mapping technique was used, princi-

pally for the purpose of facilitating standardized, uniform
specimen processing and assessment, recognizing that the
principal limitation of the ex vivo technique is the inability to
detect the small percentage (�4%) of cases with aberrant
lymphatic drainage.6,8,10,18–24 Volume of subserosal, peritu-
moral blue dye injected was determined by size of tumor (0.5
mL per 1.0 cm of tumor), as dye volume appears to be a
significant predictor of successful SLN identification.17 Par-
amo et al plotted the learning curve for colon cancer SLN
mapping and found that the curve flattened after the first 5
mapping procedures, with successful SLN identification rates
�98%, thereafter.19 Surgical quality control was specifically
addressed in the current trial. Six surgeons at 5 academic

FIGURE 3. Distribution of nodal disease ac-
cording to type. Nodal upstaging occurred in
10.7% (6/56) by evaluation of H&E stained
step sections of SLNs alone in patients ran-
domized to SLN mapping and targeted patho-
logic assessment. LN, lymph node; SLN, senti-
nel lymph node; H&E, hematoxylin & eosin;
IHC, immunohistochemistry; FN, false-negative.

TABLE 2. Outcome: Sentinel Lymph Node Mapping and
Targeted Pathological Assessment in Colon Cancer

Characteristic

Standard � SLN
Biopsy

No. %

Total enrolled in study arm 93 100

Excluded 9 9.7

Non-metastatic cancer cases having SLN biopsy 84 90.3

Successful SLN identification 82 97.6

Node � by conventional H&E 26 31.7

Node � by H&E and/or IHC 47 57.3

Upstaging by SLN biopsy 21 26.6

Sensitivity of SLN biopsy 18/26 69.2

Accuracy of SLN biopsy 74/82 90.2

False negative rate of SLN biopsy 8/82 9.8

FNR � �FN/(FN � TP)	 
 100% 30.8

Mean number of SLNs 2.7 � 0.3

SLN indicates sentinel lymph node; H&E, hematoxylin and eosin stain; FN,
false-negative; TP, true positive.

TABLE 3. Nodal Disease in 82 Patients Randomized to
Sentinel Lymph Node Mapping and Targeted Pathological
Assessment

Distribution and Volume of
LN Disease

Standard
� SLN

Mapping

CommentNo. %

Total patients enrolled-excluded
in SLN arm

82 100

Total patients with positive nodes 47 57.3

Total patients with positive
SLN(s) only

21 25.6

Non-SLN and SLN negative 35 42.7

Non-SLN positive and SLN
false negative

8 9.8

Non-SLN positive and SLN
positive by H&E �/� IHC

18 22.0 12 Macro � 1 micro
� 2 CC �3 ITCs

Non-SLN negative and SLN
positive by H&E and IHC

6 7.3 4 Macro � 2
micrometastasis

Non-SLN negative and SLN
positive by IHC

15 18.3 15 SLNs with
isolated tumor cells

SLN indicates sentinel lymph node; H&E, hematoxylin and eosin stain; IHC,
immunohistochemistry; macro, nodal metastasis �2.0 mm; micro, micrometastasis
�0.2–2.0 mm; ITCs, isolated tumor cells �0.2 mm.
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medical centers performed all SLN mapping procedures, after
formal training and demonstrated proficiency with the tech-
nique on learning cases. There were 8 false-negative SLN
cases in the study arm of the trial (9.8%), a rate that compares
favorably with previous multicenter trial reports. A statistical
correlation was found between number of SLNs identified
and false-negative rate. No false-negative case occurred when
�4 SLNs were localized suggesting a minimum threshold of
4 nodes for SLN mapping in colon cancer. In addition to
monitoring of surgical technique, specimen procurement and
handling, pathologic processing and analysis oversight was
provided by senior regional study pathologists, and central-
ized blinded final pathologic review was conducted.

Hence, technical limitations contributing to false-neg-
ative results in SLN mapping for colon cancer can be over-
come by attention to surgical technical detail, careful atten-
tion to standardized pathologic specimen processing and
analysis, and collaborative and coordinated multidisciplinary
efforts with institutional commitment to optimizing the stag-
ing colon cancer staging. A collaborative group trial con-
ducted by the CALGB underscores how surgical “generaliz-

ability” to a larger, more technically heterogeneous group of
surgeons and pathologists, concedes diagnostic accuracy.6

The CALGB 80001 trial was conducted by 25 surgeons at 13
member institutions on 72 enrolled study subjects undergoing
SLN staging with step sections and H&E pathologic assess-
ment alone.6 Seventy-two percent of surgeons performed �5
cases, accounting partly for the high (55%) false-negative
rate. Dye volume was not adjusted for tumor size, as only 1
mL of isosulfan blue was used for all patients in the CALGB
study, 65% of who had T3 or T4 colon cancers. Histopatho-
logic staging was not “conventional” as 5 nodal sections were
evaluated on subsets of SLN and non-SLNs, contributing
further to false-negative staging and disputable inference:
sentinel node sampling is ineffective for the detection of
micrometastasis. Further evaluation of the same cohort of
patients with IHC analysis of the SLNs, using the same
definition of nodal positivity in the current study, reduced the
false-negative results (12%) to a level comparable with that
reported in this randomized trial.7 More stringent criteria (�5
isolated tumor cells or cell clusters) yielded an intermediate,
though unacceptably high false-negative rate of 32% despite

FIGURE 4. Volume of disease in sen-
tinel nodes demonstrating cytoplas-
mic or membranous staining in mor-
phologically malignant cells. A,
isolated tumor cell. B and C, isolated
tumor cells. D, tumor cell clusters,
0.10 mm in size. E, micrometastasis
0.57 mm in size. F, macrometastasis
(�2 mm in size) on H&E stained
section of SLN.
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an upstaging rate of 38% in the CALGB trial.7 These findings
point to the fact that valid, agreed upon definitions of micro-
metastatic disease, consistent nodal mapping and ultrastaging
techniques, surgical and pathologic quality assurance, and
adequate statistical power will be imperative in future col-
laborative trials aimed at defining the biology of nodal mi-
crometastasis.

The present study, though imperfect, addresses many of
these fundamental issues, surgical-pathologic collaboration,
standardization and quality, consistent SLN mapping and
staging (antibodies, IHC techniques, and scoring), and cen-
tralized pathologic review. One limitation of the study was
that IHC analysis was not performed on all non-SLNs in the
SLN arm. The present analysis was not designed to validate
the hypothesis that blue stained nodes are indeed sentinel
nodes and significantly more likely to harbor colorectal can-
cer metastases, as this has previously been demonstrated
conclusively.12 The current trial was powered to 80% likeli-
hood that an incorrect null hypothesis would be rejected.
Sample size estimate was based on the ability to detect a 25%
upstaging between study arms; hence, at the current sample
size and upstaging rate, the possibility of having rejected the
null hypothesis—no difference in nodal metastasis between
conventional staging and SLN ultrastaging—when it is in-
deed true (type I error) cannot be excluded. The predeter-
mined definition of positive SLN used in this study did not
appear to contribute to false-positive IHC results in patients
without colon adenocarcinoma; however, this definition may
lack sufficient rigor, and it points to a pivotal question, what
volume of nodal micrometastatic disease is clinically mean-
ingful? The lack of a definitive answer to this question leaves
a precise definition of micrometastatic colon cancer elusive.
More importantly, the biology of submicroscopic nodal me-
tastasis and the impact on disease-specific outcomes has not
been studied rigorously. The prognostic significance of so-
called micrometastases remains controversial with ample,
though imperfect, peer-reviewed literature supporting argu-
ments in favor15,25–29 and against30–37 the hypothesis that
single IHC positive cells or cell clusters are indicators of
outcome in colon cancer. That number of nodes and not nodal
volume per se (micro- vs. macro-metastases) influences prog-
nosis in colon cancer, and that recent large uncontrolled
analyses suggest increased recurrence-free survival in pa-
tients upstaged with enhanced sentinel node assessment and
treated with adjuvant systemic chemotherapy, provide rea-
sonable basis for large, controlled collaborative clinical tri-
als.15,38 The principal aim of these future studies will be to
define the clinically meaningful micrometastatic threshold,
and the prognostic significance of micrometastasis; however,
it will be a formidable undertaking to determine of node-
negative patients staged conventionally, which develop dis-
ease recurrence, and those that harbor nodal micrometastasis
are indeed identical.

A significant proportion of node-negative (�25%) pa-
tients recur following resection of colon cancer with curative
intent, in large part attributable to pathologic understaging.
This number is similar to the �20% upstaging rate in a
review of the literature with SLN mapping and ultrastaging.8

Sentinel node mapping and enhanced pathologic assessment
directs pathologists to the few nodes most likely to harbor
metastasis and makes ultrastaging with step sections, H&E
staining, and IHC feasible and cost-effective. Although the
fundamental principle that there exists an orderly and often
predictable progression of epithelial cancer cells from pri-
mary tumor site to regional nodes that forms the basis of
lymphatic mapping holds true for common malignancies such
as melanoma, breast and colon cancer, important differences
in SLN mapping for melanoma/breast cancer and colon
cancer exist.

The principal advantage for SLN mapping and biopsy
for melanoma and breast cancer is staging accuracy, and
determining extent of regional lymph node dissection. As
regional lymphadenectomy and en bloc tumor resection re-
mains the standard of care for colon cancer, SLN mapping is
not intended to alter the extent of operation. The probability
that SLN mapping for colon cancer will detect nodal dissem-
ination beyond the limits of intended lymphadenectomy and
alter the extent of operation, and that these aberrant sentinel
nodes will be the only positive evidence of disease spread is
decidedly insignificant. The impact of SLN mapping failures
in colon cancer, contrary to melanoma/breast cancer, is un-
likely to result in under-treatment, as all relevant regional
nodes are resected and evaluated at a minimum by conven-
tional histopathology. Hence, SLN mapping and ultrastaging
in colon cancer is purely supplementary regarding staging
accuracy; it does not alter extent of operation or total number
of nodes assessed by conventional means, and the impact of
a false-negative result is less relevant when compared with
that of melanoma/breast cancer. Important anatomic varia-
tions exist, however, in lymphatic drainage patterns in colon
cancer relative to the integumentary system that may warrant
a shift in how we approach lymphatic mapping for colon
cancer. Sentinel lymph node mapping in melanoma and
breast cancer yields one or a few nodes of prognostic impor-
tance rather than the entire regional nodal basin. The water-
shed distribution of the colon’s supporting lymphatic basin
makes so-called sentinel node mapping, in fact first echelon
node mapping, or targeted nodal assessment of first echelon
nodes. The number of blue nodes retrieved appears to be
important for targeted nodal assessment of H&E and cyto-
keratin IHC stained step sections, and the results of this trial,
though preliminary, suggest a minimum of 4 nodes for this
degree of pathologic scrutiny.

To our knowledge this is the first published randomized
trial comparing sentinel nodal mapping and targeted patho-
logic assessment to conventional histopathology in colon
cancer. Step sectioning and cytokeratin IHC of the blue nodes
upstages significantly patients with resectable colon cancer in
19% of cases. However, the clinical utility of targeted nodal
assessment was apparent in 11% of node-negative patients
randomized to nodal mapping who were found to have nodal
micrometastatic disease (�200 �m) and otherwise would not
have received adjuvant systemic chemotherapy. The detec-
tion of micrometastasis is but one facet of a complex clinical
picture and decision making process. Micrometastatic nodal
disease should be included among the adverse prognostic
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features — tumor differentiation, obstruction, perforation,
lymphovascular invasion and adherence to or invasion of
local organs (T4)—that are considered when offering adju-
vant chemotherapy to patients with high-risk Stage II colon
cancer. Targeted nodal assessment in colon cancer increases
staging accuracy over conventional pathologic techniques,
and identifies a significant proportion of submicroscopic
disease of unproven prognostic significance.

Currently there is no universally agreed upon criteria
for the characteristics and volume of clinically relevant cy-
tokeratin-positive colon cancer cell deposits in SLNs. Tar-
geted nodal assessment in colon cancer may identify biolog-
ically important and prognostically relevant tumor metastasis;
however, at the present time, the clinical significance of
isolated cytokeratin positive tumor cells or cell clusters or
micrometastasis remains undefined. Hence the clinical impor-
tance of sentinel node tumor deposits awaits the findings of
prospective studies correlating volume of sentinel nodal dis-
ease with disease-free and disease-specific survival. The
USMCI Clinical Trials Group has undertaken a large pro-
spective trial to determine the biologic relevance of lymph
node micrometastases in colon cancer.
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