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he mainstay of treatment for nonmetastatic colorectal
ancer is complete surgical resection of the tumor-
earing colon, with en bloc regional lymphadenectomy.
he surgical technique for en bloc lymphadenectomy is
ased on the blood supply to the segment of colon af-
ected by the malignancy. Considerable surgeon-to-
urgeon variability exists in the extent of operation, both
ith respect to the amount of colon resected and the
egree to which the node-bearing mesentery is removed.
here can be inconsistency between patients with re-

pect to the number of surgically resected and patholog-
cally evaluated lymph nodes. When this occurs, inaccu-
ate staging can also occur.

Metastatic spread to the draining lymph nodes is one
f the most important prognostic factors for patients
ith colorectal cancer.1-3 Patients with node-negative
isease experience 5-year survival rates of 75%, and
hose with node-positive disease experience 5-year sur-
ival rates of 30% to 60%.2 En bloc lymphadenectomy
as been shown to be both diagnostic and therapeutic
or colorectal carcinoma. The number of nodes resected
as a significant impact on survival in node-negative and
ode-positive patients.2 This survival benefit is likely a
eflection of completeness of resection and staging
ccuracy.

Nodal status is not only a primary factor in determin-
ng stage but also for determining the need for adjuvant
hemotherapy. Randomized trials have demonstrated a
0% reduction in recurrence and 33% improvement in
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urvival with the use of adjuvant 5-FU-based chemo-
herapy.4 Statistically significant survival benefits have
ot been found with use of adjuvant chemotherapy in
atients with node-negative disease, even though a third
f node-negative patients will recur and die from the
isease within 5 years of diagnosis.5,6 Identification of a
igh-risk subset of node-negative patients can justify use
f adjuvant chemotherapy in selected patients.

Although distant hematogenous disease spread can
ccur in the absence of lymphatic involvement, this by-
assing of regional nodes is an uncommon phenome-
on. Disease recurrence and tumor-related mortality in
arly-stage colorectal cancer after potentially curative
perations can reflect either incomplete surgical resec-
ion or pathologic understaging. Conventional patho-
ogic techniques for colorectal specimen processing and
valuation have limitations that make identification of
ow-volume nodal metastasis challenging. Failure to
dentify micrometastatic disease results in false-negative
athologic staging. This understaging can contribute to
nfavorable oncological outcomes of supposed node-
egative patients who otherwise are not routinely treated
ith adjuvant chemotherapy.
Accuracy of pathologic staging requires diligence and

epends significantly on the quantity of nodes evalu-
ted, as the number of lymph nodes examined correlates
irectly with the proportion of patients correctly staged
s node-positive.7-9 Number of lymph nodes resected
nd evaluated influences not only the accuracy of nodal
taging in colon cancer but also cancer outcomes. For
xample, survival for patients with node-negative T2 or
3 colorectal cancers with six or fewer pathologically

taged nodes is significantly worse than that for compa-
able patients having more than six nodes evaluated.10

ne lymph node measuring 5 mm in greatest dimension
an be sectioned into 1,000 5-�m slices; but standard
istopathologic processing evaluates � 1% of the entire
ode. Microscopic examination of one or two sections of
ach node identified limits pathologic assessment to a

mall portion of overall nodal tissue volume, in turn
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ontributing to false-negative cancer staging, particu-
arly for isolated tumor cells (single tumor cells or small
ell clusters � 0.2 mm) and micrometastatic (0.2 to 2.0
m) tumor cell deposits.
Standard gross pathologic dissection of the resected
esentery might not identify nodes critical to accurate

taging. A significant proportion (up to 78%) of lym-
hatic tumor metastases are found in nodes � 5 mm in
ize, which can be overlooked in a large mesenteric
pecimen.11-14 Pathologic nodal sampling and evaluation
an be inconsistent and vary from hospital to hospital.
he optimal minimum number that should be exam-

ned to accurately stage the regional nodal basin appears
o be 12 to 14 lymph nodes.15-17 Insufficient nodal resec-
ion or pathologic evaluation, lymph node sampling er-
or, and limitations of conventional hematoxylin and
osin-stained evaluation are three limitations of standard
athologic staging of colorectal carcinoma.18

Various techniques have been developed to im-
rove the accuracy of regional nodal staging in colo-
ectal cancer. These techniques include careful specimen
tretching, pinning and fixation, mesenteric fat clearing,
ultiple microscopic step sections, and ultrastaging
ethods, including immunohistochemistry (IHC) and

everse transcriptase-polymerase chain reaction (RT-
CR).7,12,19,20 Comprehensive evaluation of the entire
odal sample using such specialized histopathologic
ethods would be unwieldy and impractical in terms of

ime, human resource requirement, and cost. Focused
athologic examination and ultrastaging of a limited
umber of lymph nodes draining a tumor-bearing seg-
ent of bowel that is at highest likelihood of harboring

umor metastases would be practical and can improve
taging accuracy.

ENTINEL LYMPH NODE PARADIGM
istory of sentinel node
ne of the first descriptions of the term sentinel node

ppeared in 1960, when Gould and colleagues21 referred

Abbreviations and Acronyms

CK-20 � cytokeratin-20
H&E � hematoxylin and eosin
IHC � immunohistochemistry
RT-PCR � reverse transcriptase-polymerase chain reaction
SLN � sentinel lymph node
o a normal-appearing node at the junction of the ante- p
ior and posterior facial vein containing parotid cancer
n frozen section, forming the basis for radical neck
issection in conjunction with planned parotidectomy.
arly contrast-enhanced lymphangiographic studies of
reast anatomy conducted by Kett and colleagues22 in
970 defined the first draining node to receive contrast
edium as the “sorgius node.” In 1977, Cabañas23 me-

iculously detailed the lymphatic drainage patterns in
atients with penile carcinoma using lymphangiogra-
hy, directed lymphadenectomy, and histopathologic
taging. He identified the sentinel node as the first site of
egional nodal metastasis and suggested that it was pre-
ictive of the remaining “inguinofemoroiliac” nodal ba-
in; this served as the groundwork for his recommended
urgical therapy (selective lymphadenectomy) on the
athologic basis of the sentinel node.
Ground-breaking studies of lymphatic mapping and

entinel lymph node (SLN) biopsy applied to melanoma
y Morton and colleagues at the John Wayne Cancer
nstitute led to one of the most significant developments
n clinical oncology in the late 20th century.24-27 In a
andmark study reported initially in 1989, Morton and
olleagues27 injected blue dye around clinical stage I mel-
noma to allow intraoperative identification of the node
irst to receive drainage from the primary tumor and the
ne most likely to harbor lymphatic metastases when
resent, the SLN. They recommended selective lymph-
denectomy for patients with positive sentinel nodes,
paring those with negative sentinel nodes unnecessary
perative morbidity, as the status of the SLN was predic-
ive of the entire remaining regional nodal basin. Like-
ihood of a positive nonsentinel node when the SLN was
egative was � 1% (2 of 3,079 nodes).

heory of lymphatic drainage
he fundamental basis of SLN biopsy is that there exists

n orderly, sequential, and predictable dissemination of
olid tumor cells through regional lymphatics and that
he first draining node effectively traps malignant cells.
umerous studies in the decade after Morton and col-

eagues’27 seminal report have validated SLN mapping
nd biopsy using radiolabeled colloids or blue dye, or
oth, for melanoma and breast cancer.28-38 The success in
dentifying the sentinel node and accuracy in its ability
o predict overall regional nodal status led to general
cceptance and widespread use of the technique for these
wo common cancers for the purpose of guiding focused

athologic ultrastaging without conceding diagnostic
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ccuracy and selecting patients most likely to benefit
rom lymphadenectomy.

SLN mapping and biopsy has been validated for a
umber of epithelial cancers as a method to improve
ccuracy of cancer staging and a way to select patients
ho can benefit from regional lymphadenectomy and

pare patients with negative sentinel nodes the morbid-
ty of that operation. Significant morbidity can be asso-
iated with lymphadenectomy performed as part of
reatment for melanoma and breast cancer. Complica-
ions after colon cancer resection, on the other hand, are
enerally unrelated to the extent of lymph node dissec-
ion. Minimizing the extent of lymphadenectomy, as is
one with melanoma and breast cancer, is of little use
nd risks inaccurately staging the patient.

The existing literature on the subject of lymphatic
apping for colorectal cancer emphasizes the value of

ocused pathologic assessment and highly sensitive ultra-
taging of sentinel node(s), given that a significantly
reater proportion of patients is upstaged (�20% to
0%) with this technique than with standard pathologic
valuation alone. Sentinel nodal staging has been shown
o be feasible, both in terms of time and cost effective-
ess. This paradigm provides a valuable avenue of in-
uiry into the biology of lymphatic spread of cancer.
herapeutic implications associated with micrometasta-

es identification remain to be defined.

ow sentinel node mapping could benefit patients
ith colon cancer
egional lymphadenectomy with en bloc primary tu-
or resection remains the gold standard for surgical

reatment of colorectal cancer. For the majority of pa-
ients, SLN mapping for colorectal cancer does not con-
ribute additional information that will alter the extent
f operation. Aberrant lymph node drainage has been
hown to occur in 8% to 30% of patients and in these
nstances lymphatic mapping should alter the extent and
ite of nodal dissection. In the majority of patients, the
mportance of SLN mapping will rest in this technique’s
bility to more accurately identify the node most likely
o harbor metastasis and allow focused evaluation of that
ode. Focused evaluation can allow a more accurate

dentification of node-positive patients. This will result
n more precise prognostic information and will identify
group of patients who can likely benefit from adjuvant
hemotherapy.
That the sentinel node is not uniformly peritumoral p
n location and that lymphatic drainage can be unpre-
ictable at times underscore the importance of lym-
hatic mapping to precisely locate the sentinel node(s).
arious techniques have been described for SLN map-
ing for colorectal carcinoma. The lack of a standardized
pproach to lymphatic mapping for colorectal carci-
oma, notwithstanding published findings, support the
entinel node concept for cancer of the colon and rectum
n an effort to overcome the limitations of conventional
athologic staging.

ECHNICAL ASPECTS OF SLN MAPPING
lue dye
he potential benefit of sentinel node mapping for colo-

ectal cancer begins with the accurate identification of
he tumor-draining lymph nodes. Isosulfan blue is the
ye of choice for lymphatic mapping in colorectal can-
er. It is inexpensive, easy to use, and its uptake into
ymphatic channels and draining nodes is brisk (within 5
o 10 minutes). Based on its relatively small particle size,
he distribution of dye through lymphatic channels is
ore rapid than that of technetium sulfur colloid.

n vivo sentinel node mapping
he majority have used in vivo, subserosal, circumferen-

ial, and peritumoral injection (25- to 30-gauge needle)
f isosulfan blue dye (without opening the bowel). Mes-
nteric lymphatic disruption is minimized during mo-
ilization of the tumor-bearing colon before lymphatic
apping. Peritumoral injection of the dye into the sub-

erosal space should be circumferential to optimize
LN(s) identification. Care must be taken to avoid spill-
ge of dye onto the adjacent mesentery, as doing so can
bscure sentinel nodes in close proximity to the tumor.
sing a tuberculin syringe, small-caliber needle, and ap-
lying negative pressure to the syringe when the needle is
ithdrawn from the submucosal or subserosal space be-

ween injections best achieve this end. Volume of dye
njected in published reports has varied considerably,
rom 0.25 to 5.0 mL. Care must be taken to avoid intralu-
inal injection of dye, as it can contribute to blue staining

f nonsentinel nodes or lack of adequate dye distribution to
roperly demonstrate the sentinel node(s).

The blue dye is distributed rapidly through afferent
ymphatic channels visible within the colonic mesen-
ery; the window of opportunity from time of injection
o sentinel identification is narrow. This window de-

ends on how one defines the SLN(s). Although some
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uthors define sentinel nodes as the first one to four blue
odes with the most direct drainage from the tumor to
ppear within 5 to 10 minutes of dye injection, others
ave regarded all blue-staining nodes as sentinel
odes.39-42 Consequently, there is a large variation in ex-
mined sentinel nodes (0 to 21) ( Table 1) in the litera-
ure. This may directly impact the false negative rate due
o sampling error. Blue-staining afferent lymphatics and
entinel nodes can be better visualized if the mesentery is
ransilluminated. If the first sentinel node is replaced by
umor, the node will not stain blue; blue staining lym-
hatic channels can be visualized, leading up to the
umor-replaced node and an adjacent blue-staining
ode. Both nodes are regarded as sentinel node(s) in this
ase.43 During the in vivo technique for sentinel lym-
hatic mapping, blue nodes are not dissected out after

dentification; rather, the nodes are tagged with suture
mmediately after they are found for later identification
y the pathologist. Suture marking of the sentinel nodes
s critical for the purpose of pathologic processing, as
nitially blue-staining true sentinel nodes can fade as dye
istributes further after the initial 10 minutes of dye
dministration. This applies, of course, to sentinel nodes
efined only as the first 1 to 4 nodes staining blue within
he first 10 minutes of injection. Resection of the colon-
earing tumor and supporting mesentery is undertaken
fter marking. Mesenteric dissection and SLN harvest
hould occur before formalin fixation of the specimen to
void washout of the dye.44

The specimen is submitted fresh to pathology for
LN dissection and processing with serial step micro-
copic sectioning (20- to 40-�m intervals), hematoxylin
nd eosin (H&E) staining, and IHC with or without
T-PCR testing. IHC is cost effective and relatively

traightforward. The highly sensitive technique of RT-
CR, on the other hand, is more costly, might not be
ufficiently specific for malignancy, and requires special-
zed pathologic handling and processing; it is not avail-
ble or feasible for general use at the present time. RT-
CR is less subject to sampling error than IHC, as it can
e used to evaluate the entire node. The biologic rele-
ance of RT-PCR-detected nodal disease remains to be
efined.

x vivo sentinel node mapping
he principal argument in favor of the in vivo mapping

echnique is the occurrence (approximately 10%) of ab-

rrant lymphatic drainage that warrants a more extended b
odal resection. Proponents of the ex vivo SLN mapping
echnique have cited several limitations of the in vivo
lue dye mapping approach: possible tumor cell shed-
ing and increase in local recurrence, obscuring of peri-
olic nodes, and adverse dye reactions ranging from ur-
icaria to anaphylactic shock, artifactual interference
ith pulse oximetry monitoring, along with increase in
perating time and unfeasibility in rectal cancer. The
ssue of metastatic tumor cell seeding during mechanical

anipulation to increase lymphatic flow and reduction
n local control is unproven and adverse dye reactions are
xceedingly rare.

The ex vivo technique can be achieved by either sub-
erosal (colon specimen left intact) or submucosal (colon
pecimen opened along antimesenteric aspect) peritu-
oral injection of isosulfan blue dye using a tuberculin

yringe. Published techniques generally use 0.25 mL
submucosal injection around the exposed primary tu-
or through an antimesenteric incision) to 2.0 mL

subserosal injection around the intact primary tumor
nd colon) of blue dye for the purpose of lymphatic
apping.42,45-47 The specimen is massaged for 5 minutes

fter injection of the dye to facilitate lymphatic distribu-
ion of the dye. The specimen is delivered in a fresh state
o the pathologist within 30 minutes of lymphatic map-
ing. Advocates of the ex vivo technique have empha-
ized that it can be applied to all anatomic colorectal sites
recisely, without risk of adverse event, tumor shedding,
ascial plane disruption, or increase in operative time;
nd ex vivo lymphatic mapping lends itself to improved
echnical quality control by standardized, uniform spec-
men processing and assessment.48 That the technique of
entinel node mapping for colorectal cancer can increase
umor shedding is a concern obviated by ex vivo peritu-
oral dye administration. Investigators at the John
ayne Cancer Institute have demonstrated comparable

uccess and accuracy with open or laparoscopic in vivo
nd ex vivo lymphatic mapping in colorectal cancer and
ave shown that the ex vivo technique can be imple-
ented effectively after attempts at in vivo mapping

ave failed.49,50 An important finding in their experience
as the lack of additional blue staining nodes with ex
ivo blue-dye injection after successful in vivo localiza-
ion of sentinel nodes.

adioisotope for lymphatic mapping
he use of radioisotope in conjunction with blue dye has

een used in breast cancer and melanoma to increase
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ensitivity and accuracy of the SLN technique. Rela-
ively little attention has been given to radioisotope/
-probe-guided mapping for colorectal sentinel nodes.
ew authors have used radioisotope-directed lymphatic
entinel nodal mapping with or without blue dye.41,51

ncreased nodal radioactivity twice that of baseline de-
ines sentinel nodes sought after by �-probe-directed
apping after administration of technetium sulfur col-

oid.52 Lymphoscintigraphy is time consuming and
ostly, impractical, and requires a coordinated multispe-
ialty approach that has not been shown to definitively
mprove either the success rate or accuracy of SLN map-
ing for colorectal cancer. In one study, only half of blue
odes demonstrated uptake of radiocolloid and agree-
ent between blue staining and hot nodes was 76%.51

umor proximity to epiploic sentinel nodes can limit the
bility to find some sentinel node(s) with radioisotope
lone. Another study concluded that radioisotope-
uided lymphatic mapping provided little incremental
ield, as it identified a single additional sentinel node
9%) not evident by in vivo blue dye mapping.41 A more
ecent study compared isosulfan blue dye with techne-
ium sulfur colloid for lymphatic mapping in colorectal
ancer and found predictably higher mapping success
100% versus 89%), though comparable accuracy (93%
ersus 92%), with the blue dye mapping technique.52

sosulfan blue detected a significantly higher number of
entinel nodes (152 versus 100 of 156 SLNs). The rela-
ively larger particle size of technetium sulfur colloid
ccounts for slower lymphatic distribution of tracer and
ewer nodes found to concentrate radiotracer than iso-
ulfan blue dye. Blue staining non-SLNs can occasion-
lly be included inadvertently as part of the harvested
entinel nodes, depending on timing of harvest because
f small particle size and rapidity of lymphatic uptake
f blue dye; this is much less likely to occur with
adioisotope.44

Saha and colleagues52 acknowledge the inflated accu-
acy of radioisotope-guided mapping as the hot nodes
dentified were already blue, but argue that technetium-
dentified nodes are “likely primary nodes in the natural
equential pathway of lymphatic flow away from the
umor and are therefore more likely to contain meta-
tatic disease.” The higher percentage of histologically
ositive sentinel nodes in the combined modality (blue
ye � technetium) group (19.5% versus 10.7%) forms
he basis of this argument and the authors’ recommen-

ation for both blue dye and radioisotope/�-probe- m
uided mapping for sentinel nodes in colorectal can-
er.52,53 This combined approach has not been validated in
arge, multicenter trials and the blue dye–only technique
as met with greater clinical approval based on its efficacy,
afety and simplicity, time, and cost effectiveness.

aparoscopic sentinel node mapping
ymphatic mapping for colon cancer can be achieved
uccessfully during laparoscopic colectomy as well. Two
echniques have been applied to this end, one using in-
raoperative endoscopic submucosal peritumoral injec-
ion of blue dye (0.5 to 1.0 mL) or the more expedient
reoperative endoscopic tattooing of the tumor followed
y percutaneous subserosal peritumoral dye injection
ith a spinal needle.54 Preoperative colonoscopic tumor
arking has apparent advantages for intraoperative

aparoscopic tumor localization. The alternative ap-
roaches would be direct manual subserosal injection
sing a laparoscopic hand assist port or ex vivo lym-
hatic mapping. Wood and coworkers54 demonstrated

n a pilot study of 11 patients undergoing colectomy
hat sentinel node mapping can be achieved laparoscopi-
ally with equal success and accuracy as can be achieved
sing open technique.
Feasibility of sentinel lymphatic mapping at time of

aparoscopic colectomy has been supported by other
ublished reports.42,50,55 The technique of SLN mapping
or colorectal cancer is straightforward and technically
easible and can be done quickly and inexpensively.
onsistently high accuracy, sensitivity, and disease up-

taging rates associated with lymphatic mapping in
igh-volume centers reflects a coordinated effort with
areful attention to rigorous technical detail with com-
rehensive specimen handling and processing proce-
ures, and institutional commitment to an interdiscipli-
ary approach to optimizing the accuracy of staging for
olorectal cancer. This improvement in staging accuracy
ill enhance consistency and comparability of outcomes
f patients enrolled in clinical trials.

earning curve
ntraoperative SLN mapping is clear cut, accurate, and
ost effective, adding little to overall operative time. Ma-
erial requirements are few and the blue dye is inexpen-
ive. Unlike that of breast cancer and melanoma, the
earning curve is relatively flat for colorectal cancer SLN

apping. Successful sentinel node identification re-

ains consistently high after the first five cases.56
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aramo and colleagues56 plotted the “average learning
urve” according to the number of consecutive opera-
ions incorporating lymphatic mapping (in vivo isosul-
an blue dye) performed by seven surgeons and the sen-
inel node detection rate for colon cancer. The curve
lattened or stabilized after the first five lymphatic map-
ing procedures with sentinel node identification suc-
ess rates � 98% thereafter.

Large series have demonstrated that technical experi-
nce correlates with successful lymphatic mapping.
ilchik and colleagues42 reported a success rate of 97%
ith SLN mapping in 100 patients with colorectal can-

er, all of the technical failures having occurred in the
irst 50 patients. Three of the 5 false-negative patients in
hat series were identified during the first 30 operations.

One recent multicenter trial demonstrated the impor-
ance of training and standardization of lymphatic map-
ing before large-scale cooperative group clinical trials.57

wenty-five surgeons participated in the CALGB 80001
rial, which evaluated the feasibility of sentinel node
apping, serial step sectioning, and staging with H&E

lone among 72 patients with colon carcinoma enrolled
t 13 member institutions. The sentinel node was iden-
ified successfully in only 66% of patients, where 18 of
5 (72%) surgeons performed fewer than five lymphatic
apping procedures, what others have shown to be at

he cusp of the learning curve. Only 2 surgeons per-
ormed 10 or more SLN mappings. Surgical volume did
ot correlate significantly with successful sentinel nodal

ocalization, leading the authors to conclude, “surgeons
erforming more SN procedures do not have greater
uccess in SN localization.” This appears to be at vari-
nce with other published reports demonstrating lym-
hatic mapping success, accuracy, and sensitivity in over
5% of patients when conducted at institutions with
onsiderable technical experience.17,47,52,58

ESULTS FROM PUBLISHED
EPORTS (1999�2004)
uccess rate and upstaging
review of the published results of colorectal SLN map-

ing with isosulfan blue dye alone (Table 1) demon-
trates generally high success rates (studies with 30 to 99
ases, 58% to 100%) and even greater success in identi-
ying at least 1 sentinel node in centers with extensive
xperience with the technique (studies with 100� cases,
7% to 100%). Status of the SLN accurately reflects the

tatus of the remaining nodal basin with 92% to 96%
ccuracy and with a low risk of “skip metastasis” (nega-
ive SLN/positive non-SLN, 4% to 8%) in such experi-
nced centers (Table 1). SLN mapping has been associ-
ted with an increase in the nodal yield over historical
ontrols, a finding that can contribute to lower overall rates
f understaging, and improved cancer outcomes.2,18

One recently published series compared patients un-
ergoing lymphatic mapping with those undergoing re-
ection with conventional pathologic evaluation and
ound significant differences in mean number of nodes
xamined (14 versus 10 lymph nodes) and incidence of
odal isolated tumor cells and micrometastases (29.4%
ersus 1.9% isolated tumor cells and micrometastases)
avoring lymphatic mapping and focused pathologic as-
essment of the sentinel node(s).17 This study confirms
arlier findings that conventional histopathologic assess-
ent of one or two H&E-stained sections of randomly

elected nodes from colorectal cancer specimens over-
ooks a significant proportion of nodal tumor cell depos-
ts that can be consistently and accurately identified with
ocused sentinel nodal ultrastaging (Table 1).

The techniques implemented to ultrastage colorectal
ancer SLNs are highly variable and include multilevel
tep sectioning with H&E staining alone or in combi-
ation with cytokeratin, CEA IHC, or RT-PCR. If one
onsiders patients with tumor-negative nodes by H&E
xamination found to have micrometastatic disease by
ocused examination of the SLN(s), the proportion of
atients upstaged by centers specializing in the tech-
ique is approximately 20% (Table 1); but the overall
ate reported is inconsistent, 7% to 45%. Reported up-
taging rate denominators vary in an attempt to portray
he proportion of patients with negative nodes by rou-
ine H&E pathologic examination found to have micro-
etastatic disease by focused examination of the sentinel

ode(s) among those in the study population. The rate
ost commonly reported uses the entire patient popu-

ation studied; but the rate consistently applied in Table 1
eflects the difference between the patient population
nd the sum of all node-positive patients, excluding
hose upstaged by sentinel node ultrastaging. To sum-
arize, the sentinel node is the only positive node in

5% of node-positive patients, lymphatic mapping up-
tages approximately 20% of node-negative patients,
nd the false-negative rate varies from 5% to 18% (ac-
ording to variations in definition) in the most experi-
nced hands.
Although most regard occult sentinel nodal metasta-



Table 1. Published Reports of Sentinel Lymph Node Mapping for Colorectal Cancer (1999–2004)

Year
Lead

author n Technique
SNB

success

Mean No.
of LNs,
range

Node(�)
patients*

Mean No.
of SLNs,

range
Accuracy
of SNB†

Sensitivity
of SNB‡

SNB
upstaging§

False(�)
SNB�

Aberrant
LN

drainage¶

1999 Cserni78 25 In vivo 96 16 52 4 79 62 14 21 —
Patent blue (2.0 mL) 24/25 2–34 13/25 0–12 19/24 8/13 2/14 5/24
H&E of 2–3 sections 38

1999 Joosten62 50 In vivo 70 52 66 38 8 33 —
Patent blue (1.0–2.0 mL) 35/50 2–37 26/50 1–16 23/35 10/26 2/26 12/36
CK-p and CK-19 IHC 62

2000 Wiese59 83 In vivo 99 16 41 2 96 91 — 4 2
Isosulfan blue (1.0–2.0) 82/83 2–39 34/83 1–4 79/82 31/34 3/82 2/82
AE1/AE3 CK and CEA
IHC

9

2000 Saha39 86 In vivo 99 16 37 2 96 91 22 4 2
Isosulfan blue (1.0�1.5
mL) 85/86 32/86 1–4 82/85 29/32 15/69 3/85 2/85
AE1 CK IHC 9

2000 Waters79 22 In vivo 91 12 27 — 100 100 6 0 —
Isosulfsan blue (1.0 mL) 20/22 — 6/22 — 20/20 6/6 1/17 0/20
CEA and CK IHC 0

2001 Saha58 203 In vivo 98 — 40 96 90 18 4 —
Isosulfan blue (0.5�2.0
mL)

198/203 81/203 1–4 190/198 73/81 27/149 8/198

AE1/AE3 CK IHC 10
2001 Merrie51 26 In vivo 88 — 42 3 — 55 21 45 17

99mTc colloidal antimony
mixed with patent Blue
Dye V (2.0 mL)

23/26 4–52 11/26 0–8 — — 4/19 — 4/23

CK 20 RT-PCR —
2001 Esser18 31 In vivo 58 15 10 — 94 67 7 6 —

Isosulfan blue (1.0–2.0 mL) 18/31 12–16 3/31 0–5 17/18 2/3 2/30 1/18
H&E of 1–2 sections 33

2001 Paramo56 35 In vivo 75 10 29 — 100 100 14 0 0
Isosulfsan blue (1.0 mL) 25/35 10/35 1–4 25/25 10/10 4/29 0/25 0/25
CK CAM 5.2 IHC 0

2001 Wood54 11 In vivo, laparoscopic 100 13 9 2 100 100 9 0 36
Isosulfan blue (0.5–1.0 mL)
or India ink 11/11 2–20 1/11 1–3 11/11 1/1 1/11 0/11 4/11
AE1/AE3 CK IHC 0
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Table 1. (continued)

Year
Lead

Author n Technique
SNB

success

Mean No.
of LNs,
range

Node(�)
patients*

Mean No.
of SLNs,

range
Accuracy
of SNB†

Sensitivity
of SNB‡

SNB
upstaging§

False(�)
SNB�

Aberrant
LN

drainage¶v

2001 Wood49 75 In vivo plus ex vivo 96 15 47 2 94 88 25 6 10
Open plus laparoscopic 72/75 2–28 35/75 1–4 68/72 30/35 13/53 4/72 7/72
Isosulfan blue (0.5–2.0 mL) 12
AE1/AE3 CK IHC

2001 Feig40 48 In vivo 98 13 33 3 79 38 11 21 0
Isosulfan blue (3.0–5.0 mL) 47/48 4–46 16/48 0–7 37/47 6/16 4/36 10/47 0/47
AE1/AE3 CK IHC 62

2001 Wong45 26 Ex vivo 92 18 62 3 96 94 29 4 —
Isosulfan blue (0.25 mL) 24/26 8–36 16/26 0–6 23/24 — 4/14 1/24
AE1/AE3, CAM 5.2,
35bH11 IHC

6

2001 Bilchik46 40 In vivo 100 15 35 2 100 100 13 0 8
Isosulfan blue (0.5–1.0 mL) 40/40 2–28 14/40 1–3 40/40 14/14 4/30 0/40 3/40
MAK-6 Ab cocktail CK
IHC 0
�-HCG, c-Met, uMAGE
RT-PCR

2002 Bilchik55 30 In vivo 100 14 20 2 93 — 14 7 29
Isosulfan blue (0.5–1.0 mL)
or India ink, AE1/AE3 CK
IHC 30/30 2–21 6/30 1–3 28/30 4/28 2/30 8/30

—
2002 Bilchik42 100 In vivo and ex vivo 97 15 44 2 95 — 24 5 8

Isosulfan blue (1.0–2.0 mL) 97/100 2–28 44/100 1–4 92/97 18/74 5/97 8/97
AE1/AE3 CK IHC —
�-HCG, c-Met, uMAGE
RT-PCR

2002 Cox80 17 In vivo and ex vivo 100 18 41 6 100 100 29 0 —
Isosulfan blue (1.0 mL) 17/17 4–33 7/17 2–11 17/17 7/7 4/14 0/17
AE1/AE3 CK IHC 0

2002 Tsioulias50 14 In vivo 100 14 21 2 93 67 15 7 28
Isosulfan blue (0.5–1.0 mL) 14/14 2–21 3/14 1–3 13/14 2/3 2/13 1/14 4/14
AE1/AE3 CK IHC 33
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Table 1. (continued)

Year
Lead

author n Technique
SNB

success

Mean No.
of LNs,
range

Node(�)
patients*

Mean No.
of SLNs,

range
Accuracy
of SNB†

Sensitivity
of SNB‡

SNB
upstaging§

False(�)
SNB�

Aberrant
LN

drainage¶

2002 Bendavid81 20 In vivo 90 — 65 4 94 — 42 6 —
Isosulfan blue (1.0 mL) 18/20 13/20 17/18 5/12 1/18
AE1/AE3 CK IHC —

2002 Fitzgerald82 26 Ex vivo 88 15 19 3 91 60 9 9 —
Isosulfan blue (1.0 mL) 23/26 5/26 21/23 3/5 2/23 2/23
Anti-CK MoAb Cam 5.2 40

2002 Paramo56 55 In vivo 82 12 27 — 98 93 13 2 2
Isosulfan blue (1.0 mL) 45/55 15/55 1–4 44/45 14/15 6/46 1/45 1/45
CAM 5.2, 1:2 CK IHC 7

2003 Turner60 51 In vivo 100 11 61 3 92 87 29 8 —
Isosulfan blue (0.5–1.0 mL) 51/51 1–42 31/51 1–13 47/51 27/31 8/28 4/51
AE1/AE3 CK, p53, E-
cahedrin, calretinin IHC 13

2003 Viehl61 31 In vivo 87 21 48 2 78 50 11 22 —
Isosulfan blue (1.0–5.0 mL) 27/31 5–40 15/31 1–8 21/27 6/12 2/18 6/27
Pancytokeratin CK22/Lu5 50

2003 Bilchik17 120 In vivo and ex vivo 96 14 53 2 96 92 31 4 —
Isosulfan blue (0.5�1.0 mL) 115/120 63/120 110/115 58/63 26/83 5/115
99mTc sulfur colloid (0.5
mCi)

8

AE1/AE3 CK IHC
2004 Saha52 57 In vivo 100 12 33 3 95 84 5 5 —

Isosulfan blue (1.0–2.0 mL) 57/57 19/57 1–4 54/57 16/19 2/40 3/57
99mTc sulfur colloid
unfiltered (0.5–1.0 mCi)

16

CK IHC
2004 Wong47 124 Ex vivo 97 30 41 4 92 54 19 8 —

Isosulfan blue (0.5 mL) 120/124 5–111 51/124 0–21 61/66 27/51 13/66 5/66#

AE1/AE3, CAM 5.2,
35bH11 IHC

46

2004 Patten41 57 In vivo 98 14 45 4 89 83 20 11 0
Isosulfan blue (3.0�5.0 mL) 56/57 27/57 0–11 50/56 5/25 6/56 0/56
99mTc sulfur colloid
unfiltered (0.5 mCi)

17

AE1/AE3 CK IHC
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es identified with ultrastaging techniques (generally
ultiple step sectioning and H&E � IHC as true pos-

tive cases, others contend that these are negative cases,
s the biology of micrometastasis remains undefined,
nd basing clinical decisions on such information is in-
ppropriate at this time.40,41 To date, there has been no
rospective randomized trial that has defined the role
f SLN mapping and ultrastaging in colorectal
arcinoma—or established a biologic significance of
odal micrometastasis.
Wiese and colleagues59 also addressed the question of

ow many nodal sections are required to optimize
athologic staging given the practical limitations of time
nd resources. All patients in that study with positive
entinel nodes were staged correctly with four nodal sec-
ions and a single cytokeratin immunostain. Multilevel
tep sectioning of all resected nodes in patients with
egative sentinel nodes would upstage � 1% of nodes
nd � 5% of patients. Accurate detection of sentinel
odal metastasis can be achieved with four representa-
ive sections of the node(s) and one immunostain in
atients with colorectal cancer. This has been validated
n another study with considerable institutional experi-
nce with lymphatic mapping.60 More than 90% of pa-
ients with nodal metastases from colorectal carcinoma
re staged correctly by focused pathologic evaluation
f the SLN(s) (Table 1). The sentinel node(s) is the
nly site of nodal disease in 35% of all node-positive
atients with colorectal cancer undergoing lymphatic
apping.44

Although the sentinel node hypothesis has been vali-
ated for breast cancer and melanoma, until recently the
ssumption has been made that improved nodal staging
irectly reflected mapping of the node(s) most likely to
arbor metastasis rather than a more comprehensive
athologic study of the node per se. Wong and col-

eagues47 validated the sentinel node hypothesis by con-
ucting multilevel step sectioning and pathologic anal-
sis with H&E staining and cytokeratin IHC of sentinel
odes identified ex vivo and nonsentinel nodes from
atients node negative by conventional pathologic stag-
ng.47 There was a significantly higher conversion rate
upstaging) from H&E to IHC positivity among senti-
el nodes (2 of 66 to 13 of 66 patients or 19.5%) than
mong nonsentinel nodes (3 of 66 to 5 of 66 patients or
.5%, p � 0.04). Metastases were identified in 13 of 278
entinel and 5 of 1,829 nonsentinel nodes. These find-
ings support the hypothesis that blue-stained nodes areTa Y
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ndeed sentinel nodes and significantly more likely to
arbor colorectal cancer metastases.

alse-negative rate
false-negative sentinel node is one with no apparent tu-
or cells in the presence of nonsentinel nodal metastases.

resentation of the false-negative sentinel node data varies
n the literature (Table 1). These divergent false-negative
ates can be attributed to a variety of factors, such as patient
election; disease extent; technique used for injection of dye
r radiotracer, or both; number of sentinel nodes examined;
ethod of nodal sectioning; staining and labeling; defini-

ion of “false-negative rate”; and interpretation of H&E-
egative/IHC-positive patients.
The varying definition of SLN positivity is a major

eason for the large discrepancy in reported false-
egative rates. Some authors regard sentinel nodes pos-

tive only by presence of micrometastases or cytokeratin-
ositive staining, and other investigators do not. Studies
elying only on multilevel sections of the sentinel node
nd H&E staining, defining nodal micrometastasis as
entinel node negative, have reported false-negative rates
s high as 58%.57 When similar definitions are applied to
ther large published series, and micrometastatic cases
re classified as node negative, the false-negative rate
xpectedly increases three- to fourfold, from 4% to 5%
o 12% to 18%, suggesting that conventional pathologic
odal staging is inadequate, even with the addition of
ultilevel step sectioning, to detect isolated tumor cells,

ell clusters, and micrometastases.17,47,52,58 Wong and co-
orkers47 reported significant improvement in sensitiv-

ty associated with ex vivo lymphatic mapping when
athologic assessment of the sentinel node changed
rom analysis of a single H&E-stained nodal section to
ytokeratin IHC of the sentinel node (58.3% to 93.7%).
dditional multilevel step sectioning in conjunction
ith IHC improved detection of micrometastases.
A few authors have emphasized the importance of

eporting the false-negative rate as defined by false-
egative cases divided by the sum of false-negative and
rue positive cases [(FN/FN�TP) � 100% or 1-
ensitivity].40,59 In this case, the false-negative rate and
ensitivity (hit rate) of sentinel node mapping should
dd up to 100%. Contrary to the majority of published
eries, some researchers have not regarded H&E-
egative/IHC-positive cases as true positive ones, on the
remise that clinical decisions about adjuvant chemo-

herapy are not and should not be influenced by micro- p
etastases, given that the prognostic significance of such
ow-volume disease remains indeterminate.40,41,57 Lower
alse-negative rates are reported in published reports that
onsider micrometastases true positive cases (Table 1).
able 1 shows both the proportion of false-negative cases
tumor-positive non-SLN[s], but SLN[s] without ap-
arent tumor cells) among those mapped successfully
denominator is number of SLN success) and the false-
egative rate (1-sensitivity or [FN/FN�TP] � 100%)
o allow consistent comparisons across studies.

Additionally, a number of technical factors have been
dentified to contribute to false-negative sentinel node
esults, including volume and location of blue-dye injec-
ion, primary tumor site (colon versus rectum) and ex-
ent, nodal disease burden, and preoperative radiation
or rectal cancer. Clearly, SLN mapping is not indicated
n the setting of distant metastatic disease. Technical
actors, such as position on the learning curve and site of
njection, also account for false-negative sentinel node
taging. Earlier colon resection can disrupt regional lym-
hatic channels, thereby contributing to subsequent in-
ccurate lymphatic mapping. A large series of sentinel
ode mapping for colorectal cancer identified 3 of 5
alse-negative cases during the first 30 operations.42 In-
omplete peritumoral circumferential injection of dye
nd injection of dye directly into the tumor or inadver-
ently into the bowel lumen will predictably fail to iden-
ify the sentinel node(s). Larger tumors can require
ncreased volume of dye to achieve complete circumfer-
ntial peritumoral dye distribution. Generally, 0.25 to
.0 mL of isosulfan blue dye administered subserosally
r submucosally around the tumor is used for colorectal
ymphatic mapping. Several investigators have used
hat some might consider excessive dye volumes (3.0 to
.0 mL) for the purpose of lymphatic mapping.40,41

iehl and colleagues,61 recognizing the high false-
egative lymphatic mapping rates with bulky primary
T3/T4) tumors, analyzed the volume of blue dye ad-
inistered as a function of tumor volume, and found

ignificantly better sentinel node mapping success with
igher dye volumes (up to 5.0 mL) for larger tumors.61

or that reason, consideration of tumor size and extent is
mportant in determining amount of dye to be used for
ymphatic mapping of colorectal cancers, as dye volume
s a significant predictor of successful sentinel node iden-
ification. The minimum amount of isosulfan blue dye
o be injected around the tumor using a subserosal ap-

roach (as opposed to ex vivo submucosal injection)
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ecommended by some surgeons is 0.5 mL per centime-
er tumor diameter (ie, 2.5 mL around a 5-cm tumor).61

Extent of disease contributes to false-negative sentinel
ode staging as well. Tumor-replaced lymph nodes,
hose with extranodal disease extension, and nodes di-
ectly invaded by tumor are unlikely to stain blue after
eritumoral, subserosal injection of blue dye because of

ymphatic channel obstruction by tumor.49,56,62 Sentinel
ymphatic mapping is applied to T4 colon tumors in the
bsence of distant metastasis and in the setting of clinical
rials with the understanding that lymphatic mapping is
ore challenging in the face of increased tumor burden

nd that greater volumes of dye will need to be admin-
stered. The infrequent occurrence of multiple or syn-
hronous primary cancers will make lymphatic mapping
hallenging. SLN mapping and biopsy cannot be justi-
ied in the presence of clinically overt nodal or distant
etastases.
Location of disease impacts success of SLN mapping,

s tumors located in the rectum, particularly inaccessible
ancers located extraperitoneally or those treated with
reoperative radiation, are associated with high false-
egative results.49,63 In vivo mapping of the sentinel node
or rectal cancer is impractical, given the requirement for
isrupting the mesorectum to identify the blue node.
urgeons have been reluctant to do so to ensure appro-
riate pathologic assessment of radial margins of resec-
ion. As such, rectal cancers have represented only 13%
f studies evaluating lymphatic mapping for colorectal
ancer.44

One way to approach sentinel mapping for mid or
ow rectal cancers is by way of rigid proctoscopy-guided
ubmucosal peritumoral injection of blue dye using a
pinal needle, followed by mesorectal excision and ex
ivo identification of sentinel lymph node(s) with the
athologist after inking of resection margins. This ap-
roach addresses concerns raised over disrupting lym-
hatic vessels during mesorectal excision that precedes in
ivo peritumoral dye injection. Others have advocated
recise ex vivo peritumoral instillation of dye into the
ubmucosal plane as a feasible solution for lymphatic
apping of rectal cancer.48 The relatively high false-

egative rate associated with lymphatic mapping of rec-
al cancer has quelled enthusiasm for application of this
echnique to tumors originating in the rectum. None-
heless, a cooperative approach between surgeon and
athologist dedicated to and experienced with SLN

apping for colorectal cancer improves patient selection c
nd helps to limit false-negative results. This is particu-
arly important considering that the median maximum
imension of the largest SLN per patient is about half a
entimeter in size.60 This underscores not only the im-
ortance of a coordinated team approach to sentinel

ymphatic mapping but also the value of careful patient
election.

Among SLN-negative patients (n � 51), Wiese and
olleagues59 identified disease in only 1% (8 of 802) of
dditional non-SLNs. This was confirmed later in a
ulticenter trial that evaluated 2,546 nonsentinel nodes

mong 203 sentinel node–negative patients finding me-
astasis in only 13 (0.5%) nonsentinel nodes.58 Saha and
olleagues43 recently reported the distribution of nodal
etastases in over 3,000 nodes evaluated, finding signif-

cantly higher frequency of metastases in sentinel than
onsentinel nodes (118/470 [25.1%] versus 189/2,541
7.4%]). Sentinel nodes were the exclusive site of metas-
ases in 10% of cases and the exclusive site of metastases
n only 0.4% of nonsentinel nodes. These findings are
imilar to those reported from other disease processes,
uch as breast cancer and melanoma, and should allay
oncerns that sentinel node biopsy overlooks potential
ymphatic spread to nonsentinel nodes. Based on the
ata here, if nodal metastases are not apparent in sentinel
ode(s) after serial step sectioning, IHC, and RT-PCR,

t is improbable that disease exists in nonsentinel nodes.
ven so, sentinel nodal mapping for colorectal cancer
hould in no way limit attempts to remove surgically en
loc with tumor-bearing colon or rectum—and evaluate
athologically a substantial volume of nodes, 12 to 14 at
minimum.

berrant lymphatic drainage
ntent of SLN mapping for colorectal carcinoma is im-
roved pathologic staging, not refinement of the extent
f operation. In the majority of patients, SLNs are iden-
ified in proximity to the primary colon cancer. In a
mall proportion of patients, blue nodes can be identi-
ied beyond the intended extent of lymphadenectomy,
hereby extending the limits of resection. Skip metasta-
es were rarely encountered when using conventional
athologic staging. SLN ultrastaging has identified an
ncreased proportion of patients with aberrant lym-
hatic drainage, on average 4% (range 0% to 10%) in
ost large studies (Table 1). This implies that lymphatic

pread of colon cancer from submucosal lymphatic

hannels, through epicolic, paracolic, and intermediate
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odes en route to paraaortic nodes, might not be uni-
ormly orderly and predictable. For patients undergoing
otal mesorectal excision as part of surgical treatment of
id to low rectal cancer lymphatic drainage pathways

re not apparent before en bloc lymphadenectomy un-
ess one uses preoperative in vivo lymphatic mapping by
roctoscopy-guided submucosal peritumoral injection
f blue dye.

Reports of “aberrant lymphatic drainage” often state
hat the lymphatic mapping identified blue node(s) out-
ide the limits of initially planned resection, but do not
pecify the exact location of the aberrant node(s).39,59,62

any of the aberrant node(s) are identified at the base of
he mesentery; these are nodes included routinely by
ome but not other surgeons during resection of colon
arcinoma. The definition of aberrant lymphatic drain-
ge in some situations depends on the individual sur-
eon and what he considers the usual limits of resection.
here remains variability among surgeons in terms of

xtent of lymphadenectomy for any given colon cancer,
uch like the inconsistency in number of nodes re-

rieved by pathologists. It remains to be determined
hat the likelihood is that an aberrant sentinel node

epresents the only positive manifestation of lymphatic
isease spread among the two to four sentinel nodes

dentified typically. It is unclear whether skip metastases
epresent unique tumor biology or variable lymphatic
natomy. Additional study is warranted to determine if
berrant lymph node metastases have an impact on tu-
or staging, response to treatment, or cancer-specific

utcomes.

ROGNOSTIC IMPLICATIONS
F MICROMETASTASES
here is a paucity of prospective data on the biology of

olorectal nodal micrometastasis. Tumor cell clusters
napparent by conventional H&E staining are evident

n about 20% of sentinel nodes staged with IHC and
ver 40% evaluated with RT-PCR (Table 1).46 Recog-
izing inherent limitations of single-marker RT-PCR
ssays for ultrastaging, Bilchik and colleagues42,46 con-
ucted a multicenter phase II trial of molecular staging
f colon cancer using three tumor mRNA markers as
art of a semiquantitative assay (�-HCG, c-Met, and
MAGE, markers absent in nonmalignant tissue) in ad-
ition to cytokeratin IHC of sentinel nodes. Sentinel
odes with two or three mRNA markers were consid-

red tumor positive. IHC upstaged 4 of 40 (10%) H&E- t
egative sentinel nodes and RT-PCR upstaged 12 of 26
46%) H&E-negative/IHC-negative sentinel nodes.
ombined upstaging of IHC and multimarker RT-PCR
as 53% (16 of 30 histopathologically negative sentinel
odes).
Biology of submicroscopic nodal metastasis and the

rognostic significance of micrometastasis is a question
f great controversy that remains unanswered. The con-
roversy will likely endure until outcomes appraisals of
atients with and without nodal tumor deposits are
ased on strict definitions that stratify according to dis-
ase burden—isolated tumor cells versus micrometasta-
is, IHC positive versus RT-PCR positive, and single
ersus multiple mRNA marker-positive assays. Most au-
horities would regard the uncommon finding of a single
ytokeratin-positive “tumor cell” identified in lymph
odes of otherwise node-negative patients as “negative.”
t is undetermined at present if these so-called tumor
ells are truly malignant cells and not apoptotic or de-
enerating cells or mesothelial cells. Lack of specificity of
his rare finding, single cytokeratin-positive cell, is
hought to represent cytokeratin-positive reactive, hy-
erplastic mesothelial cells, cytokeratin staining normal,
r dysplastic epithelial cells.17,60

A common taxonomy is of particular importance as
solated tumor cells (pN0i�), unlike micrometastatic
isease (pN1[mi]), do not typically demonstrate lym-
hatic sinus, vascular invasion, or signs of metastatic
ctivity (cellular proliferation, stromal reaction, and so
orth) and are considered N0 in modern staging systems.
he new TNM classification defines precisely terminol-
gy relevant to extent of nodal disease burden—micro-
etastasis: “metastasis � 0.2 cm”; isolated tumor cells:

single tumor cells or small clusters of cells � 0.2 mm in
reatest dimension that are usually detected by immu-
ohistochemistry or molecular methods, but can be ver-

fied with H&E stains.”64 Revised American Joint Com-
ittee on Cancer and the International Union Against
ancer guidelines for classification of sentinel nodes are

isted in Table 2 and should form the basis of defining
actors in prospective studies of sentinel lymphatic
apping.64,65

Perhaps the most significant predictor of outcomes
or colorectal cancer is lymph node status.1-3 A consider-
ble number (�20% to 30%) of node-negative patients
ho have undergone seemingly curative resection of

olorectal cancer recur and die of disease; interestingly,

his number resembles closely the sentinel node upstag-
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ng rate in several studies (Table 1). Some patients orig-
nally staged as “node negative” are identified with
reater pathologic scrutiny to have occult nodal metas-
ases. It is unclear currently if those node-negative pa-
ients who recur and those harboring micrometastatic
isease are one and the same; but several preliminary
tudies suggest that nodal micrometastases in patients
therwise staged as node negative (Dukes’s B or Ameri-
an Joint Committee on Cancer stage II) can adversely
ffect outcomes.66-68 One preliminary study evaluated
wo peritumoral nodes with RT-PCR for cytokeratin-20
CK-20) in conjunction with CK-20 IHC in node-
egative patients according to conventional staging.69

xpression of CK-20 mRNA was found to be an inde-
endent predictor of tumor-specific mortality (5-year
verall survival, 96% versus 71%, RT-PCR negative ver-
us positive), and addition of CK-20 IHC significantly
educed the false-positive rate and improved the prog-
ostic ability of RT-PCR.
Other studies have not demonstrated a significant ef-

ect on outcomes of micrometastases reflecting either
ctual tumor biology, study population size, false-
ositive ultrastaging in studies using common epithelial
ntigens, or sampling error—overlooked small tumor
ell clusters by random nodal microsectioning.70-74 The
inding that number of involved nodes (assessed with
onventional pathologic methods) rather than nodal tu-
or volume impacts survival in colorectal cancer is an

mportant finding, suggesting a similar prognosis for
icrometastatic and macrometastatic disease when the

umber of nodes involved is the same.75 Prognostic sim-
larity between micro- and macrometastatic nodal dis-
ase suggests that sentinel nodal ultrastaging can identify
iologically important and prognostically relevant tu-
or deposits. Replication of this finding in sentinel

able 2. Sentinel Lymph Node Classification According to
ltrastaging Results
escriptor Definition

N0 (i�)(sn) No SN metastasis histologically, negative
morphologic findings by IHC

N0 (i�)(sn) No SN metastasis histologically, positive
morphologic findings by IHC

N0 (mol�)(sn) No SN metastasis histologically, negative
molecular findings by RT-PCR

N0 (mol�)(sn) No SN metastasis histologically, positive
jmorphologic findings by RT-PCR

HC, immunohistochemistry; RT-PCR, reverse transcriptase-polymerase
hain reaction; SN, sentinel node.
odes subjected to multilevel sectioning, H&E staining,
nd IHC with adequate longterm followup would pro-
ide valuable insight into the biology of colorectal cancer
odal micrometastases.
The surgical community’s decision to adopt or reject

LN mapping will not rest solely on settling of the mi-
rometastasis controversy, for to do so would neglect a
ommon problem in the community: insufficient num-
er of nodes evaluated and attendant understaging. SLN
apping directs pathologists to the nodes most likely to

ontain metastasis and most representative of the entire
odal basin with the aim of optimizing staging accuracy.
n fact, H&E staining of one or two sections of the
entinel node, without adjunctive IHC, RT-PCR, or
onsideration of micrometastasis, initially considered to
ave adequate staging accuracy, has been shown to have
ignificant limitations in terms of identifying isolated
umor cell clusters and micrometastases.17,18 Before SLN
apping can be adopted as part of colorectal cancer

reatment, the prognostic significance of IHC- or RT-
CR-detected tumor micrometastases will have to be
etermined.
There has been great reluctance to include results of

entinel node ultrastaging in pathology reports. To do so
reates a formidable clinical predicament when tumor
oards debate the relative risks and uncertain benefits of
hemotherapy for patients with node-positive colorectal
ancer on the basis of micrometastases alone. This prob-
em is magnified when patients respond to sentinel
odal ultrastaging information in pathology reports
ith specific ardent requests for adjuvant chemotherapy

nd oncologists are in turn hard-pressed to justify treat-
ent in the absence of supportive prospective trial data.
Even though some authors have recommended strong

onsideration of adjuvant chemotherapy for stages I and
I colorectal cancer upstaged by SLN ultrastaging, this is
ot advisable outside of a clinical trial, as the benefit of
uch treatment remains unproven.76 Three fundamental
uestions remain to be addressed definitively for sentinel
apping in colorectal carcinoma:

. Does SLN mapping significantly upstage or increase stag-
ing accuracy?

. Do patients with H&E-negative nodes but nodal micro-
metastases have significantly worse oncologic outcomes
than those without micrometastases?

. Does treatment of nodal micrometastasis with adjuvant
chemotherapy translate into meaningful survival benefit?
The United States Military Cancer Institute has
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aunched multicenter trials to address two of these clin-
cally relevant and important questions. One random-
zed trial compares conventional pathologic nodal as-
essment to standard pathology and sentinel node
apping and ultrastaging with serial step sectioning and

HC, hypothesizing that lymphatic mapping and SLN
ltrastaging can more accurately stage colon cancer and

dentify micrometastasis undetected by conventional
istopathologic techniques. The second large prospec-
ive observational trial evaluates the biologic relevance of
odal micrometastasis, the main objective being the
rognostic significance of molecular staging of colon
arcinoma on the basis of sentinel node mapping and
ltrastaging. The question of whether adjuvant systemic
herapy prolongs the survival of patients with disease
dentified with sentinel node ultrastaging methods
pN0[i�][sn], pN0[mol�][sn], or pN1[mi]) remains
o be answered by large-scale cooperative cancer group
andomized trials. Potential advantages of applying the
LN paradigm to colorectal cancer are evident not only
n the ability to detect nodal metastasis earlier in the
atural history of the disease and to stage disease more
ccurately, but also in the ability to define with greater
idelity, homogeneous clinical trial study groups to make
ross-trial comparisons possible and trial data interpre-
ation more meaningful.77 Until the three fundamental
uestions are addressed definitively, sentinel lymphatic
apping for colorectal cancer will likely remain

nvestigational.78-82
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