
INTRODUCTION

Sentinel lymph node (SLN) concept was first
described in malignant tumor of the parotid by
Gould in 1960 (1). The existence of SLN was dem-
onstrated in penile cancer treatment by Cavanas
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from the study of lympahangiography and surgical
experience (2). The primary cancer cells reach a
lymph node near the site of a cancerous tumor. They
are filtered, trapped and grow the cancer nests. The
node is known as SLN because it acts like a sentry
to warn that a patient’s cancer is spreading (Fig. 1).
Cabanas showed a negative SLN was a predictor of
superior survival than positive SLN.

A technique that uses blue dye to map the lym-
phatic system was developed in the 1980s and ap-
plied to the treatment of melanoma. Morton and col-
leagues showed the efficacy of clinical use of SLN
mapping with blue dye for malignant melanoma
treatment in the early 1990s (3). Alex, et al. estab-
lished the technique of gamma-probe (GP) -guided
localization of the SLN with technetium-99 labeled
sulfur colloid and showed the efficacy of SLN biopsy
(SLNB) with gamma-probe technique under local
anesthesia with preoperative lymphoscintigraphy in
malignant melanoma treatment (4).

SLNB has been developed by researchers in sev-
eral different cancer centers, and has become a
widely accepted element in the routine surgical man-
agement of breast cancer (5-8).

I. GOAL OF SLNB

For the last century, axillary lymph node dissec-
tion (ALND) and histopathological evaluation of the
axillar nodes have represented the gold standard
for determining the status of the regional lymph
nodes, the prognosis, and the appropriate treatment
even in early staged breast cancer patients with no
lymph node involvement. The purpose of the SLNB

include avoiding removal of uninvolved lymph nodes
with a standard ALND, preventing the morbidity
and improving the pathologic examination by fo-
cusing on fewer lymph nodes. The ALND brings
about several postoperative complications, like a
lymph edema of the arm, discomfort of the axilla,
and motor dysfunction. A drainage tube need to be
placed for one to two weeks and the patient must
undergo physical therapy after ALND. If the SLN
was found to contain no cancer cells, the surgeon
can abbreviate a full lymph node dissection. In fact
SLNB has a significantly lower rate of complica-
tions compared to ALND, one study found that only
2.6% of patients who had SLNB developed lymphe-
dema, compared to 27% of patients who had ALND.
Another study found that 71% of SLNB patients were
able to return to normal activity within 4 days of the
procedure, compared to 7% of the ALND patients
(9). Mild discomfort, lymphedema and swelling of
the arm due to disruption of the lymphatic system
can be recognized even after the SLNB procedure.
Damage to the nerves in the area of the biopsy, a
temporary discoloration of the skin in the area of
the dye injection also can be occurred (10).

Another purpose of the SLNB is an improving the
accuracy of cancer staging during operation. Cancer
staging is a system that classifies malignant tu-
mors according to the extent of their spread in the
body. The stage of the patient is determined by
the state of LNs. It is used to guide decisions about
treatment after the operation. An individualization
of therapeutic modality can be chosen. With an in-
traoperative SLNB, a surgeon can get the informa-
tion of the spread of cancer to nearby lymph nodes
as soon as possible. The patients with SLN metas-
tases may be treated immediately with lymph node
dissection.

II. METHODS : How to enhance success
rates of SLN identification

i) Tracer and injection site

Proposed SLNB needs a high degree of accu-
racy with relatively fewer false negative rates. A
false negative means that there is cancer in other
lymph nodes in spite of the absence of cancer in
the SLN. It usually results from either a timing or
place of the tracer injection, the detection error of
the SLN, or the way in which the pathologist’s
preparation of the tissue for examination.

As for detection, a surgeon can achieve 95% ac-

Fig. 1．What is a sentinel lymph node?
The primary cancer cells reach a lymph node near the tumor.
They are filtered, trapped and grow the cancer nests. The node
is known as sentinel lymph node (SLN) because it acts like a
sentry to warn that a patient’s cancer is spreading.
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curacy with a false-negative rate under 5% in com-
bination with a blue dye and a gamma-prove tech-
nique ; peritumoral injection with radioisotopes (RI)
including preoperative radioscintigraphy and sub-
dermal or subareolar injection with blue dye (11,
12). Some studies used intradermal injection of RI
in the subareolar lesion and peritumoral dye injec-
tion preventing tattoo formation by blue dye. Re-
cent studies recommended subareolar intradermal
injection, because it increased success rate of SLN
detection both with radioisotope and blue dye (13).
Cody, et al. reported three variables ; intradermal iso-
tope injection, a positive lymphoscintigraphy and
age<60, associated with successful SLN localiza-
tion by blue dye or by isotope overlap. They em-
phasized dye and isotope complemented each other,
and SLNB should be done with both tracers (14).
SLNB is done in two stages. In the first procedure,
the patient goes to the nuclear medicine depart-
ment for an injection of a RI. The radioactive tech-
netium labeled colloid was injected into the area
around the tumor by a nuclear medicine with a
local anesthetic. A lymphatic mapping with a lym-
phoscintigraphy is taken before surgery. The pa-
tient must wait several hours for the radioactive
tracer to flow from the tissues around the tumor to
the SLN. Next step is done in the operation room
the surgeon injects the blue dye into the area around
the tumor, subdermal and/or subareolar. The sur-
geon then uses a hand-held probe connected to a
gamma ray counter to scan the area for the radio-
active technetium. The area over the SLN can be
pinpointed by the gamma counter. The surgeon
makes an incision to remove the SLN. The blue
dye that has been injected helps to verify that the
surgeon is removing the right node. The tissue is
sent to the hospital laboratory for pathological ex-
amination. The pathologist makes diagnosis from
the frozen sections or imprint cytology. If the SLN
was found to contain cancer cells, the surgeon will
usually recommend a full ALND.

ii) Mechanism by which the tracer is trapped in SLN

The mechanism by which detects SLN with RI
or dye are quite different. Lymph capillaries are
lined with a single layer of endothelial cells with
openings 10-25 nm wide. These openings permit
the entrance of small particles like blue dye. Larger
particles such as nanocolloid enter the lymph sys-
tem more slowly by active pinocytosis. Lymph flow
is generated by lymph formation, active contrac-
tion of the lymph channel and external interstitial

pressure. Lymph formation and interstitial pres-
sure are influenced by the volume of the injected
tracer. This may at least partly account for the
variation in the detection rates found in studies
injecting different tracer volumes.
A commonly used tracer is 99m Tc-radio-labeled
colloidal albumin (Nanocoll, partcle size under 80nm)
in Europe, whereas the most commonly used in USA
is 99mTc radio-labeled sulphur colloid, which is char-
acterized by its larger particle size. Migration ki-
netics and uptake in LN of different colloids can vary
considerably according to the particle size (15).
Radio-colloid is retained in the LN through active
saturable phagocytosis by antigen presenting cells
lining the sinusoid spaces (16). Prerequisite for this
uptake is a negative surface charge and prelimi-
nary opsonisation by a variety of proteinaceous com-
pounds e.g., C3, C4B and C5 (17). The capacity of
radiocolloid retention also seems to be determined
by the grade of malignant infiltration. Several authors
reported that false-negative LN showed extensive
tumor infiltration. Following their theory, tumor-
free SLN or SLN harboring small number of ma-
lignant cells will take up radio colloid normally. If
numerous tumor cells infiltrate the LN, radiocol-
loid uptake is reduced. After complete infiltration
and destruction of the nodal reticuloendothelial sys-
tem and in cases of malignant obstruction of the
afferent lymphatic vessel, tracer uptake will be
abolished.

Although direct priming of the anti-tumoral im-
mune response can occur directly in the tumor
under certain conditions, it is an established con-
sensus that cross priming in lymphoid organs is
an important step in the induction of tumor rejec-
tion. From the immunological concept, the SLN
may be the place of cross-presentation of tumor-
derived antigens to the immune system. This lym-
phoid organ may thus be essential for the induc-
tion of an effective immune response (18, 19). Re-
cent study showed that cellular immune response
appeared to be less active in SLNs compared with
non SLNs. Once metastasis was established in SLN,
dendric cell maturation was triggered and followed
by the up-regulation of Th-1 responses, which may
reflect antigen-specific immune responses in SLN
(20).

Blue dye is not assumed to be phagocyted. Its
capacity to enter and remain in the lymphatic seems
to be determined by the presence of at least one
sulphonic acid group, resulting in optimum pro-
tein binding conditions. Patent blue is the most
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commonly used dye in Europe. Isosulfan blue dye
(Lymphazurin : US Surgical Corp.) is used in USA.
Evans blue, methylene blue, inidigo carmine, indo-
cianine green (ICG) and other dyes have also been
inject by investigators. Soluble dyes, like Evans
blue, patent blue, and ICG are bound to endoge-
nous protein by sulphonation and thus trapped within
lymphatic capillaries (21, 22). Since dye migration
toward the SLN through the lymph channel is quite
fast, the prolonged preparation time increase blue
staining of secondary, third and sequential nodes.
A traumatic preparation may result in the rupture
of the afferent lymphatic channel and diffuse con-
tamination of the operative field compromising any
further detection of the SLN. Alternative lymphatic
drainage is difficult to visualize by this method. Al-
lergic incidents of varying severities were reported
in up to 1.5% (23).

iii) Lymphatic anatomy of the breast and internal
mammary route

Preoperative lymphoscintigraphy is most useful
for detecting an internal mammary SLN. But the
internal mammary route image is not detected
always. Tracer injected to the superficial skin in-
cluding within the breast gland mostly migrates
through the superficial pathway to the axillary ba-
sin. In contrast, the tracer injected superficial in
combination with deep breast gland migrate through
both the superficial and retro mammary lymphatic
pathways. Therefore subtumoral injection (retro
mammary pathway) of radio-colloid in combination
with peritumoral, dermal, or periareolar injection
(superficial pathway) might be clinically useful in
eliminating false-negative results. But the practica-
bility of internal mammary SLN biopsy is still in the
investigative stage (24). The draining lymphatic ves-
sels usually are not visible because of slow migra-
tion of radio-colloids, and the location of SLN can-
not be determined accurately because of low spa-
tial resolution of scintigram. Resected SLNs often
have radioactivity that is less than the detection
sensitivity of the GP (25).

iv) Computed Tomography Lymphography (CT-LG)

In Japan, use of RI is strictly limited in the special
facilities. The preparation of radiotracer needs cost
and time. The blue dye-method is inexpensive com-
pared with the use of radiotracer. Therefore, the
blue dye method became more popular in Japan.
But the technique is a strictly intra-operative. De-
tection of correct SLNs needs an experience and a

technical learning curve.
We have developed a new, simple, and inexpen-

sive technique of SLN navigation that uses a com-
mercially available, water-soluble contrast medium
iopamidol (26, 27). We believe that interstitial CT-
LG with iodinated contrast agents addresses the
disadvantages of the RI/dye methods by allowing
quick visualization of the direct connection be-
tween the primary SLN and its afferent lymphatic
channel and by providing detailed anatomy of breast
lymphatic basin on high-resolution cross-sectional
three-dimensional (3D) CT (Fig. 2). The contrast
agent rapidly migrates from the interstitial space
to the lymphatics similarly to other water-soluble,
low-molecular-weight solutes and it has been proven
to be safe and to be tolerated well even when ex-
travasated. Although the exact mechanisms of
iopamidol uptake and transport in the lymphatic
system are unknown, this agent appears to easily
penetrate into the lymphatics through clefts in the
terminal lymphangioles of the interstitial space. The
relatively long duration of nodal enhancement by
iopamidol may be related to its slow transit and se-
questration in the nodal sinusoids. Gentle mas-
sage of the injection sites facilitates migration and
nodal accumulation of iopamidol, and this proce-
dure is advantageous for shortening the examina-
tion time. Although iopamidol may partly drain

Fig. 2．3D CT lymphography of breast cancer
CT lymphography with iodinated contrast agents addresses
the disadvantages of the RI/dye methods by allowing quick
visualization of the direct connection between the primary SLN
and its afferent lymphatic channel (arrows) and by providing
detailed anatomy of breast lymphatic basin on high-resolution
cross-sectional three-dimensional (3D) CT.
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into the venous system, this volume appears to be
negligible when iopamidol is used in the breast
because we observed no noticeable venous enhance-
ment. Following CT-LG, the contrast-enhanced com-
puted tomography to evaluate distant metastases
is obtained with shortening the pre-surgical exami-
nation schedule. Guided by these CT-LG images,
SLNB is easily performed during a minimally inva-
sive procedure (28, 29). Overall, the sensitivity, false-
negative rate, and accuracy of CT-LG navigated
SLNB were 92%, 7%, and 98%. Drainage lymphatic
pathways on these images were classified into four
patterns, single route/single SLN (57%), multiple
routes/single SLN (15%), single route/multiple
SLNs (13%), and multiple routes/multiple SLNs
(15%) (29). False negative results might have
occurred due to missing the multiple lymphatic
routes from peritumor and subareolar injection
site.

In case of extensive tumor infiltration, the pri-
mary SLN may not accumulate any markers be-
cause of mechanical obstruction by tumor infiltra-
tion, and alternate nodes may become sentinel as
a result of lymph flow rerouting. Even in such
cases, the detailed view of the lymphatic anatomy
provided by our CT-LG technique allows accurate
interpretation on the basis of the SLN pattern and
lymph vessel staining (28).
SLN detection using the fluorodeoxyglucose posi-
tron emission tomography (PET-CT) is also avail-
able to detect SLN metastasis, small number of
distant metastasis and synchronous other malig-
nancies (30).

III. SENTINEL LYMPH NODE BIOPSY : tech-
nique and pitfall

The accuracy of SLNB depends greatly on the
skill of the surgeon who removes the node. Recent
studies indicate that most surgeon need to per-
form 20-30 SLNBs before they achieve an 85% suc-
cess rate in identifying the SLNs and 5% or fewer
false negatives (11). They can obtain the necessary
experience through special residency programs,
fellowships, or training protocols. They emphasized
this method had several potential advantages to an
invasive method using blue dye which needs to dis-
sect the subcutaneous adipose tissue widely to visu-
alize the blue nodes ; it can precisely detect the po-
sition of an underlying SLN from the surface of the
skin, and guide the surgeon to the SLNs during dis-

section. It also can determine the possible presence
of residual nodes to be harvested rapidly through
a small incision as opposed to raising a skin flap
with ease.

SLNB is preferable for patients with no axillary
LN metastasis (N0) regardless of size of breast tu-
mor. SLNB is also indicated for the patients with
wide spreaded ductal carcinoma in situ (DCIS) de-
tected as a palpable mass or those with large calci-
fication areas in the breast (31). Some cancer pa-
tients should not be given an SLNB. They are such
women who have cancer in more than one part of
the breast, who have had previous breast surgery,
including plastic surgery, women with breast can-
cer in advanced stages, and women who have had
radiotherapy. The patients who have undergone
wide excision (removal of surrounding skin as well
as the tumor) of the original skin cancer are also not
candidates for an SLNB. Obesity and preoperative
chemotherapy also decrease the identification rate
and increase the false-negative rates (11, 12, 32). If
the SLN is missed even with the radiotracer in com-
bination with dye method, Carmon and colleagues
recommend a systematic palpation of the axilla af-
ter RI and dye detection reduces the false-negative
rate (33).

Since surgeons around the world have adopted
SLNB, consistency of technique and case selection
has attained great significance. The accuracy of
SLNB after neoadjuvant chemotherapy is consid-
ered to be unproven (34).

IV. PATHOLOGICAL EXAMINATION : accu-
racy of SLN status and “false negative report”

Intraoperative diagnosis of SLN is useful be-
cause patients with SLN metastases may be treated
immediately with ALND, but the best method for
pathologic examination of the SLN remains con-
troversial. Rubio (35) and Motomura (36) showed
the efficacy of intraoperative touch or imprint cy-
tology in finding micro metastasis. However, in-
traoperative techniques such as cytological exami-
nation and frozen section lack sensitivity, and can
result in loss of up to 50% of the SLN tissue (37).

For years there was a speculation that micro me-
tastases in axillary lymph nodes were clinically in-
significant and thus lymph nodes did not require
sectioning at close intervals. Yet essentially all
studies, including a recent large prospective study,
have found a significantly poorer prognosis

The Journal of Medical Investigation Vol. 54 February 2007 ５



associated with metastases less than 2 mm in size
which is the most common definition of micro me-
tastasis, therefore even such small metastases can-
not be safely overlooked. The use of immunohisto-
chemistry (IHC) to detect keratin proteins will re-
veal metastatic breast carcinoma in about 18% of
axillary lymph nodes that appear negative on rou-
tine stains. The preponderance of evidence to date
suggests a significantly poorer prognosis in patients
with such occult metastases, although data from
large prospective studies are lacking. Molecular tech-
niques such as reverse transcriptase-polymerase
chain reaction (RT-PCR) offer even more sensitive
methods for detecting occult metastasis in SLNs,
although false positives are a particular problem in
techniques that do not permit morphologic corre-
lation, and for now they remain a research tool (37).

V. ONGOING CLINICAL STUDY

The National Surgical Adjuvant Bowel and Breast
Project (NSABP) B-32 started to randomize women
to SLNB followed by a standard level I and II
axillary dissection or SLNB without dissection un-
less metastatic disease is noted by H&E examina-
tion in May 1999 (38). Overall survival, disease-free
survival, and morbidity will serve as end points.
Further pathologic evaluation of the lymph nodes
with immunohistochemistry will be performed by
the study center. The trial opened recently concern-
ing educational program in a prospective fashion.
Two hundred twenty-six registered surgeons un-
derwent site visit training by a core surgical trainer
and 187 completed training and were approved to
randomize patients on the trial. The results of 815
training (nontrial) cases demonstrated a technical
success rate for identifying SLN at 96.2% with a
false negative rate of 6.7% (39). Another random-
ized control study (the ALMANAC Trial) compar-
ing arm and shoulder morbidity and quality of life
of outcomes between patients with clinically node-
negative invasive breast cancer who received SLNB
and patients who received standard axillary treat-
ment showed that SLNB is associated with re-
duced arm morbidity and better quality of life than
standard axillary treatment (40). American College
of Surgeons Oncology Group (ACOSOG) Z0010 is
a prospective multicenter trial designed to evaluate
the prognostic significance of micrometastases im-
munocytochemically detected in the SLN and bone
marrow aspirates of women with early-stage breast

cancer (41). Surgical outcomes were reported as a
validation of the trial at 30 days and 6 months after
surgery for 5327 patients with clinical T1/2 N0 M0
breast cancer. Patients who had a failed SLN map-
ping (n=71 ; 1.4%) or a completion lymph node dis-
section (n=814 ; 15%) were excluded. Univariate and
multivariate analyses were performed to identify
predictors for the measured surgical complications.
And in patients who blue dye alone (n=783) or a
combination of radiocolloid (n=4192), anaphylaxis
was occurred in the patients received isosulfan blue
dye was reported in 0.1% of subjects (5 of 4975).
Other complications included axillary wound infec-
tion in 1.0%, axillary seroma in 7.1%, and axillary
hematoma in 1.4% of subjects. Only increasing age
and an increasing number of SLN removed were
significantly associated with an increasing inci-
dence of axillary seroma. At 6 months, 8.6% of pa-
tients reported axillary paresthesias, 3.8% had a de-
creased upper extremity range of motion, and 6.9%
demonstrated proximal upper extremity lymphe-
dema (change from baseline arm circumference of >
2cm). Significant predictors for surgical complica-
tions at 6 months were a decreasing age for axil-
lary paresthesias and increasing body mass index
and increasing age for upper extremity lymphe-
dema (42). ACOSOG Z0011 randomizes women un-
dergoing breast-conserving therapy with low-volume
axillary disease to completion ALND or observation.
Overall survival, disease-free survival, local regional
control, and morbidity serve as end points. This
trial is currently enrolling patients.

VI. SLNB OF THE OTHER NEOPLASM

i) Application of gynecologic, urologic, head and
neck, and lung cancer

Clinical applications of SLNB have been performed
with the aim of defining the rationale, the methods
of detection, the accuracy, and the current indica-
tions to SLNB in different solid neoplasms (43). In
gynecologic malignancies, appreciable results are
available in patients with vulvar and uterine cervi-
cal cancer only. Patients with squamous cell vulvar
cancer may benefit by SLNB because a complete
bilateral inguino-femoral lymph-node dissection
may be avoided whenever the SLN is free of me-
tastasis (44). As regards to cervical cancer, further
studies are required with the combined blue dye
and GP guided surgery, which seems more prom-
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ising, before abandoning pelvic lymphadenectomy
in patients with histologically-negative SLN (45).
The experience in urologic cancer deals mainly with
penile and prostate cancer ; the modern procedures
for the dynamic detection of SLN are going to clarify
its role in the surgical management of penile cancer
and bladder cancer (46). These preliminary results
suggest that the SLNB may enhance the pathologic
staging of these neoplasms compared to modify pel-
vic lymphadenectomy, due to the individual variabil-
ity of the lymphatic drainage of these cancers. La-
paroscopic minimally invasive surgery is techni-
cally feasible with SLNB as a tool for staging of in-
termediate and high risk prostate cancer (47). In
patients with clinically node-negative squamous
head and neck cancer, the reliability of SLN-guided
neck lymph node dissection seems promising. SLNB
represents a standard procedure for staging pur-
pose in melanoma patients, although its therapeutic
value is still under examination (48). The SLNB is
also technically feasible in patients with differenti-
ated thyroid cancer. However, the future role of
this procedure in the clinical decision-making of
patients with thyroid cancer remains to be defined
due to the questionable biological meaning of nodal
metastases (49). Patients with non-small-cell lung
cancer should be investigated by means of ra-
diotracers injected at the time of thoracotomy or
under CT-scan guidance in order to achieve a sat-
isfactory identification rate (over 80%) ; the focused
histopathologic staging of the SLN improves current
pathologic staging by conventional assessment of
all the lymph nodes of the surgical specimen ; more-
over, the prognostic role of isolated N2 metastasis
can be better elucidated (50).

ii) SLNB in gastrointestinal tract

1) SLNB in colorectal cancer
In patients with gastrointestinal (GI) malignan-

cies, the intraoperative lymphatic mapping with
SLNB using available techniques have suggested
that the lymphatic drainage of the GI tract is much
more complicated than other sites, skip metastasis
being rather frequent. Unpredictable drainage pat-
terns, high background signal, and the inability to
image lymphatic tracers relative to surgical anat-
omy in real time increased false-negative rate of
GI malignancies (Fig. 3). In malignant melanoma
or breast cancer, SLNB can reduce the invasive-
ness of the surgical therapy by improving the pa-
tient’s nodal staging, with subsequent restriction
of unnecessary LN dissections in nodal-negative

patients. By contrast, in most cases of colorectal
cancer, the extent of the surgical procedure will
remain unchanged by the results of the SLN map-
ping, since all regional LNs are routinely removed
en bloc with the resected bowel segment.

As regards to colorectal cancer patients, the
focused analysis of the SLN may reveal disease
that might otherwise go undetected by conventional
surgical and pathological methods, and those pa-
tients which are upstaged can benefit by adjuvant
chemotherapy.
In present practice, 20-30% of nodal-negative pa-
tients will develop locoregional or systemic dis-
ease (51). Adjuvant chemotherapy can significantly
improve the 5-year survival of patients with node-
positive colorectal cancer (51-53). This emphasizes
the importance of the correct LN staging as prog-
nostic factor as well as criteria for patient selection
for adjuvant or neoadjuvant therapy (53, 54). Sev-
eral techniques have been reported to improve LN
detection in surgical specimens by LN revealing
solutions or fat-clearing methods (55, 56).
Unfortunately, these techniques are labor-intensive.
Modern diagnostic methods like immunohisto-
chemistry and RT-PCR can increase the sensitivity
of detection of even micrometastatic disease. How-
ever, these techniques are also labor- and cost-
intensive and thus inappropriate for large-scale
application on all LNs found in the surgical speci-
men. The restriction of the refined histopathologi-
cal examination to intraoperatively suspicious or
enlarged LNs is also not useful, since 69% of me-
tastatic nodes are smaller than 5 mm in size (57).
SLNB may constitute a method to limit the use of
the full range of very sensitive histopathological

Fig. 3．Problem of SLN navigation in gastrointestinal tract
The lymphatic drainage of the GI tract is much more compli-
cated, skip metastasis being rather frequent. Unpredictable
multi-centric drainage patterns, and the inability to image lym-
phatic tracers relative to surgical anatomy increase the false-
negative rate.
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techniques, like serial sectioning, immunohistochem-
istry and RT-PCR, to the SLN with the highest prob-
ability of metastatic involvement.

Published studies on SLNB in colorectal cancer
showed considerable heterogeneity in the detec-
tion techniques used, in the practical definition of
the SLN, in the time interval chosen between dye
injection and SLN-detection, in the histopathologi-
cal techniques applied and in the composition of the
patient groups. Consequently, the detection rate,
sensitivity and rate of false-negative LNs vary con-
siderably.
Most SLNB trials in colorectal cancer have used
intraoperative subserosal injection of blue dye
method. However, metastasis was found more fre-
quently in the blue/hot LNs than in blue-only LNs
(58).

Several authors have reported the feasibility of
ex vivo SLN-detection with detection rates and sen-
sitivities comparable to the in vivo technique (59-
61). This postoperative approach may reduce the
operation time needed for classical detection and
the potential risk of dislodging tumor cells through
manual manipulation. But aberrant lymphatic drain-
age cannot be detected by this method (59). In-
traoperative SLN mapping can identify aberrant lym-
phatic drainage outside of the field of the planned
resection. It has been reported to be present in 2-
8% of patients with colon cancer (62, 63). This may
be due to partial obstruction of the lymphatic chan-
nels by tumor cells with consecutive blockage of
tracer migration. In these cases, an understaging
of the primary disease may have occurred, either
due to an incomplete harvest of LNs or inadequate
histopathological evaluation. The number of SLNs
that have to be submitted to obtain a reliable nodal
staging remains the subject of debate. Recommen-
dations for LN retrieval vary between six and 17
(64).
In general, the rate of false-negative SLNB in-
creases with the size and depth of infiltration (pT)
of the primary tumor. But the data could not estab-
lish a correlation between tumor infiltration and the
rate of false-negatives (65).
The improved nodal staging by means of SLN map-
ping and subsequent selective application of immu-
nohistochemical staining and RT-PCR techniques
results in an upstaging of up to 46% for patients with
micrometastasis (63, 66-78). In RT-PCT detection,
the multimarker approach presented some advan-
tages over the classical single marker approach,
since it eliminates some classical problems caused

by tumor heterogeneity, loss of expression of tumor
markers, clonal selection and unspecific positive
results due to low level antigen expression in non-
malignant tissue (63, 79-81). However SLNB and
the consecutive intensified histopathological work-
up of the SLN may improve the quality of the stag-
ing of colon cancer, the question persists whether
the presence of micrometastasis detected by im-
munohistochemistry is a prognostic indicator for
disease-free and overall-survival in patients staged
node-negative by routine HE-staining. Some stud-
ies reported a significant survival benefit for pa-
tients without micrometastasis (68, 69), whereas
others could not detect any difference in disease-
free survival between patients with or without mi-
crometastatic SLN involvement (69-78). Histopa-
thological ultrastaging may also lead to a consider-
able reduction in the SLN false-negative rate (63).
However, as long as the non-SLNs are not exam-
ined with the same sensitive techniques as for the
SLN, no definitive conclusion on this reduction of
false negative rate can be drawn.

The growing acceptance of laparoscopic colec-
tomy for colorectal cancer has raised the question
of whether SLNB can be applied in laparoscopic
procedures. Recent small number of studies about
laparoscopic SLNB procedures, showed an accept-
able detection rate and sensitivity (82-84). Bilchik
and colleagues published a series of 30 patients
undergoing laparoscopic SLNB. The detection rate
was 100%, accuracy was 93%, but the false-negative
rate was relatively high (33%), since there were
quite a low number of patients with nodal disease
(six patients ; 20%). Interestingly, in eight cases,
aberrant lymphatic drainage was detected (85).

SLNB has been shown to be less reliable in rectal
cancer compared to colon cancer (86, 87). The false-
negative rate was 56% from the study of Schlag, et
al (88). There was no statistical difference between
patients with early and advanced tumor stage, but
many patients suffered advanced tumor stage in
this series. The extremely high false-negative rate
was thought to be due to the close vicinity of SLN
in the pararectal tissue to the primary tumor (shine-
through phenomenon) as well as the effects of
neoadjuvant radio-chemotherapy. Therefore early
staged tumors are good object for SLNB in col-
orectal cancer.

2) SLNB in gastric cancer
The optimal extent of lymphadenectomy in gas-

tric cancer is still under discussion and is thought
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to vary with the individual characteristics of the
primary tumor, i.e., location, depth of invasion,
maximal diameter, macroscopic and histological
type (89). From the study of the patients who un-
derwent curative gastrectomy for carcinoma, none
of the patients with mucosal tumors had lymph node
metastases while 18 (20%) submucosal tumors were
node positive. This data support the use of conser-
vative limited surgical procedures for appropriate
patients with mucosal gastric cancer. Patients with
submucosal lesions require the same treatment
approach as those with more advanced gastric can-
cer unless clinical usefulness of SLNB will be es-
tablished (90).
The lymphatic drainage of the stomach is consid-
erably more complex than that of ectodermal or-
gans like breast and skin due to the complex em-
bryological development. Frequency of skip me-
tastasis is as high as 15-20% (88, 91). Because many
gastric tumors also spread by way of lymphatics,
histological assessment of the first draining lymph
nodes has both prognostic and therapeutic signifi-
cance. All regional LNs are routinely removed en
bloc with the resected segment. Value of the SLNB
is still controversial.

During the past two years, a growing number of
clinical trials evaluating the feasibility and accu-
racy of SLNB in gastric cancer have been pub-
lished. Results of the trials with the largest patient
numbers are summarized in recent literature (88,
92-100).
In summary, these clinical trials showed a higher
percentage of false-negative results than use of SLNB
in melanoma or breast cancers. Moreover, the
number of patients with SLN as the only LN with
metastatic involvement is lower than in the afore-
mentioned tumor types. The number of SLNs per
patient is 2-7, it varies significantly according to
the techniques of SLN definitions employed by the
authors (95, 97, 101). It has been considerable de-
bate on the advantages and disadvantages of dif-
ferent detection methods, radiocolloid and vital
dye. While early studies of SLNB preferred the
vital dye method, a growing number of investiga-
tors used radiocolloid or a combination of both
methods in more recent studies. Uenosono and
colleagues examined the influence of particle size
of radiocolloids on the detection rate. Uptake of
large size (500 nm) of radiocolloids was reduced
compared with that of smaller particle sizes (50
and 100 nm). Thus, the authors recommend the
use of radiocolloids with particle sizes of around

100 nm (102). Hayashi and colleagues compared
blue dye and radiocolloid. Each method had detec-
tion rates of 90%, whereas the combination of both
techniques achieved a detection rate of 100%. The
false-negative rate was 14% in the blue dye and 29%
in the radiocolloid group, and the combination of
both techniques resulted in a reduction of the
false-negative rate to 0% (99). Consequently, the
authors consider both techniques as complemen-
tary and recommend their combined use. The recent
articles also recommends combination because of
dye-technique salvaged the missing SLN due to
the shine-through effect (103). At the moment, the
available data does not justify reduced extent of
lymphadenectomy on the basis of SLNB in gastric
carcinoma, but provides strong evidence for an
improvement in tumor staging using this proce-
dure (88). Only clinical stage T1N0 gastric cancer
seems to be a good entity to try to change the thera-
peutic approach based on the SLNB (104). The
SLNB can be a procedure not only for accurate
staging by detecting micrometastasis using immu-
nohistochemistry and RT-PCT technique but also
a great tool to change the patient care of GI cancer
by individualized minimally invasive treatment in-
cluding laparoscopic approach (93, 105, 106).

At present, two large-scale prospective multi-center
trials are on going in Japan. The Gastric Cancer
Surgical Study Group of the Japan Clinical Oncol-
ogy Group (JCOG) organized a multi-center pro-
spective study of SLN mapping by the dye-guided
method using subserosal injection of indocyanine
green. If the JCOG study reveals favorable results,
in terms of false-negative rates, the dye-guided
method will be utilized as a routine practice for
open surgery in a wide range of institutions. If not,
we should introduce radioguided method or add
further technical improvements, even for open sur-
gery. A study group in the Japan Society of Senti-
nel Node Navigation Surgery (SNNS) is also con-
ducting a multi-center prospective trial of SLN map-
ping by a dual tracer method with blue dye and
radioactive colloid. Feasible study of laparoscopic
SLN mapping for gastric cancer will be conducted
as the next step. The results of these clinical trials
will provide useful perspectives on the future di-
rection of SLN navigation surgery for gastric can-
cer (107). Laparoscopic local resection for superfi-
cial gastric cancer with negative SLN status would
be a reasonable and less-invasive novel procedure
based on the SLN concept. However, further pro-
spective studies are needed to confirm the findings
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of the aforementioned studies in larger patient
groups.

3) SLNB in esophageal cancer
The esophagus that lacks the serosa with ex-

tended lymphatic networks in the lamina mucosa
and submucosa exists in the mediastinum. It in-
volves a large number of lymphatic organs, the
trachea, the aorta, the other important vessels and
nerves in the narrow space. The lymphatic drain-
age of the esophagus is complex and early spreads
of regional LN stations are located in different
anatomical sites.
The two most frequent malignancies of the esopha-
gus, adenocarcinoma and squamous cell carcinoma
(SCC), seem to differ in their characteristic metas-
tatic pattern. Although the location of the primary
tumor has a strong influence on the site of metas-
tasis in SCC, early tumors of this type most fre-
quently metastasis to perigastric LN basins or the
LNs at the thoracocervical junction (108).
Early diagnosis, development of multimodal treat-
ment like endoscopic mucosal resection (EMR) (109,
110), standardization of the surgical procedure in-
cluding routine lymph node dissection (110-112),
and improved perioperative management of pa-
tients have led to a better survival for patients with
esophageal SCC (113).
However, clinical results of EMR are not satisfac-
tory because of early occurrence of lymph node
recurrence even in superficial esophageal cancer.
Metastasis even to distant anatomical LN stations
appears frequently and metastatic disease may be
present in up to 35% of submucosal tumors (113).
Traditional curative trans thoracic esophagectomy
are associated substantial morbidity and mortality
(114). Another report showed more than 77% of
patients with superficial esophageal cancer has no
nodal metastases (115). Such extensive operation
should be avoided in patients without lymph node
metastasis to reduce morbidity and mortality. Ac-
curate SLN mapping and biopsy examination could
contribute to a less invasive operation and reduc-
tion of postoperative complications. (116).
Therefore, these patients with superficial esopha-
geal cancer may profit from improved staging by
SLNB (106, 117). Two larger trials investigated the
practical application of SLNB in esophageal can-
cer. Recent studies have shown favorable results
using an endoscopic scintigraphic method with
radionuclide-labeled colloids and intraoperative
gamma-probe counting for identification of SLNs

in esophageal cancer.
Kato and colleagues reported detection rates of

92% using technetium 99 m colloidal rhenium sul-
phide injected endoscopically in 25 patients. The
sensitivity of the procedure was 86.7%. In two pa-
tients with advanced disease, nodal metastasis was
not detected by SLNB, resulting in a false-negative
rate of 13.3%. Fifty percent of patients with nega-
tive LNs on routine HE staining, including both
patients with false-negative SLNs, had microme-
tastasis detected by immunohistochemistry (118).
Yasuda et al. reported on 21 SLNB performed in
patients with esophageal cancer. The detection rate
was 100%, the false-negative rate reached 25%. Two
of the three patients with nodal metastasis that was
not detected had advanced tumor stages (119).

In contrast, the first involved LN of Barrett’s
esophagus was most frequently located in the lower
posterior mediastinum, the right or left paracar-
diac region or along the lesser gastric curvature in
early stages of esophageal adenocarcinoma. Skip
metastasis occurred in only 5% of patients (120).
Burian and colleagues reported the applicability of
SLNB to patients with Barrett’s and cardiac can-
cer. Twenty patients were studied with technetium
colloid preoperatively, ten received an additional
intraoperative injection of blue dye. The detection
rate was 85%. The accuracy of the method varied
between 100% and 75%, with reduced values for
Type I and II tumors. They indicated that the method
is, even in this anatomical area, feasible and yields
good results in early tumors. In advanced tumors,
the method lacks sensitivity. Mapping should be
done with blue dye combined with a radiocolloid
(121).

Mapping with vital blue dyes or technetium 99m
often fails to identify intrathoracic sentinel lymph
nodes. Rapid transit of blue dye through the lymph
node chain limits its use at the time of operation,
and blue-staining SLN and lymphatic vessels often
are not visualized clearly among anthracitic medi-
astinal nodes (119). There is also the risk for label-
ing non-SLN because of further migration of radio-
colloids to subsequent distant LNs ; the LNs with
the highest radioactivity are not necessarily defined
as SLN. Preoperative imaging and intraoperative
detection of SLN is difficult when the node is close
to either the injection site or physiologically radio-
active liver because of the shine-through phenome-
non (119).
To overcome these problems, feasibility of fluores-
cent microspheres (124), near-infrared fluorescence
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(123), invisible light (124) which provides highly
sensitive, real-time image-guided dissection, a
sonographic contrast agent (i.e., lymphosonogra-
phy) (125) and lymphoseek which was a radio-
pharmaceutical designed product characteristic of
rapid injection site clearance, detectable SLN up-
take, and low second-echelon node uptake (126)
have been investigated. However these intraopera-
tive methods cannot predict the accurate localiza-
tions of primary SLNs preoperatively, because of
the limited spatial resolution of images and the
lack of the detailed anatomy of the surrounding
structures. Therefore use of magnetic resonance
(MR) lymphangiography and carbon dye (Gadomer/
carbon dye mixture) is also studying (127).

We showed an interstitial CT lymphography with
endoscopic mucosal injection of iopamidol was ap-
plicable for SLN navigation of superficial esopha-
geal cancer. It appears to allow accurate identifica-
tion of direction and location of lymph flow and
SLNs in surrounding anatomy on the high-resolution
images (Fig. 4 A, B). Under guidance using the
detailed anatomy on CT-lymphography images, these
SLNs could be found at the image guided pre-
dicted location (128). Less invasive therapeutic se-
lection including mediastionscope-assisted tran-
shiatal esophagectomy, which avoid morbid thora-
cotomy (129) or the preservation of the esophagus
by using EMR and SLNB could be realized soon.

Fig. 4 A B．3D CT lymphography of
esophageal cancer
CT lymphography with endoscopic mu-
cosal injection of iopamidol was applicable
for SLN navigation of superficial esopha-
geal cancer. It appears to allow accurate
identification of direction and location of
lymph flow (arrows) and SLNs (arrow
heads) in surrounding anatomy on the
high resolution images (Ref. No 128).
A : Upward lymphatic route and two SLNs
(No 106 rec R) are enhanced by CT lym-
phography.
B : Upward and Downward lymphatic routes
and SLNs (No 109 and No 2) are enhanced
by CT lymphography.
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CONCLUSION

The aim of surgical treatment is complete resec-
tion of the tumor in all dimensions of its growth.
This can be achieved by resection of the tumor-
infiltrated organ including the regional lymph nodes.
But the extent of lymph node dissection is still
under discussion. Current trends in the treatment
of solid tumor indicate the emergence of a more
sophisticated approach, with tailor made therapy
applied to individual cases. Accurate detection of
SLN can achieve a selection of not only a minimal
invasive curative surgery, but also a broader spec-
trum of therapeutic options including EMR, la-
paroscopic or laparoscopy-assisted surgery, modi-
fied radical surgery, and typical radical surgery
with lymph node dissections. Ultrastaging by de-
tecting micrometastasis at the molecular level us-
ing immunohistochemical and RT-PCR and the
choice of an adequate treatment improve the post-
operative quality of life and survival. These issues
require further investigation.
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