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It has been validated that sentinel lymph node biopsy (SLNB) shows

whether a patient’s breast cancer or melanoma has spread to re-

gional lymph nodes. As a result, management of patients with these

cancers has been revolutionized. SLNB has replaced axillary lymph
node dissection (ALND) as the staging modality of choice for early

breast cancer and has replaced complete lymph node dissection as

the staging modality of choice for melanoma in patients whose

SLNBs indicate no metastases. Recently concluded multicenter,
randomized trials for breast cancer with 5- to 10-y outcome data

have shown no significant differences in disease-free survival rates

or overall survival rates between SLNB and ALND groups but have
shown significantly lower morbidity with SLNB than with ALND. The

lowest false-negative rates (5.5%–6.7%) were seen in studies that

used preoperative lymphoscintigraphy and dual mapping during

surgery. To assess the survival impact of SLNB in melanoma, the
Multicenter Selective Lymphadenectomy Trial I was performed.

Melanoma-specific survival rates were not different between sub-

jects randomized to SLNB with lymphadenectomy for nodal metas-

tasis on biopsy and subjects randomized to observation with lym-
phadenectomy for nodal relapse. However, the 10-y disease-free

survival rates were better for the SLNB group than for the observa-

tion group, specifically among patients with intermediate-thickness
melanomas or thick melanomas.
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Lymphoscintigraphy refers to planar or tomographic imaging
of a radioisotope in lymphatics, usually 99mTc. Identification and
localization of all sentinel lymph nodes (SLNs) for surgical biopsy is

the goal. We discuss SLN procedures that include lymphoscintigraphy
in the setting of malignancies to the skin, breast, and head and neck.

LYMPHOSCINTIGRAPHY IN SLN PROCEDURES

Lymphoscintigraphy for identifying and localizing SLNs has
emerged over the past 2 decades as the staging modality of choice for
breast cancers and melanomas that are clinically node-negative (1–3).
SLNs are regional nodes that directly receive lymph drainage from
the primary tumor. If the first lymph node draining a tumor is neg-
ative for malignant cells, there is a high probability that the remaining
lymph nodes in the relevant primary and subsequent basins will also
be negative (4). Removing only SLNs eliminates the need for a full
lymphadenectomy, reduces associated adverse effects, and usually
results in a better quality of life. There may be several SLNs in
a patient, as there may be drainage in multiple directions from the
primary lesion. In the case of multiple nodes, the nodes that dem-
onstrate significant radiotracer uptake may all or individually also
accumulate metastatic cells; therefore, these should be surgically
removed and tested for metastatic cells.
Cabanas, a urologist, introduced SLN biopsy (SLNB) in the

management of penile cancer (5). In the 1990s, Morton et al. de-
veloped and applied SLNB in the management of patients with mel-
anoma and breast cancer. These protocols used a dye that stains lymph
vessels and sentinel nodes blue to make them visible (3). Also in the
1990s, Alex et al. introduced SLNB based on radiotracer techniques.
These radiotracer techniques depend on detecting the radiotracer g
emissions using a g-counting probe or a g camera (2). Lymphoscin-
tigraphy is the dynamic or static imaging of the transit of radiotracer
from tumors to SLNs. The imaging often allows a surgeon to easily
identify and perform a biopsy of SLNs.
During the years since the initial demonstrations of SLNB

protocols, many investigative studies have supported the use of SLNB
as a highly reliable method for screening axillary and extraaxillary
nodes in early (stages I and II) breast cancer. In the management of
early breast cancer, SLNB has replaced the more invasive axillary
lymph node dissection (ALND). In melanoma, lymphoscintigraphy
provides a means of localizing SLNs to a specific regional drainage
area or to multiple regional drainage areas. SLNB has undergone
refinement and improvement since the first protocols were reported.
SLNB is now widely accepted and used in breast cancer and
melanoma (6) and has been evaluated for potential application to other
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malignancies. We discuss SLNB primarily in the context of breast
cancer and melanoma but also remark on its status for head and neck
malignancies.
Evidence of the attention to, enthusiasm for, and indeed success

of this procedure in aiding management of various cancers is
apparent from a Google search for “sentinel1node” that generated
over 500,000 hits and from a PubMed search for “(sentinel) AND
node” that generated over 10,000 investigative and educational
publications on SLN topics in peer-reviewed journals.

Procedure for SLN Lymphoscintigraphy

The SLNB procedure requires minimal to no preparation on the
part of the patient. Some centers use topical lidocaine and prilocaine
cream (EMLA; AstraZeneca) to reduce the pain of needle puncture.
Patients who are encouraged to use the cream are instructed on
where and how to apply it to unbroken skin. They are asked to do
this a minimum of 30 min before the procedure (7). At the clinic,
patients wear a gown after removal of all jewelry and clothing that
might negatively affect the lymphoscintigraphy image.
After lymphoscintigraphy, the physician responsible for the

injection and imaging procedure communicates directly with the
surgeon, and the communications are documented. At the time of
surgery, the surgeon has access to the images.

Radiopharmaceuticals and Injection Parameters

Radiopharmaceuticals used for lymphoscintigraphy include
99mTc-pertechnetate–labeled colloids (particles range from 3 to
5,000 nm and are often filtered to a narrow size range) and
99mTc-tilmanocept (Lymphoseek; Navidea [mannosyl diethylene-
triaminepentaacetic acid (DTPA) dextran]). 99mTc-tilmanocept
was approved by the U.S. Food and Drug Administration for
SLN protocols for breast cancer and melanoma in 2013 and for
SLN protocols for head and neck squamous cell carcinoma in
2014. Colloids move by lymphatic flow; their migration is depen-
dent on particle size. Most SLN procedures to date have used
radiocolloids.

99mTc-tilmanocept is a receptor-based radiotracer. It targets the
receptor protein CD-206, found in high concentrations on the
surfaces of macrophages and dendritic cells (8). Biochemically,
99mTc-tilmanocept is a macromolecule comprising multiple units
of DTPA and mannose, each covalently attached to a dextran
backbone. The mannose acts as a ligand for the receptor, and
the DTPA serves as a chelating agent for the 99mTc labeling.
99mTc-tilmanocept demonstrates faster injection site clearance
than 99mTc-sulfur colloid and equivalent primary SLN uptake (9).
There are no consensus SLN protocols or consensus radiotracer

activities or volumes. Practitioners implement and fully test protocols
appropriate for their practice environments and patient demographics.
Injection doses range from 3.7 MBq (3.7 MBq [0.1 mCi] per

intradermal injection) in melanoma to total doses of 185–370
MBq (185–370 MBq [5–10 mCi] per intradermal injection) in
breast cancer. For melanoma, injections are most often intrader-
mal. The recommendation is 2–4 intradermal injections of 0.1 mL
each around the tumor site (or around the site of a previously
excised tumor) (10). For the extremities, because of rapid lym-
phatic flow, 2 injections (one medial and one lateral) near the
surgical scar or the primary lesion are recommended.
In SLN protocols for breast cancer, injection techniques are more

complex and varied. The injection can be either superficial (subdermal,
periareolar, or subareolar) or deep (peritumoral) (11–13). Superficial
injections are easier to perform than deep injections but may not pro-
vide full information on drainage. Specifically, to locate extraaxillary

SLNs, particularly internal mammary SLNs, a protocol should include
peritumoral injections (14). Administering peritumoral injections
requires more information about the exact location of the tumor than
does administering superficial injections. Also, if there has been an
excisional biopsy, or if there is a prosthesis, care must be taken not to
inject into the dead space of a seroma or into the prosthesis (10,15).

Imaging

In melanoma, depending on the location of the primary tumor,
imaging must cover all possible drainage sites. For example, if the
primary tumor is on a patient’s trunk, imaging of the left and right
axillary and neck regions as well as the left and right pelvis and
inguinal regions must be performed (Fig. 1). For extremity tumors,
imaging of the axillary and antecubital regions (upper-extremity
tumors) or of the inguinal and popliteal regions (lower-extremity
tumors) must be performed. For head and neck squamous cell
carcinoma, the entire head and neck must be imaged. In particular,
all locations distal to the tumor must be imaged, as lymph drain-
age is generally caudad. Also, for head and neck SLN procedures,
practitioners should always keep in mind that many structures in
the head and neck are small and vital. Drainage across the body
midline is common after injections in the trunk and in the head
and neck (Fig. 2) (16). In addition, for some indications SPECT or
SPECT/CT may be preferred.
All aspects of the imaging procedure, including skin marking,

should be performed with the patient positioned as during surgery.
Dynamic Imaging. In melanoma patients, dynamic imaging

begins as soon as the injections are complete. Particularly for head
and neck melanomas, immediate imaging reduces the chance of
missing a SLN because of rapid drainage from intradermal
injections with uptake by superimposed nodes. Imaging at a rate

FIGURE 1. Lymphoscintigraphy images of 43-y-old man with mela-

noma on right mid back. Lymphatic channels are seen arising from

tumor site (and injection site) (green arrow) and draining bilaterally to

axillary spaces as seen on planar posterior, right lateral, and left lateral

views. Visualization of lymphatic channels defines each SLN. A lym-

phatic channel (blue arrow) terminates on SLN (yellow arrow). Anterior

view of pelvis demonstrates no significant activity. No foci of uptake

were seen on neck.
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of 1 s/frame (preferred in the head and neck) or 2 to 5 s/frame may
be performed. Such imaging can visualize the pathways of the
radiopharmaceutical and lymph fluid.
Dynamic imaging is not performed routinely in breast cancer

protocols because in this context flow is often difficult to image.
Also, detection of flow may require long imaging times not generally
convenient for practitioners. That said, dynamic images can be
acquired in breast cancer protocols and have been proven useful
in some cases (Fig. 3).
Planar Imaging. Planar imaging is performed after dynamic

imaging or is interspersed with dynamic imaging. Planar imaging
is usually performed at 5-min intervals until the SLNs are well
visualized. Images in multiple projections are acquired (anterior,
lateral oblique, and lateral, as needed, in breast cancer; anterior or
posterior and lateral oblique or lateral, if needed, in melanoma).
The SLNs in patients with breast cancer or melanoma or head and
neck cancer are usually well visualized in 10–60 min; however,
visualization can also take several hours.
The use of SPECT or SPECT/CT in SLN protocols has gained

importance by virtue of reports documenting that protocols with
tomography are more successful than planar imaging in identify-
ing SLNs (17). In melanoma of the head and neck, in which SLNs
may be located very close to the primary tumor, the inclusion of
SPECT or SPECT/CT may aid in localizing SLNs masked during
planar imaging because of their proximity to injection sites (18).
In breast cancer, SPECT/CT is an optional technique that is some-
times useful. For example, it can be useful if the SLN is not found,
if extraaxillary lymph nodes or an internal mammary lymph node

is visualized, if contamination is suspected, or if a patient has
a high body mass index, previous breast surgery, or contralateral
uptake (Fig. 4) (19,20).
Transmission Imaging. In most SLN procedures, planar images

are acquired using a flood source (99mTc or 57Co). The acquired
images include both emission data (from the radiopharmaceutical
within the patient) and transmission data (from the flood source).
Such images include body contours that provide an anatomic ref-
erence for visualized SLNs.
Skin Marking. Once the SLNs are visualized, a g-counting

probe is used to locate each node and the skin is marked with
a pen so that each node can be triangulated and located during
surgery. The locations at which to mark the skin can also be deter-
mined by superimposing a point source of activity on activity in an
SLN while observing the image on a scope. Marking is done in at
least 2 projections so that in the operating room the surgeon can
predict the depth of the node and triangulate to its position in the body.
When more than one node is visualized in a region, or when

more than one is detected at surgery using an intraoperative probe,
false-negatives are reduced if the surgeon excises all radioactive
nodes. In melanoma studies, in which lymphatic channels are
often visualized, locating the SLNs is sometimes straightforward
but not always. Surgeons are advised to excise all radioactive
nodes when possible.

CANCER INDICATIONS

Breast Cancer

In breast cancer, SLNB brings about lower morbidity and mortality
rates that are compatible with those of ALND. Additionally, SLNB
renders a positive node rate similar to that of ALND.
A single best SLN protocol for use in the management of breast

cancer does not exist; several protocols have proven to be successful.
False-Negative Rate and Its Implications. Typically, SLNB aims

for a false-negative rate below 5%. The false-negative rate is the
proportion of negative sentinel nodes found at biopsy in a patient
who actually has positive axillary lymph nodes. The false-negative
rate is extremely important because a patient with a false-negative
result may have been understaged and possibly undermanaged. A
systematic review of 69 studies performed in 2004 as part of
guideline development for the American Society of Clinical
Oncology found that the false-negative rate of the studies ranged
from 0% to 15% (21). Importantly, observational studies have
reported low rates of axillary recurrence after a negative SLNB
result (22). Practitioners should be able to implement a breast

FIGURE 2. Lymphoscintigraphy images of 67-y-old man with mela-

noma of nose, 3 mm in Breslow thickness. Site of injection of 99mTc-

sulfur colloid is visualized on nose on anterior and lateral views (blue

arrow). One right (green arrow) and 2 left submandibular lymph nodes

were negative for metastasis.

FIGURE 3. Lymphoscintigraphy images of 62-y-old woman with

breast cancer. Oblique views demonstrate well-defined lymphatic chan-

nel (blue arrow), which was first identified on dynamic images (A); drain-

age of channel into SLN (B); and SLN (green arrow) and lymphatic

channel (C). Secondary node adjacent to SLN was visualized after

SLN was visualized.

FIGURE 4. SPECT/CT images of 72-y-old man with breast cancer. (A)

Radiotracer uptake is seen at peritumoral injection site in right breast

(green arrow). (B) The 2 foci of radiotracer uptake correspond to sentinel

nodes in right axilla (blue arrows).

LYMPHOSCINTIGRAPHY AND SENTINEL NODES • Moncayo et al. 903



cancer SLNB protocol that results in identification of at least one
SLN in over 95% of patients whose management includes the
specified SLNB protocol (21).
The American Society of Breast Surgeons has published guide-

lines on credentialing criteria and recommends a minimum of 20
procedures that are proctored or include full axillary dissection
before surgeons can perform SLNB on their own (23).
Indications for Lymphoscintigraphy in Breast Cancer. The

general indication for use of SLNB in breast cancer is early-stage
biopsy-proven breast carcinoma without clinically apparent axil-
lary lymph node metastases. Early stage implies that the cancer
has not spread beyond the breast.
There are several established clinical circumstances in which

SLNB is used: the primary tumor is T1, T2, or ductal carcinoma in
situ (DCIS); the management includes mastectomy; the patient is
male; or preoperative systemic therapy is planned (10).
DCIS. DCIS, considered the earliest type of breast cancer, is

initially diagnosed using core biopsy. By definition, DCIS does not
metastasize to lymph nodes. However, there are several high-risk
features, which, if present in the pathologic specimen, suggest
more invasive aspects, signaling metastatic potential. The risk for
metastatic disease in DCIS is low; however, higher-risk histo-
pathologic features can be missed in up to 40% of cases that have
high-risk features (24). Only 0.1%–3% of DCIS cases have high-
risk histopathologic features (24). After surgical resection (lump-
ectomy or mastectomy) and histopathologic analysis of the specimen,
tumors previously diagnosed on core biopsy as DCIS are sometimes
reclassified correctly as invasive cancer (25–27). Such reclassification
is an upstaging of the patient’s diagnosis. If a more invasive cancer is
found and there is no clinical evidence of metastasis in the axilla,
SLNB is indicated. In DCIS patients for whom lumpectomy or mas-
tectomy is planned, SLNB should be done so that if a more invasive
cancer is found, a second operation or a difficult SLNB after the
lumpectomy or mastectomy can be avoided (28).
Multicentric Breast Cancer. The use of SLNB in the manage-

ment of multicentric breast cancer has been and continues to be
controversial. Although there is growing evidence that SLNB may
become routine in the management of patients with multicentric
breast cancer (28), there are questions about how the tracer reaches
the SLN and how the procedure is best performed.
According to American Society of Clinical Oncology guide-

lines, SLN procedures in multicentric breast cancer are acceptable
if the primary tumor is smaller than 5 cm. The injections should be
superficial and not peritumoral, as in that case the performance of
SLNB in multicentric disease is similar to that in unifocal disease (28).
Neoadjuvant Chemotherapy. In locally advanced breast cancer

(cancer that includes at least one large tumor), neoadjuvant chemo-
therapy may be offered for the purpose of shrinking the cancer and
thus downstaging it before surgery. This approach is sometimes
used even in cases of confirmed axillary metastasis. Such disease
has been successfully downstaged in up to 40% of patients (29).
In early-stage breast cancer, SLNB is performed for staging

purposes before neoadjuvant chemotherapy in some clinically node-
negative patients. When this is done, patients receive two surgical
interventions: the SLNB before chemotherapy and a lumpectomy
or mastectomy after chemotherapy (15,29).
Staging of breast cancer after neoadjuvant chemotherapy can

also be an important prognostic factor; therefore, SLNB may be
considered after neoadjuvant chemotherapy. In that context, one
should recognize that the results represent a new baseline, one
different from the baseline before neoadjuvant chemotherapy,

even if a pretherapy baseline was not obtained. Multiple meta-
analyses suggest that SLN identification can be more than 90% and
false-negative rates less than 12% in SLNBs after neoadjuvant
chemotherapy (15,30–32). Each neoadjuvant chemotherapy patient
must be evaluated individually as to whether an SLN procedure is
appropriate and, if so, when it should be performed.
The success rate of SLNB after neoadjuvant chemotherapy may

be low and the false-negative rate high because of histologic
changes in the breast and draining lymphatics due to chemothera-
peutic agents. The American College of Surgeons Oncology Group
Z0011 (ACOSOG Z0011) Trial was conducted to clarify this
controversial issue. The primary endpoint was the false-negative rate
of SLNB after chemotherapy in women who presented with N1
disease. The false-negative rate found on ALND was 12.6%, which is
considered high (33).
SLN Clinical Trials in Breast Cancer. Several randomized

clinical trials investigating SLNB in the management of breast
cancer have been conducted over the last 15 y to compare SLNB
and ALND. The outcomes of these trials include results on morbidity,
mortality, false-negative rate, identification rate, and quality of life.
There are 4 multicenter randomized clinical trials with pub-

lished 5- to 10-y outcome data. No significant differences have
been found in disease-free survival rates (28,34–38) or overall
survival rates between SLNB and ALND groups in any of these
studies (28,35–37,39).
All the trials showed fewer arm and breast complications and

better quality of life in the SLNB groups than in the ALND groups.
Fewer doctor visits, less medical care related to morbidity, and
increased patient satisfaction are associated with SLNB. Evaluation
of arm and breast morbidity included the rates of lymphedema,
pain, neuropathy, and reduced range of motion in the ipsilateral
arm. At 6–12 mo after surgery, all these outcomes were less fre-
quent in SLNB patients than in ALND patients (34,40–45).
Table 1 summarizes the framework and results of the most im-

portant randomized controlled trials comparing SLNB and SLNB1
ALND SLNB in the management of breast cancer. Included are the
overall survival rate, disease-free survival rate, identification rate,
and false-negative rate. The table also notes whether the protocol
for each trial included dual mapping or lymphoscintigraphy (34–41).
In the ACOSOG Z0011 Trial, patients with 1 or 2 positive SLNs

were randomized intraoperatively to ALND or no ALND. Patients
with 3 or more positive lymph nodes were excluded from the
study. The main outcome of the study was overall survival. Blue
dye alone was used, with no radiotracer.
As seen in Table 1, the lowest false-negative rates were in the

Sentinel Node Biopsy Versus Axillary Clearance (SNAC) Trial
and the Axillary Lymphatic Mapping Against Nodal Axillary
Clearance (ALMANAC) Trial. These trials used a combination
of preoperative lymphoscintigraphy and dual mapping during sur-
gery. The Sentinella-GIVOM Trial (Gruppo Interdisciplinare
Veneto di Oncologia Mammaria) had the highest false-negative rate.
It was conducted in small communities, where the surgeons may not
have had significant experience with the procedure before the start
of the study. The ALMANAC Trial used a formal training course
for all participating surgeons and attempted to standardize the
surgical procedures. Trial data suggest that high tumor burdens
in SLNs may be a cause of false-negative SLN procedures.

Melanoma

There is a significant risk of lymph node metastasis in
cutaneous invasive melanoma—a risk that increases as Breslow
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thickness increases (Table 2) (46). If all SLNs are negative for
metastasis, it is likely there are no metastases; if one or more
SLNs are positive, there may be additional metastases.
Staging. Staging of invasive melanoma is based on lesion

characteristics such as thickness (Breslow measurement) and level
of skin invasion (the Clark level); both are determined by the
pathologist from a biopsy sample. The most updated guidelines
from the National Comprehensive Cancer Network (47) and the
American Joint Committee on Cancer have eliminated the Clark
level from staging because it is not an independent prognostic
factor when mitotic rate is included in the analysis (48). It is also
less predictive of outcome, less reproducible, and more subjective
than the Breslow depth (49). Clark levels are still used to predict
prognosis in patients with thin (,1.0 mm) melanomas.
SLNB is recommended in melanomas of clinical stage T1b–T4b

without clinically evident locoregional or distant metastasis. SLNB
may be offered for lesions of uncertain metastatic potential.
According to the most recent guidelines from the American Society
of Clinical Oncology, there is insufficient evidence to offer SLNB
for thin melanomas; however, if high-risk features are present, such
as positive deep margins, ulceration, lymphovascular invasion, age
less than 40 y, a significant vertical growth phase, or an increased
mitotic rate, the procedure is acceptable. If there is a positive SLN,
complete lymph node dissection is recommended (50–53).
Clinical Trials in Melanoma. Routine elective complete lymph

node dissection reveals metastases in 20% of patients. Therefore,

approximately 80% of patients are subjected to surgical morbidity
with no clinical benefit. Observation is not a satisfactory approach
because it leads to patient anxiety over an uncertain prognosis.
The Multicenter Selective Lymphadenectomy Trial I was designed
to evaluate whether SLNB with intraoperative lymphatic mapping
can detect the 20% of cases with occult nodal metastasis (54).
The Multicenter Selective Lymphadenectomy Trial I is a phase

3 trial that enrolled 2,001 patients with cutaneous melanomas
(predominantly of thin or intermediate thickness). The trial’s pri-
mary goal was to assess the survival impact of SLNB. Patients
were randomly assigned to undergo SLNB with lymphadenectomy
for nodal metastasis on biopsy or to be observed with lymphadenec-
tomy for nodal relapse. The study showed that melanoma-specific
survival rates were not different between the 2 groups. However, the
10-y disease-free survival rates were better for the SLNB group than
for the observation group among patients with intermediate-thickness
melanomas and patients with thick melanomas (54). Many authors do
not think this study has conclusively proven the effectiveness of
SLNB; however, some interpret the results as indicating that SLNB
is the standard of care (55). A 2010 metaanalysis that included non-
randomized studies totalling 2,633 patients reported that SLNB was
associated with better survival and suggested that SLNB and com-
plete lymph node dissection might prolong survival in 1 of 5 treated
patients after 5 y (56).
The Multicenter Selective Lymphadenectomy Trial II opened in

2005. The investigators plan to enroll 1,925 subjects with sentinel
node metastases. If a subject has a positive SLN and meets the study
requirements, the subject is randomized to receive either completion
lymphadenectomy or observation with nodal ultrasound. Subjects
are to be followed for 10 y (57). This trial is designed to answer the
question of whether patients with a positive sentinel node need to
undergo a completion lymph node dissection. This question stems
from the observation that 80% of patients with a positive sentinel
node have no additional disease and do not need complete lymph
node dissection (58).

Head and Neck Malignancies

Head and neck squamous cell cancer is a promising area for
SLNB. Oral cavity, oral pharyngeal, and supraglottic squamous
cell carcinoma can reveal occult metastasis in 15%–60% of cases

TABLE 1
Results of Trials Comparing SLNB and SLNB 1 ALND in Breast Cancer (34–41)

Overall survival Disease-free survival

Trial n SLNB

SLNB 1

ALND SLNB

SLNB 1

ALND Years (n)

Identification

rate

False-

negative rate Dual mapping Lymphoscintigraphy

NSABP B-32 (U.S. &

Canada)

5,611 81.50% 82.40% 95.00% 96.40% 5 97.20% 9.80% Yes No

91.80% 90.30% 8

Sentinella-GIVOM

(Italy)

697 87.60% 89.90% 94.80% 95.50% 5 95% 16.70% No Yes

Milan (Italy) 516 89.90% 88.80% 93.50% 89.70% 10 98% 8.80% No Yes

ACOSOG Z0011

(U.S.)

891 83.90% 82.20% 92.50% 91.80% 5 NA NA No No

ALMANAC (U.K.) 1,031 NA NA NA NA NA 96.10% 6.70% Yes Yes

SNAC (Australia &

New Zealand)

1,088 NA NA NA NA NA 95% 5.50% Yes Yes

NA 5 not applicable.

TABLE 2
Risks of Lymph Node Metastases for Melanomas of

Specified Thicknesses (46)

Melanoma thickness Risk

Thick (.4 mm) 40%

Intermediate (1–4 mm) 8%–30%

Thin (,1 mm)

0.76–1.00 mm 5%

,0.75 1%
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(59). Multiple studies have validated the procedure, with overall
good results (59,60).
Patients with oral squamous cell cancers should undergo SLNB

if they present at stage T1 or T2 and as clinically neck-negative by
palpation, CT, MR imaging, or PET/CT (61). Mapping is per-
formed using preoperative lymphoscintigraphy and a g-counting
probe (62). Imaging procedures are similar to those used for breast
cancer and melanoma, including dynamic and planar imaging and
skin marking.
Use of SPECT/CT is optional. Lymph nodes can often be

adequately localized with planar imaging alone (62,63). However,
the anatomic complexity of the head and neck and the proximity
of some primary lesions to SLNs and other important structures
suggest SPECT/CT should be included in some cases (64,65).
The radiotracer is injected in small volumes of up to 0.2 mL,

containing 0.5 mCi (20 MBq) per injection, in the healthy mucosa
surrounding a malignant lesion. Contamination can be avoided if
the patient uses a mouthwash or a rinse before swallowing (61,62).

99mTc-tilmanocept has been approved for SLNB in the manage-
ment of oral squamous cell carcinomas. Experience with various
labeled colloids has been satisfactory, and several are routinely
used (61).
Other mapping techniques, such as the use of near-infrared

fluorescence tracers (indocyanine green fluorescence navigation,
for example), have also been validated in feasibility studies
(66,67). The most commonly reported limitation is that the tracer
travels rapidly to second-tier nodes.

RADIATION RISKS

For all the SLN procedures discussed here, the radiation dose to
patients is small—well below the limits specified by the Interna-
tional Commission on Radiological Protection. The annual radia-
tion dose to medical professionals (nuclear medicine technologists,
nuclear medicine physicians and radiologists, surgeons, surgical
support staff, and pathologists) routinely involved in SLN proce-
dures is acceptable—that is, below the occupational annual limits
specified by the International Commission on Radiological Protec-
tion (10).
If a pregnant woman is to have an SLNB, the absolute need for

the procedure should, of course, be confirmed before it is performed.
If the procedure is warranted, it should take place; the dose to patient
and fetus are small—again within guideline limits (10).

SUMMARY

SLNB is now the gold standard for lymph node staging in breast
cancer and melanoma, offering reduced morbidity and similar
mortality rates to those of more invasive lymph node dissections.
Consistent use of a chosen technique that includes 99mTc-labeled
tracer, blue dye, at least 2 injection sites (superficial and deep),
and preoperative imaging is likely to yield a high identification
rate and low false-negative rate in breast cancer. In multicenter
randomized trials, the lowest false-negative rates (5.5%–6.7%)
were seen in studies that used preoperative lymphoscintigraphy
and dual mapping during surgery.
Multicenter, randomized trials for melanoma have shown that

specific survival rates were not different between patients random-
ized to SLNB with lymphadenectomy for nodal metastasis on
biopsy and patients randomized to observation with lymphade-
nectomy for nodal relapse. However, for patients with intermedi-
ate-thickness or thick melanomas, the trials have shown a better

10-y disease-free survival rate for the SLNB group than for the
observation group.
SLNB protocols for other cancers are applied and are routine in

some centers; however, such protocols are not yet widely or
routinely used.
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