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PREFACE

The underlying thesis in solid cancer biology is that metastasis in general starts in
an orderly progression with lymphatic spread first to the sentinel lymph node (SLN)
in the nearest lymph node basin. Therefore, the logical approach is to harvest that
specific SLN for thorough analysis. Because a tumor-free SLN is usually
associated with a negative residual lymph node basin, a negative SLN is an
excellent indication that micrometastasis has not occurred in the regional lymph
nodes. When the SLN is involved it is not known whether or not metastasis is
limited only to the SLN or if the disease has spread to the remainder of the nodal
basin. For this reason, if a SLN is positive, a complete lymph node dissection is
indicated. Thus, a selective sentinel lymphadenectomy should be considered as a
staging procedure so that patients with negative SLNs (about 80%) may be spared
an extended lymph node dissection.

Malignant melanoma has been proven to be the most ideal tumor model to
study the role of SLN. Subsequently, selective sentinel lymphadenectomy has been
applied to breast cancer, colon cancer and other types of solid cancer. The
multidisciplinary approach encompassing the surgeon, nuclear medicine physician,
and pathologist is the key to such a successful procedure. Beyond the technical
aspects of harvesting the SLN, the implication of micrometastasis remains to be
defined. Follow-up of patients after selective sentinel lymphadenectomy is crucial.

Since selective sentinel lymphadenectomy is a recently developed technique,
most surgeons who are actively practicing surgery have not learned this procedure
during their formal training years. Therefore, it is important for the surgeons to
learn this technique through well designed lymphatic mapping courses and observe
actual operative procedures of selective sentinel lymphadenectomy to achieve
proficiency. It is imperative that the surgeon should learn this technique properly so
that the most accurate SLN may be harvested. Thus, it is timely to have a book
entirely dedicated to the theory and practice of selective sentinel lymphadenectomy
combining preoperative and interoperative lymphatic mapping approaches. Further,
evaluation of the SLN requires meticulous assessment of the SLN with multiple
sections and immunohistochemistry.

This atlas is tailored to bring the practical aspects of selective sentinel
lymphadenectomy for melanoma, breast and colon cancer into focus so that
practitioners can use it as a reference manual. It is important to emphasize the
multidisciplinary approach of harvesting SLN(s) incorporating the experiences of a
nuclear medicine physician, a surgeon, and a pathologist. Such a team can be
formed readily with appropriate training.

Stanley P. L. Leong, MD

Department of Surgery

UCSF Comprehensive Cancer Center
1600 Divisadero Street

San Francisco, California 94115
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1 RATIONALE AND DEVELOPMENT
OF SENTINEL LYMPH NODE
DISSECTION

Jan H. Wong, MD

INTRODUCTION

One of the longest standing and most controversial issues in the management of the
patient with cutaneous melanoma has been the therapeutic value of immediate
lymphadenectomy in the clinically node-negative individual. In 1892, Herbert
Snow [1892] noted that “the danger lies in the diffusion of malignant cells....These
always implicate the nearest lymph glands....Palpable enlargement of these gland
is, unfortunately, but a late symptom of deposits therein....We see the paramount
importance of securing the perfect eradication of these lymph glands which will
necessarily be first infected.” Numerous single institutional reports have suggested
improved survival in patients who undergo immediate lymphadenectomy when
compared with individuals who undergo lymphadenectomy for clinically evident
disease [Balch 1981, Koh 1986, Morton 1991, Roses 1985, Callery 1982]. These
reports, however, have been criticized because of their retrospective nature and the
utilization of historical controls. In contrast, three prospective randomized trials
have failed to confirm the survival advantage noted in these single institutional
retrospective analyses [Balch 1996, Sim 1986, Veronesi 1977] and raised the
possibility that regional nodal metastases might be an indicator of systemic disease
rather than a marker of the orderly progression of disease from the primary tumor.
As a result of the World Health Organization Trial [Veronesi 1977, 1982] the
standard of care in the management of apparently localized cutaneous melanoma
has been considered wide excision of the primary site and observation.

Although a number of alternative explanations to explain the lack of
benefit observed in these prospective randomized trials were proposed, perhaps the
most compelling reason for failing to demonstrate any statistically significant
improvement in survival was the inability to accurately stage patients. It is apparent
that only those individuals with pathologically involved nodes and without
metastatic disease were the only individuals that could potentially benefit from
immediate node dissection. The majority of patients either did not have nodal
metastases or nodal metastases were associated with non-regional micrometastatic
disease. These individuals, therefore, could not even, theoretically, benefit from an
immediate lymphadenectomy. Natural history studies suggests that individuals who
are node positive but without non-regional micrometastatic disease represented only
a small minority of the patients studied in these prospective, randomized trials and
raised the possibility that that these trials might not have had sufficient statistical
power to identify a survival advantage. Additionally, the Intergroup Melanoma
Surgical Program Trial [Balch 1996] was several years away from completion and
analysis.
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Because of the possibility that earlier trials did not have the statistical
power to identify survival advantage, we initiated studies at the University of
California, Los Angeles to determine whether operative approaches could be
developed to identify node metastases in clinically node negative individuals who
could potentially benefit from immediate lymphadenectomy while sparing the
majority of node negative individuals the morbidity of complete node dissection
that would have no potential therapeutic benefit.

SENTINEL NODE CONCEPT AND INTRAOPERATIVE LYMPHATIC
MAPPING

In 1977, Cabanas [1977] reported on a novel approach to staging carcinoma of the
penis. This new approach was based upon the hypothesis that if carcinoma of the
penis metastasized, it would do so to a node that was located medially and
superiorly to the saphenofemoral junction in each groin. Cabanas developed this
hypothesis after extensive anatomic studies using lymphangiograms to determine
the lymphatic anatomy of the penis in 100 patients. Cabanas coined the term
sentinel node to describe this node and suggested that if the sentinel node was found
to have metastatic disease, the patient required a formal lymphadenectomy.
Conversely, when the sentinel node was found to be free of metastatic disease, the
likelihood of identifying metastatic disease in the groin was low and no further
resection was necessary.

The concept that a primary solid tumor would preferentially drain through
the lymphatics to a specific a lymph node and that the status of that lymph node
would reflect the histology of the regional lymphatic basin was revolutionary.
Independently of Cabanas, in the mid 1980’s, we, at the University of California,
Los Angeles similarly proposed that the lymphatic drainage of a primary tumor
would be to a specific lymph node [Wong 1991]. In contrast to Cabanas, however,
we believed that the lymphatic drainage might vary from patient to patient and not
necessarily in a fixed anatomic location. Therefore, to reproducibly identify the
sentinel node, intraoperative techniques would need to be developed to define the
lymphatic drainage of a given primary tumor site rather than utilize an operative
approach that was dependent upon the anatomy.

FELINE STUDIES

At the time of our original work, the relationship between the skin, dermal
lymphatics and regional lymph nodes was poorly understood. Classical anatomic
studies by Sappey [1874] had suggested a relatively narrow strip of skin with
ambiguous lymphatic drainage about the level of the umbilicus and in the midline.
However, physiologic studies utilizing radiocolloids suggests substantially more
variability in the lymphatic drainage of the skin [Norman 1991]. We hypothesized
that despite the complexity of the dermal lymphatic, a particular area of skin would
drain to a single, sentinel, lymph node. In order to test this hypothesis, we
investigated a number of potential animal models that might mimic the regional
lymphatics of the human [Wong 1991]. However, most animals have a single large
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node in the superficial node basin and were not appropriate to test the sentinel
lymph node hypothesis. However, the cat has three separate lymph nodes in the
groin, somewhat analogous to the anatomy of humans and this was the animal
model utilized to further develop operative approaches to identifying the sentinel
lymph node.

A number of agents were examined to determine the feasibility of
intraoperative identification of the sentinel lymph node. The vital blue dye,
isosulfan blue, proved to be the most useful agent to map the dermal lymphatics.
Following the intradermal injection of isosulfan blue, an incision was made in the
inguinal crease and skin flaps were elevated. The inguinal fat pad was resected and
carefully oriented. The lymph nodes were then examined for the presence or
absence of blue stained lymph nodes. Rapid uptake of isosulfan blue was observed
and allowed for ready visualization of the lymphatic channels and lymph nodes that
were stained blue.

These studies demonstrated that the intradermal injection of a lymphatic
dye, isosulfan blue, resulted in the rapid uptake of the dye in the dermal lymphatics
and that with meticulous dissection, these dermal lymphatics could be followed to a
regional lymph node. The skin of the hind limb, abdomen, and perineum were all
used as sites of injection and the specific lymph node that was stained blue was
determined. A predictable pattern of lymphatic drainage emerged from the various
anatomic sites of injection. Each skin sites would drain only to a specific lymph
node and there appeared to be well-defined borders between different areas of skin
that would drain to the medial, middle or lateral inguinal node of the cat. These
results clearly supported the concept of a sentinel lymph node and the feasibility of
an intraoperative approach to identifying the lymphatic drainage of specific skin
site. This operative procedure was termed selective lymphadenectomy.

PATIENT INVESTIGATION IN CUTANEOUS MELANOMA

Based upon the hypothesis that operative techniques, developed to identify the
dermal lymphatic drainage in a feline model, could be used to identify lymph node
that would be the primary drainage of cutaneous melanoma, we began patient
investigations at UCLA. The operative technique of intraoperative lymphatic
mapping and selective lymphadenectomy evolved from a blunt blind dissection to
identify blue-stained lymph nodes to a very refined operative technique. Cutaneous
lymphoscintigraphy was utilized to identify lymphatic drainage in areas of
ambiguous lymphatic drainage such as the trunk and skin of the head and neck. The
patients were then taken to the operating room where isosulfan blue was injected
intradermally. Injections were repeated every 20 minutes. The injection site was
gently massaged and an incision in the anticipated site of the sentinel lymph node
was made. As in the feline model, careful elevation of skin flaps was performed
and utilizing a blunt dissection technique, blue stained lymph nodes were searched
for prior to performing an immediate completion node dissection.

The initial operative technique evolved toward careful dissection in the
area of the presumed afferent lymphatic channel, which was stained blue by the
isosulfan blue. Once identified, the blue stained lymphatic channel would be
followed meticulously through the regional nodal fat basin, and if the lymphatic
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channel was not disrupted, to a blue stained lymph node. This blue stained node
was characterized as the “sentinel” lymph node. Following completion of the
selective lymphadenectomy, a formal regional node dissection was performed.

Two hundred thirty three consecutive patients undergoing surgical
management of their primary cutaneous melanoma were studied.  Successful
identification of a blue stained lymph node occurred in 82% of cases. Forty-eight
lymphadenectomy specimens were found to have metastatic tumor. All but two of
these lymphadenectomy specimens had tumor present in the blue stained lymph
node [Morton 1992]. The false negative rate of approximately 5% has subsequently
been substantiated by a number of other institutions [Gershenwald 1999, Leong
1997, Reintgen 1994, Ross 1993, Wong 2000].

As originally described, selective lymphadenectomy was an intraoperative
technique that required substantial experience to master. In 1977, cutaneous
lymphoscintigraphy was introduced to define the lymphatic drainage of ambiguous
skin sites [Holmes 1977]. Because of the variability in the location of the sentinel
lymph node, harvesting the sentinel lymph node often times required a more
extensive dissection than was intended. Employing cutaneous lymphoscintigraphy,
the general location within the regional lymphatic basin could be identified. Dermal
markings were employed to help minimize the extent of the surgical procedure
[Reintgen 1994]. However, it was development of hand held gamma probes that
had been developed and investigated in radioimmunoguided surgery that has led to
broad application of selective lymphadenectomy.

RADIOGUIDED SELECTIVE LYMPHADENECTOMY

In 1993, Alex and Krag reported on the use of a hand held gamma probe to identify
regional nodes that taken up technetium labeled sulfur colloid [Alex 1993].
Because of the technical difficulty of intraoperative lymphatic mapping and the
prolonged learning curves to acquire satisfactory outcomes [Morton 1992, 1997],
radioguided techniques provided a much simpler technique to identify and harvest
the sentinel lymph node while minimizing the extent of the surgical dissection. It
has not been confirmed that whether a radioguided technique [Krag 1995], a
isosulfan blue directed dissection [Morton 1992, Thompson 1995] or a combination
of the two techniques [Wong 2000, Albertini 1996a, Essner 2000] that harvesting of
the sentinel node accurately reflects the histology of the regional lymphatic basin in
cutaneous melanoma.

SELECTIVE LYMPHADENECTOMY IN BREAST CANCER

In contrast to cutaneous melanoma in which regional node dissection has
historically been considered a potentially therapeutic intervention, axillary node
dissection has long been considered an indicator of but not a determinant of
outcome [Fisher 1985]. The presence or absence of axillary lymph node metastases
remains the most important prognostic factor in apparently localized breast cancer
and has been the primary indication for adjuvant systemic therapy. Noninvasive
staging of the axilla is inadequate as is physical examination. Based upon the
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demonstrated accuracy in cutaneous melanoma, Guiliano and coworkers [Giuliano
1994] described the intraoperative technique of sentinel lymphadenectomy for
breast cancer in 1994. Like the initial experience in cutaneous melanoma that was
pioneered by workers in the same institution [Morton 1992], sentinel
lymphadenectomy in breast cancer proved to be technically challenging.

Like the experience in cutaneous melanoma, however, the accuracy of
staging the axilla was similar with a false negative rate of 4.3%. And like
melanoma, the evolution toward a radioguided approach has resulted in improved
harvesting of the sentinel node [Albertini 1996b]. These false negative results have
since been duplicated by numerous investigators [Albertini 1996b, Barnwell 1998,
Borgstein 1998, Chu 1999, Cody 1999a, Cody 1999b, Cox 1998, Flett 1998,
Guenther 1997, Krag 1998, Krag 1993, Offodile 1998], indicating that the sentinel
lymph node accurately reflects the histology of the regional lymphatic basin.

CONCLUSION

Little doubt exists as to the validity of the sentinel node hypothesis. When
melanoma and breast cancer metastasizes to lymph nodes, it does so in a non-
random fashion and the node or nodes at greatest risk for harboring metastatic
disease can be identified by operative techniques originally demonstrated to be
feasible in a feline model and subsequently proven to be useful in patients. The
search for an operative technique to identify cutaneous melanoma patients who
could potential benefit from a therapeutic lymphadenectomy, while sparing the vast
majority of individuals who are node negative the morbidity of that procedure has
revolutionized the surgical approach to cutaneous melanoma and breast cancer and
hold promise to further refine our understanding of the biology of not only of these
two disease but solid neoplasms in general.
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2 LYMPHOSCINTIGRAPHY IN THE
DETECTION OF SENTINEL
LYMPH NODES

Eugene T. Morita, MD

LYMPHOSCINTIGRAPHY

Background

In the 1970’s, Ege [1977, 1983] used subcostal injections of radiocolloid to
determine the status of the internal mammary chain in patients with carcinoma of
the breast. The radiocolloids traveled via lymphatic channels to nodes where fixed
macrophages in the reticular endothelial system engulfed the colloid. Her work was
the first to utilize lymphoscintigraphy in a large scale for breast cancer evaluation.
The internal mammary nodes with tumor showed decreased or absent activity, and
at times, diversion of tracer to the contralateral side because of obstructed
lymphatics. While this technique has not been used in recent years it marked the
advent of lymphoscintigraphy in patients with breast cancer.

More recently, the concept of the sentinel lymph node (SLN) has
developed. The SLN is defined as the first metastatic node. Morton and his
colleagues [Morton 1992a, 1992b, 1997a, 1997b, 1999a] were the first to use blue
dye and later, radiotracers to locate the SLN in patients with malignant melanoma.
The Delphian node in thyroid cancer has been noted in textbooks for years
[DeGroot 1996, Daniels 1991]. In 1960, Gould [1960] used the term, “sentinel
node”, as a commonly positioned node in patients with parotid carcinomas. Cabanas
[1977] studied 100 patients with radiographic contrast to determine, what he also,
independently described as the sentinel node. He makes no mention of the work by
Gould in his references. Cabanas found that in patients with penile cancers; the
sentinel nodes could be evaluated with contrast lymphangiography. He also found
that patients with negative sentinel node biopsies and negative dissections had the
best prognoses. Those with a positive sentinel node and no other involved nodes
had slightly worse prognoses, while the patients with positive sentinel nodes and
additional positive nodes on completions lymph node dissection had the worst
prognoses. His work did not receive acceptance. Wong, Cagle and Morton [1991]
used blue dye in a cat model to determine its effectiveness in locating the SLN.
Cabanas is not mentioned in their original paper. In 1991, Morton [1992b] used
lymphoscintigraphy to determine sentinel node activity. Morton and his colleagues
are to be acknowledged for developing the concept of the sentinel node.
Eventually, radiotracers were used to find the sentinel node. Krag [1995, 1998],
Reingten [1997, 1998a, 1998b] and Giuliano [1994] further promulgated the
concept. These groups helped develop the sentinel lymphadenectomy as common
practice in oncologic surgery in melanoma and breast cancer. The SLN has been
defined in patients using blue dye, radioactive colloids, or both.
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The early investigators such as Grant [1959], Turner-Warrick [1953] and
Vendrell-Torne [1972] were instrumental in developing the pathophysiology of
lymphatic drainage of the breast.

THE TECHNICAL ASPECTS OF LYMPHOSCINTIGRAPHY

Radiopharmeceuticals

Historically, the first tracer used for lymphoscintigraphy was radioactive Gold 198
(Au 198) [Kazem 1968]. The study by Vendrell-Torne [1972] showed migration of
tracer after intraparenchymal injections to the axillary and internal mammary nodes.
The particles of Au 198 were quite small, similar to the particle size of Antimony
sulfide colloid [Uren 1995, DeCicco 1997]. In the study by Vendrell-Torne [1972],
patients were put into five groups, receiving injections into either one of the four
quadrants of the breast or into the periareolar area. Virtually all patients had
drainage into the axillary chain, regardless of the site of injection. With an upper
inner quadrant injection, 80% of the patients were found to have uptake into nodes
of the internal mammary chain. The outer quadrants had less activity entering the
internal mammary chain. Even by the poor imaging characteristics of rectilinear
scanning, they were able to find intramammary nodes. Rectilinear scanning is no
longer used to any extent in Nuclear Medicine.

The agent that is most available in the United States is Technetium99m
Sulfur Colloid made by the thiosulfate method [Kowalsky 1987, Eshima 1996,
Glass 1998]. Technetium 99m (Tc99m) is the radioactive atom that is used to tag
the colloid lymphoscintigraphy. Tc99m is an ideal agent for imaging and counting
because of its physical half-life, ease in compounding and relatively low dose to the
patient as well as individuals caring for the patient. Its further benefit is that it
gives minimal particulate energy from internal conversion electrons of low
abundance of 10 %. In the process of decaying, it gives off a gamma photon of 140
keV. Because of relatively smaller amounts of energy absorbed in tissue, radiation
to the patient is lower compared to other tracers such as I-131 which has significant
more amount of particulate energy. Tc99m has a physical half-life of 6 hours.
Tc99m is the most common tracer used in Nuclear Medicine since it can be
complexed to a myriad of compounds such radiopharmeceuticals for the heart, bone
and kidney. In lymphoscintigraphy, relatively small doses are given in the range of
several hundred microcuries to a millicurie. In other studies in Nuclear Medicine,
such as the heart studies, typical doses are in the range of 20 to 25 mCis.

Tc99m is made in a vial where H,S is created with the resultant formation
of a large number of different size colloidal sulfur particles. To obtain more
uniformly sized particles, the tracer is filtered through a .22-micron filter, which
removes particles whose size is larger than 220 nanometers (nm). A direct method
of making Tc99m sulfur colloid can be made from using H2S gas. H2S is highly
toxic and requires the use of well-ventilated and isolated fume hood. Particles made
by this method have particles in the range of those of antimony colloid.

Other tracers that are available in Europe and Australia include Tc99m
antimony colloid and Tc99m albumin minicolloid [De Cicco 1997, Uren 1995].
Tc99m mini albumin colloid is no longer available in the United States. Tc99m
albumin (not colloidal) is available in the United States and passes through
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lymphatic channels and lymph node in a dynamic fashion. Tc99m albumin was
been used to define nodal basins in preparation for surgery [Tonakie 1999].

INJECTION OF TRACER

General Comments

Placement of an intradermal injection can be difficult because of near vision not
being optimum in older physicians in Nuclear Medicine. The use of a magnifying
lens worn over the head can be quite helpful. These can be purchased at nominal
cost of around twenty dollars. They come in a variety of focal lengths. As
previously described, additional gentle bending of the needle makes a difficult
injection easier. The bending of the needle permits the needle to be parallel to the
skin.

Melanomas

Hair is shaved prior to preparation of the skin. The skin is prepared by cleaning the
area with alcohol or iodine solution. If local anesthesia is not given, Tc99m sulfur
colloid injection is intensely painful for a few seconds. Direct injection of Lidocaine
causes pain (albeit brief) due to the low pH of the material. Buffered Lidocaine
causes no discomfort when the local anesthetic is given intradermally. To buffer the
Lidocaine, draw 0.9 cc of one percent Lidocaine (without epinephrine) into a
tuberculin syringe and then add 0.1 cc of 84 % sodium bicarbonate. Smaller
volumes may be drawn using the same 9:1 ratio. The injection is given around the
lesion in patients who have their tumors still present or around the resection biopsy
site. Note that if the patient has had a wide local tumor resection, the location of the
sentinel node may have been disrupted by the procedure. The skin is prepared and
the above syringe of Lidocaine buffered with bicarbonate is used to infiltrate the
area. At the excisional biopsy site, inject a fraction of a cc (.05 to 0.1 cc) of
radiocolloid to make a wheal of 5 to 10 mm at four sites. Using the center point of
the biopsy site, inject the four sites, avoiding any incisions, scars or indurated areas.
The injection site will cover about a 1-inch squared area. We use a 1/2-inch, 30-
gauge needle. Ifnecessary, the 30-gauge needle can be bent to give a more optimal
position of the needle tip to enter the skin (Figure 1). The plastic hub of the needle
can be used to accomplish the task. Before injecting, make sure that the needle is
firmly fixed to the syringe. The needle should be translucent through the skin. Four
sites around the resection site are infiltrated with a wheal of Lidocaine of about 5 to
10 mm. This usually entails an administration of around .05 to 0.1 cc of Lidocaine
per site. A similar volume of Tc99m sulfur colloid, having a concentration of 500 to
1000 uCi in a volume of 0.5 cc. A single syringe is used in making the intradermal
injection of tracer. The Tc99m sulfur colloid should have a high concentration so as
to provide activity described above. Immediately following the intradermal
injection of Lidocaine, the dose is given. To prevent contamination a sheet isolates
the area of the injection site. Contamination will occur if the needle is not tightly
set or the injection site leaks under pressure. The same hole of the injection of local
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Figure 1. The plastic hub of the needle can be used to bend the needle as noted in the above picture.
The bevel of the needle should be placed upward. The needle can be bent in a gentle upward pressure
from the plastic needle hub.

anesthesia should be used to inject the colloid. If injected at a different siFe, lfeakage
from the prior injection site will frequently result. A similar size wheal is given at
four sites. After the injection, the area is cleaned with alcohol and Fhen covered with
a 2 x 2 inch sterile gauze. The dose given is calculated by subtracpng ‘[hef amount of
the residual activity from the initial dose drawn. Imaging begins immediately after
the dose is given (lgigure 2).

Figure 2. Panel A shows the injection site on the back, the dark area in the center, with two parallel
channels (arrows) going into the right and left axillae. Panel B shows the bilateral sentinel nodes
(arrows). Panel C is a transmission study of the of the body contours in relationship to the injection site,
channels and sentine! lymph nodes.
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Special Areas:

I. Toes and Fingers

Generally, three, and occasionally, four sites are injected at the base of the nail. The
injection technique described above is used. Generally, local injection at the base of
the nail is sufficient to provide good local anesthesia to the toe or finger in patients
with subungual melanoma. For patients with larger tumors a nerve block can be
accomplished by an anesthetist or surgeon. After anesthesia is obtained, sulfur
colloid is injected.

IL. Sole of the Foot

The sole of the foot is an extremely difficult area to inject. We ask the anesthesia
department to place a local block to the sole of the foot. The patient is asked to
arrive about 1 hour before the scheduled time for the study in Nuclear Medicine.
Occasionally, the sole is not totally anesthetized and Lidocaine is supplemented.
The area is quite bloody when the needle is inserted. Gauze should be readily
available. With pain control obtained, the callus of the sole of the foot can be
removed. Injecting radiocolloid into a callus will show no migration. The skin of
the foot can now be prepared and the colloid injected. The patient should not
ambulate until the block is worn off.

II1. Scalp

Shave the area to be injected. Use surgical scissors to cut the hair before shaving.
Tape can be used to keep the other hair in close proximity to the site away from the
intended injection site. The skin of the scalp is difficult to inject therefore the
needle tends to penetrate slightly deeper but should be kept in the intradermal site.
Contamination of the injection is a real problem; hence assuring good coverage by a
sheet around the injection site is required. Care must be given to avoid any leakage
from the injection since it can be a source of significant contamination.

IV. Ear

The pinna of the ear heals very well from an excisional biopsy and the actual
resection site may be difficult to find. We ask the surgeon to define the exact site of
the biopsy. The injection is carried out at two sites: one above and one below the
biopsy site. The skin is quite loose, thus the amount of anesthesia and colloid are
generally increased in volume. Great care needs to be taken to prevent a blowout of
the injection. Preventing contamination of the site is of utmost importance.

V. Trunk

Midline melanomas can be problematic because the tracer can go to almost any
basin: axillary, groin or even the supraclavicular region. We have had a patient
where the radiocolloid entered the abdominal nodes. Uren has previously described
an analogous experience. Intransit nodes can also be found. Uren [1996] pointed
out the area of drainage to the triangular intermuscular space and that attention
needed to be given to this region. Imaging from the posterior projection would be
important in this area of potential involvement.
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Areas of Caution:

1. Avoid injecting into very indurated areas. There may be no passage of tracer to
the SLN.

2. Avoid injecting in areas of infection. Discuss the situation with the surgeon. The
procedure and surgery may be delayed or cancelled.

3. Avoid contamination. Contamination of the skin can be quite confusing by the
patterns of lines and spots that can mimic lymphatic channels and lymph nodes.

4. Before injecting near the eye, place a patch of gauze over the eye.

5. Make sure that the correct area is being injected. Review the chart, and if not
sure call the surgeon. Sometimes data is lacking on the request.

6. Beware of the contaminated gauze. A small amount of residual tracer on the
gauze can create havoc in imaging the nodes. We have the found the most
frequent cause of contamination is the gauze used to cover the injection site.

7. With an intradermal injection, movement of radiotracer should be observed in 10
minutes. Reinjection of the site should be considered after this period of time.
Particularly in injections of the extremities, lymphatic channels and SLNs have
been seen almost immediately after the patient has been injected.

BREAST CANCER

There are a variety of ways to perform lymphoscintigraphy for breast cancer.
Different techniques will be discussed below.

Parenchymal Injections — Palpable Masses

Prior to injection, place a warm moist towel over the breast containing the mass.
Inject at four quadrants around the palpable mass. Miner [1998] used ultrasound
guidance to assist in localizing the needle for injection. Prepare skin as usual and
give local anesthesia to skin as described above. Generally, a 1.5-inch 21-gauge
needle is sufficient to give the injection into the breast. The needle tip lying next to
the tumor or biopsy site can be palpated through the skin. If injection is given into
the biopsy site or tumor, there will be a great deal of resistance. Back off a bit,
repalpate, then inject. The patient will experience a dull ache, that will fade within
about ten minutes. At four sites around the tumor or resection site give one to two
ces of radiocolloid per site using at total dose of 500 to 1000 uCis of filtered Tc99m
sulfur colloid. Larger breasts receive more volume. After the injection is done, be
careful to avoid, tracer leaking out of the injection site. Apply pressure to the area
as needed. Contamination of the area can occur by the leakage from the injection
site (Figure 3). Cover the area with gauze. Have the patient massage the breast
with her contralateral gloved hand for about 3 to 4 minutes. Begin imaging. The
time required for the radiotracer to enter the sentinel node varies. Channels to these
node(s) are not always seen but can be prominent (Figure 4a and Figure 4b). If the
patient is going to surgery the same day, at least 3 hours should be allotted to
visualize the sentinel node. Anecdotal evidence suggests that patients with smaller
breasts have more rapid appearance of the sentinel node, and lymphatic channels are
more frequently seen. The success rate of locating the sentinel node varies, but is in
the range of 80 to 90% [Krag 1998, Hill 1999, Linehan 1999a]. In some of our
patients, the node may not be seen until the next day.
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Figure 3. These three panels are from an injection into the right breast. The left panel shows two
rounded arrows (A) pointing to what appears to be two separate channels. These findings represent
contamination from the parenchymal injection. The radiocolloid has leaked from the injection site
causing the problem. The middle panel shows the two channels and the injection site (dark area) and
septal flare. Septal flare is the result of penetration of the septa of the collimator by gamma rays and
gives the linear lines noted (D). The right panel shows the sentinel node(C).

Figure 4a. The image on the left is from a parenchymal injection into the left breast. Very prominent
channels are noted (dark closed arrows). Where the channels change direction, there is prominent
bulbous activity related to seeing activity end on. The nodes in the axilla and internal mammary areas are
show with open arrows. The images are quite dark resufting in a photographic ballooning pattern. The
image on the right is the transmission study.
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Figure 4b. One hour later, after the channels have had an opportunity to clear, the axillary and internal
mammary nodes are easily seen (open arrows).

Doting [2000] used intralesional injections resulting in significant
reduction of ballooning effects associated with a large volume of radioactivity.

Parenchymal Injections - Nonpalpable Areas (Mammographic findings)

The injection of the above colloid needs to be done in conjunction with
mammography. The radiologists should be asked to place needles straddling the
mammographic abnormality. Generally, spinal needles are used in the process.
Two needles are required to inject four quadrants. The radiologist should also be
asked to place the needles at the end of the calcification on either side of the area in
question. The needles should be placed side to side rather than up and down.
Needles in a side by side position are much safer as the patients are transported to
Nuclear Medicine. At the advice of the radiologists, pull the needles back to inject
the other quadrants. Remove the needles after injecting.

Skin Injections

Veronesi, Linehan, Borgstein and Klimberg [Veronesi 1997, Linehan 1999a,
Linehan 1999b, Borgstein 1997, Borgstein 1998, Klimberg 1999] use alternative
injection techniques to locate the axillary sentinel node. Specifically, Veronesi and
Lineham use subdermal (subcutaneous) or intradermal injections, respectively.
Klimberg [1999] used a periareolar injection blue dye to locate the sentinel node
and found excellent correlation with a simultaneous injection of radiocolloid in the
breast. Borgstein [1997, 2000] used parenchymal injection of radiocolloid with
periareolar injection of blue dye and found excellent correlation with axillary SLN.
Borgstein [2000] found 15 % of their patients had internal mammary nodes and in
only 3 of 220 patient was the SLN only in the internal mammary chain. At Sloan
Kettering Memorial Cancer Center, Linehan developed a protocol in which patients
were injected around the tumor with blue dye and in the skin with unfiltered Tc99m
sulfur colloid above the tumor. The Sloan Kettering investigators found that in the
vast majority of patients, the sentinel node was found by both techniques to be the
same node. Grant [1959] found a rich circumareolar plexus that drains the deeper
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lymphatics of the breast. Observation of the skin injections and localization in
SLNs confirm Grant’s findings. Skin injections do not show the internal mammary
chain. Data from Vendrell-Torne [1972] showed that periareolar injections could
go to the internal mammary chain. However, a more recent work with periareolar
injection of colloid and blue dye has not shown activity in the internal mammary
chain [Klimberg 1999, Kern 200]. Concurrently, in our experience with melanomas
of the chest wall, we have never seen internal mammary nodes and the published
works by those performing skin injection in breast cancer patients have not noted
internal mammary nodes. Our findings are in agreement with the published works
by the investigators performing skin injections in breast cancer patients. If the
internal mammary nodes are to be evaluated, a peritumoral injection is necessary.

Our group has chosen to use intradermal injections as suggested by
Linehan. Correlations in about a dozen patients with parenchymal and intradermal
injection of radiocolloid have shown the same sentinel node(s). These findings are
similar to those found by Roumen [1999].

A B

Figure 5. The left panel is from an injection into the right breast and the right axillary sentinel node. A
faint channel can be seen. The right panel is from the skin injection done immediately after imaging the
parenchymal injection. The sentinel node is the same node. This finding was confirmed on other views.
From: Morita ET, et al. Principles and controversies in lymphoscintigraphy with emphasis on breast
cancer. In: Leong SPL, Wong JH, editors. Surgical Clinics of North America: Sentinel Lymph Nodes in
Human Solid Cancer. Philadelphia: W.B. Saunders, 2000; 80(6), with permission.

The intradermal injection of filtered radiocolloid is the same as in
melanoma patients. With the patient in the supine projection, a single injection is
given over the palpable area or mammographic calcification (marks made by
radiologists). Imaging is begun immediately after the injection.
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First, the intradermal injections have a much higher count rate in the
sentinel node as compared to a parenchymal injection. The sentinel node is usually
seen within 10 minutes and often immediately after the injection. Secondly, the
problem of the “shine through effect” is reduced. The “shine through effect” is a
result of the injection site ballooning its activity into the axilla. A third advantage is
that the patient can be studied in the afternoon and go to surgery the next morning
since the amount of radioactivity in the sentinel node is greater by a skin injection
when compared with a intraparenchymal injection. Despite decay of the Tc99m
colloid, sufficient radioacitivy remains to find the SLN(s) intraoperatively.
Generally, there is a higher degree of success via an intradermal injection as
compared to a parenchymal injection. With a parenchymal injection a delayed 24-
hour study might not show a SLN. This would delay surgery. A fourth advantage
is the use of a small piece of 1/8-inch thick lead on top of the gauze covering the
injection site. This reduces the septal penetration of the collimator. The lead does
not impede the passage of radiocolloid to the sentinel node. Using lead for a
parenchymal injection is not practical because of the large amount of radioactivity
in the breast. Again, if the internal mammary nodes are to be assessed a
parenchymal injection is necessary (Figure 6).

Figure 6. A parenchymal injection of radiocolloid in the right breast shows both lower sentinel axillary
node (smaller dark arrow) and two internal mammary sentinel nodes (large dark arrows). The panel on
the right is the transmission study.
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DETECTION OF THE SENTINEL NODE

There are two major pieces of equipment used for lymphoscintigraphy, the gamma
camera and the gamma probe.

Gamma Camera [Anger 1967, Simmons 1996, Gunter 1996]

This device is able to image the radioactivity injected into a patient. Because the
radioactivity is not confounded by background activity in the surrounding tissues,
lymphatic channels and nodes are easily seen. The gamma camera is equipped with
electronic device, a pulse height analyzer, which are able to tell the primary photon
of Tc99m from scattered irradiation. When a gamma photon passes through tissue
it may interact and cause scattered photons. These scattered photons do not come
from the injection site but reflect the position of the interaction with tissue and may
have come from several inches from the injection site. In the process of scatter, the
primary energy of Tc99m is degraded and possesses less energy. The pulse height
analyzer separates the true activity coming from a patient’s injection site, channels
and SLN and eliminates those photons that are from scattered sources.

A device called a collimator is placed in front of the gamma camera’s
crystal to give precise localization of radioactivity emanating from the patient.
Unlike light radiation, gamma photons cannot be bent and focused. The purpose of
the collimator is to permit only gamma photons coming perpendicularly to the
detector to be recorded. The collimator is made of lead with multiple holes that are
perpendicular to the gamma camera crystal. The lead eliminates almost all gamma
photons not perpendicular to the gamma camera’s crystal. A phenomenon called
“septal penetration” causes a flare defect on the images due to gamma photons
penetrating the leaded septa of the collimator. The problem with flare is that it can
obscure the images of the node. A collimator with more lead can eliminate this
problem. An alternative is to use a pinhole collimator. The pinhole will eliminate
all flare. The pinhole collimator is a cone shaped device that is place on the gamma
camera’s detector. In concept it is analogous to a pinhole camera. There is a single
hole in the collimator. The pinhole can be placed a few inches from the area to be
studied. This collimator is useful when the injection site is very close to the basin in
question, such as an upper outer quadrant of the breast. With the use of the normal
collimator, there can be a pronounced shine effect as well as septal flare that make
imaging the questioned basin difficult to evaluate. The pinhole collimator
eliminates these confounding effects.

An integral part of the gamma camera is the persistence oscilloscope (P-
scope). This device permits the Nuclear Medicine physician the opportunity to see
the images in real time. Generally, it lacks good detail but is helpful in marking the
SLN. These marks help the surgeon to locate the sentinel node with the gamma
probe (see below). Some P-scopes are very user friendly and others are not. The
greater ease in use of the P-scope allows marks to be placed quite easily on the
patient. It should be noted that some investigators do not use imaging in locating
the sentinel node [Krag 1999]. The surgeons in our institution find the localization
helpful and feel that the time in surgery is reduced.
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Gamma Probe

The gamma probe [Britten 1997, Hoffman 1999, Schneebaum 1999, Zanzonico
2000] is a hand held device that permits the surgeon to locate the SLN in the
operating room. The detector of the gamma probe is made of materials, such as
sodium iodide or cadmium-zinc-telluride that interacts with the gamma photon from
the patient and records this interaction as a count. The detector is designed to count
the activity that is directly in front of it. There is sufficient lateral shielding to
eliminate photons coming from the side. The concept of the inverse square law is
important in localizing the SLN (Figure 7). As the detector is moved closer to the
area of
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Figure 7. Inverse square law. With radioactive source at position “1”, the gamma probe counts in this
example are 4000 counts. By moving the probe to twice the distance form the source, to position “2”, the
counts decrease to 1000 counts. The importance of the inverse square law is utilizing the concept when
using the gamma probe in a clinical setting. In probing for the SLN, by moving the gamma closer or
farther will give dramatic changes in the counts. The law applies in radiation safety by decreasing counts
by a factor of four with a doubling the distance away from the source. From: Morita ET, et al. Principles
and controversies in lymphoscintigraphy with emphasis on breast cancer. In: Leong SPL, Wong JH,
editors. Surgical Clinics of North America: Sentinel Lymph Nodes in Human Solid Cancer. Philadelphia:
W.B. Saunders, 2000;80(6), with permission.

radioactivity, the counts will increase as a function of the distance. For example,
the counts at 2 inches from the SLN may be at 1000 counts/second but when moved
to 1 inch, the counts will increase to 4000 counts/second. Moving the detector
twice the distance closer increases the counts by a factor of four not two. Radiation
is given off as a sphere of activity. The closer the detector is to the source of
radiation, the larger the angle is which the detector subtends. On occasions, the
gamma probe may require a collimator placed over the front of the detector. This
narrows the field of view of the probe and can be quite helpful when one is trying to
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separate two nodes that are close together (Figure 8). Furthermore, the collimator
on the probe is useful when the injection site and SLN are in close proximity.
Gamma probes have discriminators, which separate the primary gamma photons
from scattered, degraded photons. The gamma probes systems are equipped with
both audible signals as well as eleectronic count displays. Both are useful in the
operating room.

Separating and counting the nodes on a tabletop after removal from the
patient is useful since additional nodes may be found. Statistical evaluation of the
data is useful in determining which node is the hottest. To accomplish this task,
each node is counted for 3-4 seconds. The total counts of nodes are determined by
multiplying the count rate (counts/second) by the time counted (seconds). For
example, a counted node has a count rate of 2500 counts/second and is counted for
4 seconds. The total count is 10,000 counts. The standard deviation of the count is
calculated by taking the square root of the count. In this example, the standard
deviation is
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Figure 8. The gamma probe with and without a collimator are seen in A and B. Without the collimator
(A) sources cannot be separated because moving from position “1” through “3” the counts are such as not
to be able to define the sources as being separate. With the collimator in place (B), the two sources can
be easily separated because of the counts differences are distinct. The collimator limits the angle the
gamma detector thus reducing the counts as well as allowing the detector to separate the two sources.
From: Morita ET, et al. Principles and controversies in lymphoscintigraphy with emphasis on breast
cancer. In: Leong SPL, Wong JH, editors. Surgical Clinics of North America: Sentinel Lymph Nodes in
Human Solid Cancer. Philadelphia: W.B. Saunders, 2000; 80(6), with permission.



22 Atlas of Selective Sentinel Lymphadenectomy

100, the square root of 10,000. Adding or subtracting two standard deviations (200
counts) from the total count represents a 95% confidence level that a repeated
counting will result in a count between 9800 to 10,200. Three standard deviations
(+/-300 counts) represent a 99% confidence level that a repeated count would be
from 9700 to 10,300. Another node in this area with a count of 2000 counted for 4
seconds (total count = 8000 counts) could be separated statistically to determine
whether the two nodes are significantly different from each other. In this example,
there is a statistical difference that the count of 10,000 is hotter than the node with
the count of 8000. Where there is overlap of standard deviations, the two counts
may not be clearly defined as to one being hotter than the other may. The standard
deviation of the counts can be used to determine if there is a statistical difference.
Counting the nodes for only one second would decrease the differentiation among
nodes. For this reason, counting for four seconds is recommended to ensure that
nodes can be differentiated from each other. If a node has a lower count, counting
for a longer period of time is required to adequately define the different nodes
statistically. Counting nodes in this fashion provides precision in the separation of
two nodes.

By counting nodes in this fashion, we have found that fifteen percent of the
time, the node bearing the tumor (SLN) is not the hottest. Porter [2000] and Morton
[1999b] recommend the use of Blue Dye in the assessment with lymphoscintigraphy
to determine which is the sentinel node. However, in his study with Blue Dye,
Porter found that only 1% of the patients had a less hot node containing tumor when
the hottest did not. Porter does not define how the counts were determined and
gives no standard deviation of the counts of the node.

The importance of determining the SLN by counting nodes ex-vivo is to
determine how radioactivity corresponds to the SLN. One should not remove only
the hottest node, since a lower count node may harbor tumor. How many nodes
should be removed? That question has not been fully answered but in our
experience, at least three of the hottest nodes should be taken. In our series of
patients with tumors in the SLN, 15% of the patients had nodes with less activity
had tumor present where the hottest did not. One patient had the third hottest node
harboring tumor.

In summary, the gamma probe should have the following characteristics:

1. Good counting efficiency for Tc99m 4. Collimation when needed
2. Small diameter 5. Side shielding
3. lateral shielding 6. Energy discrimination

The importance of using the probe in a fashion to assure that the counts
obtained are statistical significant and how these counts relate to the sentinel nodes.

IMAGING PROTOCOL

General Comments on Imaging

When observing with the P-Scope, lymphatic channels should be seen within
minutes after the injection. Most P-Scopes permit acquisition of data for better
detail. As previously mentioned, some P-scopes are more “user friendly” than
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others are. As details are observed, channels will be visualized as the radiotracer
leaves the injection site. The nodal basin in question is usually seen within ten
minutes. If nodal basins and channels are not seen, one should consider reinjection
of the site. If the injection is in a limb, exercising the limb may help move the
tracer from the injection site.

In older patients with very thin, parchment-like skin, forming a good wheal
for injection can be very difficult. A slightly larger wheal may be necessary.

MELANOMA

After injection of the radiocolloid described above, the following protocol is
suggested.

Lower extremity

Place the camera in the area of the expected basin. Set the computer to acquire
images in a dynamic fashion to observe the channels entering the lymph node basin.
Generally, the system can be set for 10 minutes. Use a matrix of 64 x 64 or 128 x
128, depending on your system. The acquisition parameters are likewise dependent
on the system available. Acquiring data at 15-second intervals for ten minutes will
permit dynamic evaluation when played back in a dynamic fashion. Depending on
the activity found in the channels, summing of these intervals could be combined to
increase the quality and detail of the dynamic images. This summing process can
provide a higher degree of confidence in determining the channel’s relationship to
the radioactive nodes. The channels are important because they define the SLN. At
times, the channels may end in different nodes resulting in finding separate,
multiple SLNs. Image all the areas from the injection site to the primary basin of
involvement since intransit node can be missed if the path of radiocolliod is not
followed.

In areas below the knee, evaluation of the popliteal area is important since
nodes at this site can occur about 10% of the time. The bolus of radioactivity in the
lymphatic channels can be followed and if necessary, the position of the detector
can be moved to better evaluate a basin. Channels may be in series or parallel.

Static images are obtained after the dynamic set. A transmission study is
done after the dynamic study to obtain a body outline of the nodal basin (Figure 9).
Images are collected on the computer in matrix of 128 x 128 or 256 x 256.
Generally, images are collected from 2 to 4 minutes depending on the amount of
activity in the node(s). In the groin and popliteal areas, in addition to the anterior
view, lateral images are also obtained. The lateral view gives some indication
whether some of the nodes may lay deeper in the iliac chain. After the images are
collected, the nodes found are marked in the anterior projection. Marking is done
by using an external Tc99m point source and moving the source until the
radioactive lymph node is directly over the radioactive marking source. The skin is
marked with gentian violet over the node. This is accomplished by using the P-
scope previously described.
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Figure 9. The use of a sheet source of Tc 99m in a saline reservoir or a sealed source of Cobalt 57 can
provide an anatomic outline of the body. The source is under the patient and the detector above the
patient. About S mCis in the saline source is sufficient to give well defined body contours in 30 seconds
(see Figure 2c).

Upper extremity melanomas

The technique of imaging the upper extremity is similar to that of the lower
extremity. The methods of recording data are also similar. For sites below the
elbow, imaging is similar to those of the lower extremity. The epitrochlear nodes
are difficult to isolate with the gamma camera so we place a gentian violet skin
mark at the general level for the surgeon to locate the node in the operating room by
going circumferentially around the marked site. The axillary nodes are defined in
anterior, lateral and 45-degree projections with appropriate marks. The greater the
separation of these marks, the deeper the node. These multiple views meet at a
point, which locate the SLN.

Trunk melanomas

Melanomas in the trunk can travel to almost any basin. Start imaging the injection
site and move the detector to follow the activity as its channels declare the location.
On occasions, a melanoma located laterally may be best imaged from the lateral or
oblique positions. Generally with trunk melanomas, image all potential basins
(Figure 10, 11, 12a, 12b).
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Figure 10. Arrow “C” shows the injection site in a patient with a melanoma of the abdominal wall. The
rectangular area represents a piece of lead over the injection site. From the injection site, there are two
distinct channels (paratlel) moving cephalad toward the left axilla. Arrow “B “shows three channels
(open arrows). Moving toward the axilla, the channels coalesce into what appears to be one channel
(Arrow “A”) as it enters the axilla. Observations with Blue dye showed this channel to be a single
channel. Lymphoscintigraphy is limited in its resolution as to be unable to clearly define the channels as
a single channel or three closely related channels moving side by side.

Figure 11. The images on the left show two separate channels (closed arrows) and two separate sentinel
lymph nodes (open arrows) in the right groin. Without seeing the channels entering the nodes, the first
more proximal node to the injection site might have mistakenly considered the only sentinel node.
Lymphoscintigraphy in this patient defined that there were two separate sentinel nodes. By only the
using the gamma probe, the distinction could not have been made. The panel on the right shows the
transmission study.
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Figure 12a. The injection site (open arrow) was made in the right flank. Three distinct channels (dark
arrows) can be seen moving cephalad toward the right axilla. They appear to merge into one channel as
it enters the right axilla to the sentinel node. The curved darkened arrow shows an additional channel
extending caudally. The transmission studies show the position of the injection site and channels with

respect to the body outline.
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Figure 12b.  The injection site in the right flank is shown as an open arrow. The curved darkened
arrow show the single channel moving toward the right groin. The large dark arrow points to the sentinel
node in the right groin. The panel on the right is the transmission study.
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Head, neck and scalp melanomas (Figure 13)

The head, neck and scalp are the most difficult to evaluate. The injection site and
basin may be quite close to each other. The use of the pinhole collimator under this
circumstance can be quite helpful. In this area, marks are usually made in the
lateral projection. For scalp areas, anterior or posterior views are helpful for
localization (Figure 14a and Figure 14b). In the area of the pinna of the ear, moving
the ear can be helpful in determining whether the node is anterior or posterior to the
ear. Moving the pinna of the ear can reveal a node posteriorly placed, near the
mastoid that has been obscured by the injection site.
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Posterior Injection Posterior Transmission

Figure 13. The image on the left shows the left -midline posterior scalp injection site and a channel
moving down into the right posterior cervical chain. There is a pass through node below the first node.
The transmission study is shown on the left.
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Figure 14a. The left image shows the left lateral projection of a posterior scalp melanoma injection site
with several channels coalescing into one (arrows). The arrows show two distinct focal areas as the
channel extends into the left axilla. The focal areas noted prior to the axiliary sentinel nodes, could be
mistaken for lymph nodes.

Figure 14b. This image is a continuation of Figure 14a. On delayed images done an hour later shows
significant clearing of the initial intense areas noted in Figure 10a. These areas (arrows) represent
bulbous areas in the lymphatic channels that clear over time. These should not be mistaken for intransit
nodes.
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BREAST CARCINOMA

Parenchymal injection

A dynamic set as described above is suggested. Image in the anterior projection.
Channels can be seen but not as consistently as those noted in melanoma patients.
When the SLN is close proximity to the injection site, moving the breast away from
the SLN can be helpful (Figure 15). The procedure takes about one hour to
accomplish with views done in multiple projections of the axilla. If internal
mammary nodes are seen, they are marked in the anterior projection. On occasion,
delayed films may be required. About three hours should be allotted prior to the
scheduled surgery.

Figure 15. The image on the left is the parenchymal lefi breast injection with the arrow pointing to the
sentine! Tymph node in the left axilla. The image on the right was taken after the patient moved her
breast medially. This image shows the sentinel lymph node (arrow) with greater separation and
definition.

When the injection is close to the axillary basin, the breast can be displaced
to better visualize the sentinel node. Pinhole images can be quite helpful when the
injection site is very close to the axillary basin. Marking can be difficult however
because the area to be imaged is small. A general area can be marked as to the
location of SLN and the surgeon advised.

Intradermal injection

A dynamic set is obtained as described. The injection of the tracer is placed above
the tumor mass or mammographic finding. The gauze-covered injection site can be
covered with a small piece of lead. This reduces the activity in the imaged area and
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reduces the “shine effect” of the injection site. The lead does not impede the
passage of tracer through the lymphatic channels. The lead piece is particularly
useful in upper-outer quadrant lesions. Since the injection is similar to those of a
melanoma study, channels are consistently seen (Figure 16a and Figure 16b).

Figm:e 16a.. After the intradermal injection over the site of the patient’s left breast primary cancer, a
prominent single channel is seen going toward the left axilla.
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Figulte 16b. The above pane! shows the left axillary sentinel node from the intradermal injection. The
node is seen in multiple projections.
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COMPUTER PROCESSING

Dynamic set

The dynamic collection can be summed as a single image to provide more detail of
the channels. Review the set for motion artifacts since adding images that are not in
the same position on the screen will result in degraded images. Add only those in
which motion is not seen. A higher level of confidence can be attained for the
channels in relationships to the nodes.

Static images
Images should be of sufficient counts and have a fairly homogeneous texture. The
aim should be to have good detail in all the nodes imaged.

Masking

All computer systems permit exclusion of an area by a processing called masking.
Usually this is done with a light pen. The area to be excluded from the image is
circled and eliminated. Depending on the computer system, the various gradations
of counts in the nodes can be seen from the lowest to the highest. When the hottest
nodes becomes so dominant as to reduce the visualization of other nodes in the
basin, masking of this area will enhance the nodes with lesser activity. Current
computer systems have log display scales that permit visualizing a larger count
spread (Figure 17). The log scale permits reducing the higher count displays to “fit”
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Figure 17. The upper left image shows the injection site in the right lateral projection of a patient with a
melanoma of the right upper neck. The panel on the top right is a pinhole image (in the dotted
rectangular box, “A”) of the injection site. Arrows point to the four injection sites. One injection site is
quite faint. Sentinel lymph nodes are seen at “B”. The bottom left panel shows the nodes after masking
of the injection site. With further masking additional nodes are noted in much better detail.
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allowing visualization of all the nodes in question. Older systems may not have this
function; hence masking becomes more important. With images that are well
displayed, a higher level of confidence can be reached when describing a finding. A
level of confidence in interpretation of the images can assist the surgeon with the
anatomy of the nodes in a given basin.

RADIATION SAFETY

The most important aspect of radiation safety with for lymphoscintigraphy is
education. The doses used are extraordinarily small. Advise all members of the
team from Nuclear Medicine to Pathology. The patient should be well informed of
the procedure, the radiation involved, and what will be accomplished by
lymphoscintigraphy. Having in-services education on each section is very
important. Answer all questions. Discuss safety protocols and provide a phone
number to call if there are questions. The State of California does not require an
amendment to the radiologic license to perform lymphoscintigraphy [Department of
Health Services 1999].

Three maneuvers can reduce radiation to those involved in the procedure.
Two of these are quite practical the third is much less so. The first is understanding
the concept of the inverse square law described previously. Radiation is emitted as
a sphere of activity. The closer that one is to the source, the larger the angle of the
sphere covered. When the distance is doubled, the radiation is reduced not by a
factor of two, but by a factor of four, it’s the square of the distance. Increasing the
distance from the source will decrease radiation. Secondly, reduce the contact time
to reduce exposure. This is a common sense approach one use to reduce exposure.
A third item is to use shielding to reduce exposure in the operating room suite.
From our measurement of the standard doses given, shielding is not necessary.
Moving lead shield into a crowded operating room may prove to be a greater
physical hazard. From our monitoring the operating room from an injected 400 uCi
dose of Tc99m sulfur colloid has been at the periphery of the operating room to be
near background levels.

Veronesi [1999] found that at 18 hours post injection of 135 to 270 uCi
the dose to the hands in 100 operations to be 450 mrem per year. This is a relatively
small exposure to the hands. Barral [1991] showed that when holding a syringe
with 20 mCis of Tc99m, the finger in contact with the syringe received a dose of
22,000 mR/hr. In the clinical context of lymphoscintigraphy, the usual dose of 500
uCi would result in a dose rate of 550 mR/hr. In breast tissue, the radiation dose to
the surgeon’s hand would be reduced because of the absorption of radiation from
the injection site by the soft tissues of the breast. From personal discussion with
one of our surgeons, SPL, the exposure of this type is at most 30 seconds in a
patient with a parenchymal injection of 500 uCi. A 30-second exposure would
result in only 0.152 mR. The tumor would be removed with the use of surgical
instruments over a period of approximately 40 minutes. At 6 cm from the
radioactive injection site resulting a radiation to the hands of only an additional dose
of .86 mR. This data is again from the hand dose radiation measured by Barral
[1991]. The total dose to the surgeon’s hand would be 2.16 mR for the removal of
the radioactive breast mass. Studies by Veronesi [1999] and Barral [1991] show the
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doses to the surgeon’s hand to be extraordinarily low. The removal of excisional
biopsy or the primary melanoma with 500 uCi at the site would also be very low
since most of this removal would be done with forceps.

Monitoring the amount of radiation can be accomplished by placing
radiation badges around the operating room at various sites and determining the
dose rate in a given circumstance. This provides useful baseline data. This should
be done in coordination with the radiation safety officer (RSO). The data would
give an idea of the amount of radiation involved in a clinical situation.

Those who come in contact with radioactive materials in the operating
room should also be badged. One individual should be designated as the point of
contact for the RSO. Radiation monitoring badges will be collected and a new one
issued every month. Our monitoring of these badges has not found an alarming
amount of exposure.

All surgeons performing sentinel node dissections and other procedures
using radioactive materials in the operating room should also be badged. The point
of contact for the OR staff will be the point of contact for the surgeons as well.
Wearing finger dosimeters would not be practical since they cannot be readily
sterilized and would be cumbersome during surgery.

HANDLING AND MONITORING THE SPECIMEN [Fitzgibbons 2000]:

Despite low levels of measured radioactivity, the specimens are isolated for 24
hours and marked as both biologic and radiation samples. The samples will be
placed in a similarly labeled lead box with sufficient shielding to provide adequate
protection from exposure. A 1/8-inch piece of lead will be sufficient to reduce the
levels to background. For melanoma patients, the sample does not be sent for
frozen section. If necessary, a complete lymphadenctomy is performed after
determining the status of the SLN(s). We have monitored the dissection tables in
the Department of Pathology and found them to be at background levels.

For patients with breast cancer, frozen or touch preparations may be
necessary to assist the surgeon in determining the need for further resection. Again,
we have monitored this area and found background levels at the operative site. The
surgical samples from a 400 uCi dose on sample was 9.5 mrem/hour on contact with
the sample and 2.5 mrem/hour at 6.5 cm. Since the pathologist uses only small
amounts of tissue, the radiation dose is substantially less than the amounts
mentioned above as measured by the UCSF/MSH RSO. Pathologists and personnel
in Pathology at UCSF/MZH have been badged and exposure has been close to
background.

PREGNANT WOMEN

Pregnant women who need lymphoscintigraphy should not be absolutely excluded
from study. The dose to the fetus from a parenchymal injection into the breast or
skin would be quite low [Russell 1997]. The dose of the injection into the breast
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could be reduced to decrease the exposure to the developing fetus. For example, a
parenchymal breast injection of 500 uCi Tc99m sulfur colloid with the assumption
that the entire dose entered the liver and spleen, the fetus would receive a dose of 5.
mrem [Current radiation 1975]. The fetal radiation in which the dose staying in the
breast would be much lower because of the distance from the fetus would be
greater. Pregnancy, per se, should not be an absolute contraindication for
lymphoscintigraphy [Morita 2000]. A frank discussion of the amount of radiation
involved and other risks to the fetus would be of great importance to the pregnant
patient.

To review: educate all the personnel involved with the technique and
amount of radiation involved. The doses to those in Nuclear Medicine, surgery, and
pathology are at very low levels. Contamination has been monitored and has not
been a problem in the operating room or pathology. Once baseline work has been
done, we monitor as needed or if there are questions from the OR staff.

CONCLUSION

In this chapter we have provided suggestions and techniques that have been accrued
from our experience with lymphoscintigraphy. Each hospital and personnel may
have different requirements. From a practical standpoint, the above methods have
been used for several years. We feel comfortable with our methodology. Full
understanding of the inverse square law will lead to more efficient use of the
gamma probe and radiation safety. If there is poor communication or lack of
support in any part of the process, the program will not be successful. For a
program to work well all physicians involved with lymphoscintigraphy should visit
the departments of Nuclear Medicine, surgery and Pathology to observe first hand
what happens in each department. An important factor is the cooperatioin of all
disciplines involved in defining the sentinel lymph node.

The author would like to thank Mr. Ray Darbyshire, CNMT for his technical
expertise.
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3 SELECTIVE SENTINEL LYMPH

NODE MAPPING AND DISSECTION
FOR MALIGNANT MELANOMA

Stanley P. L. Leong, MD

RATIONALE FOR SELECTIVE SENTINEL LYMPHADENECTOMY FOR
MELANOMA

Numerous retrospective studies have suggested that patients with primary
melanoma who underwent elective lymph node dissection (ELND) had an improved
survival rate as compared to patients who were initially observed and then
underwent therapeutic lymph node dissection following the development of
clinically evident regional metastasis [Balch 1981, Balch 1988, Callery 1982,
Cohen 1977, Das Gupta 1977, McNeer 1964, Meyer 1979, Morton 1992a, Morton
1992b, Roses 1985]. ELND remains controversial despite a few prospectively
randomized studies showed no notable benefit was obtained [Sim 1978, Veronesi
1977, Balch 1996, Balch 2000]. However, subgroup analysis in the study by Balch,
et al. [1996, 2000] suggested that ELND may improve survival for male patients
with lesions measuring 1.1 to 2 mm thick and 60 years of age or younger. As the
incidence of microscopic metastasis in the prospective collection of patients with
intermediate-thickness melanoma is approximately 20% [Morton 1992b] and
because improvement in 5-year survival by ELND is approximately 53% versus
about 26% following therapeutic dissection for palpable metastasis [Morton 1992b],
ELND may be expected to influence the survival of less than 10% of the patients
undergoing the procedure [Karakousis 1996a]. This may explain the difficulty in
demonstrating survival benefit in prospective, randomized studies. Because most
patients with primary melanoma do not harbor nodal metastases, they probably will
not benefit from ELND, and yet ELND can result in postoperative limb edema. On
the other hand, delay of ELND until the presence of palpable nodes may allow the
spread of melanoma to other nodes and distant sites with a marked compromise of
long-term survival. Sentinel lymph node (SLN) detection solves the clinical
dilemma of selecting out the relevant node in the nodal basin. It is an ideal
procedure because it is minimally invasive, yet powerful enough to select the
relevant lymph node of the nodal basin, without a complete radical lymph node
dissection. Another advantage of the SLN technique is that because significantly
fewer lymph nodes are harvested, the harvested nodes can be processed
meticulously to look for occult micrometastasis. Selective SLN dissection provides
a suitable alternative to ELND in assessing patients with primary melanoma for the
occurrence of microscopic metastasis.
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IDENTIFICATION OF SLNs BY BLUE DYE VERSUS RADIOISOTOPE
TECHNIQUE

Intraoperative localization of the SLN is accomplished by injection of two tracer
agents at the primary site: Technetium-99m sulfur colloid and Lymphazurin or blue
dye. This technique is based on the observation that when a blue dye such as
isosulfan blue (Lymphazurin, Hirsch Industries, Inc., Richmond, VA) is injected
around the primary melanoma site, it drains into the SLN. If the blue dye-stained
SLN is negative for metastatic melanoma, then the incidence of micrometastasis in
the remaining lymph node basin is less than 1%-2% [Morton 1992b]. Therefore, it
can be concluded that the SLNs are the primary recipients of metastatic cells in
most patients. When only using blue dye to find the SLNs, the dissection procedure
could be relatively extensive. Injection of a radiocolloid at the primary melanoma
site for lymphoscintigraphy has been used since the late 1970’s [Fee 1978, Lamki
1992, Sullivan 1981] to guide surgeons for prophylactic lymph node dissection.
Similar to blue dye, the radiocolloid enters lymphatic capillaries and concentrates in
the SLNs. As shown by Alex and Krag [Alex 1993], a small hand-held gamma
probe can be used to localize the radiolabeled lymph node in the regional nodal
basin. Preoperative lymphoscintigraphy is also important because it defines the
SLN from the primary site and it directs the surgical incisions. With the
combination of blue dye and radioisotope mapping, the SLNs can be harvested with
a minimal amount of dissection. A summary of the numerous studies using blue
dye technique, radiotracer mapping by a hand-held gamma probe, or a combination
of both techniques is shown in Table 1. Overall, the success rate of harvesting the
SLN by blue dye alone is 82%, by radiotracer mapping is 94%, and by combination
method is 98%. When SLNs by blue dye staining and/or are negative for
micrometastasis, the remainder of the lymph node basin is usually negative [Morton
1992b, Reintgen 1994, Albertini 1996, Krag 1995, Ross 1993, Thompson 1994].
Different types of radiocolloid have been used such as Tc99m sulfur
colloid with human serum albumin, Tc99m antimony sulfur colloid, and Tc99m
sulfur colloid for identification of SLNs [Eshima 2000]. The ideal radioisotope
colloid is one that, after injection, moves rapidly to the regional lymph node and
concentrates in that node without leakage for at least several hours. This allows the
patient to be transported to the operating room within a reasonable period of time
for successful intraoperative mapping using a hand-held gamma probe without
contaminating the rest of the nodal basin. Based on the studies by Albertini et al.
[1996], the Tc99m sulfur colloid has been shown to concentrate in the regional
lymph node within at least 3-6 hours. Comparisons have been made between the
radioactivity of the SLN being harvested immediately following injection of the
radiocolloid material and after 3-4 hours of injection. The radioactivity of the
delayed SLN (n=16) was much higher than that of the immediate group (n=90)
(p<0.01). This result indicated that Tc99m on injection would migrate quickly to
the SLN and concentrate within it for at least 4 hours without significant leakage.
In our study, this phenomenon of sustained concentration of radioisotope in the
SLN has been substantiated. The average time of imaging between radiocolloid
injection and lymph node identification by lymphoscintigraphy was 55 minutes
(range 1-165 minutes) and an additional delay of 139 minutes (range 60-413
minutes) to the time of surgery. Furthermore, we have demonstrated that Tc99m
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Table 1. Success Rates of Melanoma Sentinel Lymph Node Identification
Techniques*
Author Year [Patients| Blue Dye Intraoperative Either
Technique |Radiotracer Technique| Technique

Morton [1992b] 1992 223 82% (basins) not used
Reintgen [1994] 1994 42 100% (patients) not used
Van der Veen [1994]] 1094 11 100% (patients) 100% (patients)
Glass [1995] 1995 132 99% (patients) not indicated 100% (patients)
Krag [1995] 1995 121 91% (patients) 98% (patients)
Pijpers [1995] 1995 41 90% (patients) 100% patients
Glass [1996] 1996 148 60% (nodes) 80% (nodes) 97% {nodes)
Karakousis [1996b] | 1996 55 93% (patients) not used
Albertini [1996] 1996 | 106 70% (nodes) 84% (nodes) 96% (basins)
Kapteijn {1997] 1997 110 84% (nodes) 99.5% (nodes) 99.5% (nodes)
Leong [1997] 19971 163 74% (nodes) 98% (nodes)
Bostick [1997] 19971 117 92% (basins) 100% (basins) 100% (basins)
Pijpers (1997] 1997 | 135 86% (nodes) 100% (nodes)

85% (basins) 100% (basins)
Wells [1997] 1997 58 67% (nodes) not indicated 95% (patients)
Lingam [1997] 1997 35 100% (patients) not used
Joseph [1997] 19971 595 not indicated not indicated 98% (patients)

* Reporting of success rates is not standardized. Percentages are indicated in patients, nodal basins or
SLNs. Furthermore, common denominators, such as total number of SLND attempts, are not always
explicitly mentioned. Thus, the above percentages may vary depending on interpretation. From
Leong, SPL: The role of sentinel lymph nodes in human solid cancer. In: Devita, VT, Hellman, S,
Rosenberg, SA, eds. PPO Updates, vol 12., Philadelphia: Lippincott-Raven, 1998; with permission.

can be detected in SLNs up to nearly 7 hours without significant leakage of the
radioisotope to the adjacent lymph nodes nor the adjacent lymphatic tissue. We
have imaged over 20 patients at delayed times over 18 hours, but have not seen
further migration to other sites (data not shown).

In comparing the two techniques, gamma probe lymphoscintigraphy has
been seen to be superior to blue dye in the detection of SLNs. Following
Lymphazurin injection, blue dye-stained lymphatics and lymph nodes could easily
be visualized in 74.1% of the SLNs. When radiocolloid was used to locate SLNs, a
SLN was defined as any lymph node with radioactivity greater than three times the
background in vivo or 10 times the background ex vivo [Albertini 1996]. Using this
definition, 98% of the cases of SLNs were determined using the gamma probe. In
about 30% of the cases, no blue lymphatics were seen. In such cases, gamma probe
detection was crucial in detecting the SLNG.

The stable accumulation of the Tc99m in the SLNs for several hours
allows us to admit the patient, and perform preoperative lymphoscintigraphy,
intraoperative mapping, and surgery all on the same day. This eliminates the
necessity of the surgeon injecting radioisotope material in the operating room. In
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our study, as well as in other studies [Albertini 1996, Krag 1995, Reintgen 1994,
Ross 1993, Thompson 1994], the successful identification and harvesting of SLN is
high, approaching more than 95%. A recent study has demonstrated no significant
discordancy between immediate and overnight patterns of lymphoscintigraphy
[White 1999]. We have performed over 20 cases on patients with extremity
melanoma. Lymphoscintigraphy on the day before and the next day prior to surgery
showed a concordancy rate of almost 100% (unpublished data). Therefore, patients,
certainly those with melanoma of the extremity, may have preoperative
lymphoscintigraphy the night before surgery and can be scheduled for the first case
the next day without delay in the nuclear medicine suite.

As the radioisotope accumulates in the SLN following preoperative
lymphoscintigraphy, the patient can be immediately transferred to the operating
room for intraoperative mapping with blue dye injection as well as with a hand-held
gamma probe. We have taken advantage of this approach and streamlined the
patient’s initial preoperative lymphoscintigraphy and intraoperative mapping within
the same day of surgery, to avoid two different injections of radioisotope and a
separate lymphoscintigraphy prior to surgery [Leong 1997].

SELECTIVE SENTINEL LYMPH NODE MAPPING FOR MELANOMA:
HOW WE DO IT

I. Preoperative Lymphoscintigraphy

The use of the gamma camera to localize the SLN is important although Krag states
that imaging is not necessary [Krag 1998]. At UCSF Medical Center at Mount
Zion, we have developed a close working relationship between the nuclear medicine
physician and the surgical staff. The imaging information is communicated to the
surgeon prior to selective SLN dissection. This practice gives the surgeon a greater
confidence in localizing the lymph node. In-transit nodes and other basins for
consideration are noted. Although Krag has defined nodes with ease using the
gamma probe alone, we consider imaging with associated marks on the patient's
skin to limit the time of search and the size of the incision for the SLN.

Preparation of Tc99m Sulfur Colloid

The sulfur colloid is made by a hydrogen sulfide technique [Kowalsky 1987], which
makes the particles much smaller than the standard thiosulfate method [Kowalsky
1987]. The radiocolloid is filtered through a 22-um filter to remove any large
particles.

Injection of Sulfur Colloid

The average injected dose of Tc99m in our series of patients was 20.7 MBg (range,
3.7-74 MBg). The time from radioisotope injection to surgical incision ranged from
60 to 413 minutes (mean time, 139 min.).

Identification of Lymphatic Basins

Lymphatic basins at risk are identified by the nuclear medicine physician, and the
location of the highest radioisotope uptake is marked to indicate the presence of the
SLN in each of the basins. In most of the cases the lymphatic channels are
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visualized leading to the SLN. We have learned that it may be necessary to cover
the injection site with lead to visualize the lymphatic channels, especially if the
injection site is in the field of view with the SLN such as in head and neck sites.
Figure 1 (pg. 47) shows the different possible patterns of channels leading to the
SLNs. For more detailed information, see Chapter 2.

I1. Intraoperative Mapping Technique

Lymphazurin Injection

After the SLN site is marked, the patient is transferred to the operating room. No
further injection of radiotracer is necessary in the operating room. Lymphazurin is
injected intradermally prior to the procedure around the primary melanoma site
ranging from 1 to 5 ml. The surgical wounds are then prepared. Be aware of any
adverse reactions such as urticaria, respiratory and hemodynamic changes which
usually occur in the first 10 to 20 minutes. [Leong 2000b]. The patient should be
instructed that his or her urine will be blue for several days, as the blue dye also
enters the circulatory system.

Types of Anesthesia
General anesthesia has been used preferentially (77.5%), as compared to monitored
anesthesia care (17.2%), regional (4.6%) and local (0.7%).

Intraoperative Mapping

Intraoperative mapping of the SLNs is achieved using a hand-held gamma probe
(Neoprobe 2000, Neoprobe Corporation. Dublin, OH) and staining with blue dye.
A 2-3 cm incision is made over the marked area of greatest activity as detected by
the hand-held gamma probe. The incision is carried down through the subcutaneous
fat in a tunnel-like fashion, and the fascia is incised. The lymph nodes usually
reside beneath the fascia. Using the gamma probe, the SLNs can be located by
detecting increased radioactivity in counts per second with respect to orientation.
Often, the blue dye-stained lymphatics would be seen, confirming the findings of
the radioisotope activity, with resultant removal of the SLN. Always proceed the
dissection as close to the SLN as possible to avoid injury to nerves and vessels. In
general, the SLN may be identified using a gamma probe, blue dye, or both.

ldentification of SLNs

After the removal of the SLN, the hand-held gamma probe is used to search the
resection bed to make sure that no residual elevated radioactivity remained. Further
exploration is carried out, if the resection bed count remained high. Figures 2 and 3
(pg. 48) show two patterns of resection bed radioactivity, as determined by a
gamma probe, depending on the number of SLNs. If only one SLN is present, the
resection bed count is almost equal to background levels. On the other hand, when
multiple SLNs are present, the resection bed, after removal of the first SLN, shows
persistent elevation of radioactivity until the last SLN is removed, at which time
there is a decrease in the resection bed count to almost background levels (Figure 3,
pg. 48). In general, the presence of residual SLNs in the basin should be considered
if the resection bed-to-background ratio remains above 3:1 or if the node shows an
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in situ count >10% hottest node. The author always does a "roaming count" at 8§
positions of the clock to make sure the entire operative field is of low background
count. Roaming and resection bed counts should be carefully taken. The resection
bed count is the count where the lymph node has been harvested and therefore it
should be to normal background or at least significantly drops down unless there is
an adjacent "hot" lymph node. On the other hand, roaming counts may be elevated
despite the fact that the resection bed count is low because an elevated roaming
count wherever that elevation is indicates a separate SLN. Prior to closure, a digital
exploration is also important to make sure that no suspicious nodes are left behind.
When a SLN is totally replaced by tumor cells, it may not pick up the blue dye or
radiocolloid, presumably due to blockage of the tracer from entering into the lymph
node.

Advantage of the Gamma Probe

The intraoperative hand-held gamma probe directs the surgeon to the area of
greatest radioactivity with pinpoint accuracy. This often results in the identification
of blue dye-stained lymphatics that otherwise would require a more extensive
dissection to detect. The radiolabeled lymph nodes could be easily detected using a
hand-held gamma probe [Alex 1993]. Therefore, with the combination of the blue
dye and radioisotope mapping, the SLNs can be harvested with minimal extent of
dissection [Krag 1995, Albertini 1996, Kapteijn 1997, Leong 1997, Bostick 1997,
Pijpers 1997] and accuracy [Krag 1995, Morton 1992b, Reintgen 1994, Ross 1993,
Thompson 1995]. The ability to visualize the afferent lymphatics and the lymph
node with blue dye gives the surgeon the added dimension of direct identification of
the lymph nodes, in addition to mapping by the gamma probe. In general, the
primary melanoma site would be widely excised. Therefore, retention of the blue
dye in the original melanoma or biopsy site is not a problem. Furthermore, the dye
will dissipate in weeks if, indeed, there is some residual dye still left in the skin
following wide excision. On average, the colloid or the blue dye will travel through
the lymphatics to the appropriate SLNs within 5-15 minutes. For the group of
patients almost 20% with no visible blue dye, the SLN exploration would have been
unsuccessful ifthe gamma probe were not used.

Closure of Wounds

After selective SLN dissection, the wound is then closed in three layers, with the
deep layer being closed with interrupted 2-0 Dexon (Davis & Geek Manati, PR)
sutures, the superficial subcutaneous layer with interrupted 3-0 Dexon sutures, and
the skin with either running subcuticular sutures of 4-0 Dexon. Particularly in the
axilla, avoid placement of too deep a suture as nerves may be ligated. Drains are not
placed.  After changing gloves and instruments, the primary site is excised
according to the thickness of the primary melanoma. Most of the time, the wound is
closed primarily, and only occasionally are split-thickness skin grafts used.
Complications of selective SLN dissection have been minor, and most patients have
been discharged from the hospital either on the day of surgery or the day after.
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Table Dissection

It is important to dissect the SLN from the non-SLN or lymphatic tissue within the
resected specimen on a separate table using the gamma probe so that each lymph
node is correctly labeled for pathologic evaluation.

III. Instruments

The author finds that several instruments (Figure 4, pg. 49) are indispensable for the
successful performance of selective sentinel lymphadenectomy. The Baily right
angle is a fine instrument for dividing the fascia from the subcutaneous tissue such
as clavipectoral fascia in the axilla and Scarpa's fascia in the groin. A fine Schmidt
clamp may also be used. Usually, the lymph nodes are situated beneath the fascia.
The Allis clamp is routinely used to grasp the adjacent tissue surrounding the SLN
to lift it from deep into the operative field. Alternatively a 2-0 silk stitch may serve
the same purpose. The author finds that the Allis clamp is much more reliable.
Since the incision is usually small 2-3 cm, three directional retraction is critical to
expose the deeply seated SLN. Depending on the depth of the operative field, a
vein retractor, Army and Navy, McBurney or Deaver retractor may be used.

IV. Case Illustrations

Several selected cases have been chosen from the author's extensive experience on
melanoma selective sentinel lymphadenectomy. They are classified under head and
neck (Figure 5, pg. 51), trunk (Figures 6, pg. 52 and 7, pg. 53) and extremities
(Figures 8, pg. 54 and 9, pg.55). A sample operative report is included as an
illustration of how the author dictates his operative report (Figure 10, pg. 56 and
57).

EMPHASIS FOR PREOPERTIVE LYMPHOSCINTIGRAPHY AND
NARROW EXCISION OF SUSPECTED SKIN LESION FOR MELANOMA

Our recent study has found that discordancy between lymphoscintigraphic and
clinically defined nodal basins is 5% for lower extremity, 14% for upper extremity,
25% for trunkal melanoma and 48% for head and neck. The overall discordancy
rate is 19.5% [Leong 1999a]. Because of discordance between clinical predictions
and lymphatic drainage as determined by preoperative lymphoscintigraphy [Leong
1999a] preoperative lymphoscintigraphy is a prerequisite for characterizing the
lymphatic drainage pattern in patients with primary melanoma especially for sites
such as the head and neck as well as the trunk before selective SLN dissection
[Leong 1999a]. Our studies are in agreement with other studies [Wanebo 1985,
Uren 1993, Berman 1992, Thompson 1994]. Therefore, it is mandatory to have
preoperative lymphoscintigraphy prior to selective sentinel lymphadenectomy.
Because of potential lymphatic drainage disruption by wide local re-excision, it is
preferred to have re-excision performed in the same setting as the selective
lymphadenectomy. For the sake of argument even if no disruptions were made by
initial wide local re-excisions, concideration should be given to the patient so that
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re-excision can be done at the same time of selective sentinel lymphadenectomy
[Coldiron 2000, Leong 2000e].

Therefore it is important to have a narrow biopsy of any suspected pigment
liaison without a wide local excision. If the histological diagnosis is confirmed to be
melanoma and fits the criteria for the selective sentinel lymphadenectomy such as
Breslow thickness greater than 1 millimeters, transection of the melanoma without
definitive thickness, regression and ulceration, wide local re-excision should be
delayed until the time of sentinel lymphadenectomy.

CHOICE OF BLUE DYE VERSUS RADIOTRACER IN MAPPING THE
SLN

Whether the choice of SLN localization method either by radioactivity or blue dye
is of any clinical significance is undetermined at this time. However, 27.3% of the
SLNs were detected using only the hand-held gamma probe with no blue dye
staining [Leong 1997]. Some radiolabelled lymph nodes were positive for
micrometastasis, certainly qualifying them as SLNs. Therefore, radiocolloid
detection is more sensitive than the blue dye as shown in our study [Leong 1997] as
well as in another study [Kapteijn 1997].

Our goal in this study was to correlate all the SLNs with metastatic
melanoma with blue dye or radiotracer staining. Currently, the SLN is arbitrarily
defined as a node that grossly harbors blue dye and/or shows radioactive uptake
exceeding a 10:1 ratio of ex vivo to resection bed count or a 3:1 ratio of in vivo to
resection bed count [Albertini 1996]. Our study included 309 consecutive patients
who underwent melanoma SLN mapping procedure. Five hundred seventy seven
lymph nodes were studied for blue dye intensity, radioactive uptake (hot) and
presence of blue afferent lymphatic channels. In analysis, 54 of the 309 patients
(17.5%) were found to have SLNs positive for melanoma, and 68 of the 577 SLNs
harvested (11.8%) were found to harbor micrometastasis. The distribution of blue
and hot SLNs positive for micrometastasis is summarized in Table 2.

Table 2. Distributions of Positive SL.Ns with respect to blue and “hot” nodes.

Positive SLNs by Tracer Number Percentage
Identification
Blue Only 1 1.5
Blue and Hot 54 79.4
Hot Only 13 19.1
Total 68 100.0

Blue afferent lymphatic channels were not consistent in leading to a blue
lymph node. For all the positive SLNs, the lowest ex vivo to resection bed count
ratio exceeded a 3:1 ratio. Using positive SLNs as relevant references, almost all
SLNs (98.5%) could be detected by increased radioactive uptake and yet only
approximately 80.9% were visualized as blue. Furthermore, about 1% of the
patients receiving blue dye manifested a severe anaphylactic reaction [Leong
2000b]. Therefore, we conclude that radioactive localization of SLN using gamma
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probe is a far superior technique than blue dye, and that in most cases, the
radiotracer can replace the blue dye [Leong 2000d].
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Figure 1. Different patterns of lymphatic channel between the primary site of melanoma and SLN.
Pattern A appears to be most frequent. Patterns C and E show two channels leading to one SLN. Pattern
D shows occasional uptake of radioactivity in in-transit lymph nodes prior to the SLN in the regional
lymph node basin. To date, both the in-transit lymph node and SLN are being biopsied when the in-
transit lymph node is encountered. When a channel drains into a lymph node and contiguous to another
lymph node in succession (Pattern B), the first lymph node is considered the SLN. On the other hand,
when paralle] channels are observed (Pattern F and G), both SLNs should be harvested. Further study is
underway to identify the frequency of these different patterns of drainage to the regional SLNs. From
Leong, SPL: The role of sentinel lymph nodes in human solid cancer. In: Devita, VT, Heliman, S,
Rosenberg, SA, eds. PPO Updates, vol 12., Philadelphia: Lippincott-Raven, 1998; with permission.
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Figure 2. Pattern of radioactive counts per second in identifying a single SLN. After successful
resection of the SLN, the resection bed counts returned to the background level. From Leong SPL,
Steinmetz 1, et al.: Optimal Selective Sentinel Lymph Node Dissection in Primary Malignant Melanoma.
Arch Surg 132:670, 1997; with permission.

20000
18000 4
16000 -
14000 4
12000 4
10000 -
8000 4

Counts per Second

6000 4
4000 4

2000 1

0

_._

T
In Vivo

SLN 1,
Ex Vivo

Resection  SLN 2,
Bed In Vivo
Counts

T
SLN 2,
Ex Vivo

Resection
Bed

Figure 3. Pattern of radioactive counts per second in identifying multiple SLNs. After resection of the
first SLN, the resection counts persisted to be high. When the second and last SLN was successfully
resected, the resection bed counts returned to the background level. From Leong SPL, Steinmetz I, et al.:
Optimal Selective Sentinel Lymph Node Dissection in Primary Malignant Melanoma. Arch Surg

132:670, 1997; with permission.



49

Selective Sentinel Lymph Node Mapping and Dissection for Malignant Melanoma

Figure 4. Instruments for selective sentinel lymphadenectomy:

A - Right Angle Bailey Clamp
B - Fine Schnidt Clamp

C - Vein Hook Retractor

D - Dull Senn Retractor

E - Army-Navy Retractor
F - McBurmey Retractor
G - Deaver Retractor

H - Allis Clamp
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COMPLICATIONS

We have reported severe anaphylactic reactions from blue dye [Leong 2000b].
From November, 1993 to August, 1998, 406 patients underwent intraoperative
lymphatic mapping using both isosulfan blue (1-5cc injected intradermally around
the primary melanoma) and radiocolloid injection at UCSF Medical Center at
Mount Zion. Three cases of anaphylaxis following intradermal injection with
isosulfan blue were encountered. These cases varied in severity from treatable
hypotension with urticaria and erythema to severe cardiovascular collapse with or
without bronchospasm or urticaria. In our series, the incidence of anaphylaxis to
isosulfan blue was about 1%. Anaphylaxis can be fatal if not recognized and treated
rapidly.  Operating room personnel participating in intraoperative lymphatic
mapping where isosulfan blue is used must be aware of the potential consequences
and be prepared to treat anaphylaxis.

Recently Krouse and Schwarz in their letter to the ediitor of Annals of
Surgical Oncology entitled "Blue dye for sentinel lymph node mapping: not too
sensitive, but too hypersensitive?," they described a case in which a melanoma
patient following blue dye injection developed blue hives [Krouse 2000]. They
assert that the utility of the routine use of blue dye for intraoperative mapping is
probably not needed when a radiolabled SLN technique is to be performed. The
author agrees with their suggestion [Leong 2000c]. The surgical and anesthesia
complications of selective sentinel lymphadenectomy are consistant to the
procedure performed. A recent study by Bonenkanp et al of 43 melanoma patients
undergoing selective sentinel lymph node dissection show one of the axillary
procedures was complicated by wound dehiscence (mobility 4%), and 4 of the 12
(30%) inguinal procedures were complicated by lymphocele or infection with one
wound. Sentinel lymph node dissection in the neck region had no morbidity. All
these complications were treated out of the hospital [Bonenkanp 2001]. We are
collecting statistics with respect to nerve injury, wound infection, seroma,
lymphaderma and so forth in a prospective fashion.

CLINICAL SIGNIFICANCE OF MELANOMA MICROMETASTASIS TO
SENTINEL LYMPH NODES AND OTHER HIGH RISK FACTORS

According to recent studies by Gershenwald [Gershenwald 1999] and our group
[Leong 2000a], patients with positive SLNs do much worse than those with
negative SLNs with respect to disease-free survival. More than 600 patients who
underwent lymphatic mapping at the M.D. Anderson Cancer Center and the
University of South Florida were followed with a median follow-up of 20 months.
The SLN status was analyzed using multivaried analysis in comparison to the other
prognostic factors influencing the outcome of melanoma. SLN status was found to
be the most important prognostic factor influencing disease-free and distal disease-
free survival in stage I and II patients (p<0.02). Patients who had negative SLNs by
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Figure 5 - Head and Neck

A 43 year old Caucasian male with melanoma of the right posterior auricular scalp area with a previous
narrow biopsy showing Breslow thickness of 2.6mm, (Clark’s level IV). His preoperative chest x-rays
and blood tests were unremarkable. Preoperative lymphoscintigraphy revealed four areas of focal uptake
consistent with nodal uptake in the right posterior cervical chains. I[ntraoperative mapping with
intradermal injection of Isosulfan blue dye and gamma probe resuited in harvesting of several sentinel
lymph nodes which were all negative for microscopic disease.



52 Atlas of Selective Sentinel Lymphadenectomy

B

8 >sins
LAD LAX
[UCse
P L CCCTRRREY EEC R AR AL
1 - 3 T LT
SPECC e - SRTE S ) S-S
iLX-‘S.C SPEC. —— _..ﬂ»\‘li?_... i % |%

27,37 27224

I"(‘ Suﬁ L AXILLA

ne

Figure 6 - Trunk

A 34 year old Caucasian female, presented with an abnormal changing mole in the left flank area. Partial
punch biopsy of the lesion revealed malignant melanoma of 1.2 mm Breslow thickness (Clark’s level
1II/IV). Preoperative chest x-rays and blood tests were unremarkable. Preoperative tymphoscintigraphy
revealed two sentinel lymph nodes with a single channel to the left axilla. Intraoperative lymphatic
mapping with intradermal Isosulfan blue dye injection and a gamma probe was successful in harvesting
two sentinel lymph nodes, the second being located inferiorly to the first. Both nodes were found to be
negative for micrometastasis. The patient has been followed up on a regular basis with no evidence of
disease for 3 years and 9 months at the last clinic visit..
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Figure 7 - Trunk
A 22 year old Caucasian female with a narrow biopsy of a changing mole in the right scapular area which

revealed 1.3 mm Breslow thickness and an unclassified Clark’s level. Her preoperative chest x-ray and
blood tests were negative. Her preoperative lymphoscintigraphy showed a sentinel lymph node in the
right axilla. Intraoperative lymphatic mapping including intradermal injection of Isosulfan blue dye and
a gamma probe resulted in successful harvesting of a right axillary sentinel lymph node harboring
micrometastasis. She subsequently underwent a negative right axillary level I/IVIII radical lymph node
dissection (0/15 nodes). She was subsequently treated with adjuvant Interferon for one year and has been

free of disease for 3 1/2 years at the last clinic visit.
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Figure 8 - Upper Extremity

A 37 year old Caucasian male presented with a 4.3 mm thick (Clark’s level V) melanoma of the right
fourth proximal interphalangeal digit by a punch biopsy. A chest x-ray and blood tests were negative.
Preoperative lymphoscintigraphy revealed one lymph node in the right epitrochlear area and two in the
right axilla. Intraoperative lymphatic mapping consisting of intradermal injection of Isosulfan blue dye
and a gamma probe resulted in the successful harvesting of the sentinel nodes, all of which were found to
be positive for micrometastasis. The primary lesion was found to have a thickness of 4.5 mm (Clark’s
level V). The patient also underwent amputation of the finger. His postoperative course was uneventful.
As a member of a certain religious faith, the patient declined any subsequent treatment including
additional lymph node dissection and interferon. He underwent alternative medical treatment. Four
months following initial surgery, a lesion the size of a golf ball developed in the right preauricular area.
Six months following initial surgery, he developed recurrence in the right axilla. There was no recurrence
in the right epitrochlear area or at the amputation site. The patient ultimately expired one year later
secondary to metastatic melanoma.
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Figure 9 - Lower Extremity

A 78 year old Caucasian female presented with a history of a left great toe melanoma after some tissue
was debrided for a nonhealing ulcer following local trauma the previous year. Biopsy was significant for
an undifferentiated neoplasm consistent with melanoma. S-100 and HMB-45 stains were positive. The
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patient had no palpable lymphadenopathy. Her preoperative chest x-rays and blood tests were negative.
Preoperative lymphoscintigraphy revealed a single channel leading to two prominent contiguous sentinel
lymph nodes in the left superficial inguinal basin. However, the patient, who has a history of a stable
angina, did not undergo subsequent surgery due to a cardiac assessment. Preoperative
lymphoscintigraphy was performed again 1 week later and revealed the same sentinel lymph node pattern
from the previous study. The sentinel nodes were marked. The more proximal of the “hot” areas showed
the most intense activity. The distal one had lesser activity and the dynamic study actually intensified at a
somewhat later time. It was commented in the lymphoscintigraphy report that this might be simply
confluence of lymphatic vessels rather than a definite node, although this area was marked. The popliteal
area was negative. Intraoperative lymphatic mapping including intradermal Isosulfan biue dye injection
and a gamma probe resulted in successful harvesting of 2 SLNs and an distal adjacent lymphatic tissue
in the left femoral area, which were all confirmed by Pathology to be free of metastatic disease. The
patient also underwent a left great toe transphalangeal amputiation which revealed malignant melanoma
invasive to 3.12 mm with clear proximal margins. (See operative report in Figure 10). She has remained
disease free for 46 months as of her last clinic visit.

Patient Name: Patient from Figure 9 MRN: #
PREOPERATIVE DIAGNOSIS: Malignant melanoma of the subungual type of the left great toe.
POSTOPERATIVE DIAGNOSIS: Malignant melanoma of the subungual type of the left great toe.
OPERATION: 1. Left femoral selective sentinel lymph node dissection with intraoperative

lymphatic mapping.

2. Amputation of the left great toe at the proximal aspect of the proximal

phalangeal joint.
ANESTHESIA: Spinal anesthesia.
CLINICAL INDICATIONS: This is a 78-year-old Caucasian female with a history of at least a year of a
non-healing ulcer in the subungual area of the left great toe. Recent biopsy showed subungual melanoma.
She has no evidence of metastatic disease. She was admitted at this time for the procedures as mentioned
below.
WOUND PREPARATION: The entire left lower extremity to above the left groin was painted with
Betadine and draped in the usual sterile fashion with a stockinette up to the level of the midthigh.
DESCRIPTION OF PROCEDURE: The patient first underwent lymphscintigraphy in the Nuclear
Medicine Department and 287 microcurie of technetium sulfur colloid were injected in the left subungual
area at 9:00 am. One lymph node basin was noted in the left femoral triangle and two “hot” areas were
marked - one proximally and one distally. The proximal marking was 3 cm below the inguinal crease
overlying the femoral artery and the distal marking was distal and medial to the proximal marking at 7.5
cm from the inguinal crease. Informed consent was signed. I was present throughout the entire procedure.
The patient was taken to the operating room and satisfactory spinal anesthesia was performed. The
patient was placed in the supine position with the left knee in a slight frog leg position. Preoperatively,
the Neoprobe readings were taken of the primary site left subungual area 26232, left anterior ankle 157,
popliteal 37, left midanterior thigh 77, left femoral proximal marking 3898, left femoral distal marking
507, a point between the two markings 573, left proximal inguinal 906, suprapubic 471, right femoral
(the contralateral to the proximal marking of the left femoral triangle) 102, right femoral (contralateral to
the distal marking of the left femoral area) 155, and umbilicus 164.
The patient received 1 gm of Kefzol preoperatively. Blue dye injection was given at 14:15 and blue dye
injection was completed at about 14:29. § cc* of Lymphazurin were injected around the left subungual
area in a circumferential way. Blue lymphatics were seen going up the dorsal surface of the left foot
towards the ankle. An incision was made at 14:46 of a distance of about 3 cm just below the proximal
marking along the axis of the left femoral artery. The incision was carried through the Scarpa’s fascia. At
2 cm below the incision at 14:52 proximal pointing, the count was 5217. At 14:54, at 3 cm below the skin
level, proximal pointing the reading was 6001. At 14:55, the blue lymphatics were scored as 4/5.
At 15:12, the blue lymphatics were noted to be draining into two lymph nodes undemneath the proximal
marking and there were two lymph nodes - one proximally and the other distally located as a chain of
two lymph nodes. The reading on the proximal lymph node was 4663 and that of the distal lymph node
which was larger than the proximal lymph node was 6601. The proximal lymph node was 3/5 blue and
the distal lymph node was also 3/5 blue. Lymph nodes were secured with an Allis clamp and dissected
from the surrounding tissue using hemoclips to clip the lymphatic tissue. At 15:13, both lymph nodes
were removed and the ex vivo reading of the proximal lymph node was 3729 and the distal lymph node
was 6474. At 15:15, the surgical bed was 367. The roaming counts proximally 752, superolaterally 251,
laterally 131, inferolaterally 74, distally 92, inferomedially 152, medially 91, superomediatly 348.
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Because there was a distal marking; a distal flap was created to dissect to the distal marking area and the
readings were from 95-192; therefore, it was thought that the distal marking did not represent a true
lymph node underneath. Digital exploration showed no residual suspicious or enlarged lymph nodes in
the surgical bed. The wound was irrigated with saline and the deep subcutaneous layer was closed with
interrupted stitches of 3-0 Dexon. The superficial subcutaneous layer was also closed with interrupted
stitches of 3-0 Dexon. The skin was closed with running subcuticular stitches of 4-0 Dexon. Instruments
and gloves were all changed. Attention was then directed towards the left great toe. This was approached
by removing the drapes and underneath it was isolated clean drapes as well as the stockinette. The
stockinette was then cut and this exposed the left great toe. The left great toe was wrapped around with a
4x4 gauze and secured to the skin with Allis clamps both laterally and medially. About 1 cm proximal to
the metacarpophalangeal joint crease, a circumferential incision was made with more skin being
preserved in the posterior aspect to use as a posterior flap. The incision was then carried down through
the subcutaneous tissue. The metacarpophalangeal joint was disarticulated as the joint attachments were
divided. The amputated toe was sent to Pathology. Gloves were changed. The protruding bone was
trimmed with a Rongeur and filed so that the edges were smooth. The skin was apposed together and
there was no significant protrusion of the bone undemeath the skin. The lateral and medial dog ears were
excised. The wound was irrigated with saline. The subcutaneous tissue was closed with interrupted
stitches of 2-0 chronic. The skin was closed with interrupted vertical mattress stitches of 3-0 Dermalon.
The patient tolerated the procedure well and was sent to the recovery room under stable conditions.

On a separate table, the lymph nodes were bisected. The proximal lymph node measured 2 cm x 0.9 cm
with 75% fat. A central streak of blue area was noted in the bisected lymph node, and the blue was 3/5,
75% was noted to be fat. The distal lymph node measured 2 cm x 1.1 cm. The fat was 70-75% and the
blue was noted to be of 3/5. It should be noted that in the distal lymph node, the blue was noted withm
the fat component of the lymph node. Each bisected lymph node was sent to Pathology for histologic
diagnosis. There was some fatty tissue with a count of 703 distal to the distal lymph node (Figure 9B)
and this was also sent separately.

PATHOLOGY SPECIMENS: 1. Left great toe
2. Left proximal femoral SLN, 2x0.9¢m, 3/5 blue, count=4663**
3. Left distal femoral SLN, 2x1.1cm, 3/5 blue, count=6601**
4. Lymphatic tissue, count = 703**

OPERATIVE COMPLICATIONS: None.

IV FLUIDS USED: Crystalloids.

DRAINS: None.

ESTIMATED BLOOD LOSS: 30-40 cc.

ASSESSMENT OF PATIENT’S CONDITION: Excellent

SURGEON:

* A range of 1-5 cc of Lymphazurin may be given.

**  Both femoral SLNs were represented by the proximal marking and the lymphatic tissue was

represented by the distal marking (Figure 9B).

Figure 10. An example of an operative report for selective sentinel lymphadenectomy for extremity
melanoma.

routine histologic examination were followed expectantly with the remaining lymph
nodes intact without additional lymph node dissection. Of this group of patients, 12
(2.8%) subsequently developed nodal disease within a previously mapped lymph
node basin as the initial site of failure. The paraffin blocks of the SLNs from this
group of patients were re-evaluated using multiserial sectioning as well as
immunohistochemical staining, with monoclonal antibodies against HMB-45 and
S100 melanoma-associated antigens. From these 12 patients microscopic disease
was subsequently identified using more sensitive techniques. By excluding those
patients who were retrospectively identified as having positive SLNs using more
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sensitive techniques, the long-term false-negative rate was less than 1% with
median follow-up of 20 months. This data supports the contention that lymphatic
mapping and selective SLN dissection accurately selects out that lymph node most
likely to harbor micrometastasis.

Our study has been designed to evaluate the role of SLNs and primary
melanoma high risk factors as prognostic indicators of recurrence and death in
melanoma patients. Data were collected from 357 patients with invasive primary
melanoma undergoing preoperative lymphoscintigraphy and intraoperative mapping
of SLNs from October 21, 1993 to June 30, 1998. The overall positive SLN rate
was 18% by patient count. The overall incidence of recurrence was 11% over a
median follow-up period of 589 days. For negative SLN patients, 91% showed no
evidence of disease (NED) and 9% had developed recurrent melanoma. For
patients with positive SLNs, 77% were NED and 23% had recurrent melanoma
(p=0.002). When complete lymph node dissection (CLND) was performed for
patients with positive SLNs, those with positive nodes in the remaining nodal basin
had a significantly shorter disease-free median survival of about 10 months
(p=0.006). Of the SLN negative patients, 3% have died, 50% of them due to
metastatic melanoma. For the patients with metastatic melanoma to the SLNs, 16%
have died, all of them due to metastatic melanoma (p=0.016). Of the patients with a
Breslow thickness less than 2.25 mm, 11% had positive SLNs, whereas 32% had
positive SLNs (p<0.00005) when the Breslow thickness is 2.25 mm or greater.
Angiolymphatic invasion, high mitotic index, microsatellitosis, and ulceration were
also significant predictors of positive SLNs. We conclude that both micrometastasis
to SLNs and some high risk factors are predictors of poor prognosis for melanoma.
Micrometastasis to SLNs and subsequent non-SLNs from the CLND is associated
with the worst prognosis [Leong 2000a]. We have found micrometastasis as small
as a cluster of 25-50 cells may be associated with additional nodal disease in the
complete lymph node dissection (unpublished data). Future adjuvant trials should
be directed towards this subgroup of patients. This data supports the fact that
lymphatic mapping and selective SLN dissection not only accurately select out that
lymph node most likely to harbor micrometastasis, but also may be used as a tool to
prognosticate the clinical outcome.

CURRENT STATUS

The selective SLN dissection in melanoma should be considered a standard
approach [Reintgen 1996, Coit 1997, Emilia 1997, Houghton 1998] for staging
primary malignant melanoma, provided that the surgeons, nuclear medicine
physicians and pathologists are adequately trained [Morton 1999]. Because the
false-negative rate is extremely low, it can be assumed that those patients with a
negative SLN should have no microscopic disease in the remainder of their nodal
basin. Therefore, selective SLN dissection allows about 80% of patients with
melanoma to be spared a formal lymph node dissection, thus, avoiding the
complications usually associated with that procedure.

Because of the relative ease of assessing the SLNs with a less invasive
procedure than a formal lymphadenectomy, it is tempting to have this information,
particularly with respect to the use of interferon a-2b (Schering, Kenilworth, NJ),
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for the adjuvant treatment of patients with stage III melanoma who are at a high risk
for recurrence (defined as those patients with metastatic lymph nodes)[Kirkwood
1996]. Selective SLN dissection has been suggested as an alternative to
prophylactic lymph node dissection as means of assessing regional lymph node
metastatic status [Reintgen 1996].

OVERVIEW

Several advantages of SLNs in malignant melanoma [Rivers 1997] include: 1) a
negative SLN biopsy will reduce the extent of surgery, cost, and morbidity for many
patients with primary malignant melanoma who might otherwise be told to have an
elective lymph node dissection; 2) the removal of a positive SLN followed by a
prophylatic lymph node dissection will provide better local control of the disease-
involved lymphatic basin; 3) a selective sentinel lymphadenectomy can be
considered as staging procedure when it is positive, after which additional surgery
and adjuvant treatment such as interferon a-2b may be given; 4) a negative sentinel
lymphadenectomy may reassure the patient that the likelihood of metastatic disease
to the regional lymph node is low. Therefore, it offers considerable psychological
benefit.

Clearly, the role of SLN dissection is to provide accurate staging at the
initial diagnosis of primary melanoma. In order to enhance such accuracy, it
requires: 1) accurate identification and localization of SLN by preoperative
lymphoscintigraphy and intraoperative mapping and dissection, and 2) meticulous
histological evaluation by serial sectioning [Robert 1993, Lane 1958, Das Gupta
1977, Wang 1994] on one or a few SLNs as routine histologic techniques for
routine evaluation of lymph nodes may decrease the diagnostic accuracy mainly
because of sampling errors [Reintgen 1995].  Serial sectioning would be too
exhaustive to be done on multiple nodes from ELND.

To achieve a high rate of accurate and successful identification of the
SLNs, it is imperative that the surgeons, physicians of nuclear medicine, and
pathologists work together closely as a multidisciplinary team to offer the best result
to the patient.

PEARLS

e The lymph node is usually below the fascia. (e.g. clavipectoral fascia in the
axilla and Scarpa's fascia in the groin.) So, a tunneling and not a flap type of
incision should be developed to gain access to the fascia. The Baily right angle
is a excellent instrument for dissection. The Allis clamp is routinely used to
grasp the adjacent tissue surrounding the SLN to lift it from deep into the
operative field. Dissection should be as close to the lymph node as possible to
avoid injuries to the adjacent nerves and vessels.
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For dissection of SLN in the parotid or spinal accessory nerve area, it is
important to use a nerve stimulator to guide the dissection to avoid nerve
injury.

The Iymph nodes may be in any portion of the wall of the cavity as the tunnel is
being dissected, especially with respect to the second or the third SLN.
Therefore, the roaming counts are very important, particularly if the
preoperative lymphoscintography shows there are two or three SLNs. Roaming
counts are important to have a panoramic search for any additional SLNs. A
resection bed count alone may not find additional residual SLNs.

If the reading is very focal with disappearance of counts with minimal motion
of the probe, the lymph node is usually small. When the SLN is small, say 5
mm or so in a large basin such as axilla, it would be somewhat difficult to find
it because with further dissection, the tissue is loosening, the tissue may be
folding over and that lymph node may be hidden away in a sort a "blind spot"
which may not be detected. Sometimes it can be frustrating that occasionally
when your probe comes into contact with that lymph node there is a transient
registration of an elevated count. On the other hand, when you try to go back
again, it is not there. Obviously, patience is needed to find such a SLN.

If the reading disappears after retraction, use shallower retractors. This
indicates that the lymph node is in a superficial plane.

When the first SLN has been found which is usually quite easy because at this
point, tissue of dissection is limited and there is quite a bit of integrity of the
tissue to help to dissect that particular SLN. By the time when the second or
third SLN is to be dissected, the cavity architecture is now loose. It makes the
identification by the Neoprobe of the SLN more difficult to localize it.
Therefore, it takes patience and vigilance to find the second or third SLN.

It should be noted that for the blue dye during initial encountering of it in vivo,
it may appear to be 3 to 4 plus blue and during dissection the blue may decrease
in intensity. On the other hand, the radioisotope count on the lymph node
remains stable during the in vivo reading and ex-vivo reading.

When the nuclear medicine physician recognizes a SLN, it could represent a
cluster of a few lymph nodes.

A collimator may be used to minimize "shine through effect" from the adjacent
primary injection site being close to the SLN site. When a collimator is used,
the field of detection is more focal and limited. For a more panoramic search,
the collimator may be detached.

Different sizes of the retractors should be used in order to gain access to the
SLN guided by gamma probe. Once the SLN is identified by a gamma probe,
an Allis clamp can be used to grasp the adjacent tissue of the lymph node
without crushing it so it can be lifted up into the operative field for dissection.
Alternatively a silk stitch can be used, but the author finds that an Allis clamp
is more reliable and more secure than a silk stitch, especially if the lymph node
is deep, for example, in the axilla.

It is not clear whether a deep external illiac lymph node should be explored
initially if identified by preoperative lymphoscintigraphy. The author's
approach is that the superficial ingual lymph nodes should be harvested only if
the superficial and deep iliac nodes are contiguous. If they are positive, at the
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time of completion lymph node dissection the patient would then undergo an
illioingual lymph node dissection. On the other hand, when a separate channel
leads to a deep ilian node, it will be harvested separately.

¢  For anatomical sites which are difficult to triangulate for marking
preopreatively by the nuclear medicine physician including the lower neck,
upper back, epitrochlear, popliteal and any in-transit area, it is important to do a
careful mapping by the hand-held gamma probe prior to making the incision.
Particularly, this is relevant in the upper back area where the lymph node could
be in the supraclavicular area and yet the marking is in the upper back trapezius
area. Also, in the upper arm for the epitrochlear area, the actual lymph node
may be in a different location than the preoperative lymphoscintigraphic
marking would indicate.

e Digital exploration should always be done prior to the completion of selective
sentenel lymphadenectomy to make sure that no suspicious or enlarged lymph
nodes are retained in the surgical bed as blue dye or radiocolloid may not enter
a grossly metastatic lymph node.
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4 SELECTIVE SENTINEL LYMPH

NODE MAPPING AND DISSECTION
FOR BREAST CANCER

Stanley P. L. Leong, MD

RATIONALE FOR SELECTIVE SENTINEL LYMPHADENECTOMY FOR
BREAST CANCER

In 1994, Giuliano [1994] and coworkers published the initial report of the use of a
vital blue dye for the purpose of intraoperative lymphatic mapping and sentinel
node dissection for invasive breast cancer following the model system of melanoma
[Morton 1997]. Since that initial report, a number of studies have confirmed the
concept of sentinel lymph node (SLN) in breast cancer [Giuliano 1999b]. In other
words, when breast cancer metastasizes to regional lymph nodes, it most frequently
goes to the SLN. If the SLN is free from micrometastasis by both hematoxylin and
eosin and immunohistochemical staining, the probability of non-sentinel node
detection of tumor cells is <0.1%. The true false-negative rate of this technique
using multiple sections and immunohistochemical staining to detect micrometastasis
is 0.97% (1/103). Therefore, it is concluded that the SLN is indeed the most
probable lymph node to harbor metastatic breast carcinoma [Turner 1997]. The
concept of SLN has been currently applied to breast cancer as shown in Table 1.

Table 1. Summary of Selective Sentinel Lymphadectomy in Breast Cancer
from the Literature *

Study #of Mapping Sensitivity Diagnostic False Negative
Pts Technique % Accuracy % No. %
Giuliano, et al. [1994] 114 B** 88 95.6 5 6.5
Krag, et al. [1993] 18 Trew 100 100 0 0
Veronesi, et al. [1997] 160 Tc 95.3 97.5 4 5.1
Pijpers, et al. [1997] 34 j s 100 100 0 0
Neiweg, et al. [1996] 22 B 100 100 0 0
Schneebaum, etal. [1996] 13 B/Tc 75 923 1 10
Guenther, et al. [1997] 103 B 90.3 97.1 3 4.2
Giuliano, et al. [1997b] 100 B 100 100 0 0
Borgstein, et al. [1998] 104 Tc 97.8 99 1 1.7
Barnwell, et al. [1998] 38 B/Tc 100 100 0 0
O’Hea, et al. [1998] 55 B/Tc 86.9 94.5 3 94
Cox, etal. [1998] 167 B/Tc 98.1 99.4 1 0.9

* Adapted from Leong SPL, et al. [Leong 2000a]
**B—Blue Dye (isosulfan blue) ***¥Tc-—Technetium labeled colloid

The standard treatment for patients with primary invasive breast cancer with
clinically negative nodes is adequate excision of the primary tumor either through a
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lumpectomy or a mastectomy and a lymph node dissection including at least levels I
and II [Bland 1996]. Therefore, if SLNs can be reliably harvested for assessment of
the nodal basin, the axillary lymph node dissection may potentially be avoided.

EVOLVING TECHNIQUES IN BREAST CANCER SLN MAPPING

Although Giuliano et al. showed an excellent harvesting rate of 96% using the blue
dye technique [Giuliano 1999b], most other studies have reported an overall rate of
about 80% [Giuliano 1999b]. With the use of radiotracer and preoperative
lymphoscintigraphy, the harvesting rate of the SLN can be increased to almost 95%
[Giuliano 1999b]. However, initial studies using peritumoral injection of
radiotracer were met with technical problems of not identifying the SLN
preoperatively or intraoperatively on a consistent basis because of the significant
"shine through effect” from the peritumoral injection site especially in the upper
outer quadrant. It then became a challenge to improve the injection site in order to
maximize the location of the SLN and minimize the "shine through effect".
Currently, in published literature, there is no standardization among investigators of
the radiotracers with respect to such variations as particle size, time of injection,
volume of injection, technique of preoperative lymphoscintigraphy, and choice of
blue dye versus radiotracer.

Veronesi et al. [1997] was the first to report such a high success rate of
98% in the localization of the SLN by preoperative lymphoscintigraphy and surgical
harvesting of the SLN using subcutaneous injection. With respect to their definition
of subcutaneous injection, it is unclear as to whether it is indeed subcutaneous or
rather intradermal. Borgstein first used intradermal injection of blue dye into the
subareolar area of the breast regardless of the tumor location [Borgstein 1997].
Although the success rate was reliable and high, Guiliano [1997] commented that
there was a relatively permanent tattooing effect of the blue dye. Despite this
concern, Borgstein’s study was the first to propose the concept of “hitchhiking” or
bypassing the breast parenchymal lymphatic system by exploitating the intradermal
route. A review of the lymphatic system of the breast by Haagensen and others
[Haagensen 1972, Grant 1959, Turner-Warwick 1953] showed a well-structured
system which was very carefully defined by studies based on postmortem injection
of colloid gold particles [Sappey 1874, Rouviere 1932], and by information
collected from axillary draining lymph nodes based on mastectomy specimens
[Haagensen 1972]. Indeed, the parenchymal lymphatic system is connected through
a lymphatic network to the cutaneous and periareolar lymphatic channels leading to
the corresponding SLN. Therefore, if the entire pathway is connected, then any
point of injection in the lymphatic network such as intradermal injection over the
skin of the breast lesion, or periareolar injection would probably drain to the same
SLN as if injected peritumorally. Since the lymphatic channels are much richer at
the cutaneous level than the peritumoral site, it is much easier to “light up” the SLN
by lymphoscintigraphy using the intradermal or periareolar injections. Thus,
Linehan et al. showed [Linehan 1999] that the dermal and parenchymal lymphatics
of the breast drain to the same SLN in most patients. Also, Klimberg et al. showed
that subareolar injection of technetium is as accurate as peritumoral injection of blue
dye [Klimberg 1999]. The subareolar approach has been further confirmed by Kern
and Rosenberg [Kern 2000] to be reliable. Furthermore, Roumen used both
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peritumoral and intradermal radiotracer injections [Roumen 1999], either in the skin
overlying the tumor or periareolerly in the quadrant of the tumor, with dynamic and
static images to match or mismatch the hot spots visualized by both techniques.
Roumen showed that the skin and peritumorally injection go to the same axillary
sentinel node with few exceptions [Roumen 1999].

Both peritumoral and intradermal injections will result in an excellent
match of the axillary SLN but the internal mammary lymph nodes are not visualized
with intradermal injections. On the other hand, the periareolar area may identify an
internal mammary chain [Vendrell-Torne 1972]. From our experience with
melanoma in the upper anterior trunk area, using intradermal injections, the internal
mammary node has not been appreciated. In our own expereince with breast cancer
patients, no internal mammary nodes were seen in 50 out of 50 patients from an
intradermal injection. On the other hand, of the 35 breast cancer patients with
peritumoral injections, 6 patients showed the presence of internal mammary lymph
nodes (17%). To date, our policy is not to explore the internal mammary nodes,
although the lymphatic mapping technique for internal mammary nodes has been
recently described [Harlow 1999]. The issue of identifying internal mammary
nodes remains controversial and only prospective studies will address the
significance of the internal mammary lymph nodes [Harlow 1999]. In general, if
the axillary lymph node basin is negative, the internal mammary nodes are usually
negative. Therefore, if the axillary SLN is negative, the internal mammary nodes
may be assumed to be negative.

Based on the classic description of the breast lymphatic system [Haagensen
1972] and recent studies by Linehan [1999], Klimberg [1999], Roumen [1999], and
Kern [2000] concordancy between peritumoral and dermal/periareolar lymphatic
drainage to the same SLN is probably the rule.

In our experience at UCSF Medical Center at Mount Zion with a subgroup
of 35 patients with peritumoral injection, the SLN was identified by
lymphoscintigraphy within 10 minutes. But in three patients, the SLN was not seen
from 3 to 24 hours. In about 50 patients when intradermal injection is given, the
SLN was seen within 10 minutes and many times seen almost immediately after the
injection. The rate of identifying SLN by intradermal injection is much higher than
by peritumoral injection (98.5% versus 75%) [Leong manuscript in preparation].
Further, the concordancy rate between intradermal and peritumoral injection was
100% in 9 patients who had peritumoral injection on the day before surgery and
intradermal injection the next day. Recent multicenter study shows that intradermal
injection of radioactive colloid significantly improves the SLN identification rate
[McMasters 2001].

We have observed that after blue dye injection into the peritumoral areas
that the blue comes to the surface above the tumor site and then goes to the axillary
SLNs (Figure 1) attesting to the fact that lymphatic channels in the breast maybe
connected between the parenchymal tissue and the overlying skin.
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Figure 1. Intraoperative peritumoral injection of blue dye results in the appearance of the blue dye to the
skin and periareolar area and subsequently to the SLN. (See Figure 2 for detailed operative report.)
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SELECTIVE SENTINEL LYMPH NODE MAPPING FOR BREAST
CANCER: HOW WE DO IT

I. Preoperative Lymphoscintigraphy

The use of the gamma camera to localize the SLN is important although Krag states
that imaging is not necessary [Krag 1998]. At UCSF Medical Center at Mount
Zion, we have developed a close working relationship between the nuclear medicine
physician and the surgical staff. The imaging information is communicated to the
surgeon prior to selective SLN dissection. This practice gives the surgeon a greater
confidence in localizing the lymph node. In-transit nodes for consideration are
noted. Although Krag has defined nodes with ease using the gamma probe alone,
we consider preoperative imaging with precise marking of the patient's skin of the
position of the SLN shortens the time of search and facilitates the harvesting of the
SLN.

Preparation of Tc99m Sulfur Colloid

The sulfur colloid is made by a hydrogen sulfide technique [Kowalsky 1987], which
makes the particles much smaller than the standard thiosulfate method [Kowalsky
1987]. The radiocolloid is filtered through a 22-um filter to remove any large
particles.

Injection of sulfur colloid

For peritumoral injections, the needle tip of the wire localization is palpated near the
tumor bed or the biopsy site and injected at four quadrants (I-2cc per quadrant)
around the site. In order to reduce the large area of radioactivity, we inject a small
volume at the site followed by 1 to 1.5 cc of saline. This tends to reduce the area of
the “shine through effect”. The “shine through” phenomenon can be minimized by
the use of shielding techniques, movement of the breast away from the axilla, and
use of different collimators such as the medium energy collimator and pinhole
collimator. ~ The medium energy collimator eliminates the artifact of septal
penetration, which can cause linear artifacts that obscure the axilla and other basins.
The pinhole collimator can be used to define areas closely, and direct the surgeon
toward a SLN close to the injection site. When the typical lymphoscintigram shows
a large node, the pinhole collimator often defines a cluster of nodes.  This
information alerts the surgeon to seek the additional nodes in the -cluster.
Alternatively, intradermal injection of the skin overlying the tumor may be
performed. The injection of the skin at a single site with a dose of 0.1 to 0.3cc
reduces the problem of the “shine through effect”.

Identification of Lymphatic Basins

Preoperative lymphoscintigraphic identification of the axillary SLN is critical for
subsequent operative harvesting of the SLN. When we combined the UCSF and
University of Hawaii database of 204 breast cancer patients, the ability to harvest
the SLN was significantly increased from 40.9% to 95.6 % (p<0.0005) when the
SLN was identified by preoperative lymphoscintigraphy [Leong 2000a].
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II. Intraoperative Mapping Technique

Lymphazurin Injection

Once the axillary SLN is identified preoperatively by lymphoscintigraphy, it may be
harvested by using a hand-held gamma probe such as Neoprobe 2000 (Neoprobe
Corporation, Dublin, OH). Immediately prior to breast surgery, peritumoral
injection using Scc of Lymphazurin (Hirsh Industries, Inc., Richmond Virginia)
may be performed and followed by external massage of the injected area of the
breast according to the method of Giuliano [1994].

Types of Anesthesia
General anesthesia has been used most frequently over 90% of the time.

Intraoperative Mapping

Usually, a transverse incision of 2-3 cm is made in the mid axilla according to the
preoperative marking by the nuclear medicine physician based on the findings of
preoperative lymphoscintigraphy. A tunnel type of dissection is performed rather
than raising the skin flap as in a formal axillary lymph node dissection. Once the
tunnel is created and the clavipectoral fascia is incised the gamma probe is inserted
to localize the "hot" SLN. Its elevated ex vivo count and a low resection bed count
indicates that the SLN has been harvested. Simultaneously, blue lymphatics may be
traced to a blue lymph node for search of a SLN. A second SLN may be present if
the resection bed count is still high [Leong 1997] (See Chapter 3).

Identification of SLNs

After SLNs are harvested, the wound is closed in a similar way as described in
Chapter 3 without placement of a drain. It is important for the surgeon to label the
SLN versus non-SLN accurately by using a table dissection method as described in
Chapter 3 for subsequent pathologic studies.

III. Instruments
See Chapter 3.

IV. Case Illustration

A 47 year old Caucasian female presented with an abnormal mammogram taken in
April 1999 of left upper outer breast. A stereotactic core biopsy two weeks prior to
surgery revealed infiltrating ductal carcinoma. Chest x-ray and blood tests were
unremarkable. The patient underwent a preoperative ultrasound-guided needle
localization followed by lymphoscintigraphy. A SLN in the left axilla was localized
by lymphoscintigraphy following intradermal injection of radiocolloid. No activity
was noted in the internal mammary or supraclavicular lymph node chains.
Intraoperative lymphatic mapping consisting of peritumoral injection of Isosulfan
blue dye (4 cc) resulted in the migration of blue dye towards the skin and into the
periareolar area within the first 10 minutes (Figure 1). Using a hand-held gamma
probe as a guide, 2 SLNs were successfully harvested. One of the sentinel nodes
(hot and blue) was later found to harbor micrometastasis. The other SLN (blue
only) was negative. Three adjacent non-sentinel nodes were found within the
specimen. A sample operative report is included (Figure 2).
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Patient Name: Patient from Figure 1 MRN: #
PREOPERATIVE DIAGNOSIS: Left breast carcinoma, upper outer quadrant.
POSTOPERATIVE DIAGNOSIS: Left breast carcinoma, upper outer quadrant,
OPERATION: 1. Left axillary selective sentinel lymph node dissection and intraoperative
lymphatic mapping procedure.
2. Left breast lumpectomy.
ANESTHESIA: General endotracheal anesthesia.
CLINICAL INDICATIONS: This is a 47-year-old Caucasian female with a history of abnormal
mammogram of the left upper outer breast. A core biopsy revealed infiltrating ductal carcinoma. She has
no evidence of metastatic disease. Therefore, the patient was admitted for the procedures as listed above.
WOUND PREPARATION:  All surgical sites were painted with Betadine and draped in the usual
sterile fashion.
DESCRIPTION OF OPERATION: The patient was admitted to Nuclear Medicine for preoperative
lymphoscintigraphy following needle localization in the Radiology Department. A total of 850
microcuries of Tc99 sulfur colloid were injected intradermally over the needle localized site in the left
upper outer breast. Drainage was noted to a single sentinel lymph node in the left axilla. Informed
consent was signed and the patient was brought to the Operating Room and placed in the supine position.
I was present during the entire procedure. After satisfactory general endotracheal anesthesia was
obtained, preoperative readings were taken with the Neoprobe 2000 and recorded on the data sheet. At
14:32, 4 cc of Lymphazurin were injected intratumorally. Minutes later, blue lymphatics were noted on
the surface of the skin and in the periareolar area (Figure 1).
Attention was first directed to the left axilla. At 14:40, a 3 cm transverse incision was made 1.0 cm above
the 45 degree marking in the left breast. At 14:45, blue lymphatics were noted 1.5 cm deep. At 14:52,a
blue sentinel lymph node (3/5 blue) was secured in the mid-axilla after the clavipectoral fascia was
incised with an in vivo reading of 3468. Blunt and sharp dissection was performed with hemoclips as
ligatures. Hemostasis was controlled by electrocoagulation. Two blue lymphatics were noted entering
this SLN. During dissection, the blue dye started to fade. The specimen of ex vivo count 2786 was
removed at 15:20. The specimen contained at least two SLN's, one with fading blue dye and another
persistent blue node. The resection bed was 9. Roaming counts showed increased radioactivity towards
the injection site and this was considered to be shine effect. Digital exploration showed no residual
suspicious or enlarged lymph nodes in the surgical bed. No further exploration was pursued. The wound
was irrigated with saline. The deep subcutaneous layer was closed with interrupted stitches of 3-0 Dexon.
The superficial subcutaneous layer was closed with interrupted stitches of 3-0 Dexon. The skin was
closed with running subcuticular stitches of 4-0 Dexon. The wound was cleaned with saline and dried.
Steri-strips were applied and a 2 x 2 gauze was placed and reinforced with a Tegaderm.
Gloves and instruments were changed. Attention was directed to the left breast biopsy site. At 16:22,a
circumferential incision was made from the 1:30 o'clock to the 2:30 o'clock position at about 7 ¢cm from
the nipple. The wire was secured and the incision was followed along the wire for a distance of about 3
cm. The wire tip was secured with an Allis clamp and excision was accomplished with a 2 cm radius
margin. Hemostasis was controlled by electrocoagulation. Orientation sutures were placed: a long stitch
was positioned at the superior aspect, 12 o'clock, and the short stitch was positioned at the medial aspect,
9 o'clock. The blue stitch was placed at the deep margin. The excised specimen measured 4.5 cm x 6.5
cm x 4 cm. Two hemoclips were placed at the bed of the lumpectomy site for subsequent radiation boost.
Gloves were changed. The wound was irrigated with salne. The superficial subcutaneous layer was
closed with interrupted stitches of 3-0 Dexon. The skin was closed with running subcuticular stitches of
4-0 Dexon. The wound was cleaned with saline and dried. Steri-strips were applied and a 4 x 4 gauze was
placed and reinforced with a Tegaderm. The patient tolerated the procedure well. The patient was
extubated and sent to the Recovery Room under stable conditions.
On a separate table, the lymph node specimen was further dissected. Size, fat content and counts were
recorded on the data base sheet. Although the first SLN was 3 to 4+ blue earlier in the surgery, the node
was at most 1+ blue after dissection.
SPECIMENS TO PATHOLOGY:
. Left axilla, SLN #1, bisected in one cassette, count = 3703, 1+ blue (both hot and blue).
. Left axilla, non-SLN #1, bisected in one cassette, count=5.*
. Left axilla, non-SLN #2, bisected in one cassette, count = 7.%
. Left axilla, non-SLN #3, bisected in one cassette, count = 8.*
. Left axilla, SLN #2, bisected in one cassette, count = 11, 3+ blue (blue only).

[T U N
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6. Left breast lumpectomy specimen.

OPERATIVE COMPLICATIONS:  None. IV FLUIDS USED: Crystalloids.
DRAINS: None. ESTIMATED BLOOD LOSS: 30 cc.
ASSESSMENT OF PATIENT'S CONDITION: Excellent.

Figure 2. An example of an operative report for intraoperative lymphatic mapping, selective axillary
sentinel lymph node dissection and lumpectomy. Invasive tumor of 3cm in greatest dimension was found
with clear margins. All the lymph nodes were negative except for SLN #1, which harbored a single
0.1cm microscopic focus of metastatic breast carcinoma. *These 3 non-sentine! lymph nodes were found
within the SLN specimen during the table dissection.

Therefore, we feel that it is appropriate to simplify the technique by using
intradermal injections. Intradermal injections overlying the tumor or periareolarly
in the quadrant of the tumor may fascilitate the standardization of preoperative
lymphoscintigraphy and subsequent intraoperative mapping and harvesting of the
axillary SLNG.

COMPLICATIONS

Adverse reactions to blue dye are estimated to be about 1% as reported for
melanoma patients [Leong 2000b], Recently, adverse reaction to blue dye have also
been reported in breast cancer SLN procedure at about 1.1% [Albo 2001]. A
national survey has been conducted by the author and the results will be published
[Leong manuscript in preparation]. Adverse reactions were encountered in both
melanoma and breast cancer cases. The surgical and anesthesia complications are
consistent to the procedure performed. Statistics are being collected in a
prospective fashion as to nerve injury, wound infection, seroma, lymphadema and
so forth.

CLINICAL OUTCOME

The clinical significance of the status of SLNs has yet to be determined based on
follow-up of patients for regional and systemic recurrences.

CURRENT STATUS

The impact of axillary lymph node dissection on survival is controversial. Several
studies show that there is no significant impact of axillary lymph node dissection on
survival [Fisher 1985, CRCWP 1980, Cythgre 1982, McArdle 1986, Fisher 1989,
Rutquist 1993]. On the other hand, other studies showed that the effect of local
regional control by axillary lymph node dissection could be translated to overall
survival [Hayward 1981, Langlands 1980, Cabanes 1992, White 1996, Overgaard
1997, Ragaz 1997, Orr 1999]. As axillary lymph node dissection is associated with
significant morbidity, less invasive procedures have been attempted to diagnose
axillary metastases. Should metastasis develop in the axilla, delayed lymph node
dissection may be equally effective as immediate lymph node dissection on the
overall survival for women with breast cancer.
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To settle the controversies surrounding axillary lymph node dissection, a
prospective randomized study has been devised and is being sponsored by The
National Cancer Institute and the American College of Surgeons Oncology Group
entitled “A Randomized Trial of Axillary Node Dissection in Women with Clinical
T1-2 NO MO Breast Cancer Who Have a Positive SLN” (http://www.acosog.org).
This randomized study has been designed to address the issue of whether or not an
axillary lymph node dissection is necessary. Certainly, there would be no significant
benefit of axillary lymph node dissection for patients with a negative axilla.
Therefore, the patients with primary breast cancer are randomized only when a SLN
is positive for micrometastisis for either an axillary lymph node dissection or no
axillary node dissection to be followed by appropriate radiation and systemic
therapy. If the outcome of the study shows that there is no difference in the two
arms then the treatment with less morbidity and fewer complications, presumably
selective SLN dissection would be the procedure of choice. Using the prospective
and randomization approach the impact of axillary lymph node dissection of
survival can be assessed in a prospective fashion. It is possible that after the
removal of a positive SLN, no further surgery is needed for women with regional
lymph node metastasis from early breast cancer. A slightly different randomized
clinical trial: "A Randomized, Phase III Clinical Trial to Compare Sentinel Node
Resection to Conventional Axillary Dissection in Clinically Node-Negative Breast
Cancer Patients" has been launched by The National Surgical Adjuvant Breast and
Bowel Project [Krag 1999]. In order to make these clinical studies successful it is
required that a high standard of accuracy must be achieved by the multidisciplinary
approach between the surgeons, nuclear medicine physicians, and pathologists.
Indeed, a surgeon has to be qualified by performing 30 SLN dissections to be
followed by a complete lymph node dissection so as to establish the false negative
rate of the surgeon in him or herself to be less than 10% [Giuliano 1999a, Cox
1999].

GUIDELINES FROM THE AMERICAN SOCIETY OF BREAST
SURGEONS [American Society of Breast Surgeons 2000]

Recently the American Society of Breast Surgeons published “Revised Consensus
Statement on Guidelines for Performance of Sentinel Lymphadenectomy for Breast
Cancer” with points which are included below:

1. Patients with palpable, suspicious, metastatic axillary lymph nodes should not
be considered for sentinel lymphadenectomy (SL). In addition, SL may be
unreliable for patients with multifocal malignancies, for those patients with a
history of previous chemotherapy or radiation therapy for breast cancer, and for
patients with histories of either extensive prior breast or axillary surgery. SL in
this setting should be performed only as part of a research protocol.

2. Axillary treatment for patients with metastatic disease found in SLNs remains
controversial. Until further multi-center trial results are available a staging
Level I and II lymph node dissection is recommended outside of the clinical
trial setting.
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3. The credentialing and privileging of SL, as with any surgical procedure, are by
the policies and processes of each local hospital. Each hospital will define its
own criteria for accepting the findings of SL in lieu of axillary dissection and it
is encouraged that this is done in partnership with an experienced staff breast
surgeon. The Society recognizes the controversy regarding the level of
experience sufficient for accepting the results of SL as the staging procedure of
choice in the clinical setting where the results are used to determine indications
for systemic therapy. Information from two national registries qualifying the
community experience was presented at the year 2000 annual meeting of the
American Society of Breast Surgeons. Findings from these registries indicated
that an approximate 10 case experience is necessary for a >85% success in
identifying an axillary SLN. More importantly, data from these two databases
indicates that an individual surgical experience of at least 20 cases of SL, where
both SL and axillary dissection are performed, is necessary to minimize the risk
of false-negative results. The false-negative rate (i.e., the ratio of the number of
false-negative biopsies to the number of patients with positive lymph nodes) is
the most important factor regarding accurate SLN staging. Past experience
suggests an acceptable average false-negative rate in the range of 5%.

4. The impact on a surgeon’s experience by proctored cases, and formal training
in accredited continuing medical education courses is thought to reduce the
personal case experience necessary to achieve optimal results, but is yet to be
quantified.

5. After abandoning axillary dissection in favor of SL, surgeons should continue
to report their axillary recurrence rate. This rate should be less than 5%.
Surgeons are encouraged to report their experience by contributing to national
registries and enrolling patients in clinical trials.

OVERVIEW

Selective sentinel lymphadenectomy represents a true multidisciplinary team
approach to the management of the patient with invasive breast cancer. To achieve a
high rate of accurate and successful identification of the SLNS, it is imperative that
the surgeons, nuclear medicine physicians and pathologists work together closely as
a multidisciplinary team to offer the best result to the patient. There is a general
consensus that this is currently a procedure that should be performed under an
internal review board protocol with approximately 20-30 cases being performed
followed by a completion axillary node dissection. An analysis of the results being
performed before proceeding on to SLN dissection alone is imperative to determine
that sufficient quality control is in place in all aspects of the multidisciplinary
approach. Standardization of techniques in lymphoscintigraphy, intraoperative
lymphatic mapping and pathologic evaluation of SLNs is being developed. The
clinical significance of the breast SLN still remains to be evaluated based on follow
up of breast cancer patients undergoing selective SLN dissection and on patients
being enrolled in clinical trials.
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PEARLS

Valuable practical tips of selective sentinel lymphadenectomy for breast cancer
from several experts are listed on the following page*. Some of the pearls listed in
the author's chapter on melanoma (Chapter 3) regarding axillary selective SLN
dissection may also apply in breast selective sentinel lymphadenectomy.

Patients will experience almost immediate excretion of blue dye in the urine, creating a
blue or blue-green color to the urine. Patients will invariably pass blue stool at some
point following the lymphatic mapping procedure. It is important to inform patients of
these two events to allay any fear they may experience.

Blue dye allergic reactions do occur; watch the injection site for wheal reactions, and
monitor the pulse and blood pressure during the procedure.

Do not mix isosulfan blue dye, Tc99m-labelled sulfur colloid, or local anesthetics in the
same syringe for combined injection; a precipitate will form, and neither dye nor colloid
will migrate, leading to mapping failure.

Giuliano’s pearls: Inject 5 cc of isosulfan blue dye intra-parenchymally along the axillary
side of the tumor or biopsy site. ~Apply 5 minutes of continuous, firm manual
compression to the breast over the injection site, in a gentle rotating motion. Make the
incision 1 cm below the axillary hairline. Proceed to the depth of the clavi-pectoral
fascia, at which point proceed with caution to look for a blue channel leading to the SLN.
For using the blue dye technique of Giuliano, usually, the blue lymph node is in the
junction between the tail end of the breast and the lower level of the axilla. Usually it is
about two centimeters or within that short distance underneath the skin below the
subcutaneous tissue and below the layer of the superficial fascia, there will be a blue
lymphatic running longitudinally towards the lower aspect of level I into a lymph node.
The lymphatic channel may not be obvious and not present proximal to the lymph node
and therefore if dissection is made at this level, the blue lymphatics may not be seen. To
dissect further proximally and deeper either towards the latisia dorsi or towards the
medial chest wall will not find the SLN. Therefore, when such deep levels are reached, it
is important to regroup the situation again and think about the fact that the incision may
be too high above the level of the blue lymphatics, it can be traced back to find that blue
lymphatics and therefore to secure the blue lymph node.

Schedule ample time. Perform the procedure in a calm environment. Operate in a
bloodless field; use electrocautery. Have good retraction and good help. Proceed with
caution; clip lymphatic channels. Do not cut a blue channel.

Remember the inverse square law. As the gamma probe approaches the “hot” SLN, the
count increases proportional to the square of the radius.

“Shine through” occurs and can be problematic; remember where the “light bulbs” are
and “keep your eye on the ball.” Keep in mind where the radioactivity was injected or
where it may have traveled and its relation to direction of the line of sight of the probe.
Cox’s pearls: Approximately 94% of all SLNs in breast cancer are found within a 5-cm
circle; the center point is marked by the inferior border of the hairline in the axilla and a
line drawn through the center of the hairbearing area, along the axis of the axilla. This
point is situated where the lateral branch of the third intercostal nerve crosses the central
axillary vein, beneath the clavi-pectoral fascia.

Reintgen’s pearl: Identification of the SLN is certain when there is an area of clearly
diminished counts between the injection site and the “hot spot” in the nodal basin.
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¢ Leong’s pearl: The SLN is usually found beneath the clavipectoral fascia. Use tunneling
dissection technique without raising flaps to the fascia and incise it. Harvest the SLN
guided by a hand-held gamma probe and/or blue lymphatics.

¢ Digital exploration should always be done prior to the completion of selective sentinel
lymphadenectomy to make sure that no suspicious or enlarged lymph nodes are retained
in the surgical bed as blue dye or radiocolloid may not enter a grossly metastatic lymph
node.

* Most of the pearls are extracted from Dr. Cox’s chapter in Surgical Clinics of North
America [Cox 2000].
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5 PATHOLOGIC EXAMINATION OF
THE SENTINEL LYMPH NODE

Patrick A. Treseler, MD, PhD

INTRODUCTION

Selective sentinel lymph node dissection is an extremely powerful technique to
predict whether a malignant neoplasm has metastasized to regional lymph nodes. If
the first, or sentinel, lymph node (SLN) to receive drainage from a tumor is found to
be negative for metastatic tumor, numerous studies have shown the likelihood of
other lymph nodes in that group containing tumor to be quite small [Albertini 1996,
Bass 1999, Blaheta 1999, Borgstein 1998, Burak 1999, Crossin 1998, Cserni 1999,
Czerniecki 1999, Dale 1998, Fisher 1978, Flett 1998, Giuliano 1997, Giuliano 1994,
Guenther 1997, Hill 1999, Jaderborg 1999, Joseph 1999, Kelemen 1999, Kelley
1999, Koller 1998, Krag 1998, Morton 1993, Morton 1992, Offodile 1998, O’Hea
1998, Pijpers 1997, Reintgen 1994, Rubio 1998, Thompson 1995, Turner 1997,
Veronesi 1997, Veronesi 1999, Wells 1997, Winchester 1999], with the false
negative rate (expressed as false negatives out of all positives [McMasters 1998])
averaging about 4% in melanoma patients (Table 1), and 7% in patients with breast
cancer (Table 2). Given that many patients with low stage primary tumors will have
no regional nodal metastases, the number of cases in which tumor will actually be
left behind in a node group from which only a negative sentinel lymph node is
excised will be much lower than the theoretical false negative rates cited above

Table 1. Sentinel Lymph Node Biopsy in Melanoma Studies Comparing Full
Regional Node Dissection *

Studies Patients Positive SLNs  False-Negative Rate
(%) (%)

Morton, et al. [1992] 194 40/194 (21) 2/42 (5)
Morton, et al. [1993] 89 13/89 (15) 0/13 (0)
Reintgen, et al. [1994] 42 8/42 (19) 0/8 (0)

Thompson, et al. [1995] 105 22/105 (21) 2/24 (8)
Wells, et al. [1997] 55 6/55 (11) 0/6 (0)

Keleman, et al. [1999] 47 11/47 (23) 0/11 (0)
Joseph, et al. [1999] 127 12/127 (9) 0/12 (0)
Blaheta, et al. [1999] 73 13/73 (18) 1/14(7)
Total 732 125/732 (17) 5/130 (4)

* Adapted from Treseler PA, Tauchi, PS [Treseler 2000]
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Table 2. Sentinel Lymph Node Biopsy in Breast Cancer Studies Comparing
Full Axillary Dissection *

Studies Patients Positive SLNs  False-Negative Rate
(%) (%)

Giuliano, et al. [1994] 114 37/114 (32) 5/42 (12)
Albertini, et al. [1996] 57 18/57 (32) 0/18 (0)
Giuliano, et al. [1997] 100 42/100 (42) 0/42 (0)
Turner, et al. [1997] 103 43/103 (42) 1/44 (2)
Guenther, et al. {1997] 103 28/103 (27) 3/31(10)
Pijpers, et al. [1997] 34 11/34 (32) 0/11 (0)
Veronesi, et al. [1997] 160 81/160 (51) 4/85 (5)
Dale, et al. [1998] 14 4/14 (36) 0/4 (0)
O’Hea, et al. [1998] 55 20/55 (36) 3/23(13)
Borgestein, et al. [1998] 104 44/104 (42) 1/45 (2)
Offodile, et al. [1998] 41 18/41 (44) 0/18 (0)
Flett, et al. [(1998] 56 18/56 (32) 3/21 (14)
Koller, et al. [1998] 96 35/96 (36) 3/38 (8)
Crossin, et al. [1998] 42 7/42 (17) 1/8 (12)
Krag, et al. [1998] 405 101/405 (25) 13/114 (11)
Veronesi, et al. [1999] 371 168/371 (45) 12/180 (7)
Bass, et al. [1999] 173 53/173 (31) 1/54 (2)
Rubio, et al. [1999] 53 15/53 (28) 2/17 (12)
Jaderborg, et al. [1999] 64 19/64 (30) 1720 (5)
Cserni, et al. [1999] 58 36/58 (62) 3/39 (8)
Kelley, et al. [1999] 23 9/23 (39) 0/9 (9)
Burak, et al. [1990] 45 14/45 (31) 0/14 (0)
Winchester, et al. [1999] 162 44/162 (27) 4/48 (8)
Hill, et al. [1999] 104 47/104 (45) 5/52 (10)
Czerniecki, et al. [1999] 41 15/41 (37) 0/15 (0)
Total 2,578 927/2,578 (17) 65/992 (7)

* Adapted from Treseler PA, Tauchi, PS [Treseler 2000]

(which are correctly derived only from cases in which regional nodal metastases
are present [McMasters 1998]. Such data have led some authorities to advocate
excision of the sentinel lymph node alone as adequate assessment of the regional
lymph nodes in some cancer patients [Morton 1999], sparing them the morbidity
associated with a full regional node dissection [Cabanes 1992, Ivens 1992,
Keramopoulos 1993, Kissin 1986, Larson 1986, Schrenk 2000].

There are two major factors involved in the high predictive value of the
SLN dissection technique. The first is the specialized techniques employed by
nuclear medicine physicians and surgeons to accurately identify and remove the
actual first lymph node (or nodes) to receive direct lymphatic drainage from the
region of a tumor. These techniques are discussed at length in other chapters in this
volume. The second factor, which is likely of equal importance, is that the
identification of a single sentinel lymph node (or, at most, a few sentinel nodes)
permits more detailed pathologic analysis of the sentinel lymph node than would be
feasible with the dozens of nodes typically identified in a full regional dissection.
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These factors involved in the pathologic examination of the SLNs will be the focus
of this chapter.

THE SEARCH FOR METASTATIC TUMOR IN REGIONAL LYMPH
NODES

Malignant tumor cells that have gained access to the lymphatic system may drain
via the normal flow of lymph to the regional lymph nodes [Foster 1996]. Tumor
cells typically enter the node via the afferent lymphatic vessels, which drain into the
node’s subcapsular sinus [Foster 1996]. Early deposits of metastatic tumor are thus
often identified in the subcapsular sinus, but tumor cells may continue to drain
through the trabecular sinuses of the node cortex and medullary nodal sinuses, and
may eventually leave the node via the hilar efferent lymphatic vessels to give rise to
distant metastases. Tumor cells in any of these sites may lodge there and give rise
to large metastatic deposits [Foster 1996].

Traditionally, pathologic examination of potentially diseased tissue has
consisted of microscopic examination of a single hemtoxylin-and-eosin (H&E)-
stained § micron (p) tissue section cut from the formalin-fixed, paraffin-embedded
tissue block. Ifa lymph node from a regional node dissection measured greater than
5 mm in thickness, the node would traditionally be sectioned at intervals of 5 mm of
less (to permit adequate penetration of the formalin fixative), with typically only a
single 5 p histologic section submitted for microscopic analysis. The number of 5 n
histologic sections that can be cut from even a single 5 mm tissue section is quite
large (approximately 1000, by simple arithmetic), with up to several thousand
sections possible from a large lymph node. A regional lymph node dissection
(which may contain dozens of large nodes) could in theory yield tens of thousands
of histologic sections, making microscopic examination of all tissue from regional
node dissections highly impractical. A single representative H&E-stained Sp
section has thus served for generations as the pathologic standard-of-care for the
histologic examination of most excised tissues.

THE ADDED VALUE OF EXAMINATION OF MULTIPLE DEEPER
LEVEL SECTIONS

This system of representative histologic examination of a single H&E-stained
section has obvious limitations, however, if one is seeking to identify small deposits
of metastatic tumor in a lymph node. It was known even in the pre-SLN era, that
axillary lymph nodes from breast cancer patients may harbor metastases not evident
in initial H&E-stained sections (Figure 1, Figure 2), and that examination of
additional sections cut from multiple deeper levels of the axillary node paraffin
blocks will identify so-called “occult” metastases in 9% to 33% of cases
[Dowlatshahi 1997]. For example, data from the International (Ludwig) Breast
Cancer Study Group, reported by Goldhirsch [1990], demonstated that 9% of breast
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Figure 1. Deeper leve] sections and serial sections used to analyze a paraffin-embedded tissue block. A
small metastatic deposit represented by the dark pentagon would not be identified in sections taken from
just the first level.

Figure 2. This small deposit of metastatic carcinoma in a sentinel lymph node from a breast cancer
patient was found only in sections taken from the third level of the paraffin-embedded tissue block. No
tumor was evident in the sections taken from the first or section levels. (H&E stain, original
magnification 400X)

cancer patients whose axillary lymph nodes were thought to be tumor-negative by
routine histologic examination were found to harbor occult tumor in those nodes
when multiple deeper level H&E-stained sections of the lymph node blocks were
examined. Moreover, these patients were found in retrospect to have significantly
higher rates of tumor recurrence and mortality than the other patients, testifying to
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the clinical significance of these occult metastatic deposits [Goldhirsch 1990]
(Figure 3).
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Figure 3. Disease-free (a) and overall (b) survival for 921 node-negative breast cancer patients whose
axillary lymph nodes were subjected to H&E staining at multiple deeper level sections. Dashed line:
Converted from node-negative to node-positive. Solid line: Remained node-negative. From Goldhirsch
A, Castiglione M. Prognostic importance of occult axillary lymph node micrometastases from breast
cancers. International (Ludwig) Breast Cancer Study Group [see comments]. Lancet 1990;335:1565-8,
with permission.

Numerous other studies have confirmed these findings [Dowlatshahi
1997]. However, the large number of sections required to perform such analyses in
full regional node dissections prevented their widespread use. With the advent of
the technique of selective excision of the sentinel lymph node, however, the
examination of multiple deeper level sections became much more practical, since
only one (or, at most, a few) nodes from any one node group required such detailed
attention. Recent studies of sentinel lymph nodes in breast cancer patients have
confirmed the usefulness of multiple deeper level H&E-stained sections in the
detection of occult sentinel lymph node metastases [Jannink 1998, Kelley 1999].

It is important to distinguish between occult metastases (as defined above,
which can be of any size), the clinical significance of which is well established (at
least in breast cancer patients); and micrometastases (a term without a clear
definition), the clinical significance of which remains somewhat controversial. The
term micrometastasis has been used by various authors to describe small deposits of
metastatic tumor in regional lymph nodes, generally in breast cancer patients)
[Fleming 1997, Huvos 1971, Nasser 1993, Sobin 1997]. The most commonly used
definition of a micrometastasis is a metastatic deposit 2 mm in greatest dimension;
others, however, have applied the term to various smaller deposits (down to as small
as 0.2 mm in greatest dimension) [Fleming 1997, Huvos 1971, Nasser 1993, Sobin
1997]. Still others have defined the term on the basis of the percentage of the cross-
sectional area of the lymph node involved by tumor [Black 1980]. Not surprisingly,
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these studies have varied in their conclusions concerning the significance of such
microscopic tumor deposits. Nonetheless at least some studies have shown a
significantly worse prognosis in patients with lymph node micrometastases, even as
small as 0.5 mm [Clayton 1993, de Mascarel 1992, Nasser 1993, Rosen 1981].
Unlike micrometastases, occult metastases may be quite large [Goldhirsch 1990]
(Figure 4).

Figure 4. This large deposit of metastatic melanoma in a sentinel lymph node was found only in sections
taken from the third level of the paraffin-embedded tissue block. No tumor was evident in the sections
taken from the first or section levels. (H&E stain, original magnification 200X)

THE ADDED VALUE OF IMMUNOHISTOCHEMICAL STAINS

Immunoperoxidase stains for antigens relatively specific for tumor cells (such as
keratin proteins or epithelial membrane antigen (EMA) for carcinoma, and S-100 or
HMB-45 for melanoma) also appear to increase the yield of metastasis detection in
sentinel lymph nodes. As with the use of multiple deeper level stained sections, the
value of immunohistochemical stains in the detection of occult nodal metastases had
been recognized even before the era of sentinel lymph node dissection. In 1993,
Hainsworth and colleagues studied 343 apparently node-negative breast cancer
patients [Hainsworth 1993].  With deeper level H&E-stained sections occult
metastases were found in 10 patients, but 31 more occult metastases were identified
by immunohistochemistry. Patients with occult metastases detected by either
method had a worse prognosis. In a follow-up study of the International (Ludwig)
Breast Cancer Study Group patients, reported by Cote et al. in 1999 [Cote 1999], a
single unstained slide taken from the first deeper level of the lymph node block
(which had been held in storage for nearly 10 years) was stained for keratin
proteins. A full 20% of the patients thought to be node-negative (after H&E
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examination of deeper level sections) were found, in truth, to contain metastatic
carcinoma in their axillary lymph nodes after the keratin stains were examined.
This group was found to have a significantly worse prognosis than those patients
who remained node-negative [Cote 1999].

Several studies have now been conducted in sentinel lymph node patients
to validate the usefulness of immunohistochemical stains in detecting occult
metastases (Table 3). In studies of melanoma patients, the addition of
immunohistochemical stains for various melanoma-associated antigens converted
an average of 7% of apparently node-negative patients to node-positive [Goscin
1999, Messina 1999, Morton 1992, Morton 1993] (Table 3). In breast cancer
patients, this conversion rate was even higher, with an average of 11% of patients
whose nodes appeared negative for tumor by routine H&E stains being found to
have nodal metastases when stains for epithelial markers were employed
[Czerniecki 1999, Giuliano 1997, Kelley 1999, McIntosh 1999, Pendas 1999,
Schreiber 1999, Turner 1997] (Table 3).

Table 3. Sentinel Lymph Node Metastases Detected by Hematoxylin-Eosin vs.
Immunchistochemistry Staining *

Sentinel Lymph Node Metastases Identified

IHC Conversion
Patients Total (%) H&E (%) IHC (%) Rate ** %

Melanoma Studies

Morton, et al. [1992] 194  40(21) 23(12) 17 (9) 10
Morton, et al. [1993] 89 13 (15) 8(9) 5(6) 6
Goscin, et al. [1999] 405 72 (18) 50(12) 22.(5) 6
Messina, et al. [1999] 357  56(16) 31(9) 25(7) 8
Total 1045 181¢17) 112(11) 69 (7) 7
Breast Cancer Studies

Giuliano, et al. [1997] 100 42(42) 33(33) 9(9) 13
Turner, et al. [1997] 103 43(42) 33(32) 10(10) 14
Schreiber, et al. [1999] 210 47(22) 30(14) 17 (8) 9
Pendas, et al. [1999] 478 134(28) 93(19) 41 (9) 11
Czerniecki, et al. [1999] 41 15 (37) 12 (29) 3(7) 10
Kelley, et al. [1999] 28 9 (32) 8(29) 1(4) 5
MclIntosh, et al. [1999] 116  72(62) 64 (55) 8(7N) 15
Total 1076 362 (34) 273(25) 89(8) 11

* Adapted from Treseler PA, Tauchi, PS [Treseler 2000}

** Percentage of cases negative by H&E stain that converted to positive with IHC staining.
The benefit of immunohistochemical stains appears to derive mainly from

their ability to detect tumor deposits that are either too small or too cytologically

bland to be readily detected in routine H&E-stained sections [Cote 1999]. The

majority of nodal metastases of breast cancer or melanoma produce deposits of

metastatic tumor that are easily identified in H&E-stain sections (Figure 5).
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Figure 5. Metastatic ductal breast cancer (A) and melanoma (B) in sentinel lymph nodes from separate
patients. These tumors are typical nodal metastases in that they display prominent cytologic atypia, and
can be detected in routine H&E-stained tumor sections. (H&E stain, original magnification 200X)

However, a significant minority may be quite cytologically bland.
Invasive lobular breast cancer, for example, is composed of relatively bland small
round cells. Detection of such cells is difficult even in primary breast biopsies,
where the small blue tumor cells contrast against the pink fibrous breast stroma in
routine H&E-stained sections (Figure 6a). Even better camouflage is provided these
tumor cells by the small round blue lymphocytes that predominate in an H&E-
stained lymph node (Figure 6b). Keratin stains performed on such lymph nodes
may reveal extensive infiltration by lobular carcinoma cells, despite a virtually
normal appearance in the H&E-stained sections (Figure 6¢). For example, in the
report of Ludwig Study breast cancer patients by Cote et al. described above, the
majority of the many patients found to have occult sentinel lymph node metastases
by keratin staining had invasive lobular breast cancer [Cote 1999]. Similarly,
melanoma cells (which are renowned for their ability to mimic a wide variety of
benign and malignant cells, including sinus histiocytes of lymph nodes (Figure 7)
may be virtually impossible to detect in some sentinel lymph nodes without special
stains [Charny 1995, Cochran 2000] (Figure 8).
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Figure 6a. Invasive lobular breast cancer. Primary lobular in the breast. Tumor cells are small and
relatively monomorphic, but can be recognized as invasive carcinoma due to characteristic single file

infiltration of tmor cells through lighter staining fibrous stroma (H&E stain, original magnification
1000X).

RIDRE O R 2

Figure 6b. Invasive lobular breast cancer. Metastatic lobular carcinoma in sentinel lymph node. Tumor

cells are numerous in the field (e.g., cluster in upper right), but are nearly perfectly camouflaged by the
numerous surrounding small lymphocytes. (H&E stain, original magnification 1000X).
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Figure 6¢. Invasive lobular breast cancer. Metastatic lobular carcinoma in sentinel lymph node. A
keratin immunoperoxidase stain highlights the numerous tumor cells. (AE1/3 and CAMS5.2 Keratin
immunoperoxidase stain, original magnification 400X)

Figure 7. The mimicry of benign sinus histiocytes by melanoma cells. Left panel: Metastatic melanoma
cells. Right panel: True sinus histiocytes. (H&E stain, original magnification 1000X)
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Figure 8. Metastatic melanoma in lymph node subcapsular sinus. An S-100 immunoperoxidase stain
highlights the cells, which otherwise are quite bland and difficult to distinguish from sinus histiocytes.
(H&E stain, original magnification 400X)

THE RISKS OF IMMUNOHISTOCHEMICAL STAINS: FALSE POSITIVES
AND FALSE NEGATIVES

Immunohistochemical stains used to detect occult metastases in sentinel lymph
nodes can thus be thought of as a clinical test used to screen an at-risk population
for a particular disease. As with any other clinical lab test, there is the potential for
false positive and false negative results, which could lead to erroneous interpretation
of the stains. Luckily, the majority of these potential errors can be avoided if one
understands the limitations of the various immunohistochemical stains typically
employed in the evaluation of sentinel lymph nodes.

The problem of false positives and false negatives in sentinel lymph node
immunohistochemistry is much more of an issue in melanoma sentinel lymph nodes
than in axillary nodes from breast cancer patients. This stems from the lack of a
single highly specific and highly sensitive antigen that can be used to identify
melanoma cells.

Antibodies to four antigens are typically used to identify melanoma cells:
S-100 protein, NK1/C3, Melan-A (also known as MART-1 (Melanoma Antigen
Recognized by T-cells)), and HMB-45. But these vary widely in their sensitivity
and specificity for melanoma. S-100 protein is the most sensitive marker for
melanoma, expressed in close to 100% of cases [Blessing 1998, Busam 1998,
Kaufmann 1998] (but it still may be entirely absent in rare melanoma cases
[Kaufmann 1998]). It is quite non-specific, however, being commonly expressed by
a significant proportion of carcinomas, lymphomas, sarcomas, and other neoplasms
[Cochran 1993]. In normal lymph nodes, S-100 protein is strongly expressed by
both follicular dendritic cells within lymphoid follicles and interfollicular
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interdigitating reticulum cells [Gloghini 1990, Shamoto 1993, Sudilovsky 1998].
These normal cells, which occur as individual or loosely aggregated cells with a
dendritic morphology, can usually be readily distinguished from the tightly
aggregated cell clusters of metastatic melanoma (Figure 9). S-100 protein is also
strongly expressed by nevus cell aggregates (also called nodal nevi), which are
aggregates of benign nevomelanocytic cells found in up to 9% of lymph nodes [yu
1999]. These can generally be distinguished from metastatic melanoma by the
absence of cytologic atypia and mitotic activity, and by their characteristic location
within the fibrous tissue of the lymph node capsule (Figure 10)[Warnke 1995].
Because nodal nevi may occasionally extend into the nodal parenchyma, and
because some metastatic melanomas may be cytologically bland with low
proliferative rates, the distinction may be difficult in some cases [Van Diest 1999a].
At the other end of the spectrum, HMB-45 is a marker highly specific for cells of
nevomelanocytic origin (and thus may be weakly positive even in nodal nevi), but is
the least sensitive, being negative in approximately 15% of melanomas [Kaufmann
1998]. In the middle of this spectrum lie the other two common melanoma markers,
NK1/C3 and Melan-A, both with sensitivities and specificities intermediate between
those of S-100 and HMB-45 [Bishop 1993, Blessing 1998, Fernando 1994,
Jungbluth 1998, Kaufmann 1998]. Most melanoma sentinel lymph node studies to
date have utilized antibodies against S-100 protein, with many utilizing anti-HMB-
45 antibodies as well. A summary of the causes of false positive and false negative
immunohistochemical staining results in melanoma is shown in Table 4.

i e

Figure 9. Melanoma sentinel lymph node with 8-100 immunoperoxidase stain. The stain highlights
scattered follicular dendritic cells (upper left) and interdigitating reticulum cells (lower left), but
metastatic melanoma cells show characteristic darkly stained, tightly clustered cell aggregates not typical
of the §-100-positive dendritic cell populations. (S-100 immunoperoxidase stain, original magnification
200X)
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Figure 10. Nodal nevus cell aggregate. Lack of significant cytologic atypia, lack of mitotic figures, and
characteristic location within the Ilymph node capsule distinguish this entity (which stains positively for
S-100 and occasionally for HMB-45) from metastatic melanoma in most cases. (8-100
immunoperoxidase stain, original magnification 200X)

Table4
M elanoma | mmunohistochemistry: False Positives and False Negatives
False Positives:

¢ S-100-positive metastases other than melanoma (carcinoma,
sarcoma, lymphoma)

¢  S-100-positive normal lymph node cells (follicular dendritic
cdls, interdigitating reticulum cells)

e  Benign nevus cell aggregates (nodal nevi, capsular nevi)

False Negatives:

e Lossof expression of S-100, Melan-A, NK1/C3, HMB-45, or

other melanoma-associ ated antigens by metastatic melanoma

e  Technical failure of stain (can be avoided by proper controls)

Most studies to date reporting use of immunoperoxidase staining in the
analysis of breast sentinel lymph nodes have utilized antibodies to keratin proteins.
Keratin proteins are cytoplasmic intermediate filaments quite sensitive and specific
for epithelial-derived cells, particularly when so-called “pan-keratin” antibodies or
antibody cocktails are used (which will, at least in theory, react with all keratin
types [Frisman 1994]). The typical uniform, dark staining of metastatic carcinoma
for keratin proteins is shown in Figure 11. Keratin proteins may on occasion be
expressed by neoplasms other than carcinomas (e.g., 7% of melanomas may be
keratin-positive), but the staining detected in such non-epithelial tumors is generally
weaker and more focal [Bishop 1993]. On very high-power microscopic
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examination, keratin proteins can also be detected in a little-known population of
normal lymph node stromal cells termed fibroblastic reticulum cells [Domagala
1992]. These cells, while often present in reactive lymph nodes, will generally not
even be noticed at scanning power in a keratin-stained node, but may be noticed if
one is carefully screening for metastatic lobular carcinoma at high power. Their
dendritic morphology, their presence as scattered single cells throughout the entire
node, and their very faint staining for keratin proteins are all clues to their proper
identity [Domagala 1992]. Some studies have employed antibodies to EMA or
mucin proteins, either in addition to, or instead of, anti-keratin antibodies [Cserni
1999, Kelley 1999]. However, these studies offer no evidence to indicate that these
antibodies are any more sensitive or specific for epithelial cells than anti-keratin
antibodies, nor that they increase the yield of sentinel lymph node metastases. False
negative results are rare when cocktails of anti-keratin antibodies, capable of
reacting with all keratin proteins, are used [Frisman 1994]. These usually represent
technical failures of the staining technique, and can be avoided by the use of proper
positive control tissue. A summary of the causes of false positive and false negative
immunohistochemical staining results in carcinoma is presented in Table 5.

Figure 11. Metastatic ductal carcinoma in a sentinel lymph node. The uniform dark staining of the
tumor cells for keratin proteins is typical of metastatic carcinoma, and would be uncommon in other
keratin-positive malignancies. (AE1/3 and CAMS.2 Keratin immunoperoxidase stain, original
magnification 400X)

Table 5.
Carcinoma Immunohistochemistry: False Positives and False Negatives
False Positives:
¢  Keratin-positive metastases other than carcinoma
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e  Keratin-positive normal lymph node cells (fibroblastic
reticulum cells)
False Negatives:
¢ Insensitive anti-keratin antibodies which fail to detect some
keratin proteins (can be avoided by use of antibody cocktails)
® Technical failure of stain (can be avoided by proper controls)

INTRAOPERATIVE ASSESSMENT OF THE SENTINEL LYMPH NODE:
TO FREEZE OR NOT TO FREEZE?

While some surgeons continue to perform full regional node dissections after all
cases of sentinel lymph node excision, others have begun to advocate sentinel
lymph node biopsy as a stand-alone procedure, with completion lymphadenectomy
being performed only if the sentinel lymph node is negative for tumor. Ideally,
surgeons who do not perform completion lymphadenectomy routinely after sentinel
lymph node excision would like to know during the procedure whether the excised
node contains metastatic tumor. This would permit the surgeon to complete
dissection of the entire regional node group during the same operation, eliminating
the need for a second surgery. Some authorities thus advocate routine
intraoperative pathologic analysis of the sentinel lymph node, particularly in cases
where the patient has a primary tumor felt to be at high risk for regional nodal
metastases [Van Diest 1999b, Viale 1999]. Others point out the large amount of
lymph node tissue which is generally lost in “facing up” a frozen tissue block for
frozen section (estimated as high as 50% of total nodal tissue [Van Diest 1999c]),
the risk of false positives due to suboptimal frozen section histology, and the
introduction of freeze-thaw artifact into the permanent section tissue; these authors
argue against performing frozen section in most cases [Anderson 1999, Pfeifer
1999].  Intra-operative cytologic touch imprints (also referred to as touch
preparations or imprint cytology) can be made without significant loss of or damage
to lymph node tissue, but considerable expertise is required for proper interpretation
of such cytologic preparations, which can affect diagnostic accuracy [Turner
1999a].

In addition, intra-operative assessment of sentinel lymph nodes is plagued
by high false negative rates. Routine frozen section analysis of sentinel lymph node
biopsies (in which one to three H&E stained sections are prepared from a bisected
node) has been found in two separate studies to be falsely negative in 36% of breast
cancer patients, when compared with the final pathologic interpretation of the node
[Van Diest 1999c, Veronesi 1997]. Frustrated by such high false negative rates, one
of these groups subsequently performed exhaustive intra-operative assessment of all
breast sentinel lymph node tissue using both H&E stains and keratin
immunoperoxidase stains at 30 or more levels through the entire tissue block
[Veronesi 1999, Viale 1999]. While this approach does have the advantage of
essentially forbidding false negatives by examining all lymph node tissue intra-
operatively, it is generally regarded as too labor-intensive to be practical in most
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laboratories [Anderson 1999, Krag 1999]. In melanoma, the false negative rates for
frozen section examination of sentinel lymph nodes in the single published study
appears to be even higher, with a 71% false negative rate reported by Gibbs et al.
[Gibbs 1999]. Analysis of intra-operative imprint cytology in breast sentinel lymph
nodes appears even less sensitive. Van Diest et al. [1999c] found intra-operative
imprint cytology to have a false negative rate of 36% (vs. 9% for traditional frozen
section), while Ku [1999] found a false negative rate of 70%. Even combining
imprint cytology with frozen section yielded a false negative rate of 52% in a study
of breast sentinel lymph nodes by Turner and colleagues [Turner 1999a]. The one
reported study of intra-operative imprint cytology in melanoma sentinel lymph
nodes found a false negative rate of 37.5% [Messina 1999], a result similar to that
reported by Veronesi’s group [Veronesi 1997] for breast sentinel lymph nodes.

Further studies will likely be required to define the optimal role of intra-
operative assessment of sentinel lymph node biopsies. For the present, whether or
not to perform intra-operative pathologic assessment of a sentinel lymph node
biopsy should be a joint decision between the surgeon and the pathologist based on
the likelihood of metastases and the relative risks and benefits to the patient in a
given case.

HOW MUCH IS ENOUGH?: OPTIMAL SAMPLING OF THE SENTINEL
LYMPH NODE

The precise method by which the sentinel lymph node has been examined
pathologically has varied widely in published studies. In breast cancer, literally
dozens of studies describing the results of sentinel lymph node biopsy have
appeared in the literature in the past decade [Albertini 1996, Bass 1999, Borgstein
1998, Burak 1999, Crossin 1998, Cserni 1999, Czerniecki 1999, Dale 1998, Flett
1998, Giuliano 1997, Giuliano 1994, Guenther 1997, Hill 1999, Jaderborg 1999,
Kelley 1999, Koller 1998, Krag 1998, McIntosh 1999, Offodile 1998, O'Hea 1998,
Pendas 1999, Pijpers 1997, Rubio 1998, Schreiber 1999, Turner 1997, Veronesi
1999, Veronesi 1997, Winchester 1999]. Making comparisons between these
studies is difficult, because virtually all use different methods for pathologic
analysis of the sentinel lymph nodes, with the method not even detailed in a
distressingly large number of studies [Bass 1999, Burak 1999, Crossin 1998, Dale
1998, Flett 1998, Giuliano 1994, Jaderborg 1999, Koller 1998, O'Hea 1998].
Where stated, the methods vary widely, with some studies using just a single H&E-
stained section for nodal analysis[Krag 1998, Pijpers 1997], while others take
sections at up to 10 levels through the block [Winchester 1999] and/or use multiple
immunoperoxidase stains [Kelley 1999] as a routine procedure.

Overall, breast cancer studies have found metastases to the sentinel lymph
node in about 36% of cases (Table 2). As a general rule, the studies utilizing only
routine histology have tended to find lower rates of sentinel lymph node positivity,
in the range of 17% to 32% [Albertini 1996, Crossin 1998, Flett 1998, Giuliano
1994, Jaderborg 1999, Krag 1998, Pijpers 1997, Rubio 1998]. In contrast, studies
utilizing immunoperoxidase stains and sectioning of blocks at multiple levels had
some of the highest rates of node positivity, ranging from 42% to 62% [Borgstein
1998, Cserni 1999, Giuliano 1997, Turner 1997]. But of course these differences
could also reflect other differences in the surgical or pathological technique, or



Pathologic Examination of the Sentinel Lymph Node 97

patient variables such as primary tumor size. Thus few firm guidelines concerning
optimal sentinel lymph node analysis can be gleaned from comparison of these
studies.

More recently, however, several studies have been published that were
specifically designed to address the issue of “how much is enough” in the
pathologic evaluation of the sentinel lymph node in breast cancer. Several of these
studies, by Turner et al. [1999b], Viale et al. [1999], and Cserni [1999] have
reached very similar conclusions. In each of these studies, examination of at least
three levels, cut at roughly 40 to 100 micron intervals, of a properly sectioned (at no
more than 5 mm intervals) and properly oriented (to expose the maximum nodal
surface area in the initial microscopic sections) identified 70% to 95% of the
sentinel lymph nodes containing metastases. However, exhaustive sectioning of the
tissue blocks, at 60 or more levels, was required to ensure that all sentinel lymph
nodes containing metastatic tumor were identified. In the study by Turner et al.,
only 4% of lymph nodes (3% of patients) appearing negative for tumor after the first
two levels converted to positive upon more extensive sampling. In the report
published by Viale and co-workers, 64% of the sentinel lymph nodes containing
metastases were properly identified in the very first level, 70% in the first two
levels, and 77% in the first three levels (Figure 12). But it was necessary to go the
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Figure 12. Levels at which metastatic carcinoma first became evident in bisected axillary sentinel lymph
nodes from 70 patients with metastatic breast cancer. From: Viale G, Bosari S, Mazzarol G, et al.
Intraoperative examination of axillary sentinel lymph nodes in breast carcinoma patients. Cancer
1999;85(11):2433-8, with permission.

fifteenth and final level to identify 100% of the lymph nodes with metastases.
Similarly, Cserni [1999] identifed 70% of positive lymph nodes in the first
microscopic level, and 75% by the fifth level. As with Viale’s patients, however,
the blocks had to be virtually exhausted of tissue, with sections taken at up to 45
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levels through the tissue block, before 100% of the lymph nodes with metastases
could be properly classified (Figure 13).
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Figure 13. Number of levels (step sections) required for the identification of a given percentage of
metastases in bisected sentinel lymph nodes from 58 patients with metastatic breast cancer. From: Cserni
G. Metastases in axillary sentinel lymph nodes in breast cancer as detected by intensive histopathological
work up [see comments]. Journal of Clinical Pathology 1999;52(12):922-924, with permission.

Far fewer studies have been published concerning the pathologic
examination of sentinel lymph nodes in melanoma patients. The basic studies that
proved the predictive value of sentinel lymph node biopsy in melanoma (Table 1)
suffer from the same variability in method that was seen in the breast cancer studies.
Some used only routine H&E staining [Thompson 1995], or did not state the
method at all [Kelemen 1999]. Most employed a combination of H&E staining and
immunoperoxidase staining, with the precise number of levels examined often not
clearly stated [Blaheta 1999, Joseph 1999, Morton 1993, Morton 1992, Reintgen
1994, Wells 1997]. The sentinel lymph node positivity rate is lower overall in
melanoma than in breast cancer, averaging about 17%, with a range of 9% to 23%
in published studies (Table 1), with no clear correlation between method of
pathologic analysis and sentinel lymph node positivity rate.

There are few studies in the literature concerning optimal pathologic
analysis of sentinel lymph nodes in cases of malignant melanoma. Yu et al. [1999]
reported that immunoperoxidase stains for S-100 protein, HMB-45, NK1/C3, and
Melan-A, performed at three deeper level sections, detected metastatic melanoma in
11 of 94 cases (12%) of melanoma sentinel lymph nodes called negative on the
basis of a single initial H&E-stained section. Whether routine H&E stains
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performed at these same levels would have detected a similar number of occult
metastases cannot be determined from this study. The added value of
immunohistochemistry in the detection of sentinel lymph node metastases can be
inferred, however, from the four melanoma sentinel lymph node studies which have
separately reported metastasis rates for H&E and immunoperoxidase stains [Goscin
1999, Messina 1999, Morton 1993, Morton 1992] (Table 3), as previously
discussed.

From the above discussion, it is clear that while many gaps remain in our
knowledge of optimal pathologic analysis of sentinel lymph nodes, some tentative
general conclusions can be drawn. First, the traditional pathologic standard of one
H&E-stained section per node appears inadequate for the analysis of sentinel lymph
nodes; the examination of sections from multiple deeper levels of the node will
significantly raise the number of metastases detected. Second, the addition of
immunoperoxidase stains for tumor-related antigens (e.g., keratin proteins for
carcinoma, S-100 and HMB-45 for melanoma) significantly increases the number of
sentinel lymph node metastases detected. Third, examination of at least three levels
(at approximately 40 to 100 micron intervals) of a properly bisected (or multi-
sected) sentinel lymph node appears to detect somewhere between 70% and 95% of
the tumor-positive sentinel lymph nodes that can be detected by deeper level
sections. To detect 100% of involved nodes, however, appears to require
exhaustive sectioning of the tissue blocks.

Based on such data, preliminary recommendations have been published for
the pathologic handling of sentinel lymph node biopsy specimen, with the
recognition that these represent “a work in progress”. Cibull [1999], writing for the
College of American Pathologists Surgical Pathology Committee, has
recommended that the entire sentinel lymph node be submitted for pathologic
evaluation, and that H&E stains be performed at three levels of the specimen block
(without a particular interval depth specified), with intervening sections held on
glass slides for use in immunohistochemical studies if the H&E-stained sections
appear negative for tumor. Keratin stains are recommended for breast sentinel
lymph nodes, and S-100 and/or HMB-45 stains for melanoma sentinel lymph nodes.
This is essentially the practice followed at this author’s institution, where the deeper
level sections are taken at roughly 50 to 100 micron intervals (depending on the
judgment of the histotechnologist regarding specimen thickness), and unstained
sections are taken for possible immunohistochemistry immediately following the
second H&E level. (This procedure is diagrammatically represented in Figure 14
and Figure 15). A preliminary reading of the H&E-stained sections is made
immediately after staining, permitting the unstained slides to be submitted for same
day immunoperoxidase staining if routine H&E-stained sections contain no evident
tumor. No attempt is made to exhaust the tissue blocks, leaving tissue present for
special procedures that may be developed in the future.
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Figure 14. Proposed technique for pathologic sampling of sentinel lymph node for melanoma, which
conforms to CAP recommendations. Note: For purposes of illustration, the levels are shown more
widely spaced than would be typical in actual sectioning.
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Figure 15. Proposed technique for pathologic sampling of sentinel lymph node for carcinoma, which
conforms to CAP recommendations. Note: For purposes of illustration, the levels are shown more
widely spaced than would be typical in actual sectioning.

A LOOK TO THE FUTURE: PCR-BASED STUDIES

The use of more sensitive methods, such as immunohistochemistry and examination
of multiple deeper level sections, significantly increases the proportion of cases in
which metastases to sentinel lymph nodes are found. This immediately raises the
question of whether even more sensitive methods, such as those based on
polymerase chain reaction (PCR), could further improve metastasis detection.
Several studies have been performed to address this question.
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As with any other diagnostic test, questions must be answered concerning
the sensitivity and specificity of the technique (i.e., what are the risks of false
positives and false negatives). Furthermore, even for true positive cases, the issue
of the biological significance of the findings must be addressed before the technique
can be routinely used for clinical decision-making. Just as controversy exists over
the biologic significance of lymph node micrometastases, the risk imparted by a
PCR-positive lymph node must be clearly understood before important clinical
interventions are made.

What is clear from published studies is that PCR based assays will detect
evidence of epithelial cells or nevomelanocytic cells in sentinel lymph nodes that
appear negative for metastatic carcinoma or melanoma by routine H&E and
immunoperoxidase stains. Schoenfeld et al. [1994] used a RT-PCR assay for
keratin 19 mRNA to study sentinel lymph nodes in breast cancer patients. In their
study, 15% of patients whose sentinel nodes were negative by routine H&E stains
and had a positive PT-PCR reaction. Several groups have performed similar RT-
PCR studies in melanoma sentinel lymph nodes, most using assays for tyrosinase
mRNA [Bieligk 1999, Blaheta 1999, Hatta 1999, Joseph 1997, Lukowsky 1999,
Shivers 1998, Van der Velde-Zimmermann 1996], but with one recent report
looking for MART-1 and MAGE-3 mRNA as well [Bostick 1999]. These studies
found positive RT-PCR reactions in 21% to 65% of patients whose sentinel lymph
nodes appeared negative for tumor by routine H&E and immunohistochemical
stains, with an average conversion rate of 47% based on the combined data.

What is less clear is the biological and clinical significance of sentinel
lymph node whose only evidence of metastatic disease is a positive PCR reaction.
To begin, it should be understood that all of the PCR studies performed in sentinel
lymph nodes to date have required digestion of the assayed tissue to retrieve the
mRNA for analysis. Thus, in contrast to H&E or immunohistochemical stains,
there can be no morphologic assessment of the cells responsible for the positive
reaction. It is therefore unclear whether the positive PCR reaction was derived from
benign epithelial inclusions, benign breast epithelium passively transported into
axillary lymph nodes after biopsy [Carter 2000], benign nevus cell aggregates, or
even benign nerve tissue, all of which are capable of generating a positive PCR
reaction [Bostick 1999]. Indeed, one PCR study of melanoma sentinel lymph nodes
regarded a positive PCR signal as a false positive if there was evidence of a benign
nevus cell aggregate in the tissue examined by routine stains [Blaheta 1999].
However, there was no way to determine how many of their “true positive” cases
had nevus cell aggregates in the tissue digested for PCR. In addition, PCR-based
assays may yield false positive results due to contamination of the samples in the
laboratory. Another of the above melanoma sentinel lymph node studies found
positive PCR reactions in some control lymph node tissue from patients with no
history of melanoma [Bieligk 1999]. Whether such reactions were due to the
presence of begin nevus cell aggregates or nerve in the control tissue, or to
laboratory contamination by exogenous mRNA or DNA (another common source of
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false-positive reactions in PCR) is uncertain. However, it is clear that the loss in
such PCR-based techniques of the ability of analyze the morphology of the cells
responsible for the positive test result places some limits on the conclusions that can
be drawn from such tests.

On a more mundane level, it should be noted that many studies of PCR in
sentinel lymph nodes divide the sentinel node in half, with half submitted for
routine H&E and immunohistochemical stains, and the other half submitted for PCR
[Bieligk 1999, Blaheta 1999, Hatta 1999, Schoenfeld 1994, Shivers 1998, Van der
Velde-Zimmermann 1996]. This is important because other non-PCR studies have
found that the metastatic disease was present in only one half of the node in 40% of
sentinel lymph node cases [Smith 1999]. Thus, it is possible that a significant
proportion of “PCR-positive only” cases may simply be metastases that would have
been detected by routine methods if the entire node had been submitted for routine
pathologic analysis.

The best indication of clinical significance of a “PCR-positive only”
sentinel lymph node would be follow-up data to suggest that this phenotype imparts
a higher risk of recurrent disease. Two recent studies have produced data to
indicate that such cases do have a higher risk of relapse. Shivers et al. [1998] found
that melanoma relapse rates were highest (61%) in patients whose sentinel lymph
node was both pathologically and PCR-positive. = However, those with
pathologically-negative, PCR-positive nodes had a relapse rate (13%) that, while
lower than the pathologically-positive group, was significantly higher than the
relapse rate seen in patients with nodes negative by both pathology and PCR (2%).
Similarly, Bostick et al. [1999] found the highest recurrence rates in melanoma
patients with pathologically-positive sentinel lymph nodes, but those with “PCR-
positive only” nodes still had a significantly higher recurrence rate than those who
were PCR-negative. In neither study did a majority of the “PCR-positive only”
patients develop recurrent disease, although follow-up times were relatively short.
Also, as mentioned previously, it is unknown what proportion of these cases would
have revealed metastatic melanoma or benign nevus cell aggregates in the tissue
used for PCR had that tissue simply been submitted for routine pathologic study.

The above data suggest that, for the present, caution should be exercised in
the interpretation of positive PCR reactions where there is no morphologic evidence
of metastatic disease. As a group, such patients may be at increased risk of
recurrent disease, but for the individual patient it cannot even be said with certainty
that the positive reaction indicates malignancy in the node. Such PCR-based assays
could certainly be reasonably used to select patients who might benefit from closer
clinical follow-up, but it remains unclear at present whether further therapy is
warranted in such patients. This, as well as other mysteries of the sentinel lymph
node, awaits further study for clarification.

CONCLUSION

The technique of sentinel lymph node biopsy has permitted accurate identification
by surgeons and nuclear medicine physicians of the first node to receive direct
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drainage from an area of tumor. This selective dissection of the first draining node
has had the added benefit of dramatically reducing the number of nodes the
pathologist must examine in the search for metastatic tumor. This in turn has made
feasible the routine examination of multiple levels of the submitted lymph node
tissue and the routine use of immunohistochemical stains, both of which had been
proven, even in the pre-sentinel lymph node era, to improve detection of occult
metastases, which impart a poor prognosis. While the optimal method for
pathologic examination of the sentinel lymph node remains "a work in progress”,
examination of at least three levels of the block, and the routine use of
immunohistochemical stains for antigens such as S-100 (for melanoma) and keratin
proteins (for carcinoma) seems to constitute the current "standard of care". The
value of highly sensitive methods, such as PCR, in the search for occult metastases
remains a subject of active investigation.
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MAPPING IN COLORECTAL CANCER -
A PROPSECTIVE STUDY FOR IMPACT
ON STAGING, LIMITATIONS AND
PITFALLS

Sukamal Saha, MD

INTRODUCTION

Colorectal cancer remains a major cause of morbidity and mortality from all
gastrointestinal malignancy throughout the world, with last published account of
783,000 new cases in 1990 causing about 437,000 deaths globally [Parkin 1999]. It
is the third leading cause of cancer related death in the United States with an
estimated 133,200 new cases of colorectal cancer in the year 2000, causing
approximately 56,500 deaths [Greenlee 2000]. The most important prognostic
factor for predicting survival in colorectal cancer is the stage of the tumor during
initial diagnosis. Even though surgery alone is considered curative in most patients
with the disease confined within the bowel wall (AJCC stage I/II), the survival
decreases significantly by about 25-35% once the disease spreads beyond the bowel
wall to the draining lymph nodes (AJCC stage III). Following surgery, adjuvant
chemotherapy has been shown to be curative in more than one third of patients with
nodal metastasis [Woolmark 1993]. Therefore, diagnostic accuracy of nodal
metastasis remains critical for proper prediction of survival and appropriate
therapeutic planning. About 10-25% of patients with so-called localized disease
(AJCC stage I/IT) will develop progression of the disease within five years of
diagnosis and die of metastatic disease in spite of having curative surgery. Even
though the cause of such systemic failure may be multifactorial, it is reasonable to
assume that many of these patients indeed had occult micrometastasis, which
remained undetected by conventional pathologic examination. Various methods
have been developed to increase the incidence of detection of such nodal
micrometastasis, e.g., serial sectioning [Pickreen 1961, Turner 1999],
immunohistochemistry using cytokeratin [Haboubi 1998, Greenson 1994], and most
recently by reverse transcriptase polymerase chain reaction (RT-PCR) [Mori 1995].
All of these methods have indeed increased the rate of detection of nodal metastases
in colorectal cancer but with an enormous burden to the pathologist in terms of
time, cost and labor intensity. For these reasons, sentinel lymph node (SLN)
mapping technique seems to be an ideal alternative for the accurate staging of
patients with colorectal cancer.
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The SLN mapping concept was originally proposed by Cabanas [1977] in
1977 for the treatment of cancer of the penis. In 1992, Morton and colleagues
[Morton 1992] defined and improved the technique of SLN mapping in patients
with malignant melanoma. Since the 1990’s, this technique has been used for
accurate staging of nodal metastasis in multiple solid tumors including breast
[Giuliano 1994], head and neck, thyroid, gastrointestinal, gynecological [Bilchik
1998], lung [Little 1999], colorectal cancers [Saha 2000]. The sentinel lymph node
is defined as the first to fourth node having direct drainage from the primary tumor
site and has the highest potential of harboring micrometastases when present.
Multiple studies [Morton 1992, Giuliano 1994] have shown the status of SLN(s)
also reflect the histological features of the particular lymph node basin with more
than 90% accuracy. Therefore if the SLNs can be identified during colorectal
cancer surgery, these nodes can be specially tested by the pathologists for a detailed
analysis by multilevel microsections, immunohistochemistry, and RT-PCR
methods. This may lead to the detection of occult nodal micrometastases which
would have otherwise remained undetected by conventional pathological
examination of one or two sections of the lymph node. This may upstage a
significant number of cases with early colorectal cancer to whom potentially
curative systemic chemotherapy can then be offered which may lead to an increase
in survival.

For the first time in the United States, our group has undertaken a
prospective study regarding the use of SLN mapping technique in colorectal cancer.
The purpose of the study is five-fold: 1) to determine the feasibility of SLN
mapping using isosulfan blue dye (Lymphazurin 1%, Ben Venue Labs, Inc.,
Bedford, Ohio, USA; 2) to assess the accuracy of the SLNs in determining the status
of regional nodes; 3) to identify any aberrant mesenteric lymphatic drainage
patterns; 4) to assess the limitations and pitfalls of the technique in patients with
colorectal cancer; and 5) to evaluate the use of any other dye for the mapping
technique.

SELECTIVE SENTINEL LYMPH NODE MAPPING FOR COLON
CANCER: HOW WE DO IT

From October 1996 through January 2000, 159 consecutive patients with the
diagnosis of colorectal cancers were prospectively studied under an Institutional
Review Committee approved protocol after informed consent was obtained.
Preoperative evaluation for all patients included a complete history and physical
examination, routine laboratory studies, including liver function study and
carcinoembryonic antigen (CEA), colonoscopy, and computed tomography of the
abdomen and pelvis. Prior to surgery all patients were given standard bowel prep
along with oral and intravenous antibiotics. In all patients, the surgeon had a prior
knowledge (by the colonoscopy procedure) of the approximate location of the
primary tumor. An exploratory laparotomy was performed to find the extent of the
primary tumor and any distant metastases. Some mobilization of the bowel along
the paracolic gutter was needed to deliver the bowel adjoining the tumor near the
surface. Mesenteric dissection was kept at a minimum to prevent disruption of the
lymphatic pathway.
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Injection of Lymphazurin

Once the tumor bearing area of the colon was isolated, 1-2 ml. of Lymphazurin 1%
was injected subserosally by a tuberculin syringe around the primary tumor in a
circumferential manner (Figure 1). Care was taken not to inject into the lumen of
the bowel. For low rectal lesions the dye was injected by a 27-gauge spinal needle
through a proctoscope, into the submucosal and muscular layer underneath the
tumor.

Identification of Lymphatic Basins

The blue dye travels quickly via the lymphatics to the draining lymph nodes, which
turn pale to deep blue. The first to fourth blue nodes closest to the tumor with the
most direct drainage from the tumor are marked as “SLN(s)”. The SLN(s) are
usually identified within the first five to seven minutes following the injection.
They are usually seen on the retro peritoneal surface and marked with suture for
future identification (Figure 2). Once the SLNs are identified, a standard oncologic
resection is then performed to include adequate proximal and distal margins, along
with the regional lymph nodes in the attached mesentery. Occasionally a blue
nodeis identified outside of the usual lymphatic bearing area and should be
considered as an SLN and included within the margins of the resection.
Occasionally, in patients with unusually thick or fatty mesentery, limited surgical
dissection of the mesenteric fat was required to identify the blue-stained lymph
nodes.

Due to the recent reports of rare anaphylactic reactions to the Lymphazurin
dye [Leong 2000] attempts are being made to validate the use of other dyes for SLN
mapping technique. For this purpose, we also used a commonly used dye,
Fluorescein 10%, 1-2 ml mixed with Lymphazurin. Fluorescein dye also was found
to travel via the lymphatics to nearby SLN(s), and turned the blue sentinel node to
greenish-yellow in color (Figure 3). This was further confirmed by Wood’s light
illumination in a darkened room as fluorescent bright yellow nodes. No allergic
reaction has been observed during the use of either Lymphazurin or Fluorescein dye
in our series.

PATHOLOGICAL EXAMINATION

The surgical specimens were sent to the pathology lab in a fresh state. The SLNs
were dissected free from the specimen and sectioned grossly at about 2-3 mm.
intervals and blocked separately in individual cassettes; the entire specimen must be
examined for proper evaluation of the tumor and harvesting of nonSLNs. The
pericolic adipose tissues were often fixed for 2 to 18 hours in Carnoy’s fluid [Wiese
2000] to aid in the recognition and dissection of additional nonSLNs. For each
SLN, usually a total of 10 sections were cut through the blocks at a thickness of 4
microns, each approximately 20-40 microns apart. One of these sections, usually at
the 5% level, was immunostained for the demonstration of low molecular weight
cytokeratin (AE-1 and AE-3 cocktail; Ventana, Tucson, AZ) (Figure 4). The other
sections were stained routinely with hematoxylin and eosin (H&E). A small sample
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of the SLN along with a piece of a nonSLN and the primary tumor were sent to a
central laboratory for RT-PCR study.

Figure 1. Lymphazurin 1% is being injected subserosally around a tumor in the sigmoid colon of a 70~
year old female.

Figure 2. The sentinel lymph node is marked with suture as they appear soon after the dye injection.
Figure 3. Fluorescein 10% is also being injected subserosally showing greenish- yellow stained sentinel
lymph node near the primary tumor.

Figure 4. Occult micrometastasis seen in a small 9 mm sentinel lymph node detected only by
immunohistochemistry.
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CLINICAL OUTCOME

Of the 159 consecutive patients in this study, 93 had colon, 41 rectosigmoid and 25
had rectal cancer. The number and locations of the primary tumors were as follows:
cecum 31; right colon 41; transverse colon 15; splenic flexure 2; left colon 4;
sigmoid colon 26; rectosigmoid colon 15; and rectum 25 respectively. Ages ranged
from 33-97 years (median 71 years). The SLN mapping technique successfully
identified 1-4 SLNs in 156 out of 159 patients (98%). In three patients, the SLN
mapping technique failed to identify any blue node (2 with rectal cancer treated
with neoadjuvant chemo/radiation therapy and one with perforated colon cancer).
The following analysis is based on the remaining 156 patients in whom at least one
SLN was identified. A total of 2,425 lymph nodes were examined (mean 15.5 per
patient), of which 286 (12%) lymph nodes were identified as SLNs. Of these, one
SLN was identified in 40% pts, two SLNs in 40% pts, three SLNs in 18% pts and
four SLNs in 2% pt. In 98 (63%) patients the SLNs were negative for metastasis.
Of these 98 patients, 91 (93%) patients the SLNs, as well as all the nonSLNs were
negative for metastasis. In the other seven (4%) patients, the SLNs were negative
but eleven of the nonSLNs were positive for metastasis (skip metastasis). In 58
patients, the SLNs were positive for metastasis; of these, in 31 patients, the SLNs
were the only site of metastasis with all other nonSLNs being negative. In 23 (15%
of the total 156 patients) of these patients, micrometastasis were identified only in
1-2 of ten microsections of a single SLN. Of these 23, ten (6.4%) were confirmed
by immunohistochemistry only; thus representing true occult micrometastasis. The
extent of surgery was altered by evidence of an aberrant lymphatic pathway
detected by the SLN mapping technique in seven patients. Overall, the sensitivity
of SLN mapping for colorectal cancer in our series was 93.7%; specificity of 100%;
and negative predictive value of 93%. Solitary metastasis in one SLN, as was found
in 15% of patients, may have upstaged these patients from AJCC stage I/II to stage
I, who may then benefit from adjuvant chemotherapy.

Incidence of metastasis in SLNs vs nonSLNs 26% vs 9.5% respectively.
In presence of negative SLNs metastasis were found in 12 out of 2,139 (0.6%) of
nonSLNs only (skip metastasis). To evaluate the effect of multilevel micro
sectioning of the SLNs only as opposed to the nonSLNS, for the first 25 consecutive
patients all SLNs as well as the nonSLNs were sectioned at 10 levels in identical
manner. Ofthe 390 lymph nodes examined (average 15.6 per patient), 13 (36%) of
the 36 SLNs were positive for metastasis, while only 24 (7%) of the 354 nonSLNs
had metastasis. When all the initially negative nonSLNs were sectioned at 10 levels
and reexamined, only 0.6% (2 of 330 lymph nodes) revealed previously undetected
micrometastasis. These results further confirm the unique distribution of metastasis
via the lymphatics to the SLNs with minimal chance of skip metastasis. Thus, there
may be no further benefit in performing multilevel sections of the nonSLNs as
opposed to the SLNs.
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Lymph node metastasis decreases the overall survival in most solid tumors as in
breast, melanoma, and colorectal cancer by about 30%. For colorectal cancer with
lymph node metastasis, adjuvant chemotherapy is the recommended treatment, with
a reduction in cancer-related mortality by approximately 33% [Cohen 1998]. The
ability to detect micrometastasis in SLNs may upstage patients from AJCC stage I/II
to stage III, thereby altering the post surgical treatment plan to include adjuvant
chemotherapy. This study confirms that in patients with colorectal cancer, as in
breast and melanoma, SLN mapping technique is highly successful (98%) and
accurate (96%). The failure to identify SLNs in two patients with preoperative
chemo/radiation therapy for low rectal cancer may be due to submucosal fibrosis
caused by the radiation therapy. The other patient with perforated carcinoma had
intense peritoneal reaction, thereby preventing the dye from entering into the
enlarged, inflamed lymph nodes. Of the seven patients with skip metastasis in this
series, two had two closely situated primary tumors; two patients had large T4
tumors of rectosigmoid invading adjacent organs; one patient had previous
colectomy with anastomotic recurrence. Potential limitations and contraindications
of this procedure are shown in Table 1.

TABLE 1

Limitations and Contra-indications of Sentinel Lymph Node Mapping

Limitations
Previous colon surgery
Neoadjuvant chemo/radiation therapy
Large tumor invading adjacent organs
Perforated carcinoma
Multiple primary tumors

Contra-indications
Distant metastasis
Clinically positive lymph nodes

This study also confirms that in colorectal cancer patient, SLN mapping is
technically simple with a short learning curve. Use of Fluorescein dye in the last 40
patients also allowed us to further validate the lymphatic mapping technique by the
use of Wood’s light illumination in a darkened room. In patients with thick
mesentery where blue lymphatic channel is difficult to visualize, as well as in
patients who may be allergic to Lymphazurin, Fluorescein dye may be an
alternative for lymphatic mapping in colorectal cancer. These dyes have been found
to have no apparent side effects in our series; the technique usually takes less than
ten minutes of operating time; and it is relatively inexpensive ($99/vial of
Lymphazurin and $5/vial of Fluorescein). Unlike in melanoma and breast cancer,
no radionuclide dye or gamma probe was used in this study thereby further reducing
the cost.
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It should be noted that failure to inject the dye completely
circumferentially, as well as injection of the dye into the lumen, might lead to skip
metastasis. Hence, every attempt should be made to inject the dye subserosally to
prevent intraluminal injection and to inject at multiple points surrounding the tumor.
Utmost precaution should be taken not to spill the dye, especially the Fluorescein,
outside the bowel, which may stain non-tumor bearing areas, thereby preventing the
identification of the blue lymph nodes.

SLN mapping also allows the pathologist to meticulously examine only 1-4
SLNs, thereby increasing the chance of diagnosis of micrometastasis. Multilevel
microsections of the SLNs only may allow us to accurately predict the nodal status
with a very low incidence of skip metastasis. This may allow the pathologist to
avoid costly and time-consuming examination of the large number of the nonSLNs
with multilevel microsections. Immunohistochemistry and PCR technique may
further enhance the diagnosis of nodal micrometastasis.

A large, multi-institutional study is being proposed by the American
College of Surgeons Oncology Group (ACOSOG - Z0170) to evaluate and to verify
the efficacy of this technique and to assess its impact on the survival of patients
with colorectal cancer. It is our hope that the application of SLN mapping
technique in colorectal cancer will become part of the standard practice of the
general surgeons given its simplicity, high accuracy, low cost, and its ability to aid
the pathologists to focus their attention on 1-4 SLNs for detailed analysis, thereby
upstaging a significant number of patients. Thus upstaged, patients may be offered
newer adjuvant chemotherapy, which may alter their survival.
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