Lymphatic

Mapping

and Probe

Applications

in Oncology

edited by

Omgo E. Nieweg
Richard Essner
Douglas 5. Reintgen
John F. Thompson



This Page Intentionally Left Blank



ISBN: 0-8247-0267-0
This book is printed on acid-free paper.

Headquarters

Marcel Dekker, Inc.

270 Madison Avenue, New York, NY 10016
tel: 212-696-9000; fax: 212-685-4540

Eastern Hemisphere Distribution

Marcel Dekker AG

Hutgasse 4, Postfach 812, CH-4001 Basel, Switzerland
tel: 41-61-261-8482; fax: 41-61-261-8896

World Wide Web
http://www.dekker.com

The publisher offers discounts on this book when ordered in bulk quantities. For more
information, write to Special Sales/Professional Marketing at the headquarters address
above.

Copyright O 2000 by Marcel Dekker, Inc. All Rights Reserved.

Neither this book nor any part may be reproduced or transmitted in any form or by any
means, electronic or mechanical, including photocopying, microfilming, and recording,
or by any information storage and retrieval system, without permission in writing from
the publisher.

Current printing (last digit):
10987654321

PRINTED IN THE UNITED STATES OF AMERICA



Foreword

The single most important prognostic factor for patients with solid neoplasmsis
the metastatic status of the regional lymph nodes draining the primary tumor.
Until recently, the only approach to the identification of regional node metastases
was complete lymphadenectomy and pathological examination of each excised
node using hematoxylin & eosin staining. This technique underestimates the true
frequency of nodal metastases because it samples only a small percentage of the
total nodal volume and uses a staining method that is not ideally sensitive. How-
ever, despite inadequacies as a staging procedure (and significant morbidity),
routine complete lymph node dissection has continued to be popular because of
its purported therapeutic value in patients whose tumor may metastasize to the
regional nodes before extension to distant sites. Unfortunately, the only patients
who derive benefit from elective regional lymph node dissection in early-stage
melanoma and breast cancer are the minority with nodal metastases; the majority
of patients are exposed to the morbidity of complete lymphadenectomy without
possible benefit. Because of dissatisfaction with this traditional approach, we
sought to develop an improved technique.

During the 1970s, we conceptualized cutaneous lymphoscintigraphy as a
method to identify the lymph basin at risk of receiving cancer cells metastasizing
from aprimary tumor in the trunk or other sites with ambiguous lymphatic drain-
age. During the 1980s, we formulated the necessary surgical and pathological
concepts and developed sensitive techniques to determine which nodes within
that nodal basin drained a particular primary cutaneous site. The location of these
nodes varied widely depending on the site of the primary tumor and the patient’s
lymphatic anatomy. We called these nodes the sentinel nodes, unaware that
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R. S. Cabaiias had previously used this term to refer to a lymph node in a fixed
anatomical location adjacent to the inferior epigastric vein, which appeared to
be the primary drainage node for lymphatic flow from the penis. We presented
the concept of intraoperative lymphatic mapping and sentinel lymphadenectomy
for patients with primary cutaneous melanoma at the 1990 meeting of the Society
of Surgical Oncology. Since then, acceptance of our approaches has been rapid,
and over 250 articles have been published on this subject. The sentinel node is
the first lymph node on the direct lymphatic drainage pathway from the primary
tumor site. It is the node most likely to receive metastatic cells from the primary
tumor. The tumor status of the sentinel node thus indicates the tumor status of
the nodal basin. Focused examination of the sentinel node permits more extensive
sampling of nodal tissue and ultrastaging for micrometastases by sensitive immu-
nohistochemical and molecular techniques. These techniques would not be cost-
effective or practical if it were necessary to examine all nodes removed during
a routine lymphadenectomy. Intraoperative lymphatic mapping with sentinel
lymphadenectomy currently spares 70—80% of melanoma and breast cancer pa-
tients with negative nodes the morbidity of radical lymphadenectomy.

The international interest aroused by sentinel lymphadenectomy in recent
years has been extraordinary and suggests that this very simple concept will revo-
lutionize the management of melanoma and breast cancer. Indeed, the concept
islikely to be applicable to all solid neoplasms that metastasize via the lymphat-
ics. It is of some concern because lymphatic mapping has been accepted so
quickly that there has been no comprehensive guide available to direct those who
wish to accept and apply the approach. Lymphatic Mapping and Probe Applica-
tions in Oncology will correct that situation. O. E. Nieweg, R. Essner, D. S.
Reintgen, and J. F. Thompson have compiled an excellent text that surveys the
entire field of lymphatic mapping with respect to avariety of neoplasms, includ-
ing melanoma, breast cancer, vulvar cancer, and penile cancer.

Although the concept is ostensibly simple, the process of mapping, defini-
tive identification, and evaluation of the sentinel node requires the orchestrated
effort of several speciadists. Lymphatic mapping is a multidisciplinary undertak-
ing, and the well-written chapters of this text consistently emphasize the impor-
tance of establishing a committed team of nuclear medicine physicians, surgeons,
and pathologists who are expert in the application of their respective specialties
to this technique. Much practical information is included that will be of value to
multidisciplinary physician groups attempting to apply sentinel node technology
in their own practices.

We owe adebt of gratitudeto the editors of this comprehensivetext describ-
ing the application of this new technology. Each of these internationally distin-
guished surgeons has made significant contributions to the field, and together the
reports in their book represent the state of the art in lymphatic mapping.

However, the field continues to evolve rapidly and we believe that our
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progressto date only scratches the surface of arevolutionary technology that may
be applicable to all solid neoplasms. We therefore look forward to the continued
evolution of these approaches and to additional publications that maintain the
standard of excellence achieved in this book.

Donald L. Morton
Alistair J. Cochran
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Preface

Lymphatic mapping with sentinel lymphadenectomy is undoubtedly one of the
most interesting developmentsin oncology today. Use of this minimally invasive
procedure can document regional lymph node involvement with a high degree
of accuracy. The concept is appealing because it is so simple and logical. In
addition, it apparently is applicable to a range of neoplastic diseases, including
melanoma, breast cancer, carcinoma of the vulva, carcinoma of the penis, and
possibly other types of cancer as well.

The underlying hypothesis goes back along way. The pioneering surgeon
William S. Halsted (1852-1922) proposed that lymph nodes were a barrier to
the spread of tumor cells, that lymphatic dissemination of neoplasms progressed
in an orderly fashion, and that lymph nodes were a source of distant spread of
tumor cells. Over the years ideas have changed, and during most of the latter
half of the twentieth century the general opinion was the opposite. Only a few
individuals had the vision and courage to challenge the widely held view that
Halstedian thinking was obsol ete.

R. S. Cabafias, aresident in urology at the Memorial Sloan-Kettering Can-
cer Center in New York, initially used the term ‘“sentinel node.”’ In 1977, he
suggested that squamous cell carcinoma of the penisinitially drained to a particu-
lar lymph node in the groin that was always in the same position. For penile
cancer this appeared to make some sense, because penile cancer is awayslocated
in exactly the same part of the body, unlike melanoma or even breast cancer.
Cabahas called that node the *‘ sentinel’’ node.

However, itwasD. L. Morton and A. J. Cochran, at the John Wayne Cancer
Institute at Saint John's Health Center in Santa Monica and UCLA, respectively,

vii
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who developed the concepts of lymphatic mapping and selective lymph node
biopsy for melanoma. They reasoned that any node in a particular lymphatic field
could be the sentinel node, depending on the location of the primary melanoma
and with a certain individual variability.

It is not surprising that Morton played a key role in the inception of lym-
phatic mapping because he was one of the early proponents of lymphoscintigra-
phy, and lymphoscintigraphy is a cornerstone of lymphatic mapping. Being a
melanoma surgeon, Morton was also wrestling with the question of whether or
not to perform elective lymph node dissection, a controversial procedure in that
disease. In retrospect, it is understandable that treatment of melanoma was the
breeding ground for lymphatic mapping and that Morton was its initiator.

The original definition of a sentinel node has recently become a source of
some confusion. Morton stated that a sentinel node is the initial lymph node into
which the primary tumor drains. In other words, the sentinel node (first-tier node,
first-echelon node) is the lymph node on the direct drainage pathway from the
primary tumor. Some investigators have altered this definition and come up with
their own interpretations. This is understandable, because everybody is looking
at this development from his or her own background and perspective. For in-
stance, some investigators in the field of nuclear medicine define the sentinel
node as the first lymph node that becomes visible on the lymphoscintigraphy
images. Although there is some truth in that definition, because the first node
that lights up is a sentinel node, this definition does not acknowledge the fact
that there may be more than just one sentinel node. Sometimes there are two
lymphatic ducts draining the primary tumor, running to two different lymph nodes
in the same basin. Because of a preferential flow, one node may appear on the
scintigraphy images earlier than the other, but that does not mean that only the
first node is a sentinel node. Tumor cells can travel through either duct and lodge
in either node. There may even be more than two sentinel nodes. All these first-
tier nodes should be collected by the surgeon and examined by the pathologist.
Therefore, this particular definition istoo narrow: too few nodes are label ed senti-
nel node and metastases may be missed.

Other investigators define a sentinel node as either ablue node or a radioac-
tive node. In their opinion, every blue node or radioactive nodeis a sentinel node.
These investigators do not acknowledge the fact that some of the tracer may pass
through the first-tier lymph node and lodge in secondary nodes that are not di-
rectly at risk of harboring metastatic disease. Thus, this definition is too broad
and too many nodes may be removed. In thisbook we adhereto Morton’ s original
definition to avoid confusion.

Lymphatic Mapping and Probe Applications in Oncology had its inception
inthework of B. A. E. Kapteijn at The Netherlands Cancer Institute. She studied
various aspects of lymphatic mapping and her findings were reported in a Ph.D.
thesis. Her work with its basic information was in such demand that the book
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was reprinted twice. The apparent interest in the subject prompted Marcel Dek-
ker, Inc., to encourage us to produce the present volume. The fedling proved to
be correct because interest in lymphatic mapping continues to grow at a rapid
pace, and the number of publications on the subject is increasing exponentially.
Lymphatic mapping is the hot topic at many national and international confer-
ences in various fields of medicine. Training courses are frequently oversub-
scribed. Despite the lack of firm proof from randomized trials that lymphatic
mapping is beneficial, one thing is now crystal clear: this development cannot
be stopped! These techniqueswill beincorporated into routine patient care. There
isagreat demand for information. Lymphatic Mapping was produced to fill this
need by providing a comprehensive review of the current state of the art.

The sentinel node is identified through elegant applications of techniques
that visualize a physiological process. Chapter 1 describes the relevant micro-
anatomy and physiology of the lymphatic system, and Chapter 2 presents the
history of lymphatic mapping. Lymphatic mapping is the work of amultidiscipli-
nary team. It cannot be overstated how important it isfor the surgeon (or gynecol-
ogist or urologist) to have adequate nuclear medicine support. Thisis lymphatic
mapping. The nuclear medicine physician provides the road map that guides the
surgeon. Chapters 2, 3, and 9 present various aspects of lymphoscintigraphy. The
surgical technique is described in Chapter 4. Important features of gamma-ray
detectors are discussed in Chapter 5. The current status of knowledge of lym-
phatic mapping in melanoma is described in Chapter 6. The pathologist is an
important member of the lymphatic mapping team, and Chapters 7 and 8 discuss
the pathological evaluation of a sentinel node. Chapter 10 deals with breast can-
cer, Chapter 11 with carcinoma of the vulva, and Chapter 12 with carcinoma of
the penis. Chapter 13 deals with radiation protection issues related to the sentinel
node procedure. Chapter 14 provides practical information for doctorswho intend
to implement lymphatic mapping in their hospital. A gammarray detection probe
can be used for other purposes in addition to lymphatic mapping. These applica-
tions are described in Chapters 15, 16, and 17. Practical information on lymphatic
mapping can be gathered from the case reports presented in Chapter 18. Chapter
19 speculates about the future role of this procedure. All chapters were written
to be understandable to all members of the team. Statements are illustrated by
clinical examples where useful. We have endeavored to point out where contro-
versy exists and to present evidence where it exists. We hope that this book will
provide practical information for those who intend to include this procedure in
their clinical armamentarium.

Omgo E. Nieweg
Richard Essner
Douglas S. Reintgen
John F. Thompson
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Microanatomy and Physiology of the
Lymphatic System

Peter C. A. Kam and John F. Thompson
Royal Prince Alfred Hospital, Camperdown, and University of Sydney, Sydney, New
South Wales, Australia

Roger F. Uren
University of Sydney, Sydney, New South Wales, Australia

INTRODUCTION

It isessential for nuclear medicine physicians, pathologists, and the various spe-
cialists who perform operations to have a sound knowledge of the anatomy and
physiology of the body regions with which they concern themselves. Imaging
and surgery of the lymphatic ducts and lymph nodes thus require a thorough
understanding of the lymphatic system. This system is essentially a complex net-
work of channels which drain fluids and proteins from the interstitial spaces of
the body’s organs and tissues, and an immunological control system involving
peripheral lymph nodes and circulating lymphocytes. Lymphatics return the cap-
illary ultrafiltrate and proteins together with bacteria, fat micelles, and immune
cells into the general circulation via veins in the neck. Some ultréfiltrate is re-
absorbed by the vascular system of lymph nodes. Overall total body lymph
flow at rest is approximately 2—4 L/day, but there are large variations in the lym-
phatic flow within different organs [1]. The purpose of this chapter is to re-
view the anatomy and physiology of the lymphatic system. The lymphatics of
body parts that are subject to sentinel lymph node exploration are discussed in
detail.
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MICROANATOMY OF THE LYMPHATIC SYSTEM

Although there are remarkable similaritiesin the lymphatic microanatomy within
different organs, there are also some essential differences [2]. This review will
deal with the common ultrastructural features first and then examine the differ-
ences between organs. The lymphatic system (Fig. 1) begins as a network of
blind ending capillaries which absorb lymph from the interstitial spaces. These
capillaries are caled initial lymphatics and are aso known in the literature as
prelymphatics, lymphatic capillaries, or terminal lymphatics [2,3]. The initial
lymphatics then form the lymphatic collecting vessels (also known as the lym-
phatic collectors, collecting ducts, or conducting lymphatics). These lymphatic
collecting vessels in turn feed into afferent lymph trunks. Lymph nodes are lo-
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Ficure 1  Principal elements of the lymphatic system.
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cated aong the lymphatic system so that one or severa afferent lymphatic collect-
ing vessels drain into a node, and the efferent lymphatic collecting vessels leave
the nodes and drain toward major (large central) lymphatic trunks which trans-
port the lymphatic fluid into large veins in the neck. The lymphatic collectors
drain into local or sometimes remote lymph nodes which are arranged in regional
groups. Nodes within a regional group are often interconnected. Lymph from
most parts of the body finally drains into the venous circulation via the thoracic
duct, at the junction of the left subclavian and jugular veins. In general, lymph
passes through a series of lymph nodes before reaching a major collecting duct.
The exceptions to this general arrangement are the lymph vessels of the thyroid
gland, the esophagus, and the coronary and triangular ligaments of the liver,
which drain directly to the thoracic duct without passing through lymph nodes.
The flow rate in the large lymphatic conduits, including the thoracic duct, is
approximately 1-3 mL/min. Numerous valves are present along the lymphatic
collecting vessels and trunks, and they aid in directing lymphatic drainage from
the periphery toward the subclavian vein.

Theinitial lymphatics exist either asblind terminal sacs or as an anastomos-
ing network of lymphatic capillaries 10-50 pm in diameter in the interstitial
space, in close relationship to the blood capillaries and small venules. These
are sometimes connected to irregular-shaped sinusoids which have no basement
membrane.

Thewallsof theinitial lymphatics are made up of asingle layer of endothe-
lia cells with a discontinuous basement membrane, tethered to the surrounding
connective tissue by collagen filaments (Fig. 2). Each lymphatic endothelial cell
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Ficure 2  Initial lymphatics.
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is very thin, measuring 0.1 um or less at its edge where it meets the adjacent
cell and thickens only in the perinuclear areato measure 2—4 um. It characteristi-
cally has sparse rough endoplasmic reticulum scattered throughout the cytoplasm.
It a so contains fine contractile filaments (40—-60 Aindi ameter) in the cytoplasm,
lying paralel to the long axis of the cell.

Theinterendothelial junctions are approximately 10—25 nm wide, rendering
the initial lymphatics highly permeable to plasma proteins and particulate mate-
rial though occasionally gaps of several micrometers are present between cells.
The overlapping junctions run obliquely and therefore function like flap valves,
allowing the entry of fluid but closing when the intraluminal pressure increases
above interdtitial pressure. There is bulk flow of fluid, proteins, macromolecules,
and other substances through these interendothelial junctions into the lumen of
the initial lymphatics. Plasma membrane invaginations are present on both the
luminal and abluminal surfaces of the endothelial cells, suggesting that pino-
cytosis may be responsible for vesicular transport of particles larger than 30 nm
across the lymphatic endothelium.

The anchoring filaments are microfibrils approximately 8 nm in diameter.
They are attached to the walls of theinitial lymphatics at one end and to collagen
fibersintheinterstitium at the other end (Fig. 3). These filaments pull the endothe-
lial walls of the initial lymphatics apart as the matrix of the interstitial space
swells with increased interstitial fluid volume.

ap

LYMPHATIC TISSUE
CAPILLARY FIBERS

o

ANCHORING
FILAMENT

\

Yy

Ficure 3  Anchoring filaments of initial lymphatics.
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Thus, the microanatomy of the initial lymphatics allows the endothelial
lining to function as a microvalve system between the interstitium and itself.
As the anchoring filaments prevent the collapse of the initial lymphatics, large
interendothelial gaps open between the overlapping junctions, alowing the entry
of interdtitial fluid, cells, bacteria, and solid particles. When the luminal lymphatic
pressure is higher than the interstitial pressure, an apposition of the overlapping
margins of the endothelial cell results, thereby closing the interendothelial
junction and preventing leakage of lymph into the interstitial space. The lym-
phatic collecting vessels are similar to the initial lymphatics with respect to the
structure of their endothelium but, in addition, have bicuspid semilunar valves
which promote lymphatic flow toward the central lymphatics and prevent the
backflow of lymph. The valves are made up of thin collagen sheets between two
endothelial layers. Thus, the valves are funnel shaped and can operate at very
low flow rates irrespective of the size or shape of the lumen of the lymphatics.
Viscous fluid stresses appear to be the main physical factor influencing the func-
tional status of the valves. The intervalvular distance is 1-3 mm in the small
lymphatics and increasesto 6—12 mm in the larger lymphatics. There are approxi-
mately 30-35 valves in the thoracic duct, where the intervalvular distance is
about 12—-15 mm.

The walls of the lymphatic collecting vessels consist of an intima lined by
endothelial cells and a basement membrane, a media with longitudinal and circu-
lar layers of smooth muscle, and an adventitia with connective and el astic fibers,
fibroblasts, and nerve endings (Fig. 4). The collecting lymphatics form a series
of discrete contractile units, each separated from the next by a valve. Each unit
or compartment between two consecutive valves forms a lymphatic ‘*micro-
heart’’ caled a lymphangion. The lymphangion is the basic functional unit of
the lymphatic system, and its length varies between 6 and 20 mm in different
organs.

Spontaneous peristalsis of about 10 contractions per minute occurs in
lymphangions, producing synchronized opening and closing of the valves which
prevent reflux of fluid. The contractility of lymphangions is regulated by their
filling pressures, humoral mediators, and neural mechanisms. Asthe intraluminal
pressure increases, the frequency of the peristaltic contractions increases, indicat-
ing a myogenic autoregulation. Alpha-adrenergic stimulation due to sympathetic
activity increases the rate and force of contractions of lymphangions. Serotonin
(5-hydroxytryptamine) is a potent stimulator of lymphatic contractions. Prosta-
glandins E;, E,, and |, inhibit lymphatic motility. Anesthetic agents aso inhibit
theintrinsic contractility of thelymphatic vessels. It has been shown, for example,
that halothane decreases the rate of lymph flow by 25-59% [2].

The walls of the major lymphatic trunks essentially have a structure similar
to that of lymphatic collectors but with athicker muscle layer and abundant elastic
fibersin the media, and more nerve endingsin the adventitia. They contain valves
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Ficure 4 Lymphatic collectors.

which are essentia for the forward flow of lymph fluid and for preventing the
generation of high hydrostatic forces due to gravity. The intervalvular distance
is approximately 6—10 cm. The lymphatic pressures can vary from less than 25
mmHg in the absence of lymphatic obstruction to over 100 mmHg during obstruc-
tion.

Large lymphatic conduits from the lower limbs and the abdominal viscera
converge, and the lymph (now known as chyle) flows into alarge saccular dilata-
tion of the lymphatic trunk called the cisterna chyli. This acts as a temporary
reservoir for chyle, which then passes onward in the thoracic duct. The thoracic
duct receives about 75% of the body’s lymph and drains into the left subclavian
vein a its junction with the jugular vein.
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LYMPHATIC SYSTEMS IN DIFFERENT ORGANS AND TISSUES

Thereis considerable variability in the lymphatic network within different organs.
The deep lymphatic trunks usually accompany arteries and veins and almost al
reach the thoracic duct. However, additional entry points into the venous system
through the inferior vena cava and the renal, suprarenal, azygous, and iliac veins
have been reported but are likely to be variable. The brain and the eye lack a
conventional lymphatic system.

Skin

Studies of the microlymphatics of the skin have shown awidespread subepithelial
network (Fig. 5) [2,4]. A superficial subpapillary layer of prelymphatic capillaries
(initial lymphatics) forms a closely interconnected hexagonal network. Theseini-
tial lymphatics are connected to deeper layers of lymphatic capillaries in the
dermis, and lymph is then transported centrally through subcutaneous lymphatic
collecting vessels. The subdermal lymphatics communicate with those below the
deep fascia[4]. With increased depth, the lymphatic channels become larger, but
the density of the network is reduced. The epidermal lymphaticslack intraluminal
valves, but the deeper lymphatic collecting vessels and trunks have valves. The
lymphatic endothelium in the cutaneous tissue is extremely thin and lacks interen-
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Ficure 5 Diagrammatic representation of microlymphatics of skin.
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dothelia junctions, but has macroscopic openings. There is alarge variability in
cutaneous lymph flow rates reported. The rate of cutaneous lymph flow as mea-
sured by an intradermal injection of radioactively labeled colloids is influenced
by the properties of the injected colloid, the site of injection, the vascularity of
the underlying tissues, and muscle movement of the part of the body. Using
technetium-99m-labeled antimony sulfide colloid (*™Tc—antimony trisulfide,
®mTc—Sh,S;) [5], the cutaneous lymph flow rates are highest at the periphery of
the limbs and slowest in the head and neck regions and the proximal limbs. The
mean flow rate of cutaneous lymph flow is 1.5 cm/min in the head and neck
region, 2 cm/min in the shoulder, 2.8 cm/min in the anterior trunk, 3.9 cm/min
in the posterior trunk, 4.2 cm/min in the thigh, 5.5 cm/min in the forearm and
hand, and 10.2 cm/min in the leg or foot.

Kidneys

The kidney has an extensive cortical network of initial lymphatics distributed
along blood vessels, tubules, and Bowman's capsule. The lymphatics originate
in the cortex and under the rena capsule and drain into interlobular lymphatics,
which, in turn, empty into the hilar lymphatic network [2] and these end in the
lateral aortic nodes. A third plexus of lymphatic vesselsis present in the perirenal
fat and drain directly to the lateral aortic nodes.

Small Intestine

The microlymphatics of the small intestine consist of three layers of lymphatics
that are located in the villi, the submucosa, and the smooth muscle surrounding
the submucosa (Fig. 6) [2,6]. Each villus has alymphatic ending called alacteal.
The lacteals fuse at the base of the villi to form the submucosal network of lym-
phatics, which has dense interconnection but lacks valves. The lacteals and the
submucosal lymphatics lack smooth muscle and therefore cannot contract sponta-
neously.

The lymphatics in the smooth-muscle layer form a densely interconnected
network which is not directly connected to the mucosal and submucosal lym-
phatic networks. The network of lymphatics in the muscle also has no functional
valves. The mucosal, submucosal, and muscular layer lymphatic networks merge
to form large collecting lymphatics near the mesenteric border of the intestine.
At this site, intrinsic lymphatic contractions may be observed and the first lym-
phatic valves can beidentified. The lymph drainsinto lymphatic conduits running
through the mesentery. These, in turn, empty into the main mesenteric lymph
ducts, which are contractile and possess valves to prevent reflux. They are fre-
guently paired with the mesenteric artery and vein.
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Ficure 6 Lymphatic network in the small intestine.

Large Intestine

In the large intestine, lymph vessels begin as minute subepithelial blind sacs
which open into aperiglandular plexus[7]. From the periglandular plexus, vessels
pierce the muscularis mucosae to join a submucosal plexus. Efferents from the
submucosal plexus traverse the muscularis and drain into a plexus between the
longitudinal and circular layers. Collecting vessels leave the large intestine
through the muscle and enter the large lymphatic vesselswhich follow the mesen-
teric arteries. Lymphatic vessels from the root of the appendix and the cecum
pass anteriorly to the anterior ileocolic nodes and ileocolic nodes, and posteriorly
to the posterior and inferior ileocolic nodes.

Lymphatic vessels of the ascending and transverse colon drain into lymph
nodes along the right and middle colic arteries and their branches and end in the
superior mesenteric nodes. Those of the descending and sigmoid colon drain into
small nodes along the |eft colic arteries and end in the pre-aortic nodes near the
origin of the inferior mesenteric artery.

Lymphatic vessels from the wall of the upper half of the rectum ascend
with the superior rectal vessels through the pararectal nodes to nodes in the lower
sigmoid mesocolon and along the inferior mesenteric artery. From the lower half
of the rectum and the anal canal above the mucocutaneous junction, lymph ves-
sels follow the middle rectal vessels to the internal iliac nodes, although some
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may accompany the inferior rectal and internal pudendal vessels. Lymphatics
from the anal canal below the mucocutaneous junction descend to the anal margin
and drain into the medial superficial inguinal nodes.

Reproductive Organs

In the male, testicular lymphatic vessels begin as a superficial plexus under the
tunica vaginalis, and as a deep plexus within the substance of the testis and the
epididymis[7]. These drain into four to eight collecting lymphatics which ascend
in the spermatic cord and end in the lateral aortic and pre-aortic nodes. Collecting
lymphatic vessels from the ductus deferens end in the externa iliac nodes,
whereas those from the seminal vesicles drain into both the internal and external
iliac nodes. The lymphatic channels from the prostate drain into the internal iliac
and sacral nodes. The skin of the scrotum and penis is drained by lymphatic
vessels which follow the external pudendal blood vesselsto the superficia ingui-
nal nodes. Lymphatic vessels from the tissue inside the glans penis drain into
the deep inguinal and external iliac nodes, whereas those from the erectile tissue
and the penile urethra pass into the internal iliac lymph nodes.

In the female, lymphatic vessels from the ovary ascend along the ovarian
artery to the lateral aortic and pre-aortic lymph nodes. Lymphatic vessels in the
uterus are present in the subperitoneal area and deep in the uterine wall. Lym-
phatic vessels from the upper part of the body, the fundus, and the uterine tubes
drain mainly to the lateral aortic and pre-aortic nodes with a few passing to the
external iliac nodes. The vessels from the isthmus of the uterus follow the round
ligament and drain into the superficial inguinal nodes. Collecting vessels from
the cervix pass laterally in the parametrium to the external iliac nodes, posterolat-
eraly to the internal iliac nodes and posteriorly along the sacrogenital fold to
the rectal and sacral nodes. The vessels from the upper vagina accompany the
uterine artery to the internal and external iliac nodes, and those from the interme-
diate part of the vaginadrain into the internal iliac nodes. Lymph from the lower
vagina below the hymen, the vulva, and the perineal skin pass to the superficial
inguinal nodes, and those from the clitoris and the labia minora drain into the
deep inguinal nodes. Some efferent lymphatic collecting vessels from the clitoris
may directly drain into the interna iliac nodes.

Lungs

There are two sets of pulmonary lymphatics[2]: one set located in the connective
tissue of the pleuraand the other in the connective tissue surrounding the airways
and blood vessels, called the peribronchovascular lymphatics. The pleural lym-
phatic network consists of initial lymphatics, from which collecting lymphatics
drain into a system of caudal nodes. The peribronchovascular lymphatics begin
as blind sacs within the connective tissue of terminal bronchioles and pulmonary
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arterioles. Expansion of the lungs reduces the overlap of their endothelial cells.
Fluid in the pleural spaces also drains into an extensive network of lymphatics
in the parietal pleura and the diaphragm. The lateral parietal lymphatics are lo-
cated over the intercostal spaces but not over the ribs. The lymphatic vessels of
the parietal pleura end in three ways: those in the costal region join the vessels
of the internal intercostal muscles to reach the parasternal nodes; those of the
diaphragmatic pleura form a plexus on the thoracic surface; and those of the
mediastinal pleura end in the posterior mediastinal nodes [7].

Breast

The lymphatic vessels of the mammary gland start in a plexus in the connective
tissue and the walls of the lactiferous ducts which communicates with the cutane-
ous subareolar plexus (of Sappey) around the nipple [7]. A plexus of minute
vesselsis present on the subjacent deep fascia, but thisis not important in normal
lymphatic drainage. Lymph from tissue at the lateral quadrants of the breast tends
to drain to the axilla, and lymph from the medial quadrants drains to the internal
mammary nodes. The efferent vessels from the gland pass around to the anterior
axillary border through the axillary fascia to the pectora lymph nodes. Some
vessels may pass directly to the subscapular nodes. Lymphatic vessels from the
superior region of the mammary gland pass into the supraclavicular, infraclavicu-
lar, or axillary nodes. The axillary nodes receive more than 75% of lymph from
the gland. The remainder of the lymph from the mammary gland, especially that
from the medial parts of the gland, drain into the internal mammary lymph node
chain via lymphatic vessels which accompany the perforating branches of the
internal thoracic artery. Occasionally, lymphatic vesselsfollow the lateral cutane-
ous branches of the posterior intercostal arteries to the intercostal nodes. The
axillary nodes are grouped asthe lower or level | nodes (those lying below pecto-
ralis minor), middle or level 11 nodes (those behind pectoralis minor), and apical
(upper) or level I11 nodes (those between pectoralis minor and the lower border
of the clavicle). Drainage to the nodes in the axilla tend to occur first to level |
nodes, but direct drainage to level Il or 111 nodes is not uncommon. There may
be one or two nodes between the pectoralis major and minor and these are called
Rotter’s nodes.

LYMPH NODES

The lymph nodes are small, bean-shaped masses of tissue found at variable inter-
valsalong the lymphatic system. They contain maturing lymphocytesin germinal
centers with many phagocytic cells and are enclosed in a capsule. The main
function of the lymph node is to filter the lymph and act as a germina center
for immune responses. Several afferent lymphatic ducts enter each lymph node
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Ficure 7 The lymph node as a filiration unit.

viaitscortex (see Fig. 7). The lymph then flows through sinuses lined by endothe-
lia cells within the lymph node [3]. Lymphocytes are released into the sinuses
if the perfusing lymph contains a foreign antigen. Each lymph node is supplied
by a network of continuous capillaries which drain into specialized endothelial
venules. Lymphocytes in blood can reenter the lymph node via the intercellular
spaces between the endothelial venules. The efferent lymph vessels leave the
node via the hilum. Within the medulla of the lymph node, mass transfer occurs
between the lymph and blood.

PHYSIOLOGY OF LYMPH FORMATION

Lymph formation, which is essentially the filling of the lymphatic capillaries
(initial lymphatics), isthe main determinant of lymph flow. Once lymphatic fluid
enters the lymphatic collecting vessels, it is propelled along either by active con-
tractions or external forces, and flow is unidirectional.
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The rate of movement of fluid and protein out of blood passing through
capillaries (see Fig. 8) into the interstitial space [1-3] can be summarized by

Ve =K [(P. — Py) — Rp (Me — Ny)]

where V, is the volume of the capillary filtrate, K, is the filtration coefficient, P,
isthe capillary hydrostatic pressure, Pristheinterstitial fluid hydrostatic pressure,
R, is the reflection coefficient of plasma protein, I, is the oncotic pressure of
plasma protein, and I+ is the oncotic pressure of interstitial fluid. As a result of
imbal ance between transcapillary hydrostatic and oncotic forces, a driving pres-
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Ficure 8 Blood capillary forces and lymph formation. V, is the net volume of fluid
out of the capillary; P, is the capillary hydrostatic pressure; M. is the oncotic pressure
of plasma protein; P; is the interstitial fluid hydrostatic pressure; I is the oncotic
pressure of interstitial fluid; V, is the net volume of fluid entering the initial lymphatics;
P, is the hydrostatic pressure of the initial lymphatics; I, is the oncotic pressure of
the lymphatic fluid.
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sure occurs and produces a continuous leakage of fluid from the capillary into
the interstitium. This is usually balanced by an equal outflow of fluid from the
interstitial space via the lymphatics.

In addition, there is protein movement across the capillary wall caused by
bulk flow and diffusion. The transport of large molecules from plasma to lymph
depends on their molecular size rather than their molecular weight.

Several mechanisms have been proposed to explain the entry of interstitial
fluid into the initial lymphatics [2,3,8]. The most widely held view is that the
overlapping interendothelial junctions of theinitial lymphatic (lymphatic capillar-
ies) act as valves and promote unidirectional movement of fluid from the intersti-
tial space into the lumen of the lymphatics. The innermost overlapping edges are
ableto flap back and forth and hence act as flap valves. When theinitia lymphat-
ics are compressed by the surrounding tissues, by arterial pulsations or by the
action of an active lymphatic pump, the flaplike edges of the endothelial cells
are apposed and the contents of theinitia lymphatics are squeezed forward (Fig.
9). Astheinitial lymphatics recoil following compression, the intraluminal pres-
sure falls and the flaps open, promoting filling of the lymphatics. The anchoring
filaments may pull on the endothelial cells as aresult of recoil of the surrounding
tissue, setting up a pressure difference across the lymphatic wall sufficient to
remove fluid from the interstitial space.

Another mechanism proposed to explain the filling of initial lymphaticsis
the osmotic pressure theory (Fig. 10). The protein concentration in the initial
lymphatics is about two to three times that in the interstitial space. This produces
an inward osmotic pressure gradient which tends to move fluid into the initial
lymphatics.
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——9\_}
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Ficure 9 Suction forces aiding lymphatic absorption.
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Ficure 10 Osmotic theory of lymphatic absorption: (a) at rest; (b) during tissue com-
pression.

Observations of lymphatic flow patterns in the wing membranes of bats
suggest that intraluminal pressures in the initial lymphatics fluctuate due to wall
contractions and forward flow of lymph. The intraluminal pressures are negative
or aretending toward negative values. The presence of lymphatic valves upstream
ensures that retrograde flow does not interfere with the *‘suction’” process.

PROPULSION OF LYMPH

Lymph is moved along the collecting lymphatics to transport lymph ultimately
to the left subclavian vein. In their excellent review, Aukland and Reed [1] sum-
marized the important intrinsic and extrinsic factors involved in the propulsion
of lymph through lymphatic channels.

Intrinsic rhythmic contractions at a rate of 10—15/min occur in lymph ves-
sels with smooth muscle in their walls, especialy in the lower limbs and the
thoracic duct. A transmural distending pressure of 2—4 cm H,O is required to
initiate contractions of the lymphangion, the basic functional contractile unit of
the lymphatic system. Under normal conditions, the contractions of the lymphan-
gion increase intraluminal pressure by 1-2 mmHg, but this may vary in different
regions of the body. Pulse pressures of 20 mmHg have been measured in mesen-
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teric lymphatic channels, and even greater intraluminal pressures of 60-120
mmHg have been recorded in obstructed lymphatics in human legs [2,9].

The lymphangion is known as alymphatic ‘‘ microheart’’ because, like the
heart, it has a pacemaker, filling and gection actions, and contractility which is
dependent on extracellular calcium ion concentration and on sympathetic innerva
tion (in the larger vessels). Spontaneous contractions of the collecting lymphatics
result from a myogenic pacemaker [2,3,8,9], which islocated in the circular mus-
cle layer of each lymphangion immediately downstream from each valve. The
contraction spreads at avelocity of 4—5 mm/swithin alymphangion. The contrac-
tion of each lymphangion occurs in four phases: a short isometric contraction
phase, an gjection phase, a short isometric relaxation phase, and a filling phase.
The frequency of contraction and stroke volume of the lymphangion increases
as it becomes distended. Catecholamines, in physiological concentrations, in-
crease the frequency and amplitude of spontaneous contractions. B-Agonists (e.g.,
isoprenaline) reduce both the frequency and strength of spontaneous contractions.
Serotonin (5-hydroxytryptamine) increases the basal tone of the lymphangions
and increases the amplitude of contractions at higher concentrations. Bradykinin
can increase lymph flow as a secondary effect of increasing capillary permeability
and interstitial fluid formation. Prostaglandin A,, B,, and F,, thromboxane A,,
and leukotrienes B,, C,, and D, all increase the frequency and strength of contrac-
tions of lymphangions. However, prostaglandins E;, E,, and |, inhibit lymphatic
motility. Calcium ions are important for the control of the pacemaker of the
lymphangion and the propagation of the impulse. Acetylcholine enhances con-
traction, whereas caffeine and anaesthetic agents depress contractions.

Intermittent external pressure on lymphatic channels enhances unidirec-
tional flow within them, whereas sustained external pressure reduces it. Severa
studies have shown that lymph flow may be increased by active and passive
movements of the limbs, massage, gastrointestinal peristalsis, respiratory move-
ments, and transmitted arterial pulsations. Experiments in dogs suggest that pas-
sive movements of the limbs increase lymph flow from the skin and connective
tissue to a greater extent than muscle lymph flow. Passive movement does not
appear to increase the capillary filtration rate [2,10].

In active limb movements, muscle contraction compresses the collecting
lymphatics intermittently to produce arise in lymph pressure. This may facilitate
lymph flow in the larger lymphatics, as the valves in the lymphatic channels
allow the lymph pressure to rise in a stepwise fashion in successive segments.
There is also some evidence that active muscle contractions can cause arise in
net capillary filtration. To what extent muscle contractions facilitate the filling
of the initial lymphatics is unknown.

External massage of the drainage area for lymph vessels causes an immedi-
ate increase of lymph flow. Experiments suggest that thisis due to the propulsion
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of tissue fluid into the lymphatics [10]. This knowledge may be applied in lym-
phatic mapping to encourage the flow of the tracer.

Contraction of intestinal smooth muscle during peristalsis has been shown
to propel lymph into the lymphatic channels within the mucosal and muscular
layers of the small intestine, in spite of the sparse number of valves. Intestinal
peristalsis also propels lymph aong the mesenteric lymphatic ducts [2,10,11].

Respiratory movements cause intermittent changes in the intrathoracic and
intra-abdominal pressures. These pressure changes propel lymph from the lym-
phatics in the abdomen and also along the thoracic duct. The increase in intra-
abdominal pressure, which occurs during coughing or straining, can also increase
the propulsion of lymph through the effects of pressure on the cisterna chyli.

PRESSURE, RESISTANCE, AND FLOW IN PERIPHERAL
LYMPHATICS

There are considerable variationsin theintralymphatic pressures which have been
reported, apparently due to differences in methodology. The pressuresin the pre-
nodal lymphatics depend on the intrinsic contractility of lymphangion and active
or passive movements of neighboring muscles (Table 1). Unlike the venous sys-
tem, hydrostatic pressures are not important in affecting peripheral lymphatic
pressures. The pressure in the collecting lymphatics of the leg ranges between 0
and 5 mmHg during the diastolic phase of the lymphangions, whether the leg is
erect or supine. During the systolic phase, the mean pressure can reach 50 mmHg
and increase to over 100 mmHg if there is any obstruction [10,11].

The resistance to lymph flow in the large lymphatic trunks such as the
thoracic duct is low (0.13-0.99 mmHg min/mL in dogs). Resistance in lymph
nodes appears to be 50—-200 times higher than lymph trunk resistance. Lymph
node resistance is reduced by increased inflow pressure and perfusion. Increased
pressure in the veins draining a lymph node increases the lymph node resistance
to lymph flow.

Tase 1 Pressure (mmHg) in Peripheral Lymph Vessels

Resting During intrinsic During muscle
Species Site pressure contractions movement
Man Leg 0-3 25-50 No direct effect
Foot 8-16 ? ?
Dog Femoral 1-6.5 ? 4-33

Guinea pig Mesenteric 3-15 12-30
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Postnodal lymph flow in the human thoracic duct is approximately 1-3 L/
day. The liver contributes 30—50% of this total volume, mainly because the
basement membrane of the hepatic capillaries is fenestrated. Intestinal lymph
flow is the second greatest contributor to total thoracic duct flow, and this in-
creases with meals. The limbs contribute less than 10% of total lymph flow, their
contribution being largely dependent on active and passive movements of the
limbs.

There is a marked diurnal variation in lymph output in man [8,9]. During
the night, lymph flow is low and the concentrations of protein and enzymes in
the lymph are high. Lymph flow can be increased by 83% during muscle contrac-
tion seen with ergometer cycling, and by 117% by immersion in a warm-water
foot bath [8]. Thereis an inverse relationship between lymph flow rate and lymph
protein concentration. Venous stasis can decrease lymph flow by approximately
50%.

COMPOSITION OF LYMPH

The initial lymphatics appear to permit equilibration of plasma proteins between
interstitial fluid and lymph. There s little leakage of proteins from the collecting
ducts, as the endothelium lacks open junctions. Under normal conditions, there
islittle loss of proteinsin lymph nodes, but progressive loss of protein by exuda-
tion into perinodal tissue can occur if the efferent lymphatic pressure is greater
than 8 mmHg. The concentration of protein in lymph varies from region to
region due to the variability of the permeability and reflection coefficient of the
exchange vessels [11] (Table 2). Lymph from the liver is particularly rich in
protein.

Most of the protein in lymph is derived from plasma proteins by filtration,
diffusion, and vesicular transport [9]. Studies indicate that lymph contains all the
protein fractions of plasmabut at alower concentration and with a higher percent-
age contributed by lower—molecular-weight proteins. A small contribution of

Tase2 Lymph Flow and Composition in Man

Lymph-to-plasma

Site Flow (L/day) protein ratio
Thoracic duct 1-3 0.66-0.69
Liver 0.3-1 0.66—-0.89
Gl tract 04-1.2 0.50-0.6
Kidney 0.1-0.3 0.47

Limbs <01 0.2-0.5
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Tasie 3 Proteins in Human Lymph

Site Protein Amount (g/L) Lymph-to-serum ratio
Thoracic duct Total 35-48 0.5-0.69
Albumin 21-34 0.56-0.82
Liver Total 34-87 0.57
Albumin 29-42 0.9
Leg Total 34 0.4
Albumin 16 0.4

lymphatic proteins may be derived from protein synthesis in tissues. A large
proportion of theimmunoglobin G (IgG) found in the lymph in the small intestine
is derived from the absorption of ingested IgG. The protein concentration of the
lymph of the liver is lower than in the serum of liver venous blood, suggesting
that newly synthesized protein is released into the blood circulation rather than
into the lymph (Table 3).

Thelipidsinlymph and plasma consist of triglycerides, phospholipids, cho-
lesterol esters, fatty acids, and free cholesterol. Lipid concentrations change
markedly after meals. The lipid content of intestinal and liver lymph is much
higher than in other lymph. Lymph—serum lipid ratios are similar for most organs
but are much higher for liver and intestinal lymph.

Enzymes normally present in plasma are also present in lymph, but gener-
aly at lower concentrations than in plasma. The activity of an enzyme in the
lymph reflects that in plasma but is also dependent on capillary pressure, the
microstructure of the capillary, the molecular size of the enzyme, and the rate
of lymph flow from the particular tissue (Table 4). Other substances carried in

Tasie4 Enzymes in Lymph

Enzyme Source of lymph Concentration Lymph-to-serum ratio
Acid phosphatase Thoracic duct 0.5 mmol/mL 05
Leg 3.69 mmol/mL 0.57
Aldolase Thoracic duct 10 mmol/mL 1.66
Alkaline phosphatase  Thoracic duct 1.3-1.9 mmol/mL 0.6-0.8
Leg 2.76 mmol/mL 043
Amylase Thoracic duct 262 mmol/mL 0.83
Glutamic pyruvic Thoracic duct 2 mmol/mL 0.65
transaminase
Lactic dehydrogenase  Thoracic duct 27 mmol/mL 0.77

Lipase Thoracic duct 1.6 mg/dL 0.84
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low concentrations in lymph compared to serum include hormones and coagul a-
tion factors.

The great majority of cells in human peripheral lymph are lympho-
cytes. In one study, 83% of the cells were small and medium-sized lymphocytes
[10,11]; approximately 50% of these were T cells, 10% were B cdlls, and 6%
were phagocytes. There were 0.9% neutrophils, 0.2% eosinophils, and 15% eryth-
rocytes.

REMOVAL OF PARTICULATE MATTER BY LYMPHATICS

Several pathways through the walls of the initial lymphatics (lymphatic capillar-
ies) have been identified. These include pores through the plasma membrane,
vesicles, fenestrations of the basement membrane, and interendothelial junctions.
The open junctions are the most important pathways in the walls of the initial
lymphatics and are most humerous in the lymphatics of the intestine and perito-
neal surface of the diaphragm. Vesicular transport across the endothelial cells
can occur, but it is limited and slow [2,12].

The uptake of colloidal particles occurs through two pathways [12]: across
the endothelium within vesicles and through intercel lular cleftsor junctions. After
an intradermal injection, the transfer of particles across the lymphatic endothe-
lium occurs within a few seconds, as shown by their presence within vesiclesin
the cytoplasm and invaginations along the endothelial surface. Although vesicular
transport is responsible for much of the transport of particles across the lymphatic
endothelium, the endothelia cells can retain large amounts of the particles. As
the intercellular clefts are continuous with the adjoining tissues, an uninterrupted
channel is present between the lymphatic lumen and the interstitial space. Colloi-
dal marker particles (such as ferritin, thorium, carbon, and latex spheres) can
be seen within the intercellular clefts within the first few minutes following an
intradermal injection.

Lymph from most tissues passes through one or more lymph nodes in its
passage from the interstitial space to the bloodstream, although there may be a
few exceptions. The lymph node filters the lymph and extracts particul ate anti-
gensand aging cells by phagocytosis. When colloidal carbon particlesareinjected
intramuscularly, they travel rapidly in the lymphatics as free-carbon particles
to the regional lymph nodes. In the lymph nodes, the carbon particles are pha
gocytosed and stored by macrophages. A small proportion of the particles are
phagocytosed by the lymphatic endothelial cells. Filtration through the lymph
can be influenced by a number of factors. Radiotherapy, for example, can mark-
edly decrease nodal filtration capacity because it produces nodal and perinodal
fibrosis. In dogs, it has been demonstrated that lymph node filtration can be
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reduced by the chemotherapeutic agents fluorouracil and thiotepa but not by
methotrexate.

CONCLUSIONS

Understanding of the anatomy and physiology of the lymphatic system is im-
portant for lymphatic mapping and sentinel lymphadenectomy. The lymphatic
system is essentially a complex network of channels which drain fluids and
proteins from the interstitial spaces of the body’s organs and tissues, and trans-
port them to the lymph nodes. The radioactive tracers and vital dyes that are
used for lymphatic mapping follow the same pathways. Overall total-body
lymphatic flow at rest is approximately 2—4 L/day, but there are large variations
in the lymphatic flow within different organs. Regulation of lymph flow is pri-
marily dependent on the ultrastructure and distribution of lymphatic vessels
within different tissues. However, the flow rate can be increased by exercise of
the relevant body part or by gentle massage to the advantage of the nuclear medi-
cine physician who is performing lymphoscintigraphy or the surgeon who is
seeking to identify lymphatic channels and sentinel lymph nodes after blue
dye injection.
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INTRODUCTION

Lymph nodes were first described in the Hippocratic era and the concept of a
system that absorbed any excess fluid pooling in the interstitial space was proba-
bly developed soon after. Massa [1a] described lymphaticsin the kidney in 1532,
but it was Gasparo Aselli [1b] who, as a professor of anatomy in Pavia, Italy,
first extensively described lymphatic vesselsin many different animals. He called
them “‘lacteal veins’ because of their milky color. Lymphatic channels in the
abdomen were identified and studied in the seventeenth century. The thoracic
duct was described in 1651 by Von Pecquet of Montpellier [2]. At about the
same time, Bartholin of Copenhagen and Rudbeck of Uppsala wrote about lym-
phatics in the liver, attributing much of the early knowledge of the lymphatic
system to Galen [1c]. In the eighteenth century, several British authors, including
William Cruikshank and William Hewson, emphasized the important functions
of the lymphatic system and documented differences between the superficial and
internal lymphatics. In the nineteenth century, Sappey made his seminal contribu-
tions to the understanding of the lymphatic system.

During the first half of the twentieth century, radiographic methods were
devel oped which allowed images of the lymphatic system to be recorded in indi-
vidual patients. In 1939, Gray [1d] used contrast material to make a radiograph
of the lymphatic system, and in 1952 Kinmonth [1€] described the technique of
radiographic contrast lymphangiography. Much of the information in standard
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teaching textbooks about lymphatic drainage is still based on the radiographic
contrast lymphangiogram. This technique, however, was designed to display as
many lymphatic channels and lymph nodes as possible with the aim of detecting
tumor involvement of the nodes and, therefore, did not reflect physiological lym-
phatic drainage.

Lymphatic flow patterns were also examined by using blue dye, atechnique
first described by Gerota [1f]. In 1950 [1g], Weinberg injected blue dye into the
wall of the stomach during surgery and was able to follow the blue lymphatic
channels to the draining lymph nodes. In 1951 he used the same approach to
locate the draining lymph nodes in lung cancer patients. Eichner, in 1954 [1h],
adapted this approach and used it in patients with gynecological cancer.

The technique of lymphoscintigraphy, which was developed in the 1950s,
was designed to map patterns of lymphatic drainage without disturbing the physi-
ology of the lymphatics. It is the development and progress of this and related
techniques which will therefore occupy most attention in this chapter.

LYMPHATIC MAPPING OF THE SKIN

The first comprehensive descriptions of the lymphatic drainage of the skin were
based on the elegant work of the anatomist Sappey, who in the nineteenth century
injected mercury into the lymphatics of cadavers to display the lymph channels
[3,4]. He reported drainage to the axilla and groin from the skin of the trunk
(Figs. 1-3) and showed a vertical midline zone anteriorly and posteriorly where
drainage tended to overlap. A similar zone was identified passing horizontally
around the waist from the umbilicus to the region of the second lumbar vertebra
posteriorly. In these zones, called ** Sappey’slines’ by others, drainage was said
to be possible to either side in the case of the vertical zone or to either the groin
or the axilla in the case of the horizontal zone. Outside these zones, however,
Sappey stated that lymphatic drainage was alwaysto theipsilateral groin or axilla,
depending on whether the skin site of interest was above or below the horizontal
band around the waist.

Inthe early 1950s, Walker wasthefirst to use radiotracersto map lymphatic
drainage[5]. Following this, Sherman et a. devel oped the concept of lymphoscin-
tigraphy [6], demonstrating that colloidal gold could be traced from the point of
intradermal injection to the draining lymph nodes. Thiswas the advent of cutane-
ous lymphoscintigraphy as we know it today. Initially, colloidal gold-198 (**Au)
was used. This tracer has avery small particle size of about 5 nm. The disadvan-
tage of colloidal ®Au is that it is a beta emitter and thus tissues around the
site of injection receive a high radiation dose. Technetium-99m (*"Tc)-labeled
colloids were developed to deal with this problem.
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Ficure 1 Lymphatics draining to groin lymph nodes. (From Ref. 4.)

The Zones of Ambiguity

Sappey’ s concept of the lymphatic drainage of the trunk was accepted as correct
for 130 years until modified somewhat by Haagensen et a. [7], who enlarged
the ambiguous zone to a 5-cm band down the midline and around the waist.
Sugarbaker and McBride confirmed that drainage was ambiguous from these ar-
eas, but it continued to be thought that lymph drainage from skin of the trunk
outside these ambiguous zones would be predictable to the axilla or groin [8].
Colloidal **8Auwas used by Fee et al. in 1978 when they studied 32 patients
with melanoma [9]. This study confirmed that lymphoscintigraphy could accu-
rately predict the node fields that potentially contained metastatic melanoma.
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Ficure 2 Lymphatics draining to the axillary lymph nodes.
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Ficure 3 Lymphatics draining the posterior trunk. (From Ref. 4.)
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Nine of their patients had nodal metastases, and in every case, lymph drainage
from the primary site to this node field was demonstrated on lymphoscintigraphy.
Around this time, other investigators were also using scintigraphy to map lymph
drainage in patients with melanomas located on the trunk and elsewhere when
drainage was considered uncertain (i.e., in Sappey’s zones of uncertainty or in
the head and neck [10,11]). It was emphasized that lymphoscintigraphy could
not predict whether lymph nodes contained metastases, but that it could identify
which node fields were at greatest risk of harboring occult metastases [12].

More studies began to appear which expanded the zone of uncertainty
around Sappey’s lines and also demonstrated that drainage in the head and neck
was quite variable [13]. The results of lymphoscintigraphy began to be used as
a guide to determine which lymph node fields were to be subjected to elective
lymphadenectomy [14-16]. It also became increasingly apparent that drainage
could sometimes be identified with node fields, which would not be considered
potential metastatic sites on clinical grounds [17].

For many years, cutaneous lymphoscintigraphy was thus used to identify
which node fields received lymphatic drainage from the primary melanoma site
on the skin and, therefore, which node fields were potential sites of occult metas-
tases. With experience, it became clear that lymphoscintigraphy should be per-
formed before wide local excision or lymphadenectomy, as it was shown that
these procedures disrupted the normal lymphatic drainage pathways [18,19]. As
such studies proceeded, the zones of ambiguity on the trunk and elsewhere were
continually expanded as more and more exceptions to the expected patterns of
lymphatic drainage were demonstrated [20,21]. Nevertheless, lymphoscintigra-
phy continued to be performed only when some clinical doubt was present about
the pattern of drainage. The threshold of doubt varied considerably from surgeon
to surgeon, with the end result that there was considerable variation in the sites
subjected to lymphadenectomy by different surgeons for lesions at the same site
on the skin. Lymphoscintigraphy was not performed if the primary site was on
alimb or close to an individual node field.

The Sentinel Node Concept

Theterm ‘* sentinel node’’ to describe the lymph nodes receiving lymphatic drain-
age from alesion site was first used by Cabafas in 1977 [22]. However, he used
the term to describe a group of nodes that regularly drained the penis and did
not use any intraoperative mapping technique to locate the relevant one or two
nodes in individual patients. The current use of the term must be attributed to
Morton, Cochran, and colleagues at the John Wayne Cancer Ingtitute in Santa
Monica, California. In 1992, they described a method of mapping the lymphatic
drainage from a primary melanoma site using intradermal injections of blue dye
[23]. The stained lymphatic was followed surgically until the blue channel was



The History of Lymphatic Mapping 29

seen entering a blue-stained node in the draining node field. This node was called
the **sentinel node.”’ It was found that if this node was free of metastatic disease,
then the node field was almost invariably free of disease. The disadvantage of
this approach was that the surgical technique was difficult to learn, requiring
about 50 operations before a surgeon achieved reliable results. It was this study,
however, which demonstrated that the metastatic melanoma status of a whole
node field could be accurately determined by selectively removing and carefully
examining one or two sentinel nodes. It is of interest that blue dye injection had
long been used to identify lymphatics peripherally and had also been used as an
aid to permit canulation for radiological lymphangiography (Fig. 4). However,
the concept of tracing it to a specific lymph node or nodes had not previously
been considered.

Facilitating the Search for the Sentinel Node

The discovery by Morton and co-workers caused others to search for more rapid
and less technically demanding methods of locating sentinel lymph nodes. Alex
and Krag [37] described the use of a labeled colloid in combination with a
gamma-detecting probe to locate the sentinel node in patients with melanoma.
This technique was much simpler than the original method described by Morton
and colleagues. Uren and colleagues showed that the standard lymphoscintigra-
phy technique, which had been in routine use to determine which node fields
drained melanoma primary sites, could be modified to allow the exact location
of the sentinel nodes to be marked on the skin. This information could then be
used to aid in rapid surgical location of sentinel nodes [24,25]. Digital gamma
cameras were found to be important in this process as they alowed dynamic
studiesto be performed, with lymph channels followed until they were seen enter-
ing the sentinel nodes. Because some tracer may pass onward quite rapidly to
second-tier nodes, not all radioactive nodes are sentinel nodes and only the dy-
namic phase of the study allows the true sentinel nodesto be identified. A second
advantage of the dynamic acquisition is that an estimate of the speed of lymph
flow can be obtained [26,27], which helps the surgeon time the injection of blue
dye prior to surgery, aswell as allowing the surface location of al sentinel nodes
to be marked on the skin. It is very important that this marking procedure occur
with the patient lying in the same position that they will be in at the time of
surgery, otherwise the mark will not overlie the node. The depth of the node
from the skin surface can also be measured, which is a further aid to its surgical
identification. Unusual drainage pathways are defined and any interval nodes be-
tween the primary melanoma site and the draining node field can be marked.
When the patient presents to the operating theater following lymphoscintigraphy
with an “*X’’ marking the location of the sentinel node on the skin and a depth
measurement, it facilitates the operative procedure and, in most patients, the senti-
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Ficure 4  Blue dye injected into interdigital clefts to demonstrate lymphatic channels
passing proximally in the foot toward the groin, thus facilitating cannulation for ra-
diological lymphangiography.
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nel nodeis rapidly found at the appropriate depth, staining blue with a blue chan-
nel entering one side of the node. Surgeons require a shorter training period to
accurately excise the sentinel node using this method.

Unexpected Lymphatic Drainage Pathways

Using lymphoscintigraphy in this way meant that patients with lesion sites previ-
ously thought to have unambiguous drainage were also studied, and this led to
the discovery of several unusual and previously unknown pathways for lymphatic
drainage of the skin [28—33]. It is now clear that when faced with an individual
patient with a melanoma, there are, in fact, very few, if any, places on the skin
of the human body which have completely unambiguous drainage, and in any
event, this concept is now redundant because the location of the sentinel node
has become the main application of lymphatic mapping of the skin. Several large
surgical studies have now confirmed that sentinel node status is an accurate re-
flection of node field status in melanoma patients [34—36].

Intraoperative Use of a Gamma Probe

Studies appeared describing the use of an intraoperative gamma probe to locate
sentinel lymph nodes during surgery [36—38]. Most now accept that the best
method of locating the sentinel nodes at surgery is to use a combination of preop-
erative lymphoscintigraphy, blue dyeinjection just before anesthesia, and intraop-
erative use of a gamma probe to assist in locating the blue node or nodes and
show that the node field returns to background levels of activity after the sentinel
nodes are removed [39,40]. The delay between the injection of tracer and surgery
will vary with different protocols, however, there is enough radioactivity re-
maining in the sentinel nodes to allow the gamma probe to be used up to 24 h
after injection of the tracer. In fact, there are some advantages in this next-day
surgical approach. There is less radiation safety concern for operating theater
staff and no requirement for radiation licensing of the surgeon. Further, the node-
to-background ratio rises with time, which facilitates the location of **hot’’ nodes
using the gamma detection probe intraoperatively [39].

Radiopharmaceuticals Used for Lymphatic Mapping

Many different colloidal tracers have been used for cutaneous lymphoscintigra-
phy over the years, and it appears that several of them are adequate in clinical
practice. The main requirement is easy entry of the labeled colloidal particles
into the lymphatic capillaries and good retention in sentinel lymph nodes, with
minimal movement onward to second tier lymph nodes. This occurs best with
colloids which have particle sizes in the 10-50 nm range. These include *"Tc—
antimony trisulfide colloid, microfiltered ®*™Tc sulfur colloid, and *™Tc albumin
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colloid. Of these three, ®"Tc—antimony trisulfide colloid has the most ideal char-
acterigtics for a lymphoscintigraphy imaging tracer [41]. In the future, other
agents may be preferred and there are some promising tracers currently under
investigation. One theoretically attractive approach is to use receptor-binding
nonparticulate tracers which move rapidly from the injection site through the
lymph channels to the sentinel nodes but then bind strongly to the node as a
result of the receptor binding to lymphoid tissue [42]. This approach may also
lead to less tracer passing on to second tier lymph nodes.

Conclusion

Cutaneous lymphatic mapping using lymphoscintigraphy has come of age and
is now finding routine application in patients with melanoma. Defining the pat-
terns of lymphatic drainage and locating the sentinel lymph nodes is having a
direct impact on the surgical management of these patients. It can be used in the
same way for other skin cancers that may show spread to local lymph nodes,
such as squamous cell carcinoma and Merkel cell cancer.

LYMPHATIC MAPPING OF THE BREAST

Lymphatic drainage from the four quadrants of the breast was studied by Ven-
drell-Torne and colleagues in 1972 using colloidal gold [43]. This study demon-
strated that the pattern of lymphatic drainage from the breast varied when differ-
ent breast quadrants were injected with tracer. This fact has subsequently been
confirmed by many researchers.

Over the next 20 years, lymphatic mapping of the breast focused on one
of two strategies. The first aimed at determining if lymph nodes draining the
breast of patients with breast cancer contained metastatic deposits, and the second
was intended to define the distribution of internal mammary nodes as a guide to
radiation treatment planning.

Internal Mammary Lymphoscintigraphy

This technique, first described by Rossi and shortly after by Schenck, was cham-
pioned by Ege of the Princess Margaret Hospital in Toronto [44—46]. The method
involved injection of radiocolloid into the space between the anterior and poste-
rior rectus sheaths in the upper abdomen and then imaging of the tracer as it
passed up via the internal mammary lymph node chain. The images were inter-
preted with a view to diagnosing the presence of metastases in this lymph node
chain. Although several studies were published which showed promising results
using this technique to diagnose metastases [47,48] and many studies were pub-
lished which suggested a significant role for internal mammary lymphoscintigra-
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phy in the management of patients with breast cancer [49-53], it never became
widely used and is now rarely performed for this purpose.

Many other investigators used the technique to provide an accurate map
of node distribution which could be used as an aid to radiation treatment planning
[54-57]. In this role, internal mammary lymphoscintigraphy proved reasonably
successful and it is still used for this purpose in some centers.

Axillary Lymphoscintigraphy

This technique involves the interdigital injection of radiocolloid in the hand to
image the axillary lymph nodes in a search for nodal metastases [58] or to check
the axilla intraoperatively or postoperatively to confirm that an adequate axillary
lymph node dissection had been performed [59,60]. The technique did not prove
to be an accurate method of staging the axilla for metastases and is no longer
used in this role.

Mammary Lymphoscintigraphy

A variety of studies were performed using mammary lymphoscintigraphy with
the aim of diagnosing nodal metastases in patients with breast cancer. Tracers
were administered in various parts of the breast.

In 1981, Gabelle and colleagues studied intratumoral injection of the tracer
in 100 patients with breast cancer and counted the number of nodes seen 4 h
later on scan [61]. They found that patients with nodal metastases had fewer
nodes visualized on average than those who were free of metastases, but the
results were not useful in individual patients.

Serin and colleagues studied 51 patients to determine the accuracy of mam-
mary lymphoscintigraphy with intratumoral injection in diagnosing nodal metas-
tases, comparing the scans with clinical examination of the axilla and pathology
[62]. They found this technique to be of no value.

Gasparini and colleagues used periareolar injection of radiocolloid in 26
patients with breast cancer and again scans were performed in the search for
metastases [63]. The number of nodes visualized in the axilla was compared to
pathology, but no useful data were obtained.

A modification of the above technique was used by Mazzeo and co-work-
ers, who administered subareolar injections in 32 patients and scanned the axilla
for metastases [64]. The method proved inadequate.

Terui and Y amamoto studied 100 patients with breast cancer using subperi-
osteal injections of radiocolloid and demonstrated both internal mammary and
axillary drainage in most patients [65]. They used the test to roughly locate the
lymph nodes and to evaluate them for metastases. However, it is unclear how
the observed lymph drainage patterns were expected to relate to the lymphatic
drainage of the actual breast tumors.
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Intradermal injection around the surgical wound following surgical removal
of a breast cancer was used by Matsubara and colleagues [66]. They found that
the contralateral axillary nodes were often visualized as well as nodes in the
ipsilateral axilla. These data seem of doubtful relevance to the breast tumor lym-
phatic drainage, as the method was clearly evaluating dermal lymphatic drainage,
not the breast lymphatics. In any case, the dermal lymphatic pathways are likely
to have been altered significantly by the prior surgery on the breast.

Saeki and colleagues studied 12 patients with breast tumors and injected
labeled microspheres into the breast tissue at unspecified locations [67]. They
observed tracer in axillary, subclavian, and parasternal lymph nodesin 10 patients
1 h after injection.

Progress So Far

To this point, lymphatic mapping in the breast had essentially been used in pa-
tients with breast cancer in an attempt to diagnose the presence of metastases in
draining lymph nodes. In this role, it had not proved sufficiently accurate to be
used in making individual patient management decisions. Internal mammary
lymphoscintigraphy, axillary lymphoscintigraphy, and mammary lymphoscintig-
raphy had all been used in this way. This approach to lymphatic mapping of the
breast was not addressing the strength of lymphoscintigraphy, that is, the ability
to accurately map physiological lymphatic drainage. Instead, these studies had
focused attention on one of the limitations of lymphoscintigraphy and that is its
poor spatial resolution. It is implausible that lymphoscintigraphy using conven-
tional radiocolloidswill ever be able to diagnose the presence of micrometastases
inlymph nodes. If |abeled antibodies to specific tumor antigens can be devel oped,
then this objective may be achievable in the future.

The Next Phase

Following the revelation by Morton and colleagues in 1992 that a lymph node
field in patients with melanoma could be accurately staged by surgically remov-
ing only the sentinel lymph node or nodes [23], interest quickly developed to
determine if this also held true in patients with breast cancer. For many years
these patients had routinely been subjected to a much more extensive elective
dissection of the axillary lymph nodes on the side of the breast cancer to deter-
mine the nodal status of the axilla, with considerable associated morbidity.

Krag accurately located the sentinel lymph node in the axilla of 18 of 22
patients who had received peritumoral injections of radiocolloid preoperatively
[68]. Seven of seven patients with proven metastases were identified, and in three
of them, the sentinel node was the only positive node.

Giuliano and colleagues documented the accuracy of the origina blue dye
method in locating the sentinel node in breast cancer patients, and in the latter
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part of their study, a sentinel node in the axillawas found in 78% of their patients
[69].

Uren and colleagues showed that peritumoral injections of ®*™Tc—antimony
trisulfide allowed the pattern of lymphatic drainage for individual breast cancers
to be determined in over 90% of patients [70]. They demonstrated unexpected
drainage acrossthe center line of the breast to internal mammary or axillary nodes
in 32% of patients with outer and inner quadrant tumors, respectively. Upper
quadrant lesions drained directly to the supraclavicular or infraclavicular nodes
in 20% of patients, and in 85% of all patients, drainage occurred to the ipsilateral
axilla. In the three patients who had the sentinel node removed with the aid of
blue dye injection preoperatively, it was negative in one patient who had no
metastases in other nodes (0/11 nodes) and positive in the other two patients,
both of whom did have metastases in other nodes (2/23 and 8/14 nodes).

Other studies have subsequently confirmed the accuracy of sentinel lymph-
adenectomy in the axilla for patients with breast cancer [71-73].

The Future

It is known that the presence of nodal metastases in the axilla of breast cancer
patients has an adverse effect on their prognosis. If metastases occur in lymph
node basins in proportion to the incidence of lymphatic drainage to that area as
shown on lymphoscintigraphy, then in about athird of patients, there isthe possi-
bility of micrometastases in the internal mammary or supraclavicular lymph
nodes [70]. Because it is possible to obtain an accurate map of peritumoral lym-
phatic drainage in most patients, it seems illogical to ignore the sentinel nodes
in these node fields. We believe that in the future, these sentinel nodes will be
resected so that the true nodal status of each patient with breast cancer will be
determined [74]. With this knowledge, more precise therapeutic decision making
should be possible.

LYMPHATIC MAPPING IN GENITO-URINARY CANCER

Canabas described the pattern of lymphatic drainage from the penis using radio-
graphic lymphangiography [22]. He found that this drainage occurred to * * sentinel
lymph nodes’’ in the superficial inguinal area. He was the first to use the term
‘‘sentinel nodes’’ in reference to lymph nodes draining a particular part of the
body. His contention was that metastasis would occur first to this group of super-
ficial inguina nodes, so that if these nodes were normal, then al other nodes
would also be normal. Subsequent studies showed a false-negative rate of 25%
for this approach [75]. Work is continuing using radiocolloid or blue dye or both
to map lymphatic drainage in patients with penile cancer to locate the actual
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sentinel node or nodes, just as has been done in melanoma and breast cancer
[76].

Some early experience in patients with vulva cancer has been encouraging
and suggests that this technique can be successfully applied to patients with this
malignancy [77,78]. There have also been promising descriptions of the applica
tion of lymphatic mapping techniques in the abdominal cavity in patients with
high-risk endometrial cancer which have shown that the sentinel nodes in the
pelvis, common iliac, and para-aortic area can be identified [79]. Other studies
are proceeding to confirm the accuracy of this method in uterine cancer. It is
hoped that sentinel lymphadenectomy can in this way replace the current ap-
proach of random node sampling. It might also be possible in the future to map
the lymphatic drainage pathways from malignancies in other intra-abdominal
sites such as the bladder and prostate, and even the large bowel.

CONCLUSIONS

At this time, lymphatic mapping has an important and firmly established role in
the surgical management of patients with melanoma by allowing the location
and surgical removal of sentinel lymph nodes. It is on the threshold of a similar
application in breast cancer patients, which in the future is likely to expand to
the removal of all sentinel nodes, including those in the internal mammary and
supraclavicular lymph node fields. It appears inevitable that similar success will
occur by the rigorous application of this lymphatic mapping technique to patients
with vulval and penile cancer. There is aso likely to be utility in applying this
to patients with aggressive squamous cell carcinomas in other parts of the body.
Early work in mapping lymphatic drainage in the abdominal cavity raises the
prospect of an expanding role for sentinel lymphadenectomy in patients with a
variety of intra-abdominal malignancies which have a predilection for lymphatic
spread.
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INTRODUCTION

Research inimaging is driven by the need for knowledge of anatomy and physiol-
ogy, as well as the desire to better understand pathophysiology, in order to im-
prove diagnostic methods. Technical developments and advances in computer
science have enabled the spectacular development of imaging techniques that we
have witnessed over the past 25 years, but the developments in imaging of the
lymphatic system have not been so dramatic. Lymphangiography with a contrast
medium containing an organic iodine compound has been an established tech-
nique since the 1950s [1]. The viscid contrast medium isinjected into alymphatic
duct that has been identified with the aid of intraderma administration of a blue
dye. The radiopaque medium opacifies lymphatic ducts and lymph nodes. The
medium remains in the nodes for along period of time and can be visualized by
radiography. Lymphangiography is particularly suitable for depicting the anat-
omy of the lymphatic system. Disadvantages are that the technique is time-con-
suming and requires considerable technical expertise. The contrast medium can
damage lymphatic ducts and may induce an alergic reaction. The radiography
also leads to a considerable radiation exposure of patients. Newer techniques in
diagnostic radiology such as ultrasound, computed tomography (CT), and mag-
netic resonance imaging (MRI) currently play no role in imaging of the lymphatic
system.

Lymphoscintigraphy is a nuclear medicine technique that shows the trans-

43



44 Nieweg et al.

port of atracer through the lymphatic system. Direct intralymphatic administra-
tion of the radiolabeled tracer is not required. Radiology excelsin depicting anat-
omy. Nuclear medicine, on the other hand, is superior in the visualization of
physiological processes. These features are exemplified in imaging of the lym-
phatic system. Lymphangiography depicts the lymphatic ducts and the lymph
nodes in detail but shows little of the lymph flow. Lymphoscintigraphy, on the
other hand, shows uptake in the lymphatic ducts, visualizes the lymph flow and
the phagocytic function of the lymph nodes, but provides far |ess anatomic detail
than lymphangiography.

Lymphoscintigraphy was first described in 1953 [2]. Work in the past has
been directed toward visualization of the lymphatic drainage in melanoma pa-
tients scheduled to undergo elective lymph node dissection [3,4], to delineate the
internal mammary lymph nodes for the purpose of adjuvant radiotherapy in pa-
tients with breast cancer [5], to identify iliopelvic lymph nodes in patients with
genitourinary cancers [6], and in the assessment of patients with lymphedema
[7]. This chapter is focused on lymphoscintigraphy in the context of lymphatic
mapping and sel ective lymphadenectomy. Although its main use relatesto mela-
noma patients, the technique can also be applied to other types of skin neoplasms
like squamous cell carcinomas and Merkel’s cell tumors. For a more extensive
discussion of lymphoscintigraphy, the reader is referred to the appropriate text-
books and review articles [8—12]. Lymphoscintigraphy in the context of lym-
phatic mapping for breast cancer patients is discussed in Chapter 9.

The purpose of the present chapter is to review the experience of The Neth-
erlands Cancer Institute in cutaneous lymphoscintigraphy and to discuss the re-
sults published by others. The technique that is described has proven to be of
value at our institution and is similar to the technique used at other institutions.
Strengths and weaknesses of lymphoscintigraphy are analyzed, pitfalls are
pointed out, and the place of this technique in lymphatic mapping and sentinel
lymphadenectomy for neoplasms of the skin is discussed.

DEFINITIONS

Strictly speaking, the terms *‘ scintigraphy’’ and ‘‘scanning’’ do not refer to the
same technique. Scanning is the technique where a gamma-ray detector is moved
over thefield of interest in alinear fashion as used in the 1960s and 1970s. These
scans were made up of a large series of dots. Modern scintigraphy with the aid
of a gamma camera is much quicker and a ‘‘scintigram’’ provides a markedly
more detailed image than the older *‘scan.’”’ Scanning can be compared to what
one does with a gamma detection probe that can be moved over the lymphatic
field to determine the site with the increased radioactivity. Despite these distinc-
tions, the terms scan and scintigram are often interchanged, particularly in En-
glish-speaking countries. Lymphoscintigraphy is the imaging technique that visu-
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alizes with the aid of a gamma camera the drainage of a radiopharmaceutical
that is taken up by the lymphatic system.

In this chapter, we adhere to the origina definition of a sentinel node as
given by Morton: A sentinel node (first-tier node, first-echelon node) istheinitial
lymph node to which the primary tumor drains [13]. It is the lymph node on the
direct drainage pathway from the primary tumor. We do not define the sentinel
node as either a blue node, a radioactive node, or as the first lymph node that
becomes visible on the lymphoscintigraphy images, as some investigators do
[14-17]. For amore detailed discussion of the pros and cons of the various defi-
nitions of the sentinel node, the reader is referred to the Preface.

UNDERLYING PHYSIOLOGICAL MECHANISMS

Radiolabeled colloids, when administered interstitialy, enter the lymphatic sys-
tem at the lymphatic termini. Particles of the appropriate size migrate into the
lumen through the endothelial cells by pinocytosis or through junctions between
the cells. Onceinside, they do not move back out. Along with the lymphatic fluid,
such particles flow through a system of ducts with enlarging diameter toward the
sentinel node. When they reach the sentinel node, the radiolabeled particles are
trapped. The colloida structure of the radiopharmaceutical causes the particles
to be absorbed through phagocytosis by the reticuloendothelial cellsin the lymph
node. The radiopharmaceuticals for this purpose are fairly stable and are retained
in the node for the time that gamma rays are emitted.

It should be emphasized that these tracers are not tumor-seeking agents, but
rather lymph-node—seeking agents. They are accumulated in lymph nodes whether
these contain metastatic disease or not. So, uptake is nonspecific and does not
infer nodal metastasis per se. In fact, nodes largely replaced by tumor may not
accumul ate the tracer and remain undetected. Furthermore, gamma cameras have
alimited resolution. That implies that the lymphoscintigraphy images usualy do
not allow the visualization of sufficient anatomic detail to distinguish a tumor-
containing node either through abnormal shape or structure. Macrophages have
agreat avidity for colloida radiopharmaceuticals, although that does not ensure
that al of the tracer that reaches the sentinel node is retained there. Some of
it may pass through to efferent lymphatics, only to be absorbed by subsequent
nodes.

PURPOSES OF LYMPHOSCINTIGRAPHY, PREPARATIONS,
AND INJECTION TECHNIQUE

The wound edges following awide excision do not necessarily drain to the same
lymph node or even same basin as the original lesion [3,18,19]. The relevant
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cutaneous lymphatics may be disrupted. Studies have shown that if lymphatic
mapping is performed after wide local excision, the mean number of sentinel
lymph nodes removed is increased. The number of patients where two or more
basins have to be dissected is also increased to suggest that more extensive sur-
gery is performed when compared to mapping prior to wide local excision [19].
Because this risk is likely to be much smaller after diagnostic excision with a
narrow margin, it is important to perform lymphoscintigraphy and sentinel
lymphadenectomy preceding therapeutic wide excision.

The purpose of lymphoscintigraphy for lymphatic mapping is to demon-
strate the lymphatic drainage pathway of the neoplasm; to be more precise: to
indicate the drainage basin, to determine the number of lymph nodes that are on
adirect drainage pathway, to differentiate these first-tier nodes from subsequent
nodes, and to locate sentinel nodes outside the usual nodal basins. The request
form for lymphoscintigraphy should describe the disease, its location, and prior
management. Relevant parts of the medical history of the patient should be men-
tioned. For instance, prior inguina hernia surgery may prevent drainage of a
lower abdominal wall melanoma to that groin. The purpose of the study is stated
on the form. The surgeon should inform the patient of the reason for the scintigra-
phy and outline how it is done so that the patient knows what to expect.

Lymphoscintigraphy can be performed in any nuclear medicine depart-
ment, using the standard equipment. The nuclear medicine physician asks the
patient about allergic reactions in the past because anaphylaxis can occur, abeit
rarely. A number of radiopharmaceuticals is available for lymphoscintigraphy.
They all have the same radionuclide: technetium-99m (*"Tc). Advantages and
disadvantages of the well-known tracers are discussed under the next section.
The amount of radioactivity is determined by the need for good quality images
without exposing the patient to unnecessarily large doses of radioactivity. A dose
of around 20 MBq (approximately 0.5 mCi) is sufficient. Intraoperative gamma-
ray detection is often done utilizing the same dose of the tracer that was used
for the lymphoscintigraphy. If the operation is to take place the next day, the
dose should be increased taking into account the 6.2-h physical half-life of ®"Tc.
A dose of 40-80 MBq (approximately 1—-2 mCi) allows reliable gamma probe
detection the following day.

We areinterested in the route of drainage of a cutaneous lesion. Therefore,
the tracer isinjected intradermally, raising a wheal. Subcutaneous administration
is simpler to accomplish but may not delineate the route of drainage from an
overlying cutaneous site. Also, drainage from the dermisisalot faster than drain-
age from subcutaneous tissue. Intradermal injection of the tracer is painful. This
is especialy true for sulfur-containing agents because of the low pH. The injec-
tion site may be prepared with a local anesthetic in the form of an ointment.
Alternatively, the tracer may be mixed with a local anesthetic. The volume of
the tracer should be such that it can be evenly distributed around the skin lesion
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or the biopsy wound. A volume of 0.2—1.0 mL is sufficient. A thin needle is
used. The tracer is administered in close proximity to the lesion or biopsy site.
It is enticing to inject the entire volume in one deposit—at the end of the lesion
nearest to the lymphatic field. However, a sentinel node may be missed with this
approach. We have seen the tracer injected at opposite ends of the lesion go to
different sentinel nodes. Uptake of the tracer by the lymphatic system usually
happens instantly. Within 1 min, it may flow through lymphatic ducts to the
drainage basin. Because this early flow needsto be observed, the tracer isinjected
with the patient on the scintigraphy table and imaging is started immediately.

RADIOPHARMACEUTICALS

The agents come in kits and are labeled with the radionuclide just before use.
Noncolloidal macromolecules such as ®"Tc-labeled human serum abumin
(HSA) or dextran can be used to delineate lymphatic channels and to study flow
kinetics. In lymphatic mapping, lymphatic channels as well as lymph nodes need
to bevisualized. Labeled colloids are used when lymph nodes need to be depicted.
Colloid particles are 5-1000 nmin size. The behavior of colloidsinjected intersti-
tialy is dependent on their particle size. Very large particles fail to migrate and
remain in the interstitium at the injection site. Very small particles travel so
quickly that only afraction is retained in the first lymph node. The ideal particle
size for cutaneous lymphoscintigraphy has been suggested to be between 1 and
100 nm [12,20,21]. This seems a surprisingly wide range, but one has to realize
that these numbers were suggested before selective lymphadenectomy gained
momentum. Also, there is a trade-off. When quick accumulation and nice flow
images are considered to be important, a smaller particle size agent is preferred.
A larger particle size will limit the number of ‘*hot”’ nonsentinel nodes depicted
on the images.

A number of different radiopharmaceuticals are used for lymphoscintigra-
phy worldwide. A ®"Tc—antimony trisulfide colloid (*"Tc—Sb,S;) became avail-
ablein 1972 [22]. This agent is taken up into the lymphatics much more rapidly
than the older tracers [23]. The particle size is 3—40 nm [20,21]. Lymphatics
are depicted within a few minutes after intradermal injection. Lymph nodes are
visualized within 10—-15 min. There are no changes in the drainage pattern on
the delayed images after 2—4 h [18]. Although at onetime widely used, the ®*™Tc—
antimony trisulfide was never approved by the U.S. Food and Drug Administra-
tion and has been withdrawn from the market in that country.

Another well-known tracer is the ®"Tc sulfur colloid. The unfiltered ®"Tc
sulfur colloid has a large particle size of 300—600 nm and therefore migrates
slowly from the injection site [20,21]. The ®*"Tc sulfur colloid filtered with a
0.1-um pore size filter has a small particle size: average 38 nm, with 90% of
particles less than 50 nm [24]. The preparation technique is also a factor that can
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affect the size of the particles [25]. Lymphatics and nodes are quickly depicted
with this tracer. It is cleared from the injection site with a half-time of 13.9 h
[26].

The ®"Tc¢ (Nanocolloid-Nanocoll®, Amersham Cygne, Eindhoven, the
Netherlands) consists of microaggregated albumin. This agent is used throughout
Europe. More than 95% of the labeled nanocolloid particles are below 80 nm in
size [27]. The clearance half-time is approximately 4 h in healthy tissue [28].

The ®"Tc-labeled HSA is not a colloid. The molecular weight of albumin
is 60,000. This tracer travels quickly through the lymphatics with an average
speed of 10 cm/min. Good quality images are obtained. The sentinel node is
reached 1-12 min (average 4 min) following the injection [29,30]. Despite its
small-sized particles, this tracer does not depict more secondary nodes than la-
beled colloids [26]. Many other agents have been used but have failed to gain
widespread acceptance [3,7,21,31,32].

Which agent is to be preferred? Compared to the filtered *™Tc sulfur col-
loid, the ®™Tc-nanocolloid is extracted faster from the injection site [28]. Other
comparative studies revealed that ®Tc-labeled HSA travels more rapidly than
the ®*™Tc sulfur colloid [33] but islesswell concentrated in the sentinel node [34].
A recent study compared the filtered (0.2-pum pore size) *™Tc albumin colloid, the
filtered ®™Tc sulfur colloid, and the ®™Tc-labeled HSA [26]. The ®*™Tc-labeled
HSA had the shortest transit time and best visualized the channels, but aso
seemed to result in a lower sentinel node-to-background ratio. All three agents
demonstrated similar numbers of nodes. Other recent studies showed no relevant
differences among the ®"Tc—antimony trisulfide colloid, the filtered *™Tc sulfur
colloid the colloidal albumin, and the ®"Tc-labeled HSA [35,36—38]. However,
one study suggested that the filtered ®"Tc sulfur colloid travels faster than the
®mTc antimony colloid in lymphedema patients [24]. More comparative studies
need to be done, focusing on these practical aspects that are important in lym-

phatic mapping.

IMAGING TECHNIQUE

Lymphoscintigraphy for lymphatic mapping involves dynamic imaging (flow im-
aging) and static (late) imaging. The dynamic part of the study visualizes the
flow of the radioactive tracer through the lymphatic duct to the first lymph node
it encounters. Dynamic imaging is essential because of the above-mentioned fact
that some of the tracer may pass through to end up in second-tier or even subse-
guent nodes. Visualization of higher-echelon nodes is useful in some circum-
stances—for example, when the purpose of lymphoscintigraphy is to identify all
internal mammary nodes for adjuvant radiotherapy in breast cancer patients, but
it is troubling in lymphatic mapping. The surgeon does not want to remove all
radioactive nodes but only those that receive drainage directly from the primary
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tumor site. Without the visible lymphatic duct identifying nodes that receive
drainage directly from the injection site, the first-tier (sentinel) nodes cannot reli-
ably be distinguished from the secondary (nonsentinel) nodes in which the sur-
geon is not interested.

A large-field-of-view gamma camerais used with alow-energy, high-reso-
[ution, parallel-hole collimator. For most tumor locations, the patient lies supine
in a comfortable manner. The gamma camerais positioned in front of the patient
so that an anterior view is obtained. The camerais positioned over the most likely
drainage basin so that the lymphatic duct coming from the primary lesion site
will be depicted. A double-headed gamma camera enables one to obtain a simul-
taneous lateral or oblique view.

There are several ways to perform the dynamic imaging. The principle is
that a number of serial images of short duration are obtained. A satisfactory
approach is the following. Dynamic acquisition of 60 frames of 20 sin a matrix
of 128 X 128 X 16 is begun immediately after injection of the tracer. In this
fashion, one obtains a stack of sequential images over a period of 20 min, three
images per minute. Each image contains the information on the lymphatic flow
over atime frame of 20 s. The computer can then play back these consecutive
images quickly one after the other, like a movie. On the computer display, one
can see the tracer flow through the lymphatic duct. Within a few minutes, the
sentinel node is visuaized. The consecutive images can also be projected on top
of each other, combined into one 20-min image. This approach alows a better
identification of lymphatic ducts. A duration of 20 min is usually sufficient to
collect the required information [29,39,40]. Massaging the skin at the injection
site or in-between the injection site and the nodal basin stimulates the flow of
the tracer when a lymphatic channel is not immediately apparent. Acquisition
may be continued when the sentinel node is not identified within 20 min.

Static imaging is performed after completion of the dynamic imaging and
is repeated a few hours later (Fig. 1). Anterior and lateral views are obtained,
preferably in a total-body mode. These can be complemented by oblique views
if necessary. An acquisition time of 5minina256 X 256 X 16 matrix is satisfac-
tory. Thefirst set of static images usually shows both the lymphatic duct and the
sentinel node. The second set of static images is obtained at 2—4 h postinjection
when the radioactivity has settled down [23,41,42]. By this time, it has cleared
the lymphatic channel. These late images depict radioactivity remaining at the
primary lesion site, the radioactivity in the sentinel node, and sometimes radio-
activity in second-tier nodes. Images obtained even later rarely show a different
pattern.

The tracer is accumulated in the sentinel lymph node(s), but most of it
stays behind at the injection site. Very little goes to other tissues. The images
show a number of hot spots in a dark background. Therefore, it is difficult to
determine exactly where the radioactive nodes are located in the body. The body
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Ficure 1 Early and late static images of a 43-year-old man with a melanoma in the
right parasternal region. The early images (a, b) show the lymphatic channel running
from the primary lesion site to the sentinel node in the right axilla. On the late images
(c, d), the radioactivity has largely cleared the lymphatic duct. The sentinel node and
remaining radioactivity at the injection site are depicted. The lateral views (b, d) also
depict a second-tier node.

contour can be displayed by moving a radioactive point source along the outline
of the body during data acquisition (Fig. 2). Thiswill outline anatomic landmarks
on the images. A more elegant technique to visualize the body contour involves
placement of a cobalt-57 flood source behind the patient during data acquisition
[40,43]. A flood source is a large radioactive disk with the size of the gamma
camera head. Imaging with the flood source behind the patient is comparable to
photography with backlighting: The patient attenuates radioactivity from the
flood source and the body contour is outlined. Simultaneous transmission imaging

Ficure2  Anterior lymphoscintigraphy of a 47-year-old man with a melanoma on the
back. Indication of the body contour greatly facilitates orientation: (a) image without
contour; (b) body contour outlined with radioactive marking pen; (c) contour outlined
with flood source backlighting.
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with the flood source yields images with both the lymph nodes depicted and the
body contour outlined (Fig. 2). Orientation is greatly facilitated in this manner.

The location of a sentinel node can also be indicated on the patient. The
nuclear medicine physician can mark the course of the lymphatic duct and the
exact location of a sentinel node on the overlying skin. The marking procedure
is performed with the patient in the same position as during the operation. With
the gamma camera in the real-time view mode and the sentinel node within the
field of view, aradioactive marker is moved over the skin. Its hot spot coincides
with the hot spot representing the sentinel node when the marker is directly over
the node. The location of a sentinel node can aso be established with a gamma-
ray detection probe. This technique works particularly well in the axilla. A skin
mark is applied with an indelible ink in that exact location. The sentinel node
location can aso be indicated by an intradermal tattoo [41]. The skin mark pro-
vides the surgeon with valuabl e information about where to pick up the lymphatic
duct and where to expect the sentinel node. The marking procedure requires care-
ful attention to detail and should be done by a dedicated nuclear medicine physi-
cian with special expertise. Each patient should be assessed with regard to his
or her individual requirements.

The nuclear medicine report should indicate the type of tracer used, its
volume, the amount of radioactivity, and the injection site. Both the dynamic and
static study should be described. The report should state the lymphatic field(s)
of drainage and the number of sentinel nodes. It should mention whether second-
tier nodes were visualized and explain which nodes should be considered as such.
The skin marks applied by the nuclear medicine physician should be described.
Uncertainty with regard to the true number of sentinel nodes should be admitted.
It is of crucial importance for the nuclear medicine physician and the surgeon to
review the images together. It is equally important for the surgeon to report the
operative findings back to the nuclear medicine physician. It is even better for the
nuclear medicine physician to come to the operating room to see for himself.

RESULTS

The images are usually easy to interpret. The above-described technique depicts
the lymphatic duct(s) in 80-98% of patients. In our hands, it hardly ever fails
to visualize the sentinel node(s) [42,44-48]. Lymphatic drainage is complex in
the neck and this is the most difficult lymphatic field for the interpretation of
lymphoscintigraphy. We could not identify a sentinel node in 3 of 25 (12%)
patients with a melanoma in the head and neck region [49]. O’Brien and co-
workersfaced this problem in 2 out of 97 patients (2%) [23], Alex and co-workers
in 2 out of 22 (9%) [50]. In 34% to 84% of the patients, drainage in the neck is
discordant with clinical prediction[5,23]. A lymph channel can traverse the upper
neck node group and pass directly to a sentinel node in the lower neck. Bilateral
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drainage is seen in approximately 10% of the patients [52]. Multiple sentinel
nodes are depicted in the majority of the patients, on average 2.5 per patient
[23,49,53]. A total of five sentinel nodes in the neck is not rare [23,53]. The
primary lesion site is often close to where one would expect the sentinel node.
The bulk of the radioactive tracer stays behind at the injection site and may
obscure a nearby sentinel node. In a patient with a melanoma on the cheek, for
instance, a sentinel node in the underlying parotid gland is often not identifiable
on the images. In thisregard, lateral images may be important to maximize sepa-
ration between the primary site and the sentinel node. The neck contains more
than 100 lymph nodes packed in a small area. Frequently, it is difficult to distin-
guish first-tier nodes from secondary nodes because more than one sentinel hode
is often present and because nonsentinel nodes may pick up radioactivity as well
(Fig. 3).

The axillais the easiest lymphatic field for the nuclear medicine physician.
Usually there is only one sentinel node [47]. Nonsentinel nodes are depicted less
frequently in the axilla than in the neck and groin. When the groin receives drain-
age from a trunk melanoma, there is often one sentinel node above the level of
the inguinal ligament. A melanoma on the leg usually drains to two superficial
sentinel nodes below the inguinal ligament. Exceptionsto these rules occur rather
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Ficure 3 Anterior (a) and right lateral (b) lymphoscintigrams of a 37-year-old man
with a melanoma behind the right ear. A string of lymph nodes is visualized within
2 min. From these images, it is not clear how many sentinel nodes and how many
nonsentinel nodes are depicted. The dynamic images were not helpful either. Intraop-
erative mapping with patent blue dye (Blue Patenté V, Guerbet, Aulney-Sous-Bois,
France) revealed lymphatic ducts coming from the primary lesion going to a sentinel
node at the anterior margin of the sternocleidomastoid muscle, to a second sentinel
node in the parotid gland, and to a third sentinel node immediately underneath the
primary lesion site. The other depicted nodes were higher-echelon nodes. The second
sentinel node (arrow) contained the highest level of radioactivity and was the only
one with metastatic disease.
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frequently. We and others have seen up to five sentinel nodes in the groin [54].
Sometimes, the lymph flow goes directly to Cloquet’s node, or, rarely, may by-
pass the superficial groin to drain directly to the hypogastric or iliac nodes. Non-
sentinel nodes are often depicted in the groin and may render the images difficult
to interpret.

In the neck, the skin mark can usually be placed exactly overlying the
target. Occasionally, the mark is somewhat off target, presumably because the
position of the head is different during the operation compared to what it was
during lymphoscintigraphy. In the axilla, it is difficult to indicate the location of
the sentinel node because this is much more athree-dimensional lymphatic basin
than the groin or the neck. Also, the position of the arm may not be exactly
the same during scintigraphy and during the operation, so layers of axillary fat
containing a sentinel node may shift. What one can do is place the skin mark on
the anterior chest wall and then calculate the depth on a lateral view [54]. The
gamma detection probe is helpful when marking the axilla. The skin mark can
always be positioned exactly overlying the target node in the groin.

Although only asmall percentage of the radioactivity ends up in the sentinel
node, its uptake far exceeds the uptake in the surrounding normal tissue. The
accumulation of the *™Tc-nanocolloid in sentinel nodes and surrounding normal
tissueswasinvestigated in a study of 60 consecutive patientswith clinically local-
ized melanoma[42]. Sentinel nodes and nearby nonsentinel nodes were removed
for examination. All excised nodes as well as small samples of skin and subcuta-
neous fat were measured in a gamma well counter. The uptake of the tracer as
a percentage of the injected dose per gram of tissue and per node was cal culated,
with a correction for physical decay. The uptake in the whole sentinel node aver-
aged 0.36% of the injected dose, with a range of 0.0013-6.8%. The average
uptake per gram of tissue in the sentinel node was 1.0% of the administered dose,
with a range of 0.003-17.4%. Lymph nodes are surrounded by fat, which is
covered by skin. Uptake in these surrounding tissues was found to be far less
than in sentinel nodes. The average uptake of radioactivity in agram of overlying
skin was 0.01% of the injected dose (range: 0.0-0.22%). In a gram of fat, the
average uptake was 0.0035% (range: 0.0-0.081%). The visibility of a hot spot
depends on the uptake in that location compared to the uptake in the surrounding
tissues: the target-to-background ratio. Measured with a gamma detection probe
in the open wound, the sentinel node-to-background ratio was calculated to be
36 on average (range: 2—722) when using the ®"Tc nanocolloid [42]. In studies
using the ®"Tc-labeled sulfur colloid, ratios are somewhat lower, on average 8.5
with ranges of 1.0 to 65 and 30 to 300 [41,55].

If lymphoscintigraphy were to be repested, would it show the same drain-
age pattern? Its reproducibility was the subject of two studies. Thefirst study was
performed at our institution and concerned 25 patients with clinically localized
melanoma [40]. The same investigator performed two scintigraphic studiesin an
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identical fashion in each patient with a 2—4-week interval. The ®"Tc-nanocolloid
was the tracer used. Both dynamic and static imaging were performed. Both scin-
tigraphy series showed drainage to the same lymphatic fieldsin all patients. How-
ever, a difference in number of sentinel nodes depicted on the first and second
study was noted in three patients (12%). So, the reproducibility was 88%. Other-
wise, the images were identical for number and location of nodes. In the second
study, the ®™Tc sulfur colloid was used [55]. The result was similar with arepro-
ducibility of 85%. The reason for this limited reproducibility is unknown, but a
number of causes can be considered either related to the tracer, to the technique,
or to the patient. Unnoticed variations in the technique of injection or the site of
injection and variations in the composition of the radiopharmaceutical are possi-
ble explanations. Perhaps lymphatic drainage may vary in time within an individ-
ua. Factors like previous exertion, body hydration, variation in tissue oncotic,
and hydrostatic pressure of blood may play arole [56]. Lymphoscintigraphy re-
flects drainage and may show such a variability in the physiologic process. In
most patients in our own study, the first scintigraphy study was done afew weeks
after the primary lesion had been excised [40]. All patients underwent their sec-
ond preoperative scan a maximum of 4 weeks after the first scan. During the
wound-healing process, granulation tissue is gradually replaced by more dense
and compact fibrous tissue. It is conceivable that such aterations influence to
some extent the lymphatic drainage of the area concerned. No matter what the
reasons for the discrepancies are, the limited reproducibility is a matter of con-
cern. Thisvariability may explain some of the fal se-negative sentinel node proce-
dures that have been reported.

The reproducibility of the reporting of lymphoscintigraphy studies has also
been investigated [44]. Thereisaconcordance rate of 98% when different nuclear
medicine physicians interpret the lymphoscintigraphy images of the same patient.

Despite paying attention to every detail of the lymphoscintigraphy, there
is sometimes a discrepancy between the number of sentinel nodesthat isindicated
by lymphoscintigraphy and the number of sentinel nodes found during the opera-
tion. This observation prompted us to review the nuclear medicine reports and
operative notes of our first 150 patients [57]. The primary lesion was situated in
the head and neck region in 13 patients, on the trunk in 52, on the arm in 23,
and on alower extremity in 62 patients. Dynamic and static lymphoscintigraphy
were performed as described earlier in this chapter.

Compared to lymphoscintigraphy, adifferent number of sentinel nodes was
found during the operation in 33 of the 189 lymphatic fields (17%). Scintigraphy
suggested too few nodesin 26 basins and too many in 6. Only one of the discrep-
ancies was felt to be due to inadequate surgical exploration. The majority of
discrepancies in the number of sentinel nodes was apparently caused by the lim-
ited resolution of the gamma camera (i.e., its limited discriminating power). A
typical scenario was the failure of flow images to distinguish two parald lym-
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phatic channels that were running to two separate nodes. Occasionally, a single
hot spot on the static images proved on exploration to be, in fact, made up by
two adjacent sentinel nodes, each with a separate blue lymphatic duct leading to
it (Fig. 4). In afew patients, two separate lymphatic channels drained to opposite
ends of asingle elongated lymph node, giving the fal se impression that two senti-
nel nodes were present.
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Ficure4  Lymphoscintigraphy of a 48-year-old woman with a melanoma on the right
forearm. (a) Anterior view 30 min; (b) right lateral view 30 min; (c) anterior view 2
h; (d) right lateral view 2 h. To the casual observer, the late images (¢, d) may show
one hot spot. With careful observation of the early lateral view (b), however, there
may be two adjoining sentinel nodes. During the operation, we identified two lym-
phatic ducts and removed two sentinel nodes adjacent to each other. Both were ra-
dioactive. Subsequent scanning of the wound for residual radioactivity revealed a
definite hot focus right underneath the site where the two sentinel nodes had been
removed. Exploring deeper down, a third blue lymphatic channel was found, coming
from the direction of the arm, leading to a third node that was both blue and radioac-

tive. The limited resolution of the gamma camera made it impossible to identify the
third sentinel node on the images.

(d)
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LIMITATIONS

There are several reasons why sometimes no sentinel node is identified on the
lymphoscintigraphy images. Rarely, there is no drainage of the agent from the
injection site [11,23,49]. Thisrisk is greater after a wide therapeutic excision has
been performed [3,58], and it is the rule after a skin graft has been applied to
cover the defect [59]. Injection of the radiocolloid into the scar of the excisional
biopsy may also be associated with no flow from the primary site. Visualization
of the liver usually means that some of the tracer was injected intravenously and
removed from the circulation by the Kupffer cells.

When the injection site is close to the sentinel node, a different camera
angle or a different position of the patient may be needed in order to obtain the
required information. For instance, an injection site over the scapula may obscure
a sentingl node in the axilla. Dynamic imaging from a lateral angle will then
visualize the injection site and the lymphatic duct going around the latissimus
dorsi muscle to the sentinel node. An injection site high on the inside of the arm
requires the arm to be swung upward in order to avoid overprojection of the
injection site and the sentinel node. A primary tumor site on the cheek is best
imaged with the head turned to the opposite side. Another option for minimizing
the bulk of the radioactivity at the injection site is to cover it with alead shield.

Lymphatic channels containing obvious tumor can result in blockage of
the lymph flow [5,60]. Nodes that are largely replaced by tumor accumulate less
of the tracer or sometimes do not accumulate tracer at all [5,12,18,44]. On the
other hand, lymphatic channels and nodes are sometimes well delineated despite
clinically obvious metastatic tumor deposits [61].

Experience with lymphoscintigraphy has taught us that lymphatic drainage
is highly variable. It is now abundantly clear that watershed areas of ambiguous
lymphatic flow are much wider than was previously assumed [60]. Drainage
sometimes occurs to lymphatic regions other than those expected on the basis of
the classic anatomic studies. Drainage across the midline or Sappey’s line is
not unusual for primary lesions up to 10 cm away. It has been suggested that
lymphoscintigraphy is not needed when the primary lesion is located on an ex-
tremity because the drainage pattern is predictable [62], but melanomas of the
arm can drain directly to a supraclavicular node [63], to an interpectoral node
[64], or even to the opposite axilla [65]. Lesser known small lymphatic basins
can contain a sentinel node. Hot epitrochlear nodes are sometimes seen in patients
with a melanoma of the forearm [66]. A melanoma on the skin of the calf may
drain to a sentinel node in the popliteal fossa (Fig. 5). A strong point in favor
of lymphoscintigraphy isthat such—occasionally bizarre—drainage patterns can
be identified.

We find sentinel nodes in strange places, outside the known lymphatic ba-
sins. It is understandable that melanoma surgeons call these nodes *‘in-transit’’
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Ficure 5 Anterior (a) and right lateral (b) static images of a 67-year-old woman with
a melanoma of the right foot. Three sentinel nodes are depicted in the popliteal fossa.

nodes. They are also known as ‘‘interval nodes’ or ‘‘extra-anatomic’’ nodes.
No matter what name they are given, they are sentinel nodes. The work of Uren
and co-workers at the Sydney Melanoma Unit deserves to be mentioned [67].
They encountered actual sentinel nodes outside the recognized lymphatic fields
in 22% of their patients[44]. A review of our own series revealed this phenome-
non in 12%. Certain sitesturn up repeatedly and patterns are beginning to emerge.
In a number of patients, we have seen sentinel nodes just lateral to the areola of
the breast receiving drainage from lesions in the epigastric region. A sentinel
node is sometimes found high in the flank, as if having dropped from the axilla
(Fig. 6). This can be seen in patients with melanoma on the abdominal wall, on
the back, or lower down on the flank [68,69]. Melanomas in the epigastric region
and periumbilical skin sometimes drain directly to the internal mammary nodes
[44,70]. Lymphatic ducts from melanomas on the back occasionally go directly
to the mediastinum [14,44]. Drainage to nodes in the triangular intermuscular
space occurs in 30% of the patients with melanomas on the upper part of the
back [71,72]. This anatomical entity is situated just lateral to the scapula. It is
formed inferiorly by the teres major muscle, medial-superiorly by the infraspi-
natus and teres minor muscles, and laterally by thelong head of the triceps muscle.
A static posterior view can givethemisleadingimpression that suchanodeislocated
in the axilla. The dynamic study and the lateral view will declare itstrue location
(Fig. 7). More abnormal routes of drainage to watch out for have been described
[73]. Without lymphoscintigraphy, these in-transit nodes would elude us.

As has been indicated, it isimportant to appreciate that not al nodes show-
ing tracer uptake are sentinel nodes. The images can be most difficult to interpret
when multiple nodes light up (Fig. 3). One cannot always clearly distinguish
first-tier nodes from subsequent (nonsentinel) nodes, even with dynamic imaging.
This problem is faced fairly frequently. Despite the fact that the average number
of counts in a first-tier node is four to five times as high as the average uptake



Cutaneous Lymphoscintigraphy 59

Ficure 6 Anterior lymphoscintigraphy in a 43-year-old man with a melanoma on
the back in the midline. Sentinel nodes are shown in the right axilla, the left groin,
and the right flank. A second-tier node is depicted in the right epigastric region.

in a secondary node [4Q], it is not true that the node with the highest number of
counts is always the sentinel node. We have occasionally seen a large second-
tier node accumulate more of the radioactive tracer than a small first-tier node.
Also, it has been suggested that the lymph node closest to the primary lesion site
is always the sentinel node [74]. This notion has proven to be wrong [75]. Uncer-
tainty about the hierarchy of hot nodes is best expressed in the lymphoscintigra-
phy report and discussed with the surgeon. Intraoperative mapping will usually
solve the problem. The lymphatic channel can be exposed with the aid of blue
dye to actually prove whether a node is a first-tier node, receiving drainage di-
rectly from the site of the primary lesion, or asecond-tier node, receiving drainage
from a first-tier node.

Not every hot spot represents a lymph node. A hot spot may be caused by
adrop of the tracer spilled on the skin (Fig. 8). Surgical exploration of a hot spot
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Ficure 7 Posterior (a) and right lateral (b) lymphoscintigram of a 49-year-old woman
with a melanoma on the back just to the right of the midline. The posterior image
at 30 min shows a lymphatic duct and a sentinel node that could be situated in the
right axilla. The lateral image establishes that the sentinel node is situated in the
triangular intermuscular space on the back (arrow). A second-tier node is located in
the right axilla.

on a scintigram sometimes reveals what appears to be a lymphangioma (*‘lym-
phatic lake’’) in a lymphatic channel instead of a lymph node. Circumscribed
hyperplasia of lymph vessels is known to occur in major lymphatic trunks in the
absence of other morbid changes in the surrounding tissues [76]. For no apparent
reason, the radioactive tracer is sometimes retained for more than 24 h in such
alesion. We have encountered this phenomenon in the head and neck region, on
the back, and on the thigh (Fig. 9).

- < . .

Ficure 8 Contamination of the skin by a drop of the radiopharmaceutical (arrow)
may suggest the presence of a sentinel node (left). This hot spot was easily wiped

off (right).
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Ficure 9 Lymphoscintigram (a) of a 46-year-old man with a melanoma just below
the right knee. A hot spot suggestive of an interval sentinel node is depicted on the
right thigh. Surgical exploration revealed a lymphangioma in this location. The true
sentinel node was identified in the groin. The pathology slide (b) shows a conglomer-
ate of lymphatic ducts without glandular tissue.
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SIDE EFFECTS AND RADIATION DOSE

The radiopharmaceuticals used for lymphoscintigraphy are protein derivativesin
some form or other. Consequently, allergic reactions may occur. An alergic re-
action may present as a skin rash but also as bronchospasm, anaphylactic shock,
and even cardiopulmonary arrest. Fortunately, such events are rare. No compli-
cations arose in a study of 160 patients with the ®*"Tc sulfur colloid and the
®mTc-labeled HSA [11]. Over the years, we have seen one allergic reaction (rash)
in 25,000 patients undergoing lymphoscintigraphy for various indications. Aller-
gic reactions are treated in the usual fashion depending on the symptoms and
severity.

Radiation exposure is another consideration. Use of a radiopharmaceutical
inevitably results in exposure of the patient and the hospital personnel to some
radiation. Acceptable limits of such exposure are set by government bodies and
vary from one region to another. The radiation dose islow for all tracers because
of the favorable characteristics of ®™Tc (no beta emission) and the small dose
that is needed. However, the exposure is difficult to calculate precisely, because
of thevariability of theinjection site. This subject is discussed in detail in Chapter
13.

THE FUTURE

With increasing experience, interpretation of lymphoscintigrams should become
more reliable. For instance, more abnormal drainage patterns will be described
in the future [69]. That means that fewer sentinel nodes will go unnoticed by the
nuclear medicine physician and the surgeon. Both the strong and weak points of
lymphoscintigraphy will become better defined. Because the resolution of gamma
camerasis not likely to improve dramatically in the foreseeable future, advances
in lymphoscintigraphy will have to come from use of better tracers. What should
we be working on to develop better tracers? A typical radiopharmaceutical con-
sists of a radionuclide that emits the radiation that is used for imaging and a
second part that determinesthe biological properties of the molecule. ®*™Tc comes
close to theideal radionuclide. It is easy to obtain and to handle in the radiophar-
macy laboratory. It emits gamma rays with an energy of 140 keV, particularly
suitable for present-day gamma cameras. It has a physical half-life of 6.2 h, long
enough for the purposes of lymphoscintigraphy and next-day gamma probe detec-
tion, but short enough for contamination, should that happen, to be of alimited
duration.

What about the other part that makes up the tracer molecule? What are the
properties of the ideal tracer for lymphatic mapping of cutaneous lesions? The
ideal tracer is easy to prepare in the radiopharmacy laboratory and remains stable.
After administration into the interstitium, it is accumulated in the lymphatic sys-
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tem and travels to the first lymph node. Ideally, within a few hours there should
be no residual activity at the injection site. Complete clearance eiminates the
problem of remaining radioactivity at a nearby injection site obscuring a sentinel
node. Theideal tracer isavidly accumulated and retained in the first node without
some of it passing through and moving on to subsequent nodes: a radioactive
node is a sentinel node. This obviates the need for dynamic imaging and also
eliminates the need for the surgeon to use the blue dye technique. The radiation
dose to the patient and hospital personnel is low and there are no other side
effects.

Because macrophages have such a great affinity for the protein derivatives
that are currently used, it seems logical to take advantage of this fact. Modifica-
tions of the shape of the particles or their surface characteristics may improve
clearance from the injection site and may make them more appetizing for macro-
phages [77]. Different protein products with varying size particles also need to
be investigated. In the groin, additional (second-tier) nodes are depicted more
often than in the axilla. Therefore, it may well bethat we will use different tracers
for different lymphatic fields in the near future. However, within a few years
there may be nonparticulate tracers that are accumulated in alymph node through
other mechanisms. ®*"Tc-labeled polydiethylenetriamine pentaacetic acid poly-
mannosy! polylysine (DTPA-man-PL) may be a step in that direction [78]. An
animal experiment showed that this tracer is irreversibly bound to lymphocytes
through a receptor-specific interaction. What about tracers that are targeted di-
rectly against tumor cells? Will there be tumor-seeking agents that accumulate
in lymph nodes with metastatic disease while leaving healthy nodes alone? Such
a tracer could be injected either at the tumor site or even into the bloodstream.
The surgeon could then remove al radioactive nodes (and visceral metastases
for that matter) and be sure to have cured the patient. If no nodes light up, there
would be no need to explore the lymphatic field. The problem with this train of
thought is that there must be a certain amount of radioactivity in a cancer deposit
for it to be detected. That means that such a deposit must have a certain size.
That size is currently 3 mm with the best available tracer and the tumor cell type
that has the highest avidity for that agent. Monoclonal antibodies against tumor-
specific antigens have potential in this respect. However, although the specificity
of monoclonal antibodies may be 100%, what is lacking are truly tumor-specific
antigens that are consistently present in various tumor subtypes. These antigens
need to be tumor-specific, distributed uniformly among tumor cells with a high
density, and must be accessible to the antibody that is used. Clinical diagnosis
with labeled antibodies has had limited value until now because tumor deposits
smaller than 3 mm cannot be detected and such micrometastases need to be identi-
fied because they may ultimately kill the patient. Far smaller tumor deposits can
be detected with current pathological techniques. This also rules out scintigraphy
with agents like thallium-201 [79], ®*"Tc sestamibi [80], iodine-123 iodobenza-



64 Nieweg et al.

mide [81], and indium-111 pentetreotide [81] to name but a few, and a so other
techniques like ultrasonography for staging and positron emission tomography
(PET) [82—84]. Although PET with 2-fluorine-18-fluoro-2-deoxy-p-glucose
(FDG) is a highly sensitive technique for detecting metastatic melanoma, it can-
not detect metastases smaller than approximately 5 mm [85,86]. So, these tracers
and these techniques will not replace (the tracers currently used in) lymphatic
mapping, but they may play a future role in identifying patients with metastases
3-10 mm in size that cannot be detected by physical examination. Such patients
can then be spared a sentinel node biopsy before a formal regiona node dissec-
tion. Lymphatic mapping and a more detailed examination of the sentinel lymph
node can identify micrometastatic disease with a sensitivity of being able to iden-
tify asingle melanoma cell in a background of amillion lymphocytes. There will
not be a PET scan, MRI, or CT scan that has that kind of sensitivity.

CONCLUDING REMARKS

Lymphatic mapping with selective lymph node biopsy has created a renewed
interest in lymphoscintigraphy. This development increases our knowledge of the
anatomy and physiology of the lymphatic system. Old dogmas continue to be
modified. Theresult isabetter understanding of the process of lymphatic dissemi-
nation. Lymphoscintigraphy isacrucia link in lymphatic mapping with selective
lymphadenectomy. It is an elegant and simple diagnostic technique that can
readily be performed in any nuclear medicine department. Lymphoscintigraphy
is well tolerated by patients. A nhumber of satisfactory tracers are available for
this procedure. Combined dynamic and static imaging with attention to detail
yields high-quality images that provide important information. With this tech-
nique, the nuclear medicine physician provides a road map that guides the sur-
geon to the sentinel node. Lymphoscintigraphy flawlesdy identifies all basins at
risk for metastatic disease. Unusual routes of drainage and sentinel nodes outside
the generally recognized lymphatic basins are indicated. The location of a sentinel
node can be marked on the skin. This aids the surgeon with the decision of where
and in what direction to make the incision. Despite these strong points, the sur-
geon must be aware of the fact that the images do not necessarily aways indicate
the true number of sentinel nodes and that a sentinel node can be difficult to
distinguish from secondary nodes. We nevertheless feel that lymphatic mapping
cannot be done in a responsible fashion without high-quality lymphoscintigraphy
in every patient.
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INTRODUCTION

Unless great care is taken to ensure that sentinel lymph nodes are identified with
complete accuracy and that every sentinel node is found and examined when
more than oneis present in anode field, the sentinel lymphadenectomy technique
will provide misleading information. By basing management decisions on infor-
mation which is incorrect or incomplete, the likelihood of node field recurrence
will be greatly increased and the chance of cure for the patient with melanoma
may be jeopardized.

Three methods are currently available to locate sentinel nodes and con-
firm their identity. These are preoperative lymphoscintigraphy, blue dye injec-
tion at the time of surgery, and intraoperative use of a gamma probe. There is
accumulating evidence that the three methods are best used in a complementary
fashion rather than independently [1]. If this is done, the greatest possible accu-
racy will be achieved when performing sentinel lymphadenectomy, and it ap-
pears that reliable identification rates approaching 100% can be achieved by a
surgeon with appropriate training and experience when all three modalities are
employed [2].
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PREOPERATIVE LYMPHOSCINTIGRAPHY

The techniques and results of cutaneous lymphoscintigraphy are discussed in
detail in Chapter 3, but severa aspects of the procedure need to be emphasized
here because they are directly relevant to the planning and execution of surgery
to identify and remove sentinel nodes. High-quality preoperative lymphoscintig-
raphy is invaluable to ensure that sentinel lymphadenectomy is accomplished
expeditioudy and to minimize the amount of dissection of the relevant lymph
node field (or fields) which must be performed. As well, lymphoscintigraphy
provides preoperative identification of drainage pathways to unexpected node
fields[3-5]. Some have suggested that preoperative lymphoscintigraphy is neces-
sary only for melanomas in sites from which the lymphatic drainage might be
ambiguous. It has now become clear, however, that there are few, if any, sites
in the body from which lymphatic drainage pathways are able to be predicted
with complete confidence [6,7]. Even in sites that appear to have predictable
drainage such as the extremities, occasional ectopic lymph nodes will be identi-
fied by lymphoscintigraphy.

If preoperative lymphoscintigraphy is performed, information about the ex-
act number and location of sentinel lymph nodes which must be found and re-
moved is known to the surgeon before the operative procedure of sentinel node
biopsy commences (Fig. 1). This means that the patient can be made aware of
the site or sites of the proposed surgery and can give appropriately informed
consent for the operation. Theinformation obtained from the preoperative lympho-
scintigram further facilitates the sentinel lymphadenectomy procedure by identi-
fying patientsin whom the rate of lymphatic flow from the primary melanomasite
to the draining lymph nodesis unusually slow [8—10]. This allows maodification of
the standard blue dye injection protocol, with earlier dye injection to increase
the probability that it will have reached the node field by the time of surgical
exposure.

Y et another benefit of carefully performed preoperative lymphoscintigra-
phy is that if the images are acquired with the patient in the planned operative
position and appropriate lateral and/or oblique views are obtained, the depth of
each sentinel node beneath the skin surface can be indicated with precision, and
its location in relation to the mark previously made on the overlying skin by the
nuclear medicine physician will be accurate [5]. This is particularly useful for
biopsy of axillary sentinel nodes in obese patients, where |ocating them can other-
wise be particularly difficult and time-consuming. With the patient supine and
the arm positioned at a 90° angle to the body for both preoperative lymphoscintig-
raphy and surgery, operative sentinel node localization is greatly facilitated.

If lymphoscintigraphy is performed the day before a planned sentinel
lymphadenectomy procedure, there will be sufficient residual radioactivity in sen-
tinel lymph nodes to allow them to be identified at the time of surgery using a
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Ficure 1 Patient with primary melanoma site in right loin showing lymphatic drain-
ing pathways to a single sentinel node in the right axilla and three sentinel nodes
in the right groin. The skin markings were made at the ftime of preoperative lympho-
scintigraphy.

hand-held gamma probe [11,12]. This can greatly simplify logistics and reduce
radiation exposure to both patient and operating theater staff by avoiding the need
for a second injection of a radioisotope in the immediate preoperative period. It
also provides better discrimination between sentinel and nonsentinel nodes and
isparticularly useful when the primary injection siteis closeto the draining lymph
node field (as is often the case for head and neck melanoma) [12].

BLUE DYE MAPPING
The Concept

The use of colored substances to demonstrate lymphatic vessels and lymph nodes
is not a new concept. It was the technique employed by a number of the earliest
anatomists who sought to map human cutaneous lymphatic drainage pathways
(see Chapter 2). By injecting materials such as Prussian Blue dye and Chinese
ink, they confirmed that lymphatics and blood vessels were distinctly separate
entities and produced the first recorded maps of cutaneous lymphatic drainage
pathways. In more recent times, blue dye was used extensively to demonstrate
lymphatic channels in the foot and hand, allowing them to be cannulated for
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radiological lymphography (see Fig. 4 in Chapter 2). In the mid-1980s, Morton
and his colleagues at the John Wayne Cancer Institute began studies using blue
dye which were destined to provide new insights into the clinical relevance of
lymphatic drainage pathways for malignancies such as melanoma and breast can-
cer. First in animal experiments and then in man, it was shown that blue dye
traveled rapidly from any given injection site in the skin to a‘‘sentinel’’ lymph
node [13,14]. It was postulated that tumor cells would travel aong the same
lymphatic channels and lodge first in asentinel node. If a sentinel node was found
to be free of micrometastatic disease, it could therefore be assumed that the entire
node field was likely to be disease-free and that full regional lymph node dissec-
tion was unnecessary. The accuracy of sentinel node status as an indicator of
regional lymph node status has since been confirmed by several other histological
studies involving sentinel lymphadenectomy with immediate full regional node
clearance and careful examination of all the other nodes in the operative specimen
[15-17].

Injection Technique

Two blue dyes arein common use for lymphatic mapping and sentinel lymphade-
nectomy. The more satisfactory agent is probably patent blue dye, but thisis not
currently available in the United States, where isosulfan blue is normally used.
The blue dye isinjected intradermally at severa points around the melanoma if
it remains in situ, or on either side of the central part of the biopsy scar if exci-
sion—biopsy has been performed previously (Fig. 2). Great care must be taken
to ensure that the injection is truly intradermal and not subcutaneous, to avoid
the possihility of mapping a lymphatic pathway leading to a node that is not the
true sentinel node draining the melanoma site on the skin. If lymphatic mapping
using either blue dye or a radiolabeled colloid is attempted after a wide local
excision of the primary melanoma, inaccurate sentinel node identification is even
more likely to occur. Thisis because thereis evidence that the originally existing
lymphatic pathways draining the melanoma are disrupted by the excisional sur-
gery [11] so that lymphatic drainage from the area may be diverted to a lymph
node that is not the true sentinel node. If a simple excision—biopsy has been
performed with margins of no more than afew millimeters around the melanoma,
however, it is thought that subsequent lymphatic mapping will reliably indicate
the true sentinel node or nodes. Most of the literature on lymphatic mapping in
melanoma is from mapping after an excisional biopsy.

Systemic Effects of Blue Dye Injection

Administration of blue dye produces some effects that can cause concern if not
anticipated and understood. The patient’ s skin can take on an ashen gray, amost
cadaveric appearance, and a pulse oximeter may indicate desaturation of the
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Ficure 2  Intradermal patent blue dye injection at a primary melanoma site on the
leg, prior to sentinel lymph node biopsy.

blood even when arterial oxygen tensionsare well above normal. The urine shows
blue-green discoloration for up to 24 h postoperatively. More serious side effects
are rare. Very occasionaly, however, an alergic reaction to the blue dye can
occur, with the rapid development of widespread large, watery vesicles filled
with pale blue fluid. Standard treatment for an acute allergic reaction, including
parenteral antihistamines and corticosteroids, is usually effective in dealing with
this potentially serious clinical situation.

Timing of Blue Dye Injection

Itisnormally satisfactory to inject the blue dye 5—10 min before anesthetic induc-
tion (if general anesthesia is to be used) or at a similar time before surgica
incision (if local anesthesiaisto be employed). This allowstime for the injection
site to be gently massaged and for the patient to exercise the relevant body part,
when the anatomical location of the primary melanoma site makes this possible.
Both of these maneuvers increase the likelihood that satisfactory passage of blue
dye to the regiona lymph node field will have occurred by the time of surgical
exploration of that field. They are particularly important if, as frequently happens,
the patient has become cold while being transferred from the ward to the op-
erating suite, and while in acool holding bay or anesthetic room awaiting surgery.
Unless specia precautions are taken, it is not uncommon for limb cutaneous
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temperatures of 32—33°C to be recorded when patients arrive in an operating
theater. When local anesthesia is used, epinephrine (with lidocaine) is best
avoided because of its potential effect on lymphatic flow.

If the preoperative lymphoscintigram has shown very slow movement of
tracer from the primary melanoma site to the regional nodes [9,10], earlier injec-
tion of blue dye is desirable 10—20 min before anesthetic induction, with more
prolonged exercise of the relevant body part. The temptation to more vigorously
massage the injection site should be resisted because it is theoretically possible
that this could redirect drainage of the dye in a nonphysiological way and could
result in blue staining of nodes which are not true sentinel nodes draining the
original melanoma site.

THE SURGICAL PROCEDURE
Planning the Skin Incision

The position, direction, and extent of the skin incision appropriate for sentinel
lymphadenectomy is primarily determined by the mark or marks made on the
overlying skin by the nuclear medicine physician at the time of preoperative
lymphoscintigraphy. However, the position of the incision should also be such
that complete excision of it would easily be possible as part of a full regional
node dissection if the sentinel node was found to contain micrometastatic disease.

Exposing and Removing the Sentinel Nodes

Dissection must proceed cautiously, taking care not to damage any blue-stained
lymphatics. When a blue lymphatic vessel is encountered, it should be traced
until it reaches a lymph node, which should itself be at least partly blue stained
if it isto be identified confidently as a sentinel node (Fig. 3). The number of
sentinel nodesin aregional lymph node field will be known from the preoperative
lymphoscintigram, as well as their approximate depth below the skin surface,
making location of these nodes a relatively easy matter in most instances. It is
neverthel ess desirable to seek and trace blue-stained afferent lymphatics, as nodes
can sometimes be elusive even when their approximate position is known and
the degree to which they are themselves blue-stained may not be intense. Some-
times, a sentinel node will be only partly blue stained, in that part which isimme-
diately adjacent to the point of entry of the afferent lymphatic bringing blue dye
from the skin injection site. If this blue-stained area is on the undersurface so
that it is not visible on that part of the node which has been exposed, its identity
as a sentinel node may be overlooked unless a blue-stained afferent lymphatic
is traced right to the node.

The objective must aways be to remove sentinel nodes with as little inter-
ference to surrounding tissues as possible—particularly nonsentinel lymph nodes
and their afferent lymphatics. This will not only minimize the risk of causing
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Ficure 3 Blue-stained afferent lymphatics (thin arrows) entering a sentinel lymph
node, which is itself blue stained (thick arrow).

lymphedema but will also help to ensure that if a sentinel node is determined to
be positive and a full regional node dissection is therefore required, complete
clearance of the sentinel lymphadenectomy site is possible without transgressing
previously dissected and thus potentially contaminated areas.

When each sentinel node is found, it is removed, with care being taken to
clip or ligate afferent and efferent lymphatics in order to minimize the risk of
subsequent lymphocoel e formation. Having ensured that hemostasis is complete,
the wound is then closed, with use of a small drain if considered appropriate.

Frozen-Section Examination of Sentinel Nodes

During early experience with the sentinel lymphadenectomy technique, routine
frozen-section examination of each sentinel node was performed in some centers
[14,16], and immediate regional node dissection was undertaken if the sentinel
node was reported to contain micrometastatic disease. However, even when expe-
rienced melanoma pathologists examined the frozen tissue sections, the results
proved unreliable. There was also concern about the amount of tissue lost (and
potentially containing the only deposits of micrometastatic disease) when trim-
ming the tissue blocks for frozen-section examinations and cutting the tissue on
the cryostat. In their initial clinical studies, Morton's group performed routine
immediate immunohistochemistry on frozen tissue sections [14]. Although un-
doubtedly more accurate than standard frozen-section examination, thistechnique
was very labor intensive, technically demanding, and time-consuming and is not
a redlistic proposition as part of a standard clinical protocol. For al the above
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reasons, frozen section is now not performed in most centers and it is generally
considered preferable to await formal paraffin section histology and immunchis-
tochemistry. If necessary, afull regiona node clearance can then be undertaken
as a separate procedure at a later date, after full discussion of the situation with
the patient.

“In-Transit’” Sentinel Nodes and Lymphatic Lakes

At the time of preoperative lymphoscintigraphy, a focus of intense isotope accu-
mulation will occasionally develop on alymphatic pathway leading from the skin
injection site toward a regional lymph node field. Usually this is, by definition,
a true sentinel node, even though it lies outside a recognized lymph node field,
and it must be removed and examined if a sentinel lymphadenectomy procedure
is to be performed. Occasionally, however, the focus of isotope uptake will sim-
ply be an area of lymphatic dilatation or a ‘‘lake’’ (Fig. 4). If there is a chain
of such faoci, it becomes much more likely that they are not nodes but lymphatic
lakes. However, on rare occasions a chain of two, three, or even four sentinel
nodes is present. Unless the areais surgically exposed, it is not feasible to differ-
entiate between these two entities. This means that formal exploration of al such
hot spotsis required if missing a sentinel lymph node or nodes is to be avoided.
In these cases, it makes sense to first explore the site furthest from the primary
site because first exploring the proximal nodes carriesthe risk of disrupting chan-
nels to the more distant nodes (Fig. 5).

Ficure 4  Focus of isotope uptake due to the presence of a lymphatic “’lake’ (curved
arrow). On delayed scans, this focus had disappeared completely. There is a single
sentinel node in the right axilla (straight arrow).
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Ficure 5 Interval lymph node outside a recognized lymph node field. Initial scan (a)
shows channels passing to an interval node on the right back (straight arrow) and
to a sentinel node in the right axilla (curved arrow). Delayed scan (b) also shows the
interval node on the right back (straight arrow) plus the sentinel node in the right
axilla (curved arrow). Both are sentinel nodes. Second-tier nodes in the right axilla
are also visualized.

INTRAOPERATIVE USE OF A GAMMA PROBE

Although definite blue staining of a sentinel node with identification of at least
one blue-stained afferent lymphatic channel entering the node currently remains
the gold standard for assessment of whether a lymph node is or is not a true
sentinel node, intraoperative use of agamma detection probe can provide valuable
confirmatory evidence.
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A number of compact, lightweight gamma probes are now available which
can be used intraoperatively to assist with the sentinel lymphadenectomy proce-
dure. All these devices are fundamentally similar in design and function, and
their relevant features are described in detail in Chapter 5. They comprise a hand-
held probe containing a gamma detecting crystal connected to an easily portable
control box (Fig. 6). The probe and the cable connecting it to the control box
can be inserted into a sterile plastic sleeve for intraoperative use.

A gamma probe can be used for three distinctly separate purposes during
a sentinel lymphadenectomy procedure: (1) to assist in locating each sentinel
node, (2) to confirm that a node is ‘‘hot’’ both in vivo and after it has been
removed, and (3) to check that there are no residua hot nodes in a lymph node
field after removal of the presumed sentinel node or nodes.

Sentinel Node Location

Although the estimated position of each sentinel node will ideally have been
marked on the overlying skin at the time of preoperative lymphoscintigraphy, it
is useful to confirm its location with a gamma probe before making a skin inci-
sion. Thisisparticularly valuable when the position of the patient on the operating
table differs from the position they were in when the lymphoscintigram was ob-
tained. The surgeon may occasionally decide, for example, to perform an axillary
sentinel lymphadenectomy with the patient in alateral position so that the subse-
guent wide excision of a primary melanoma site on the back can be performed

Ficure6 Hand-held gamma probe and control box (Neoprobe 1000, Neoprobe Cor-
poration, Dublin, OH, U.S.A.).
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without having to reposition and redrape the patient, whereas the preoperative
lymphoscintigram was performed in routine fashion with the patient in the supine
position, with the arm extended at a 90° angle to the body. Checking the position
of the sentinel node with a gamma probe prior to skin incision can aso be very
useful in situations where anatomical considerations make it difficult for the nu-
clear medicine physician to mark the position of the sentinel node(s) accurately,
for example, in the submandibular region or in the groin of agrossly obese patient
with an overlying fatty apron. Having made the skin incision, if the sentinel node
cannot be located readily by its blue dye staining, the tip of the gamma probe,
clad in its sterile sheath, can be inserted into the wound and moved around, with
adjustment of the angle of the probe to indicate the direction of the hot sentinel
node. During this maneuver, care must be taken, however, to ensure that residual
activity at the primary melanoma site does not provide misleading information
(e.g., when the axillais being explored and the primary melanoma site is on the
upper back).

Confirming Sentinel Node Identity

Even 24 h after intradermal radionuclide injection at a primary melanoma site,
the sentinel node invariably remains the hottest node in the draining lymph node
field [5,18]. It is valuable to use the gamma probe to confirm the identity of any
node suspected to be a sentinel node (Table 1; Fig. 7). The probe can be used
for the purpose of confirmation both in vivo and after removal of the node. Some-
times the sentinel node is not obviously blue stained [11,12]. It is very rare,
however, for atrue sentinel node not to contain radioactive colloid, provided the
intradermal isotope is injected at the primary melanoma site at least 1 or 2 h
preparatively. If the isotope is injected immediately preoperatively, either alone
or in combination with blue dye (asisthe practice in some centers), the reliability
of sentinel node confirmation with the gamma probe is diminished. Nevertheless,

Tase 1  Gamma Probe Recordings for a Woman Aged 24 Years Undergoing
Sentinel Node Biopsy

Field count
following Ratio of
Site of nodes Node counts removal node to Micro-
removed at Blue Indicated by ex Vvivo of node(s) lymphatic  metastases
operation staining?  scintigraphy?  (per 10 9) (per 10 )  field count identified?
Left axilla Yes Yes 43,598 7,391 5.9 Yes
(superficial)
Left axilla Yes Yes 28,105 7,391 38 Yes
(deep)

Right axilla Yes Yes 10,604 2,563 41 No
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Ficure 7 Preoperative lymphoscintigram (delayed scan) showing two sentinel nodes
(partly superimposed in this view) in the left axilla and a single sentinel node in the
right axilla. (Gamma probe counts for the sentinel nodes are listed in Table 1.) Exci-
sion—biopsy of a melanoma 1.5 mm in thickness on her left upper back had been
performed 3 weeks earlier. Preoperative lymphoscintigraphy had revealed that there
appeared to be two sentinel nodes in the left axilla lying one immediately deep to
the other, and on delayed imaging, a single fainter sentinel node in the right axilla.
All three sentinel nodes were identified without difficulty at the time of surgery and
removed. Subsequent histological examination of the left axillary sentinel nodes re-
vealed micrometastatic disease in both of them, and a full regional node dissection
of the left axilla was therefore performed. No additional positive nodes were present.

the objectivity of the techniqueis still very useful. Detection of gamma radiation,
measured in counts per second with a gamma probe, is completely objective,
whereas confident detection of blue staining of a node can sometimes be difficult
and operator dependent (and thus less reliable). The relatively less objective na-
ture of lymphatic mapping and sentinel node identification with blue dye has led
to suggestions that its use is unnecessary. However, it is readily demonstrable
that second-tier nodes in the regional lymph node field (i.e., nodes which are not
sentinel nodes) can become hot quite quickly after isotope injection [9,10,18].
Thus, any technique that relies on the gamma probe alone to identify sentinel
nodes is likely to result in the removal of additional, nonsentinel nodes [18],
defeating the main purpose of the sentinel lymphadenectomy procedure which
is to be superselective and to avoid unnecessary disturbance of nonsentinel nodes
and their afferent and efferent lymphatics.

Checking for Residual “’Hot’” Nodes

After removal of the presumed sentinel node or nodes, the residual count in the
regional lymph node field can be checked with a gamma probe, and any residual



Technique for Sentinel Lymphadenectomy 83

hot areas can be explored. Usually, such hot spots are due to activity in second-
tier nodes [19], which when exposed are not blue stained and do not have blue-
stained afferent lymphatics draining directly from the primary melanoma site.
The degree of residual activity in a node field must be assessed in relation to the
activity present in the sentinel node(s) and is determined by the time elapsed
since isotope injection at the primary melanoma site. Absolute levels of radio-
activity are clearly meaningless. What is important is the ratio of countsin a
given node to the counts in the remainder of the node field [12,20].

It has been suggested, for example, that to be identified as a sentinel node
on the basis of gamma probe assessment the ratio of counts in sentinel and non-
sentinel nodes should be over 3:1 in vivo and 10:1 ex vivo [20]. However, this
isnot auseful guideif attempts are made, in the true spirit of a selective ‘* sentinel
node only’” biopsy policy, not to remove nonsentinel nodes. Others have sug-
gested comparing sentinel node activity with **background'’ activity, but without
specifying how background levels are to be determined. After analysis of the
data from a large number of patients undergoing sentinel node biopsy, we have
proposed that the ratio of sentinel node activity to residual activity in the node
field after removal of the sentinel node should be over 3:1 [12]. In most cases,
thisratio is greatly exceeded, but it appearsto provide a useful lower level below
which the likelihood of a node being a true sentinel node is very low. If, on
checking a node field after removal of all presumed sentinel nodes, a node with
activity of more than three times the activity elseawhere in the node field is found,
it should thus be regarded as a possible sentinel node and removed for histological
examination, even if it is not blue stained.

CONCLUSIONS

Although elegantly simple in concept, selective lymphadenectomy can be atech-
nically complex and challenging procedure. Unless great careis taken to optimize
the accuracy of sentinel node identification and the completeness of sentinel node
removal, misleading information may be obtained. This could lead to inaccurate
staging of the patient, resulting in inappropriate treatment and ultimately aworse
prognosis. Use of al three currently available techniques—preoperative lympho-
scintigraphy, perioperative blue dye mapping, and a gamma probe intraopera-
tively—will ensure that the greatest possible accuracy is achieved and that reli-
able information about sentinel lymph node status is obtained.
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INTRODUCTION

The purpose of this chapter isto outline the relevant physics of gammaray detec-
tion probes. More extensive information can be found in other publications [1,2].
A gamma detection device for surgical use consists of two main parts. a hand-
held sensor which contains the gamma-sensitive crystal with a preamplifier, and
a reading unit. Both the sensor itself and the whole device are often referred to
as a ‘‘probe.”’ In this chapter, however, we use the word ‘‘probe’’ to indicate
the sensor only. Because the radionuclide technetium-99m ( ®™Tc) is amost ex-
clusively used as a label for tracers in lymphatic mapping, discussion of the
physical characteristics of the probe concerns the performance with " Tc unless
explicitly stated otherwise. Measurements on probes are often performed using
a cobalt-57 (*Co) source. Because the energy of the gamma photons emitted
by Co is only dightly lower than that of ®"Tc (122 versus 140 keV), these
measurements are, in general, representative for the performance with ®"Tc.
However, the transmission through shielding material must be measured using
®mTc because using 5’Co the correction factor will strongly depend on the thick-
ness of the shielding.
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Tase 1 Probes and Crystals

Probe

name Detector type Manufacturer

C-Trak Scintillation Care-Wise, U.SA.

Neoprobe CdznTe Neoprobe Corp, U.SA.

RMD CdTe Radiation Monitoring Devices, U.S.A.
Gammed CdTe, scintillation Eurorad, France

CRYSTAL CHARACTERISTICS

Two basically different types of intraoperative probe are currently available: one
based on a scintillation crystal and the other based on a semiconductor crystal.
A scintillation detector consists of a scintillation crystal, a light guide, a photo-
multiplier tube, and electronics. Thallium-activated sodium iodide [Nal(Tl)] is
the most widely used scintillation crystal in gamma cameras and is also used
in this type of probe, athough mostly cesium iodide (Csl) is used in probes.
Semiconductor probes are more common. This type of detector consists of a
semiconductor crystal, a preamplifier, and electronics. A cadmium—telluride
(CdTe, or sometimes zinc-doped: CdzZnTe) crystal is most commonly used in
semiconductor probes.

Intrinsic detector efficiency (the ratio between the number of gamma pho-
tons entering the probe and the number detected) depends on crystal material,
on the dimensions (area and thickness) of the crystal, and on the gamma energy.
For CdTe, the intrinsic efficiency decreases with increasing gamma energy and
will be 20-30% lower for ®"Tc than for Co when a 2-mm-thick crystal is used.

Energy resolution is the ability to discriminate between gamma photons
with different energies. This depends not only on the crystal that is used in the
probe but also on the thickness of the crystal. Semiconductor detectors generally
have a better energy resolution than scintillation detectors. An overview of sev-
eral available probes based on both types of crystals is given in Table 1. One
should be aware of the fact that new devices enter the market rapidly and that
characteristics may change.

PROBE CHARACTERISTICS

A gamma detection device consists of a probe detector, a preamplifier, and a
housing with adequate metal screening around the detector for collimation and
shielding.
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The performance of a gamma detection probe can be described by the fol-
lowing physical characteristics:

e Sensitivity
e Spatia (or angular) resolution: collimation
e Shidlding

e Energy discrimination (or energy resolution).

Sensitivity (the fraction of gamma photons emitted by the source that is detected
by the probe) depends mainly on intrinsic detection efficiency (see the section
on Crystal Characteristics, p. 88) and probe geometry. Spatia resolution and
shielding are determined by the probe geometry. Therefore, sensitivity, spatial
resolution, and shielding are not completely independent of each other, although
they are often specified separately for a probe. Some probes are provided with
add-on collimators or shields (Fig. 1), which enable the user to modify these
properties. Because they are not independent, usually al three characteristics will
changeif an additional collimator isused (e.g., the spatial resolution and shielding
will improve, but the sensitivity will decrease).

Energy resolution is useful for the discrimination between direct and scat-
tered radiation, as described in a subsequent section.

In addition to these physical characteristics, the ergonomic properties of
an instrument are relevant to its use by the surgeon: weight and shape of the
probe, visual display and ease of operation, sound, and the hygienic aspects and
safety. The weight will largely be determined by the amount of collimation and
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Ficure 1 Cross-section through (a) the Neoprobe 19-mm sensor, (b) the add-on
shield, and (c) the add-on cone collimator.
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shielding. Excellent reliability and stability are a requirement for any surgical
probe.

CHARACTERISTICS FOR SUCCESSFUL SENTINEL NODE
DETECTION

The physical characteristics of the probe must be such that detection of radioac-
tive lymph nodes is optimized. The following aspects are important:

« The uptake of radioactivity in lymph nodes is highly variable. Uptake
in the sentinel node in melanoma patients varies between about 40 Bg*
and 250 kBq with a median of 13 kBq (22 h after injection of 58 MBq
®mTc) [3].

e Thedepth of the sentinel nodeis variable. It may be just below the skin
or more than 5 cm deep.

e The activity in the tissue surrounding the lymph nodes is very low, but
“‘background’’ radiation can be considerable if a hot injection site is
close to the sentinel node. In particular, this will be the case when the
primary tumor in the breast islocated in the upper outer quadrant, close
to the axilla.

If the injection site is far from the node (or if it can be excised before
localization of the sentinel node) and if the sentinel node has a high uptake and/
or is close to the surface, locating the sentinel node will be straightforward. Any
probe will locate it. In practice, conditions are usually less favorable. Then, the
characteristics of the probe will determine the probability of successful localiza-
tion. Focusing on these less favorable circumstances, we will discuss the physical
characteristics of the probe.

DETECTION OF NODES WITH A LOW UPTAKE: SENSITIVITY

Sensitivity is defined as the fraction of gamma photons emitted by the source
that is detected by the probe. It is specified as the count rate per amount of activity
(cps/Bq or cps/kBq). Sensitivity should be as high as possible. Sensitivity is a
combination of intrinsic detector efficiency and geometric factors such as detector
area and collimation. Differences in sensitivity between different types of probes
may be considerable. We measured values between 1 and 43 cps/kBq for the
probesin Table 1 at adistance of 1 cm from a source (Table 2, measured between

* 1 mCl = 37 MBq.
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Tase 2  Sensitivities Measured in Air for a Co Source Using the Full
Energy Spectrum, at a Distance of 1 cm and 5 cm (Measured Relative
to the Tip of the Probe or Collimator)

Sensitivity (cps/kBq)

Probe Collimator alcm a5cm
C-Trak,2 Nal None 16 14
With 8.4 1.3
Neoprobe, CdZnTe None 43 35
Shield 36 2.8
Cone 10 15
RMD CdTe None 1.2 0.08
Gammed CdTe None 39 0.25
Gammed Csl None 5.2 0.45

Note: Values for ®™Tc will be lower, in particular for the probes with CdTe crystals.
2 C-Trak also supplies a MiniProbe which has alow weight, but the sensitivity of this
probe is about three times less than that of the standard probe.

Source: Ref. 4.

July 1996 and April 1997). Also given in Table 2 are the (reduced) sensitivities
that were measured when additional collimators were used.

If a probe has no collimation at all, the crystal can be brought very close
to the node. Increasing the distance between node and probe will mean that the
sensitivity decreases with the square of the distance (double the distance: fourfold
reduction of the sensitivity). A collimator may shield part of the crystal, which
will reduce the sensitivity. In addition, the minimum distance between node and
crystal will belarger (of the order of 1 cm depending on the length of the collima-
tor; see Fig. 1). This means that the maximum sensitivity (with the probe as close
as possible to the node) is considerably reduced by a collimator, but if the probe
is far from the node, the collimated sensitivity will be relatively closer to the
uncollimated value (compare the values for 1 cm and 5 cm in Table 2 for the
same probes with and without the collimator). Closer than 1 cm to the source,
the differences are even larger: At about 1 mm, the sensitivity of the Neoprobe
1000 with shield is about 175 cps/kBg, but with the cone collimator, it is only
35 cps/kBq. The sensitivity of the C-Trak probe without an additional collimator
is about 40 cps/kBq. These data were measured using ¥Co. For the Neoprobe,
the sensitivity for ®"Tc is 20-30% lower.

Sensitivity may be of crucia importance during intraoperative use of the
probe because the uptake of the tracer in the sentinel node may be very low or
the node may be at a large distance from the probe. When the large amount of
radioactivity at theinjection siteis nearby, the combination of collimation, scatter
suppression, and sensitivity becomes important. This will be discussed in one of
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the next sections. Therefore, sensitivities of the probe in different configurations
should be carefully evaluated. Manufacturers should specify the sensitivity in
cps/kBq for a specified radionuclide in well-defined geometric configurations
with the different collimators available.

NODE LOCALIZATION: SPATIAL RESOLUTION, SENSITIVITY
AT A DISTANCE

Spatial resolution describes the ability of the probe to distinguish between two
sources that are close together, or to locate the precise position of a source from
a distance. The latter is important if we want to locate a sentinel node through
the intact skin before the incision is made. Figure 2 shows the relative spatial
resolution scanning in a straight line over a source with a closest distance of
26 mm with respect to the front of the probe or collimator for different probe
configurations. If a probe is scanned at a fixed distance around the source (and
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Ficure 2  Relative spatial resolution for different probes and collimators at a distance
of 26 mm in air. A ¥Co source was used. For each configuration, data are normalized
to the value for a lateral distance of 0 cm. ®: Neoprobe, no collimator; A: Neoprobe,
cone collimator; m: Neoprobe shield; & C-Trak probe, collimator; X: C-Trak probe,
no collimator.
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pointing at the source) the term * *angular resolution’” would be more appropriate.
The spatial resolution of a probe at this distance can be improved considerably
by the use of additional collimation. The C-Trak probe has a strong built-in colli-
mation: Without additional collimation, the spatial resolution is comparable to
that of Neoprobe with the add-on collimator. Scanning at larger distances reduces
the spatial resolution, as isillustrated in Fig. 3 for collimated probes. In Fig. 4,
it is shown that the collimator no longer improves spatial resolution at a depth
of 5 cminwater: The spatia resolution with and without the collimator is nearly
identical.

Adding a collimator to a probe aso has disadvantages. As has been men-
tioned earlier, the effective area of the detector becomes smaller and the minimal
distance to the detector is increased so that the maximum sensitivity decreases.
Moreover, because thefield of view is narrowed, searching for a node the location
of which is not precisely known becomes more time-consuming. In general, it
is important to use as little collimation as possible, unless it is certain that the
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Ficure 3 Relative spatial resolution at different distances for collimated probes. A
’Co source was used. Values are normalized to the value for air at a distance of 1
cm. 0: 1 cm air; m: 1 cm water; A: 2 cm water; @: 4 cm water.
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Ficure 4 Relative spatial resolution at a depth of 5 cm in water for a probe with a
shield (no collimation) and a collimator. A 5'Co source was used. For each configura-
tion, data are normalized to the value for a lateral distance of 0 cm. A: collimator;

u: shield.

activity in the target is sufficient (e.g., in the case of a 1-day sentinel protocol).
Probes that are supplied with different collimators enable the user to adapt the
instrument to their own specific requirements and to the needs of the situation
inindividual patients.

DETECTION IN THE VICINITY OF AN INJECTION SITE:
SHIELDING AND ENERGY DISCRIMINATION

Radiation from an injection site close to a node may be considerably stronger
than that from the node. Aslong asthe probe is not pointed in the direction of the
injection site, its radiation may be blocked quite efficiently with side shielding. If
necessary, an add-on shield or collimator can be used to improve side shielding.
A 100-1000-fold reduction of the direct radiation can easily be obtained in this
way, which is quite sufficient for the typical situation in which not more than 4
MBq is left at the injection site and the distance between injection site and node
is at least a few centimeters.
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However, blocking direct radiation is not sufficient. Radiation from the
injection site also reaches the aperture of the probe via (multiple) scattering in
the patient. Using the Neoprobe sensor and a ®™Tc¢ source at an off-axis distance
of about 7 cm, we found that the scattered radiation is about one-tenth of the
direct radiation that is measured if the sensor is pointed directly at the source.

Scattered radiation is diffuse. It enters the probe from different directions
and cannot be eliminated by side shielding. However, it can be reduced by the
use of collimation. Table 3 shows the amount of activity that must be present in
a node so that the count rate from the node is twice that from an injection site
of 2 MBq. Data are shown for the Neoprobe with a cone collimator and the
Neoprobe with a shield, with injection sites at distances of 2.5, 5, and 7.5 cm.
The injection site is positioned adjacent to the probe (at an angle of 90° relative
to the node) so that direct radiation from the injection site is shielded. Two node
positions have been chosen: a superficial node 5 mm from the probe and a deep
node below 5 cm of tissue. The performance of the shielded and the collimated
probe are identical in the case of the superficial node. For the deep node, the
collimator performance is superior: It detects nodes that are twice as weak as
nodes that can be detected with the shield. Theinjection site causes a high ** back-
ground’’ count rate, so that the sensitivity of the probe does not limit detection.

An aternative method to suppress the counts from scattered radiation isto
use the ability of the probe to discriminate between different energies. If the
instrument is equipped with an energy threshold setting, the user can select the
threshold below which radiation will be discarded, so that scattered radiation
with its lower energy is not counted. However, for a lower threshold at which
scattered radiation is nearly completely suppressed, the sensitivity will typically
be reduced with about one-third of its full spectrum value, because radiation that
is scattered inside the probe is aso not counted.

Figure 5a shows the performance of the Neoprobe sensor with the addi-
tional shield as a function of lower threshold setting. The numbers along the

Tase 3  Measurements for Nodes Close to Injection Site

Distance to injection site

Distance
Collimator probe—node 25cm 5cm 75cm Unit
Shield 5 mm 58 26 17 kBqg ®"Tc
Cone 5 mm 56 26 16 kBq %" Tc
Shield 5 cm tissue 2350 1030 660 kBq *"Tc
Cone 5 cm tissue 1250 600 360 kBq *"Tc

Note: The ®™Tc activity in nodes, which is required to give twice the count rate from an injection
site of 2 MBq ®"Tc at distances of 2.5, 5, and 7.5 cm, is given. Data are given for a superficial node
at 5 mm from the probe and for a deep node below 5 cm tissue. The data are cal culated for a Neoprobe
with a collimator and with a shield.
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threshold axis are arbitrary units (and not keV). Both the count rate from a simu-
lated injection site at a distance of 5 cm adjacent to the probe and the count rate
from three simulated nodes (weak nodes of 2 and 5 kBq just in front of the probe
and a strong node of 200 kBq at a depth of 5 cm in water) are shown. If the
threshold is raised to a value above 140, the count rate of the node of 5 kBq is
higher than that of the injection site. For athreshold of 150, all three nodes have
count rates which are at least twice the count rate from the injection site. Figure
5b shows the same data for the probe with a collimator. In this case, raising the
threshold to a value of about 140 is sufficient to find two nodes. For the third
node, a threshold of 145 is required.

In Figs. 5a and 5b, a detection limit of about 5 cps is also indicated. The
cone collimator reduces the sensitivity at short distances so that the count rate
of the node of 2 kBq is barely above the detection limit if the threshold is raised
sufficiently far to suppress scattered radiation from the injection site. Unless the
probe has an extremely high sensitivity, only ashield isabetter choice for shallow
nodes. Use of the collimator is superior for a deep node. Raising the threshold
is less efficient for deep nodes, because a larger proportion of the radiation from
deep nodes is scattered and is no longer counted.

Actual nodes from melanoma patients contain 13 kBq on average, with a
very wide range as mentioned earlier [3]. If an injection site is nearby, most
shallow nodes will still be found with the correct technique. However, the identi-
fication of deep nodes will only be possible for nodes that have accumulated a
substantial amount of the tracer.

WEIGHT, SIZE, AND SHAPE

Most surgeons prefer a thin, lightweight probe. Both collimation and shielding
are required to improve sentinel node detection but are the magjor determinants
of the weight of the probe. A thin probe necessarily has a small detector area
and, consequently, alow sensitivity. A compromise must be found between these
conflicting requirements.

The optimal shape of the probe will depend on personal preference. A probe
with a 15° angled tip may be most versatile. Such a probe can easily be manipu-

Ficure 5 Count rates as a function of lower threshold for an “injection site’” of 2
MBq ®“"Tc at different distances from the probe and for three “/nodes”’: two nodes
of 2 and 5 kBq *"Tc close to the probe and one of 200 kBq *"Tc at a depth of 5
cm in water. (a) Neoprobe with a shield, (b) Neoprobe with cone collimator. X: injec-
tion at 5 cm, 2 MBq; O: node at 5 mm, 5 kBq; 0: node at 5 mm, 2 kBq; m: node
depth 5 cm water, 200 kBgq; solid horizontal line; detection limit 5 cps.
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lated through a small incision in a fairly deep wound. A straight probe has the
advantage that the sense of direction is better.

USER INTERFACE

The front panel of the control unit should have a clear layout and should be easy
to read from a distance and under variable lighting conditions. Push buttons are
easier to use than turning knobs.

Intraoperative probes are usually equipped with an audio signal, which indi-
cates the detected count rate. Different types of audio signals exist. Exercising
on aphantom (for instance, a source with aweak background) enablesthe surgeon
to determine whether the audio signal is useful. With the new generation of
probes, the sound pitch goes up with an increasing count rate. This has the advan-
tage that the surgeon gets an impression of the count rate without having to take
his eyes from the operative field.

The probe should be able not only to measure count rate continuously
(counts per second) but also to collect counts during a longer time interval (at
least up to 10 s). This feature will be used in the case of a very low target uptake
and a non-negligible background. Because the standard deviation (SD) of nuclear
count measurements is approximately proportional to the square root of number
of counts, the error in very low count values is relatively high. With 10,000
counts, the SD is 100 (1%); with 100 counts, it is 10 (10%); and with 10 counts,
the SD is 3 (30%). If the observed count value is 10, a chance of about 3% exists
that the true count value is actually larger than 16! In such a case, discrimination
between target and background is more reliable if the number of counts is in-
creased by counting for alonger period. It would be useful if the probe gave an
indication of the statistical reliability of the measurement.

HYGIENIC ASPECTS AND SAFETY

The instrument should be designed for use in the operating room and not for the
laboratory. If possible, probe, cable, and collimators should be sterilizable or
disposable, but this may be too expensive to be acceptable. The probe must also
satisfy safety requirements for surgical equipment. Electrical safety must be con-
sidered in particular [5].

PROBE MAINTENANCE

Any probe selected for clinical use should have excellent reliability and stability.
Quality control consists mainly of acheck of the background value and the sensi-
tivity of the probe. The shielding should be looked at as well. Although in our
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experience stability is not a problem, it is recommended that before each use,
the background value and sensitivity are determined. A background count will
also detect any contamination with radioactivity of the probe. It is necessary to
check the sensitivity regularly, because a gradual decrease may be unnoticed. A
%Co source is convenient to use for a check of the sensitivity, but the readings
should be corrected for the half-life of 270 d. Initially the source should not be
too strong to avoid dead-time effects, which would cause a reduced count
rate. The maximum count rate of the probe (typicaly 10,000 counts per second)
should not be exceeded. After 5 years, the count rate will then have decreased
to 100 counts per second. In that case, the sensitivity can still be determined with
an accuracy of 3% if a counting interval of 10 seconds is used, which is accept-
able. Therefore, it is recommended to obtain a new Co source at least every 5
years.

PROBE SELECTION

Before a probe is selected, it is important to analyze the specific requirements
for which the probe will be used. An optimal solution does not exist, because
improvement of one characteristic will mean deterioration of one or more of the
other characteristics.

Because uptake in lymph nodes may be low, a high sensitivity is the pri-
mary reguirement. Collimation will increase the precision of localization of nodes
before an incision is made. The side shielding of the probe should be excellent
when a hot injection site is nearby. Collimation is recommended in this situation
and the threshold setting must be raised to such a level that scattered radiation
from the injection site is eliminated. Depending on the estimated radioactivity
uptake, depth of the node, and the position of the injection site, the shield or
collimator to be used is chosen. Optimally, the surgeon might want to be able
to switch between different probe configurations during the surgical procedure,
starting with excellent spatial resolution and (if necessary) energy discrimination,
then switching to a higher sensitivity if needed.

Summarizing, a probe is required with high sensitivity, a choice of add-
on collimators, and the ability to suppress low-energy radiation at a level that
can be specified by the user.
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Results of Lymphatic Mapping in Melanoma

Richard Essner, Stacey Stern, Peter Bostick, and Donald L. Morton
John Wayne Cancer Ingtitute at Saint John's Health Center, Santa Monica, California

In respect of surgical treatment, two cardina phenomena. . . call for emphatic
notice and indicate corresponding principles of action. These are (a.) the usually
insignificant dimensions of the primary lesion and (b.) its tendency to rapidly
infect the nearest lymph glands.

Herbert L. Snow, M.D., London, Lecture on melanctic cancerous disease, 1892

INTRODUCTION

The controversy regarding the surgical management of regional lymph nodesin
early-stage melanoma began over 100 years ago. In 1892, Herbert L. Snow in
hislecture‘‘Melanotic Cancerous Disease’’ advocated wide excision and elective
(prophylactic) lymph node dissection as a method to control lymphatic perme-
ation of metastases [1]. His studies suggested a direct connection of the primary
site with the regional lymph nodes and he concluded that treatment of melanoma
should routinely include excision of the draining lymph nodes. Elective lymph
node dissection for patients with early-stage melanoma has remained controver-
sia since Dr. Snow first proposed this management approach. Although multiple
retrospective studies suggest a survival benefit for patients treated with elective
lymph node dissection as compared to those whose treatment is limited to the
primary site alone, the therapeutic benefit of removing clinically normal lymph
nodes has never been proved by randomized prospective studies [2-17]. Al-
though elective lymph node dissection is considered a valuabl e staging procedure,
its cost, morbidity, and overall low yield of tumor-containing nodes have led
most surgeons to abandon this procedure as a routine part of patient care. Yet,
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the tumor status of the regional lymph nodes has become exceedingly important
for determining patient prognosis and directing the use of adjuvant therapy
[18,19].

A number of aternative methods have been proposed for staging the re-
giona lymph nodes. However, none of these other methods is as accurate as
lymph node dissection. Clinical examination of the nodes and needle aspiration
biopsy leadsto an unacceptable rate of fal se negatives. Cutaneous lymphoscintig-
raphy can demonstrate the exact location of the draining regional nodes but can-
not differentiate tumor-containing nodes from reactive or normal nodes [20,21].
Ultrasound, computed tomography (CT) scanning, and magnetic resonance im-
aging (MRI) can identify nodes exceeding 1 cm in size but are not specific for
malignancy. Positron emission tomography (PET) is a promising staging tech-
nique but is expensive and the lower limit of detection of metastasesis probably
5 mm [22,23].

In recent years, the ability to detect occult regional lymph node metastases
has been improved by intraoperative lymphatic mapping and selective lymphade-
nectomy. This technique enables the surgeon to map the direct route of lymphatic
spread from the primary lesion to the regional drainage basin and then to selec-
tively excise the first lymph node(s) (sentinel node, first-tier node, first-echelon
node). Because the sentinel node has been shown to be the most likely site of
tumor cells in the regional drainage basin, focused pathological examination of
the selective lymphadenectomy specimen is a useful method of ultrastaging the
regional nodes. Selective lymphadenectomy can be performed with minimal mor-
bidity and expense and has proved to be highly accurate and sensitive for de-
tecting occult regional metastases in patients with early-stage melanoma.

In 1990, Morton and associates first proposed the technique of selective
lymphadenectomy as a minimally invasive aternative to elective lymph node
dissection in patients with clinically uninvolved regiona lymph nodes [24,25].
They hypothesized that the dermal lymphatics provide a direct connection from
the primary melanoma to the regiona lymph node basin, where a sentinel node
could be identified. The sentinel node should therefore be the first regiona site
of metastasis; if the sentinel nodes do not contain tumor cells from a primary
melanoma, then it is probable that there is no regional lymph node involvement.

TECHNIQUE

Selective lymphadenectomy is preceded by preoperative cutaneous lymphoscin-
tigraphy. In the United States, the most commonly employed agents are techne-
tium-99m (*"Tc)-labeled albumin colloid (Cis-US, Inc., Bedford, MA, U.S.A)),
®mTc sulfur colloid (Cis-US, Inc.), or ®Tc human serum albumin (HSA; Amers-
ham Medi-physics, Arlington Heights, IL, U.S.A.) [21,26,27]. Approximately
18.5-30 MBq (0.5-0.8 mCi) of radiopharmaceutical is injected at the primary
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melanoma site. A scintillation camera is used to document the drainage pattern
from the primary site via the dermal lymphatics to the regional nodes. The skin
overlying the sentinel node is marked. Because there is some variation in the
transit time among the various pharmaceuticals, the nuclear medicine physician
performing the procedure must be careful to differentiate the sentinel node from
second-tier (nonsentinel) nodes. In our experience, the sentinel node can be iden-
tified by 30 min (depending on the agent and the distance of the primary to the
regional nodes), and usually by 4 h, the sentinel node can no longer be differenti-
ated from the adjacent second-tier nodes [28]. We typically perform lymphoscin-
tigraphy on the day of surgery to allow the radiopharmaceutical to be used for
sentinel node identification. Lymphoscintigraphy is used to determine the re-
gional lymph node basin at risk for metastases and is particularly helpful in sites

Ficure 1  Schematic representation of infraoperative lymphatic mapping shows blue
dye being injected into a primary melanoma. The dye moves along the lymphatic
channel into the drainage basin. The first node(s) to turn blue—not necessarily the
proximal node—is the sentinel node. This node is removed during selective lymphad-
enectomy and sent to the pathologist for andlysis. (a) Blue dye injection; (b) other
lymph nodes with or without metastases; (c) primary tumor; (d) regional lymph
nodes; (e) sentinel node.
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on the head and neck or torso, which may have ambiguous lymph drainage
[21,26-28].

The patient is brought to the operating room on the same day as the lym-
phoscintigraphy. After induction of local or general anesthesia, 0.5-1.0 mL of
isosulfan blue dye (Lymphazurin, Hirsch Industries, Inc., Richmond, VA, U.S.A.)
isinjected intradermally using a 25-gauge needle at the site of the primary mela-
noma (Fig. 1). If the primary lesion has aready been excised, the injection is
made on either side of the scar. An incision is made over the regiona lymph
node basin and oriented so that a complete lymphadenectomy can be performed
if needed. The skin flap closest to the primary is dissected free of the underlying
tissue and the subdermal lymphatics are observed as they and the sentinel node
turn blue (Fig. 2). The blue dye typically takes from 5 to 20 min to reach the
regional nodes and the transit time can usually be predicted by the distance of
the primary from the dissected basin. The further the distance between the pri-
mary site and the regional lymph node basin, the greater the transit time. Injec-
tions are repeated every 20 min during the procedure. The sentinel nodeisexcised
and evaluated for the presence of metastasis (usually permanent section analysis).
Complete lymph node dissection is performed at a later date if metastases are
demonstrated.

Ficure2 Demonstration of blue dye in a single axillary sentinel lymph node. A single
blue-stained sentinel lymph node was identified 5 min after injection of blue dye
around the primary tumor on the back.
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RESULTS

In 1992, Morton and associates reported their initial experience with selective
lymphadenectomy [24,25]. They were able to identify a blue-stained sentinel
node in 194 (82%) of 237 regional lymphatic drainage basins (Table 1). All 223
patients underwent complete lymph node dissection regardless of the pathology
of the sentinel node. Of these specimens, 40 (21%) contained metastases in at
least one lymph node. In only 2 of 194 (1%) lymph node dissection specimens
were nonsentinel nodes, the exclusive site of regional metastasis. These results
are quite remarkable considering the fact that in most cases, preoperative lym-
phoscintigraphy was not used and the kinetics of the blue dye had not been well
defined [29]. Y &, this early report demonstrates the strength of selective lymph-
adenectomy as a staging procedure.

Occult regional metastases were identified by both standard Hematoxylin &
Eosin (H&E) staining and newer immunohistochemical techniques. Fifty-seven
percent of nodal metastases were found using conventional techniques; the re-
mainder were identified by immunohistochemical staining alone [24,25]. Using
immunohistochemical staining techniques with an antiserum to S-100 protein,
Cochran and associates had previously demonstrated that 29% of lymph nodes
stained negative with H& E actually contained metastatic melanoma[30,31]. The
3338 lymph nodes excised in the selective lymphadenectomy patients were
stained with the melanoma-specific murine monoclonal antibody NKI1/C3 to con-
firm the presence of melanoma cells. They found few additional metastases with
serial sectioning of the nodes as compared to just examining the bivalved faces.
Therole of additional sectioning of the sentinel nodes is unknown [32]. Whereas
newer molecular biology techniques looking for specific gene sequences particu-

Tasie 1 Initial Experience with Selective Lymphadenectomy for Early-Stage
Melanoma: Distribution of Metastases in Sentinel and Second-Tier Nodes

N %

Total lymphadenectomies 237 100
Lymphadenectomies with identified sentinel nodes 194 82
Lymphadenectomies with tumor in nodes 40 21
Lymphadenectomies with tumor in sentinel nodes 38 20
Lymphadenectomies with tumor in second-tier nodes (exclusively) 2 <1
Total lymph nodes 3338 100
Total sentinel nodes 259 8
Sentinel nodes with tumor 47 18
Total second-tier nodes 3079 92

Total second-tier nodes with tumor (exclusively) 2 <0.1
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lar to melanoma may further enhance the sensitivity of detecting metastases in
the sentinel node [33—35], their role in the routine management of melanoma is
also unknown.

Selective lymphadenectomy is arelatively difficult procedure, but itslearn-
ing curve is steep. During his initial 58 cases, Morton identified only 81% of
blue-stained sentinel nodes. However, during the next 58 cases, his rate of senti-
nel node identification increased to 96%, and it now approaches 100%. The sur-
geon with the most experience with the procedure achieved an early success rate
of 96%, whereas the surgeon with the least experience had the lowest level of
success. 72% (p < 0.01). The gradual improvement in the rate of sentinel node
detection is partially based on the increased experience with the technique. We
have found that the blue-stained afferent lymphatics and nodes can be difficult
to identify. Most surgeons have little experience dissecting lymphatic channels
prior to ever performing a selective lymphadenectomy. We have found that pa-
tients who have undergone wide excision of the primary with margins of more
than 1.5 cm or have had any procedure that disrupts the lymphatic drainage are
not candidates for selective lymphadenectomy [24,25,36].

The routine use of preoperative lymphoscintigraphy in all cases has played
asignificant role in decreasing the incidence of missed sentinel nodes. Glass and
associates from the John Wayne Cancer Institute [28] recently reviewed their
experience with lymphoscintigraphy using three commonly employed radiophar-
maceuticals: ®*"Tc-labeled albumin colloid, ®*™Tc sulfur colloid, and ®*™Tc-HSA.
They compared the three agentsfor their utility to identify the afferent lymphatics
and sentinel lymph nodes. Using early (up to 30 min) images, the three agents
were equally effective for identifying the sentinel nodes. On average, two lymph
nodes were identified in each basin. When they delayed their images up to 4 h
after injection of the radiopharmaceutical, the average number of nodes visualized
did not change significantly. There appeared to be awide variation in the number
of lymph nodes seen on lymphoscintigraphy from patient to patient: *™Tc-labeled
albumin colloid (range: 1-7), ®*"Tc sulfur colloid (range: 1-14), and ®*"Tc-HSA
(range: 0-9).

Y et more importantly, in more than half of the cases, we reviewed, more
than one ‘‘sentinel’’ node was identified, often in basins or sites which would
not be expected by strict anatomic definition [37]. Because the blue dye appears
to travel along the same pathways as the radiopharmaceuticals, lymphoscintigra-
phy is critical for the accuracy of the selective lymphadenectomy procedure.

Morton’s initial experience with selective lymphadenectomy also demon-
strated the technical differences between dissection in the groin, neck, and axil-
lary basins [24,25]. Sentinel nodes were easier to identify in the groin (89%
accuracy) and increasingly more difficult in the neck (81% accuracy) and axilla
(78% accuracy). In 1993, Morton’ s group reported their experience with selective
lymphadenectomy for melanoma of the lower torso and extremities that drained
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to the groin basin [38]. One hundred twenty-eight patients had selective lymph-
adenectomy performed. Preoperative lymphoscintigraphy was used only for non-
extremity primaries. Sentinel nodes were identified in 96% of the 51 patients
who had complete groin dissections and in 98% of the next 77 patients having
had a selective lymphadenectomy alone. In less than 1% of these patients, the
sentinel node was free of disease while other (nonsentinel) nodes were involved.
Even with this high rate of success with selective lymphadenectomy in this basin,
we now employ preoperative lymphoscintigraphy in all cases. In 12% of selective
lymphadenectomy procedures, lymphatic drainage was to two lymph node basins,
including those rare primaries on the calf or foot that also drained to the popliteal
region. In most cases, a single sentinel node was identified just inferior to the
inguinal ligament. However, some of the sentinel nodes were located at the apex
of the femoral triangle and occasionally two sentinel nodes were identified, usu-
ally on opposite sides of the femoral vein. Although lymphoscintigraphy may be
considered unnecessary for some primaries on the lower extremities, the routine
use of this procedure helps to identify the occasional aberrant lymph node in the
groin or poplitea basins.

In 1993, Morton’ s group also reported their experience of selective lymph-
adenectomy for head and neck melanoma that drained to the cervical nodes [39].
All patients had preoperative cutaneous lymphoscintigraphy. At the time of sur-
gery, blue dye alone was used to identify the sentinel nodes. The sentinel node
was found in 71 of the 79 cervica drainage basins (90%). Most of the missed
sentinel nodes were from the occipital, postauricular, or parotid basins, where
the blue dye is difficult to identify. There were no regional recurrences in those
patients with tumor-negative dissections during a mean follow-up of 27 months.
Although preoperative lymphoscintigraphy was used in all cases, this early expe-
rience with selective lymphadenectomy demonstrated the intrinsic difficulty with
the cervica basin. The lymphatic drainage from the head and neck is difficult to
determine from the anatomical location of the primary [20]. As our own experi-
ence suggests, sentinel nodes in the midst of the parotid gland, deep in between
the neck muscles or adjacent to the numerousfacial veins, are difficult to identify.
We have recently updated our experience with selective lymphadenectomy for
early-stage melanoma of the head and neck employing both blue dye and radio-
pharmaceutical. Bostick and associates reported on 117 patients undergoing se-
lective lymphadenectomy with either blue dye alone (94 cases) or in combination
with a radiopharmaceutical (23 cases) for probe-directed selective lymphadenec-
tomy [40]. The accuracy rate for blue-dye—directed selective lymphadenectomy
was 92% (only slightly better than our earlier report) but improved to 96% with
the combination of blue dye and radiopharmaceutical. The probe was helpful for
identifying sentinel nodes in the difficult sites such as the postauricular, occipital,
and parotid basins. Ten percent of patients had drainage to two basins. Eighty-
nine percent of the patients avoided complete neck dissection after undergoing
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a tumor-negative selective lymphadenectomy. There have been no regional
lymph node recurrences over a median follow-up of 46 months (range: 1-125
months) [40]. Our improved accuracy rate probably relates not only to our in-
creased experience with selective lymphadenectomy for this basin but also to the
use of the hand-held gamma probe. Although the probe helped improve the accu-
racy rate of selective lymphadenectomy, the background radioactivity in adjacent
lymph nodes in the cervical basin can lead to the removal of excessive (second-
tier) nodes.

In Morton’s initial experience, the axilla was the most difficult of basins
in which to identify the sentinel lymph node. The anatomy of the axilla prevents
the nuclear medicine physician from marking the site of the sentinel node with
the patient under the gamma camera, even with the patient positioned for surgery.
With a hand-held gamma detection probe, this is considerably easier. We have
also found that drainage patterns to the axilla vary greatly, especialy from pri-
maries on the chest and back.

In order to improve on the accuracy rate and diminish the learning curve
for selective lymphadenectomy, we explored the technique of selective lymphad-
enectomy directed by a radiopharmaceutical and a gamma detection probe [41].
A gamma-probe—guided directed biopsy was first performed using the combina-
tion of blueisosulfan dye injected intraoperatively with 0.5-1.0 mL or 18.5 MBq
(0.5 mCi) of ®"Tc-HSA (Amersham) at the primary site. A hand-held gamma
counter (Neoprobe 1000, Neoprobe Corp., Dublin, OH) was used to follow the
radioactive tracer to the regional basin. Morton’s group tested this approach ini-
tially in 30 melanoma patients. Thirty-four lymph node basins were identified
by preoperative lymphoscintigraphy. At least one sentinel node was identified in
each basin. The blue dye identified 36 sentinel nodes, and the gamma probe
detected all 36 nodes plus an additional 6 nodes. Overal, blue-stained sentinel
lymph nodes had a roughly twofold higher radioactive count rate than adjacent
nonblue nodes, and up to an eightfold higher count rate than the lymph basin
background. Although none of the sentinel nodes contained metastatic disease,
this study demonstrated the utility of the hand-held gamma counter to help iden-
tify blue-stained sentinel nodes and the close concordance between the findings
from blue dye and the radiopharmaceutical. One of the difficulties with the com-
bined technique isthe logistics of injecting aradiopharmaceutical in the operating
room.

Bostick and associates recently reviewed the John Wayne Cancer Institute
experience with gamma-probe-guided selective lymphadenectomy in 100 lymph
node basins from 87 patients [42]. All patients underwent preoperative lympho-
scintigraphy with one of the three radiopharmaceuticals commonly used in the
United States. Selective lymphadenectomy was performed with either concurrent
injection of blue dye and *"Tc-labeled human serum albumin or the *™Tc sulfur
colloid injected up to 4 h prior to the operative procedure. One hundred thirty-
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six blue-stained and radioactive lymph nodes and eight additional non—blue-
stained but ‘“hot’’ nodes were removed in 98 lymph node basins (success rate
98%) (Table 2). A hand-held gamma probe was used to determine the radioactive
counts over the blue nodes, adjacent nonblue nodes and an irrelevant background
site. Ninety-two percent of the blue-stained lymph nodes had an in vivo count
to background ratio of more than 2, and 87% had in vivo count ratios exceeding
3. Seventeen sentinel nodes from 15 basins contained metastases: 16 were located
with blue dye and gamma probe and 1 was found with blue dye alone. None of
the tumor-positive lymph nodes was identified with the gamma probe alone. Us-
ing the definition of a radioactive sentinel node as having an in vivo count ratio
of more than 2 compared to the background, a success rate of 85% would be
achieved. When the sentinel-node-to-background ratio was increased to a mini-
mum of 3 to improve the specificity of the technique, the success rate decreased
to 78% (Fig. 3). The concordance between the two techniques was not 100%.
Not all blue-stained lymph nodes have an elevated count ratio and, conversely,
not all nodes with an elevated count ratio are blue. In fact, when the in vivo
count ratios for al the blue-stained lymph nodes were examined, awide variation
ranging from less than 1 to over 100 was noted. Similar results were observed
when the ex vivo count ratio of the nodes was examined, suggesting that the

Tasie 2 Results from Blue-Dye-Directed and from Radiopharmaceutical-Directed
Selective Lymphadenectomy: Lymph Node Basins and Sentinel Lymph Nodes

N %
Lymph node basins
Total 100
Sentinel node identified 98
Sentinel node blue 93
Sentinel node blue and radioactive (ratio = 2) 83
Sentinel node blue and radioactive (ratio = 3) 7
Sentinel node blue only (ratio <2) 10
Sentinel node radioactive only (ratio = 2) 5
Sentinel node radioactive only (ratio = 3) 5
Sentinel nodes
Total 144 100
Blue 136 94
Radioactive (ratio = 2) 132 92
Radioactive (ratio = 3) 125 87
Blue only (ratio <2) 12 8
Blue and radioactive (ratio = 2) 124 86
Blue and radioactive (ratio = 3) 117 81

Radioactive only (ratio = 2) 8 6
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Ficure 3 In vivo count ratios of blue-stained sentinel lymph nodes from 100 lymph
basins. In vivo count ratios were calculated by determining the counts overlying the
blue-stained sentinel nodes and comparing these counts to an irrelevant background
site. Of sentinel nodes, 85% had an in vivo count ratio of more than 2 and 78% had
a ratio exceeding 3.

radiopharmaceuticals alone can be misleading for sentinel node dissection. Both
the radiopharmaceuticals were found to give similar count ratios for radio-
lymphoscintigraphy and led to surgical excision of similar numbers of lymph
nodes. At our center, we have little difficulty with performing lymphoscintigra-
phy and selective lymphadenectomy on the same day, but, logistically, this ap-
proach can be difficult. We are currently examining the use of ®*™Tc sulfur colloid
administration for next-day selective lymphadenectomy.

One of the theoretical advantages of selective lymphadenectomy over con-
ventional staging of theregional lymph nodesisthe potential reduction in morbid-
ity and cost compared to elective lymph node dissection. In 1997, Essner and
associates reported their updated experience with selective lymphadenectomy for
patients with melanoma of the torso and lower extremities that drained to the
groin [43]. Fifty-two patients all underwent selective lymphadenectomy followed
by complete groin dissection. Only a select portion of the patients underwent
lymphoscintigraphy. A subsequent group of 114 consecutive patients all under-
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went lymphoscintigraphy followed by selective lymphadenectomy, with com-
plete groin dissection only if the sentinel node contained metastasis. Three pa-
tients had bilateral drainage patterns. The average primary tumor thickness was
2.08 mm. The average number of lymph nodes removed for the 114 patients
undergoing selective lymphadenectomy alonewas 4.2 + 6.5, and for those under-
going selective and complete node dissection, it was 13.0 £ 6.6 (p < 0.05).
Seventy-three percent of patients having a selective lymphadenectomy aone had
only one lymph node excised. The frequency of tumor positive dissections was
similar in the two groups. Eighty percent of patients had one tumor-positive
lymph node and additional tumor-positive lymph nodes were found in 20% of
cases during completion lymph node dissection. We found no difference in sur-
vival between patients treated by either of the two approaches. Patients with
tumor-negative dissections had a 5-year surviva of 89.5 = 5% following selec-
tive lymphadenectomy alone and 93 + 3% after combined selective and complete
node dissection. To determine the differencesin costs of the two operative proce-
dures, we compared both the length of in-patient stays and the total estimated
hospital costs. Patients undergoing selective lymphadenectomy had an average
hospital stay of lessthan 1 day. Patients treated by complete groin dissection had
an average hospital stay of 6.05 days (p = 0.01) (Fig. 4). We included in our

# patients
100~

|
)

60

COSLND (Avg < 1 day)
B Complete Dissection (Avg=6.05 days)

p=0.01

0-2 days 3-6 days >6 days

Ficure4  Length of hospital stay following selective lymphadenectomy (SLND) or com-
plete groin dissection. Hospital stays were determined for patients treated by either
selective lymphadenectomy or complete groin dissection. Most patients undergoing
selective lymphadenectomy had less than 1 day of hospitalization. Patients with skin
grafts usually required longer hospitalization.
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calculation the hospital, nuclear medicine services, and pathology services (Table
3). Although the total costs will vary from institution to institution, our results
represent the relative cost differences between these procedures at our community
cancer center. When selective lymphadenectomy was performed under local an-
esthesia in our clinic, the cost was only $1,018. When the same procedure was
performed through the out-patient operating room with participation of an anes-
thesiologist (either general or regional anesthesia), the costs increased to $7,150.
Both superficial and deep groin dissections were even more expensive, as the
costs increased substantially with patient admission to the hospital. The costs
of the pathology evaluation were higher for selective-lymphadenectomy—treated
patients only because of the routine use of immunohistochemical staining of the
lymph nodes. Although this study focused on patients having selective lymphade-
nectomy of the groin basin, we would expect similar cost savings for patients
having selective lymphadenectomy of the axillary or cervical basins. This study
did not focus on the morbidity of the two operative procedures, but we expect
that patients treated by the less extensive selective lymphadenectomy would have
a lower risk of complications than those who also underwent the more radical
dissection [44,45].

Because sdlective lymphadenectomy has virtually replaced elective lymph
node dissection for staging the regional lymph nodes, we chose to compare the
therapeutic value of selective lymphadenectomy to elective lymph node dissec-
tion. In 1998, Essner and associates performed a method pair statistical analysis
to compare the outcome of 534 early-stage melanoma patients [46—48]. Half
were treated by selective lymphadenectomy and the other half by elective lymph
node dissection. Patients were matched from our computer-assisted database by
age (54% over 50 years of age), gender (63% male), site of the primary (49%
extremity, 36% on the trunk, and 15% on the head and neck), and thickness of
the primary (7% <0.75 mm, 42% 0.75-1.5 mm, 43% 1.51-4.0 mm, and 8%

Tase 3 Estimated Hospital Costs for Patients Undergoing Groin Dissections
(U.S. Dollars)

Nuclear
Hospital medicine Pathology  Total

Out-patient clinic SLND? 833 54 131 1,018

Out-patient OR® SLND 6,965 54 131 7,150

In-patient OR superficial groin dissections 8,274 — 85 8,359

In-patient OR superficial and deep groin 11,929 — 170 12,099
dissections

2SLND = selective lymph node dissection.
® OR = operating room.
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>4 mm). Patients treated by selective lymphadenectomy only had a complete
lymphadenectomy if the sentinel node contained metastasis. Overall, the inci-
dence of lymph node metastases was not different between selective lymphad-
enectomy (15.7%) and elective lymph node dissection (12%) groups. Yet, the
incidence of nodal metastases in patients with intermediate thickness primaries
(1.51-4.0 mm) was significantly higher when treated by selective lymphadenec-
tomy (23.7%) instead of elective lymph node dissection (12.2%) (p = 0.025).
Although unexplained, this difference may relate to the improved staging ac-
curacy of selective lymphadenectomy over elective lymph node dissection.
Selective lymphadenectomy and elective lymph node dissection carried equiva
lent 5-year rates of disease-free survival (79 = 3.3% and 84 + 2.2%, respectively,
p = 0.25) and overall survival (88 = 3.0% and 86 * 2.1%, respectively, p =
0.98).

Groups of 225 selective lymphadenectomy and 235 elective lymph node
dissection patients had tumor-negative dissections. Overall 5-year survival was
identical for the two treatments (p = 0.37). Twenty-six selective lymphadenec-
tomy patients (11.5%) and 35 elective lymph node dissection patients (14.9%)
have recurred over a median follow up of 45 and 169 months, respectively.
Eleven of the recurrences after selective lymphadenectomy were confined to the
dissected basin. We have since reexamined the origina pathology of these senti-
nel nodes. In four (36%) cases, metastases were located in the sentinel node. The
true surgical false-negative sentinel node rate is 3%. Among the 35 patients to
have recurrences following elective lymph node dissection, five were in the dis-
sected lymph node basin. The dissected basin recurrence rate (2%) was the same
as in selective lymphadenectomy.

Fifteen of the 26 (58%) selective lymphadenectomy and 12 of the 35 (34%)
elective lymph node dissection recurrences occurred within 2 years of lymph
node dissection. We calculated the yearly probability of recurrence following the
two techniques. Seven percent of selective lymphadenectomy patients recurred
within 2 years compared to 5.1% of elective lymph node dissection patients.
Although we have arelatively short follow-up for selective-lymphadenectomy—
treated patients, these results demonstrate that selective lymphadenectomy and
elective lymph node dissection are therapeutically equivaent procedures. We
anticipate that longer follow-up of our selective-lymphadenectomy—treated pa-
tients will help to determine the true recurrence rates following a tumor-negative
dissection [49].

DISCUSSION

Sel ective lymphadenectomy was devised as an aternative to either electivelymph
node dissection or delayed therapeutic dissection for the management of the clini-
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cally negative lymph nodesin early-stage melanoma. Theinitia seriesfrom Mor-
ton and associates from the John Wayne Cancer Institute (Santa Monica, CA)
demonstrated the feasibility of this technique [24,25,50]. Reintgen and associates
from the Moffitt Cancer Center (Tampa, FL) were the first group to confirm the
origina seriesby Morton [51]. Forty-two patients underwent selective lymphade-
nectomy, all had undergone preoperative lymphoscintigraphy, with a blue-stained
lymph node found in each basin (100% accuracy). In eight of the cases metastases
were found in the sentinel lymph node, and in seven of the eight (88%), the
sentinel lymph node was the exclusive site of disease. None of the remaining
34 patients had metastases either in sentinel or nonsentinel nodes. Their initial
experience demonstrated the value of preoperative lymphoscintigraphy for local-
izing the site of the sentinel nodes. They aso validated Morton’s hypothesis that
the sentinel node was reflective of the tumor status of the entire regional basin.

Thompson and his Sydney Melanoma Unit colleagues subsequently re-
ported their initial experience with selective lymphadenectomy followed by com-
plete regional node dissection [52]. A group of 118 patients underwent preopera
tive lymphoscintigraphy to identify the 120 basins at risk. At the time of surgery,
blue-stained sentinel lymph nodes were located in 105 of the 120 basins (88%).
In 18 of the 22 basins (82%) with metastatic disease, the sentinel node was the
exclusive site of dissemination. Their rate of false-negative selective lymphad-
enectomy in the whole group of patients (1.9%) was similar to that reported in
Morton's series. Thompson and colleagues confirmed the steep learning curve
associated with this procedure. In the first half of their experience, sentinel nodes
were found in 74% of the cases, and during the second half in 92%. A number
of other investigators have also reported their experience with selective lymphad-
enectomy using blue dye alone (see Table 4) [24,25,51-55]. Most investigators
had no prior experience with selective lymphadenectomy while achieving an ac-
curacy rate of at least 90%. This relatively high rate of success is based on the

Tasie 4  Success Rate of Sentinel Node Identification
with Blue Dye Alone

Accuracy
Investigator [Ref.] N rate (%)
Morton 1992 [24] 223 82
Morton 1993 [39] 72 90
Reintgen 1994 [51] 42 100
Thompson 1995 [52] 118 88
Karakousis 1996 [53] 55 93
Kapteijn 1997 [54] 110 84

Lingam 1997 [55] 35 100
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more rapid learning of the technique through the experience gained by Morton
and the other early pioneers of this procedure. The blue dye technique remains
the gold standard for selective lymphadenectomy.

In order to improve the accuracy of selective lymphadenectomy and dimin-
ish the learning curve of this procedure, anumber of investigators have attempted
to use radiopharmaceuticals for probe-directed sel ective lymphadenectomy. Krag
and associates were among thefirst groupsto claim ahigh successrate for sentinel
node identification with the use of a radiopharmaceutical alone [56]. Their 121
patients underwent selective lymphadenectomy, the majority with radiopharma-
ceutical aone. A sentinel node was defined as having at least 15 countsin 10 s
and a count ratio three times the background. Ninety-eight percent of patients
had a successful selective lymphadenectomy. Y et, the interval between injection
of the radiopharmaceutical and surgery ranged from 15 min to 24 h. With this
variation in technique, we suspect that the true sentinel node may have not always
been properly identified. Other investigators have used an assortment of methods
to define a radioactive sentinel lymph node (Table 5) [42,56—60]. Our own data
suggest that the in vivo count ratios for blue-stained lymph nodes can vary almost
100-fold even when surgery was uniformly performed within 4 h after injection
of the radiopharmaceutical [42]. Although the use of radiopharmaceutical and
probe alone for selective lymphadenectomy would simplify the technique, our
results with the filtered ®"Tc sulfur colloid suggest that it is not idea for this
procedure. Although larger-sized particles such as the *"Tc sulfur colloid and
the ®*mTc albumin colloid would be expected to be trapped in the afferent lym-
phatics of the sentinel node, some of the particles are shunted through to adjacent
lymph nodes. Similarly, our experience with ®"Tc-HSA demonstrated that this
agent passes quickly from the primary site to the sentinel node and to adjacent
nonsentinel nodes. The idea radiopharmaceutical for this procedure would be
one that travels quickly from the primary site to the sentinel node and concen-
trates without leakage to adjacent lymph nodes. Until the kinetics of the radio-

Tasie 5 Definitions of Radioactive Sentinel Lymph Nodes

Investigators, Year [Ref.] Definition

Krag 1995 [56] 15 counts/10 s and in vivo sentinel node to background ra-
tio=3

Mudun 1996 [57] 300—3000 counts/10 s and in vivo sentinel node to back-
ground ratio = 3

Albertini 1996 [58] In vivo sentinel node to background ratio =2 or ex vivo
sentinel node to nonsentinel node ratio = 10

Pijpers 1995 [59] Lymph node with highest counts

Bostick 1998 [42] In vivo sentinel to background ratio = 2
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pharmaceuticals are better defined for selective lymphadenectomy or better
agents are developed, we recommend that these agents not be employed alone
for this purpose [61,62].

Most investigators now employ both blue dye and a radiopharmaceutical
for selective lymphadenectomy. Preoperative lymphoscintigraphy is performed
using one of the colloid agents on the same day as surgery. At the time of surgery,
the hand-held gamma probe directs the surgeon to the site of the blue-stained
sentinel node. Occasionally, the probe will lead the surgeon to an unexpected
blue-stained lymph node (Fig. 5) [63—69]. We have found the concordance be-
tween the two techniques to be at least 80%. Although thereis a variety of meth-
ods for defining a radioactive sentinel lymph node, a blue-stained lymph node
with an afferent blue lymphatic coming from the direction of the primary lesion
remains the gold standard for this procedure.

The technique of selective lymphadenectomy has been shown by a number
of investigators to be areliable indicator of the tumor status of the regional lymph
nodes. Based on these studies, selective lymphadenectomy has become a popular
alternative to conventional elective lymph node dissection and has become almost
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Ficure 5 In vivo count ratios demonstrating a second sentinel lymph node. A hand-
held gamma probe was used to determine the radioactive counts of the blue-stained
sentinel lymph node. High residual counts in the lymph node basin led the surgeon
to continue exploration and ultimately to identify a second blue-stained sentinel
lymph node.
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the standard procedure for staging regional lymph nodes. Y et, the successful per-
formance of selective lymphadenectomy is dependent on the experience of the
multidisciplinary team of surgeon, pathologist, and nuclear medicine physician.
We recommend that each sentinel node team complete a learning phase of at
least 15 cases (and perhaps up to 50) before sel ective lymphadenectomy becomes
aroutine procedure at any center [70]. Our studies clearly indicate that successful
mapping of the sentinel nodes is directly related to the surgeon’s experience.
While progressing through the learning phase the surgeon must perform a com-
plete lymph node dissection to monitor his own fal se-negative rate. Although the
reported rates of missed sentinel nodes are extremely low, we have observed
dissected basin recurrences as late as 5 years after negative selective lymphad-
enectomy. The true accuracy rate of this technique has yet to be determined for
the casual user. Although this procedure has become increasingly popular, its
therapeutic value is not yet proven [69].

Two magjor studies are underway examining the utility of selective lymph-
adenectomy. In 1994, Morton and colleagues at the John Wayne Cancer Ingtitute
initiated an international multicenter randomized prospective trial comparing
wide excision and selective lymphadenectomy to wide excision aone in patients
with clinically localized melanoma. Patients with intermediate (1-4 mm)-thick-
ness melanoma who have not had a wide excision (>1.5-cm margins), skin graft
or other procedures that would alter the lymphatic drainage are eligible [71].
Complete lymph node dissection is performed only in lymphatic drainage basins
containing tumor-positive sentinel nodes. The purpose of this study is to deter-
mine the therapeutic benefit of selective lymphadenectomy and the true accuracy
of the technique on a large scale. As of September 1999, 1300 of the anticipated
1600 patients had entered the study. The trial’s organizers hope that selective
lymphadenectomy will eventually replace conventional elective lymph node dis-
section or the wait-and-watch approach as the standard of management for pa-
tients with clinically localized melanoma [72—74].

A second randomized prospective trial examines the efficacy of selective
lymphadenectomy as treatment for tumor-positive regional lymph nodes. The
Sunbelt Melanoma Trial compares patients with one tumor-positive lymph node
determined by conventional H& E or immunohistochemical techniques (followed
by complete lymph node dissection) to observation or treatment with adjuvant
interferon-alpha (Schering-Plough, Kenilworth, NJ, U.S.A.). A second group of
patients who have atumor-positive sentinel lymph node by reverse transcriptase—
polymerase chain reaction (RT-PCR) alone are randomized to observation, com-
plete lymph node dissection, or complete lymph node dissection and interferon-
alpha. The organizers of this study anticipate that thistrial should provide further
insight into the therapeutic value of selective lymphadenectomy for patients with
asingle tumor-positive lymph node identified by either routine techniques or RT-
PCR.
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THE FUTURE

We anticipate that the selective lymphadenectomy procedure will continue to
evolve as we gain more insight into the molecular biology of melanoma and the
significance of micrometastatic disease. Although it istempting for the oncology
community to treat patients following tumor-negative and tumor-positive selec-
tive lymphadenectomy without complete lymph node dissections, we must not
be too quick to change our management approaches without the results of the
ongoing clinical trials [75].
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INTRODUCTION

The local management of patients with primary melanoma is not controversial.
The primary tumor is excised with an adequate margin of surrounding normal
skin. In contrast, there has been a long-standing debate as to whether and when
the regional lymph nodes should be removed in patients with high-risk (deep,
thick) primary melanomas. One school considers that hodes should be excised
at the time that the primary is removed: elective or prophylactic lymphadenec-
tomy [1-4]. In favor of this approach is the better survival of patients with mela-
noma confined to the primary site, relativeto patientswith regional nodal involve-
ment and the fact that 20—30% of patients with clinically uninvolved nodes have
melanoma in the excised nodes on examination by histology and immunohisto-
chemistry [5]. Against this approach is the fact that if al individuals with high-
risk melanomaare so treated, 70—-80% of patientswill be subjected to an unneces-
sary surgical operation that carries potential significant morbidity and mortality.
The other school considers that lymphadenectomy should be performed only
when patients develop clinical evidence of tumor in the nodes—therapeutic
lymphadenectomy [6—10]. This avoids unnecessary operations, but delay of de-
finitive therapy until a relatively advanced stage of disease may deprive these
individuals of their best chance of cure.
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We have long considered that a proportion of patients with high-risk pri-
mary melanoma will benefit from elective nodal dissection. These patients are
likely to have limited nodal metastases and no or minimal systemic spread. Be-
cause in the past we could not identify this subset of individuals, this dictated
lymphadenectomy for all patients with high-risk melanoma, imposing an unnec-
essary operation on many patients.

We have, therefore, devel oped techniques to identify those specific individ-
uals likely to benefit from lymphadenectomy. The first priority was to be able
to identify small numbers of tumor cells in tissues, including lymph nodes. This
became straightforward with our development of S-100 protein as a marker for
melanocytic tumors [11-16] and the development of antibodies to melanoma-
associated epitopes, such as HMB-45 and NK1/C3 [17,18]. Using these markers,
we demonstrated that conventional histology underestimates by 14% the number
of tumor-containing lymph nodes in lymphadenectomy specimens from patients
with clinically localized primary melanoma[5]. Conventional histology also un-
derestimates tumor positivity by 30% in patientswith ostensibly tumor-free nodes
[19]. In patientswith nodal tumor identifiable only by immunohistology, the num-
ber of nodes containing occult tumor cells was small (usually one or two) and
the number of tumor cells present waslow. Consideration of the anatomic orienta-
tion of these nodes carefully related to the location of the primary tumor (in a
study examining the relative immune reactivity of nodes near to and remote from
tumor) revealed that the nodes that contained occult tumor were those closest to
the primary lesion site [20,21].

To develop an aternative approach to the management of high-risk primary
melanoma, we needed to be able to identify in vivo the nodes most likely to
contain tumor. Identification of the node group to which lymph drains from a
particular siteis possible using lymphoscintigraphy with technetium-99m (*™Tc)-
labeled albumin or dextran [22]. The identification of the individual nodes within
that node group that are most likely to contain tumor is more difficult. In animals,
a marker dye injected intradermally passed reliably from comparable areas of
skin to a predictable regiona lymph node [23].

Application of this approach to humans showed that we could identify blue
coloration of the afferent lymphatics and one or more sentinel lymph nodes in
a high proportion of patients (lymphatic mapping). From these initial steps, we
developed the techniques of lymphatic mapping and selective lymph node dissec-
tion [24]. The sentinel node, identified by lymphatic mapping, is evaluated by
histology and immunohistochemistry for the presence of metastatic melanoma.
If the sentinel node contains tumor, a complete lymphadenectomy is undertaken.
If melanoma is not identified, no further surgery is performed and the patient is
observed.

This technique has generated intense interest in the surgical oncology com-
munity and there are increasingly frequent reports of its successful application.
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A multicenter prospective randomized trial is in progress under the auspices of
the U.S. National Cancer Institute, comparing selective lymph node dissection
with a ‘‘watch and wait’’ approach after wide excision.

Surgical pathologists are increasingly called upon to evaluate tissues re-
moved during this type of procedure. To assist those asked to provide such evalu-
ations, this chapter describes our experience of the pathological aspects of selec-
tive lymph node dissection and summarizes our recommendations.

MATERIALS AND METHODS

The recommendations in this article are based on our experience of removing
1119 sentinel lymph nodes from 446 patients entered into the National Cancer
Institute multicenter trial of sentinel lymph node dissection in progress under the
direction of the John Wayne Cancer |nstitute.

For each patient, we determined the following: (1) the number of sentinel
lymph nodes provided; (2) the number of sentinel lymph nodes identified as con-
taining tumor on examination of Hematoxylin & Eosin (H& E)—stained dlides;
and (3) the number of sentinel lymph nodes identified as containing tumor in
sections stained by immunoperoxidase techniques using antibodies to S-100 pro-
tein and HM B-45 antigen. Where we have information on lymph nodes removed
during completion lymph node dissections (all pretrial patients and trial patients
with tumor-containing sentinel lymph nodes), we recorded the number of nonsen-
tinel lymph nodes that contained tumor.

Determination that anodeis afirst-tier node largely depends on information
obtained by the surgeon who will rely on preoperative lymphoscintigraphy [22],
blue coloration of afferent lymphatic and sentinel lymph node [24], and/or en-
hanced radioactivity of the lymph node detected by a hand-held gammarray
counter [25]. At present, the pathologist’s contribution to sentinel node identifi-
cation is to examine submitted lymph nodes closely for the presence of blue
coloration. In some instances, the whole lymph node may not be colored blue,
color being localized to one-half of the node or to even more limited segments.
Although sentinel nodes are preferentially the site of early metastases, tumor
status cannot be used to confirm sentinel node status, as not all sentinel nodes
contain tumor and some nonsentinel nodes contain tumor. Studies arein progress
to develop approaches that will alow pathologists to confirm, independently,
whether a node is truly *‘sentinel.’”’

USE OF FROZEN SECTIONS

The sentinel lymph node technique was devel oped using intraoperative interpreta-
tion of frozen sections. Assessment of tumor status was based on evaluation of
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sections stained by H& E and sections stained by S-100 protein and HMB-45
using a rapid immunoperoxidase technique.

During the trial, we moved away from using frozen sections, believing that
the *‘facing up’’ required during frozen-section preparation to obtain a full-face
section may be wasteful of the tissue in which it is most probable that occult
tumor cells will be present. Additionally, for technical reasons, interpretation of
H& E-stained frozen sections and sections stained by the rapid immunohistology
approach is always more difficult than interpretation of well-fixed *‘ permanent’”’
meaterial. We strongly recommend that all interpretation of sentinel nodes is per-
formed on well-fixed full-face sections cut as close to the midline of the lymph
node as possible.

It is arguable that in an idea situation each sentinel lymph node would
be serially sectioned to extinction, but such an approach would be prohibitively
expensive and is clearly impractical. Any reasonable recommendation will inevi-
tably represent a compromise between the ideal and the practical. Our present
recommendation is that the lymph node be cut into two exactly equal halves
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Ficure 1 Technique of sentinel lymph node sampling. The node is cut into two exactly
equal halves through the longest circumference. The two halves are placed cut face
down in a cassette and fixed for 24 h and 10 ““full-face”’ serial sections are cut from
each block. Sections 1, 3, 5, and 10 are stained by H&E. Section 2 is stained for S-100
protein and section 4 for HMB-45. Sections 6 and 7 are used as negative controls.
Sections 8-10 are available to repeat unsatisfactory preparations or for additional
immunohistochemistry. If needed, additional groups of 10 sections are examined.



Surgical Pathology of Selective Node Dissection 129

through the longest circumference of the node (Fig. 1). These two portions of
the lymph node are placed face down in cassettes and fixed for at least 24 h. The
technician is instructed to minimize ‘‘facing up’’ and to cut 10 serial sections as
soon as a full-faced section can be obtained. Sections 1, 3, 5, and 10 are stained
by H&E (Fig. 1), section 2 for S-100 protein, and section 4 for HMB-45. Section
6 and 7 are used for negative controls for the immunoperoxidase studies and
sections 8 and 9 are available to repeat any of the studies that are technicaly
unsatisfactory or for additional immunohistochemistry. If suspicious or anoma-
lous appearances are seen within the first 10 sections, additiona groups of 10
sections can be examined.

USE OF IMMUNOHISTOCHEMISTRY

It is absolutely essential that all lymph nodes be examined by immunohistology
using antibodies to S-100 protein and HMB-45, unless the node contains overt
tumor on grossinspection or review of H& E-stained slides. The antibody MART-
1 (melanoma-associated antigen recognized by T lymphocytes) (Melan-A) can
be substituted for HM B-45. Immunohistology will always increase the frequency
of sentinel lymph nodes found to contain tumor. The proportion of sentinel nodes
that require immunohistology to identify occult tumor decreases as pathologists
gain experience in evaluating sentinel nodes. Thisis the pathologist’s equivalent
of the surgeon’s learning curve [24].

S-100 protein is a highly robust marker for melanoma cells, staining virtu-
aly 100% of melanomas|[14,16]. Welook for epithelioid, oval, or spindle-shaped
cells (usually located in the subcapsular sinus) that show S-100 protein positivity
in both the cytoplasm and the nucleus (Figs. 2a—2c). There are other cells within
the lymph nodes that contain S-100 protein. The dendritic leukocytes of the para-
cortex are the most prominent of these confounding cells. Identification of these
cells is not difficult in reactive paracortices where they are polydendritic (Fig.
3a). Difficulty may be encountered in inactive lymph nodes where the dendritic
leukocytes show either no or minimal dendrite formation (Fig. 3b). S-100 protein
positivity may also be found in capsular nevi (Fig. 4b) [26] and in the Schwann
cells of node-associated nerves (Fig. 5) [27].

HMB-45 is a more specific marker for melanoma cells but does not stain
the cells of between 10% and 15% of melanomas. In contrast to S-100 protein,
HMB-45-positive epitopes are confined to the cytoplasm. Nonethel ess, antibodies
to HMB-45 have the advantage that they do not stain dendritic leukocytes and
either do not stain or stain weakly capsular nevocytes (Fig. 4c). The antibody
MART-1 (Melan-A) may be used in a role similar to HMB-45, but it suffers
from the same defect that a proportion of melanomas do not stain positively with
this reagent.
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Ficure 3 (a) Polydendritic S-100-protein-positive paracortical dendritic leukocytes in
a reactive lymph node. Polyclonal antibody to S-100 protein. Original magpnification
%240. (b) Nondendritic S-100-protein-positive paracortical dendritic leukocytes in

a nonreactive sentinel lymph node. Polyclonal antibody to S-100 protein. Original
magnification x240.

Ficure 2  (a) Single S-100-protein-positive melanoma cells in the subcapsular sinus
of a sentinel node. Note that there is both cytoplasmic and nuclear staining. Poly-
clonal antibody to S-100 protein. Original magpnification %240. (b) Microfocus of
S-100-protein-positive melanoma cells, predominantly in the subcapsular sinus.
Polyclonal antibody to S-100 protein. Original magnification x 180. (c) Macrofocus
of S-100-protein-positive melanoma cells in the subcapsular sinus and extending into
the adjacent lymphoid tissue. Polyclonal antibody to S-100 protein. Original magni-
fication < 180.
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Ficure 5 S-100-protein-positive perinodal nerve. Nerves that traverse the node and
are cut transversely may present interpretative difficulty. Polyclonal antibody to
$-100 protein. Original magnification %240.

One potential source of error with HMB-45 is that in lymph nodes with
trabecular cacification (mainly in nodes in the groin or iliac ared), extracellular
HMB-45 reactivity may be identified.

MANAGEMENT OF RADIOACTIVE NODES

The radionuclide used is generally ®™Tc, which has a short penetration and a
short half-life (6.2 h). The risk to operating-room personnel and pathol ogists from
this radiation source is considered slight, but after bisection of the nodes, it is
prudent to place them in formalin for 24 h after surgical excision. For a more
detailed discussion of this matter, the reader isreferred to the chapter on radiation
protection in the sentinel node procedure (Chapter 13).

Ficure 4  (a) Capsular nevus in a sentinel node. H&E staining. Original magnification
%180. (b) Capsular nevus in a sentinel node. Polyclonal antibody to S-100 protein.
Original magnification < 180. (c) Capsular nevus in a sentinel node. Monoclonal anti-
body to HMB-45. Original magnification X 180. Note the capsular location of the
lesion, the absence of cytologic atypia, and the immunophenotype, S-100 protein
positive, HMB-45 negative. In contrast, occult melanoma is most often subcapsular
and S-100-protein and HMB-45 positive.



134 Cochran et al.

RESULTS

In the initial studies, in which sentinel lymph node identification was followed
by complete lymph node dissection, we evaluated 259 sentinel lymph nodes from
223 patients, an average of 1.2 sentinel lymph nodes per individual. Tumor was
identified in 47 of these 259 sentinel lymph nodes (18%). Tumor cellswereidenti-
fied by H&E aone in 83.2% of patients with positive sentinel nodes and in the
remaining 16.7% by immunohistology alone. The tumor cells occurred as single
cells (Fig. 2a), small clumps of tumor cells (Fig. 2b), and as larger colonies (Fig.
2¢). It is noteworthy that we found tumor in a nonsentinel node in the absence
of tumor in the sentinel node in only two patients. These patients were treated
very early in our evaluation of the technique. Because this situation has not been
encountered since these early patients, we believe that the true sentinel lymph
node was not correctly identified in these two patients. All patientsin this group,
regardless of the status of their sentinel lymph node, received acompletion lymph
node dissection. Tumor-containing nonsentinel nodes, associated with positive
sentinel nodes, were identified in 33% of patients. Usually a single nonsentinel
node was involved, rarely two or three. The amount of tumor in these nonsentinel
nodes was small and presented as single cells or small microcolonies in the sub-
capsular sinus.

Subseguent patients were enrolled in the multicenter selective lymph node
trial. These 446 patients represent the first series of patients entered into thistrial,
which will eventually comprise 1600 patients. In this group, 860 sentinel lymph
nodeswere removed from 512 lymph node basins and 99 sentinel nodes contained
tumor (19% positive-analyzed by basin). Tumor was identified in 85 nodes by
H&E histology (86%) and in the remaining 14 nodes by immunohistology alone
(14%).

SOURCES OF ERROR IN INTERPRETING SENTINEL
LYMPH NODES

Errors may be associated with S-100 protein staining. The magjor problem here
isthe interpretation of dendritic leukocytes or sinus macrophages. Dendritic leu-
kocyteinterpretation is especially difficult if the dendritic leukocytes are nonden-
dritic, asis often the case in the immune-suppressed inactive sentinel nodes (Fig.
3b). With good quality immunohistochemical preparations, sinus macrophages
do not stain for S-100 protein; however, if there is background staining, these
may present interpretative difficulties. Capsular nevocytes (Figs. 4a—4c) occur
in more than 20% of patients undergoing sentinel lymph node dissection and are
made more visible by the use of immunohistochemistry. These cells are, in fact,
confined to the capsul e and trabecul ae of the lymph node. They tend to be smaller
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and more cohesive than melanoma cells and while strongly S-100 protein positive
(Fig. 4b) will either express no HMB-45 or HMB-45 at a relatively weak level
(Fig. 4c). Nevocyte clusters are often arranged around capsular vessels. Another
pitfall is the presence of neural tissue within the lymph node (Fig. 5). If the
nerve has associated Schwann cells, these may stain relatively strongly, and if
the nerve is cut transversely, an appearance suggestive of a cluster of S-100-
protein-positive melanoma cells may result.

Errors may also be associated with HMB-45 staining. These are fewer than
those encountered with S-100 protein, but some care is necessary. A minority of
melanomas (10-15%) are made up of cells that do not express HMB-45. In hya-
linized and calcified connective tissue within lymph nodes, especially lymph
nodes from the groin and internal iliac area, extracellular HMB-45 positivity may
be seen and care is necessary to avoid overcalling this appearance.

DISCUSSION

Sentinel lymph node technology has become very popular in the relatively short
period of time since we first described the technique [24]. There is as yet no
evidence that this approach is therapeutic. The technique certainly represents a
considerable advance in the evaluation of the regional lymph nodes for prognosis
assessment and may be useful in selecting patients for adjuvant therapy. Informa-
tion of the therapeutic relevance of the approach must await the outcome of the
multicenter trial, which is expected to be completed by the year 2003. Although
the technique seems to be simple from both surgical and pathol ogical standpoints,
clearly there are pitfalls. The technique is also being used in a variety of other
cancers, including breast cancer, colon cancer, and vulvar carcinoma. Although
the broad lessons |earned from our extensive experience with melanomaarelikely
applicable to other tumor systems, we urge caution and care in developing the
techniques for each individual cancer system.

One proof of the effectiveness of the approach will be the frequency at
which patients develop metastases in the ipsilateral regional nodes after removal
of a reportedly negative lymph node. In our experience, this is infrequent. We
have so far observed six patients in whom ipsilateral regiona failure occurred
despite an allegedly negative sentinel node. Detailed re-examination of the patho-
logical material and clinical records of these individuals indicated that, in three
patients, atumor-positive sentinel lymph node had initially been incorrectly inter-
preted as negative. In two cases, tumor was not visible on the origina H&E
preparation and in neither case was immunohistochemistry performed. It islikely
that if immunoperoxidase preparations had been available, acorrect interpretation
would have been made. In the remaining three patients, despite extensive sam-
pling of the‘sentinel’’ lymph node by H& E staining and immunohistochemistry,
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no evidence of tumor wasidentified. It islikely that in these patients the surgeons
or nuclear medicine physicians did not correctly identify the sentinel nodes.

It is essential to identify with high certainty the sentinel lymph node. This
remains primarily the responsibility of the surgeon. The processisrendered more
accurate by a three-step procedure. The patient is subjected to lymphoscintigra-
phy prior to operation. This permits identification of the sentinel node, the site
of which can be identified by atattoo on the skin. Operating surgeons, in addition
to injecting blue due in the area of the primary melanoma, often include a ®"Tc-
label ed radiopharmaceutical, which generates enhanced radioactivity in the senti-
nel node. Techniques are being devel oped to allow pathologists to confirm accu-
rately the sentinel status of a submitted lymph node. Determination of the tumor
status of the sentinel lymph node with complete accuracy is essential. This de-
pends on careful sampling of the node and the routine use and accurate interpreta-
tion of immunohistochemistry. The technique that we recommend (Fig. 1) has
served us well and is probably sufficient for the great majority of patients. In
specific subsets of patients with unusually deep or thick melanoma, additional
sampling may be necessary. Studies are in progress to evaluate that process.

There is much interest in the possibility that in evaluating nodes for the
presence of tumor, molecular biological techniques may provide information ad-
ditional to that provided by conventional pathology and immunohistochemistry.
In considering these claims, it is necessary to recognize that conventional pathol-
ogy and immunohistology identify approximately 20% of sentinel nodes as con-
taining tumor, and that in patients treated by wide local excision alone, the re-
giona failurerate is approximately 20%. Molecular biologists claim that by using
reverse transcriptase—polymerase chain reaction (RT-PCR) technology they can
identify signals for messenger RNA (mRNA), which may be associated with
metastatic melanoma cellsin aproportion of lymph nodes where H& E and immu-
nohistochemistry are negative. This work was initially undertaken using primers
for mrtyrosinase and it is widely accepted that cells other than metastatic mela-
noma cells contain mMRNA for tyrosinase, including capsular nevocytes and
Schwann cells in node-associated nerves. Studies in progress, in which multiple
primers are being used, represent a scientifically more interesting situation. The
need to evaluate the role and significance of molecular biology in the analysis
of sentinel nodes is clear. Pathologists should, however, be careful to avoid pro-
viding sentinel lymph node tissue for scientific study in a manner that may com-
promise diagnosis. It is inappropriate to provide arbitrarily portions of a sentinel
lymph node for research. We prefer to provide sections cut from the lymph node
inaserial fashion and interspersed with sections stained by H& E and immunchis-
tology. Thisapproach has the additional advantage that it facilitatesinterpretation
of the RT-PCR results.

Sentinel lymph node technology has much to offer melanoma patients in
terms of staging and may have atherapeutic role. The technology will be investi-
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gated and exploited in many different tumor systems. Pathologists have a key
role in evaluating the effectiveness of the approach. Careful attention to sampling
and interpretation of the sentinel nodes is mandatory.

SUMMARY

We have evaluated 1119 sentinel lymph nodes from 669 patients with melanoma
treated by selective lymph node dissection within an ongoing trial of the tech-
nigue. Melanoma cells were identified in lymphadenectomy specimens from 126
patients (17.8%). Sixty-seven percent of specimens contained a single positive
node, 25% had two positive nodes, and the remaining 12% had three. Tumor
cells were identified singly or in small groups, usualy in the peripheral sinus. A
proportion of cases (approximately 14%) require immunohistochemistry to iden-
tify very small numbers of tumor cells. The proportion of lymph nodes identified
as positive in H& E preparations increases with the pathologist’s experience of
the technique. The frequency of occult tumor cells directly correlates with in-
creasing Clark level and Breslow thickness. Tumor cells are to be separated from
capsular nevus cells, interdigitating dendritic leukocytes, macrophages, and intra-
nodal neura tissues. With experience, the detection of small numbers of mela-
noma cellsin nodesremoved during selective lymphadenectomy is comparatively
straightforward.
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INTRODUCTION

A number of technological advancements have come together to allow more con-
servative surgery for the melanoma patient and, at the same time, provide amech-
anism for more accurate staging. These advances involve the refinement of a
nuclear medicine study, lymphoscintigraphy, to identify which basins are at risk
for metastatic disease, the use of intraoperative lymphatic mapping, and sentinel
lymph node biopsy to identify which node in the basin is most at risk for disease,
and finally the development of more sensitive assays for detection of occult me-
tastases. These assays are based on immunohistochemical staining and molecular
biology techniques. The advances in the staging of the melanoma patient could
not have happened without the advancesintraoperatively, asit would be too time-
consuming and too expensive to perform a technique like the reverse tran-
scriptase—polymerase chain reaction (RT-PCR) on the 20—25 nodes from a com-
plete regional node dissection. The fact that the lymphatic mapping techniques
can identify the one or two sentinel lymph nodes that are most likely to contain
the metastases makes the application of the more sensitive assays for occult me-
tastases practical.

The staging of the melanoma patient is becoming more important with the
recent publication of a multicenter, prospective, randomized trial that shows a
benefit for the adjuvant treatment of T4 or Stage Il1 melanoma patients with
interferon-a [1]. Adjuvant therapy should be applied early when tumor burden

141
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is minimal and in a selective fashion so that only those patients with a proven
benefit are exposed to the toxicities and expense of the adjuvant therapies. The
accurate staging of the melanoma patient will identify the subgroup of patients
who have the most to benefit from interferon-a.

Focused on nodal status as the dominant prognostic factor for early-stage
melanoma, investigators at the Moffitt Cancer Center initiated a line of research
in an attempt to combine lymphatic mapping and more sensitive assays for occult
metastases to better stage patients with this disease.

METASTATIC MELANOMA IN REGIONAL LYMPH NODES

Once patients develop metastatic melanoma in their regional nodes, prognostic
factors based on the primary melanoma contribute very little to the prognostic
model. For most solid tumors, including melanoma, the most powerful predictor
of survival is the presence or absence of lymph node metastases. The presence
of lymph node metastases decreases the 5-year survival of patients approximately
40% compared with those who have no evidence of nodal metastases. Much
time, effort, and expense is placed on identifying prognostic factors based on the
primary tumor, and not enough emphasis is given to identifying which patients
really have signs of micrometastatic disease in their nodal basins. For instance,
there are currently 26 prognostic factors (Table 1) for melanoma based on vari-
ables from the primary tumor. Yet, in multiple regression analysis performed on
many collected populations in the literature, the lymph node status of the patient
isthe most powerful factor for predicting recurrence and survival. Primary tumor

Tase 1 Twenty-six Prognostic Factors for Melanoma Based on the
Primary Tumor

Tumor thickness S phase

Ulceration DR-1 expression

Clark level DNA index

Histological type Heat-shock protein expression
Cell type HLA-DR staining

Primary site p53 mutations

Regression Cell adhesion molecule expression
Mitosis Proteases expression

Lymphocytic infiltration
Vertical maturation grade
Blood vessdl invasion
Lymphatic space invasion

Ploidy

Migration-associated molecule expression
Angiogenesis-related factor expression
Oncogene expression

Estrogen receptor expression

Cytokine; growth factor expression

Source: Ref. 2.
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variables such as Breslow thickness, ulceration, primary site, and gender may
add to the prognostic model, but only after nodal status is considered.

Routine histological examination of the regional lymph nodes, which typi-
cally involves making one or two sections of the central area of the node and
staining with a standard Hematoxylin & Eosin (H&E) method, examines less
than 1-5% of the submitted material and may miss micrometastatic disease (Fig.
1). The sensitivity of this examination is finding one abnormal melanoma cell in
abackground of 10,000 normal lymphocytes. If serial sectioning and immunohis-
tochemical staining (Fig. 2) are added, the yield of positive dissections may dou-
ble and the sensitivity becomes identifying one abnorma melanoma cell in a
background of 100,000 normal lymphocytes. Serial sectioning and immunohisto-
chemical staining techniques have been available for years, yet have not been
incorporated into the everyday practice of the pathologist because of the time
and expense involved.

New technology that enables the surgeon to map the cutaneous lymphatic
flow from the primary tumor and identify the sentinel node (first-tier node, first-
echelon node) in the regional basin could contribute to better nodal staging of
the melanoma patient. This procedure, asinitially proposed by Morton et al. [3,4],

Ficure 1 H&E photomicrograph of the sentinel lymph node in a patient with a 2.0-
mm melanoma on the right arm. Metastatic melanoma can invade the sentinel node
as single cells (arrows) and with low-volume disease.
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Ficure2  Immunohistochemistry staining with the melanoma specific S-100 stain. The
metastatic cells will stain brown with the immunoperoxidase technique while the rest
of the surrounding lymphocyte does not stain. The routine use of immunohistochemis-
try will increase the sensitivity of the examination for occult metastases. The figure
also illustrates how metastatic melanoma can be a very low-volume disease.

has shown that the sentinel lymph node is the first site of metastatic disease, and
if the sentinel lymph node is negative, then the remainder of the lymph nodes
inthe basin should also be negative [5,6]. Selective lymphadenectomy also allows
for detailed examination of the sentinel node, because it is an examination of
one or two nodes. This advance allows the pathologist to serial section the node
and use immunohistochemistry to look for micrometastatic disease. Nevertheless,
25% of the histological node negative Stage | and || melanoma patientswill recur
and die of their disease within 5 years of diagnosis, suggesting that some of
these patients have missed nodal micrometastases or these patients suffer from
hematogenous metastases. A more sensitive method was needed to accurately
identify the presence or absence of metastatic disease in the node.

ASSAYS FOR OCCULT METASTATIC MELANOMA:
LYMPH NODE CULTURE

Investigators at the H. Lee Moffitt Cancer Center initially proposed a cell culture
technique [7] in which the regional nodes were bisected, with half of the node
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sent to pathology and half of the node placed into tissue culture. Several patients
with histologically negative nodes had melanoma cells grow in culture. Detailed
characterization of these cells with immunohistochemical staining, monoclonal
antibody staining, and el ectron microscopy confirmed that the growing cellswere
indeed melanoma cells. Thirty-one percent of the histologically node-negative
population were upstaged to Stage I11 with the cell culture technique.

The clinical correlation between lymph node culture and disease-free sur-
vival was very good. Patients who were histologically node negative, but node
positive by cell culture, had an increased recurrence rate compared with those
patients with melanoma whose nodes were negative by both assays [8]. Wide-
spread applicability was questioned with the lymph node culture technique be-
cause thiswould require hospitalsto establish cell culture facilities and the results
of the assay are not available for 4—6 weeks.

ASSAYS FOR OCCULT METASTASES: RT-PCR

A study was initiated to develop a highly sensitive method to detect micrometas-
tases by examining lymph nodes for the presence of tyrosinase messenger RNA
(mRNA) [9]. The assay is based on the biosynthetic pathway of melanin. It is
known that tyrosine is converted to melanin in the melanocyte or melanoma cell.
The key is that the first two steps of the synthesis are catalyzed by the enzyme
tyrosinase. Tyrosinase is amono-oxygenase that catalyzes the conversion of tyro-
sineto 3,4-dihydroxyphenylalanine (DOPA) and of DOPA to dopaguinone. Tyro-
sinase is one of the most specific markers of melanocytic differentiation. All cells
of the body will have the gene for tyrosinase, but only cells that are actively
producing pigment, such as melanoma cells or melanocytes, will express the
MRNA for the tyrosinase gene. If this gene product is found in the lymph node
preparation, in the periphera blood, or in the bone marrow, then that finding is
good evidence that metastatic melanoma cells are present in that compartment.

The test was modified and refined for lymph node work from an assay
originally described by Smith and colleagues for periphera blood using the com-
bination of reverse transcription and two rounds of RT-PCR [10]. mRNA from
the node is converted into a cDNA copy so that a stable product is obtained. The
amplified samples were separated on a 2% agarose gel to examine for the pres-
ence of a 207-base pair (bp) fragment representing tyrosinase cDNA (Fig. 3). In
aspiking experiment, one SK-Mel-28 melanomacell in 1 million normal lympho-
cytes could be detected, indicating that the sensitivity of this method istwo orders
of magnitude greater than routine H& E examination.

In aninitia study, sentinel nodes from 29 patients were analyzed by stan-
dard pathological staining and RT-PCR. Eleven of 29 lymph nodes samples
(38%) from 29 patients with intermediate thickness melanoma were histologi-
caly positive. Nineteen of the 29 lymph node preparations (66%) were RT-PCR
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Ficure 3  Gel of the tyrosinase RT-PCR assay with a positive signal being the 207-
bp signal. Lane 9 is a melanoma control cell line that acts as the positive control.
Lanes 2-4 are a breast cancer cell line, a colon cancer cell line, and normal lymph
node, respectively, all of which are negative. Lanes 5-8 are from mRNA preparations
of the sentinel nodes of three patients who were called histologically negative by the
pathologist. In 75%, there is evidence of missed micrometastatic disease.

positive and these included all of the pathologically positive samples. Restriction
enzyme analysis showed that the amplified 207-bp RT-PCR product was a part
of the tyrosinase gene sequence. These data suggested that the RT-PCR method
was an extremely sensitive, reproducible, and efficient technique for the identifi-
cation of micrometastases in patients with melanoma [9].

CLINICAL CORRELATION OF THE RT-PCR ASSAY

New assays may be of academic interest only unless clinical correlation and re-
producibility can be shown. There is indirect evidence of an association with
clinically relevant disease in that the RT-PCR assay correlates with other known
prognostic factors for primary melanoma. There is amost a linear relationship
between increasing tumor thickness and decreasing survival. Figure 4 shows that
as tumor thickness increases, the chance of finding RT-PCR positive cellsin the
sentinel lymph node also increases. In fact, the RT-PCR assay is probably a better
predictor of the natural history of the disease for the intermediate thickness and
thick melanoma population. For instance, patients with melanomas that are
greater than 4.0 mm in thickness have a 10-year surviva rate of 30%. If surgeons
perform complete regional node dissections for patients with deep melanoma and
give the pathologist 20—25 nodes to examine routinely, perhaps 30-40% will
be found to have micrometastatic disease. However, 70% of patients with thick
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Ficure4  Tumor thickness versus nodal RT-PCR status showing that as tumor thickness
increases, the chance of finding RT-PCR positive material in the sentinel nodes also
increases.

melanomas are dead within 10 years of their diagnosis, suggesting that acompl ete
lymph node dissection and a superficial histological examination may missmicro-
metastatic disease. The alternative explanation is that these patients have hema-
togenous spread of their melanoma to cause their death. Probably a combination
of missed nodal metastases and hematogenous spread is responsible for this dis-
crepancy between staging and survival. The RT-PCR assay may overpredict the
natural history of patients with relatively thin melanomas between 0.76 and 1.5
mm in thickness. Only 15% of these patients have a recurrence and die of their
disease within 10 years and yet the assay shows 33% of them to have RT-PCR
material in their sentinel node. Perhaps tumor volume is low in these patients
and confined to the sentinel node. These patients may be cured of their metastatic
melanoma with the sentinel node biopsy. As is the case for increasing tumor
thickness, ulcerated melanomas have a worse prognosis than tumors that do not
have this poor prognostic factor. If a patient has an ulcerated melanoma, then
there is a 70% chance of RT-PCR positive cells being present in the sentinel
node (Fig. 5).

Sentinel nodes from melanoma patients have continued to be examined by
RT-PCR. Table 2 shows the clinical correlation of this assay for the first 114
patients with melanomas greater than 1.0 mm who underwent lymphatic mapping
and sentinel lymph node harvest. Their sentinel node was examined with the RT-
PCR assay and a mean follow-up of 28 months after their definitive surgical
therapy was obtained. This follow-up is a period of time in which 75% of all
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Ficure 5  Ulceration versus RT-PCR sentinel lymph node status. Patients with ulcerated
melanoma have a 70% chance of having RT-PCR positive material in the sentinel
node.

the recurrences of melanoma should occur. Patients whose sentinel nodes were
histologically positive and RT-PCR positive (20.2%) had a recurrence rate of
60.9%, whereas patients whose sentinel nodes were negative by both assays had
a recurrence rate of 2.3%. The interesting group are 41.2% of patients whose
sentinel node were histologically negative but RT-PCR positive. The patients in
this category were upstaged with the RT-PCR assay and have an intermediate
prognosis, with 12.8% of them recurring in the follow-up period [11].

Patients in group 1 in Table 2 are identified to be at an extremely low risk
for recurrence and death. In fact, the one patient that recurred out of the 44 whose
sentinel lymph node was both histologically negative and RT-PCR negative suf-
fered a local recurrence, and one could argue that these cells never reach the
regional basin to analyze. There have been no deathsin group 1 and these patients
do not need further surgery (a complete lymph node dissection) or adjuvant ther-

Tasie 2 Clinical Correlation of the RT-PCR Sentinel Lymph Node Assay
with Recurrence

Group Sentinel node status N (%) Recurrence rate
1 Histo—/PCR— 44/114 (38.6%) 1/44 (2.3%)
2 Histo—/PCR+ 47/114 (41.2%) 6/47 (12.8%)

3 Histo+/PCR+ 23/114 (20.2%) 14/23 (60.9%)
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apy. Group 3 patients have a guarded prognosis, with 61% of them recurring
within 28 months. Patients in this group would be candidates for a complete
lymph node dissection and adjuvant therapy. If the intermediate prognosis of the
group 2 patients can be confirmed in an ongoing national multicenter trial (Sun-
belt Melanoma Trial), then these patients may need further surgery or adjuvant
therapy.

Figure 6 shows the disease-free survival curve of the three groups of pa
tients stratified according to the status of their sentinel node. There were differ-
encesin disease-free survival in those patients whose sentinel node was histol ogi-
cally negative and RT-PCR positive versus those patients with melanoma whose
sentinel node was negative with both assays. This difference is statistically sig-
nificant with a p-value of 0.02 [11].

Univariate regression analysis that includes primary melanomaand clinical
variables on these 114 patients shows that with each factor acting independently
to predict disease-free survivd, it is either the histology or the RT-PCR status
of the sentinel node that best predicts recurrence (Table 3). In a multivariate
regression analysis, an analysis that takes into account the interaction between
variables, again it is either the histology or RT-PCR status of the sentinel lymph
node that correlates best with disease-free survival (Table 4) [11]. Thus, once
patients with melanoma develop nodal metastases, prognostic information from
variables of the primary add little to how those patients will do after recurrence.
It is redly the fact that they have developed metastatic disease in their nodes
that will influence their subsequent disease-free survival.

120
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Ficure 6 The disease-free survival of melanoma patients according to sentinel node
status. Patients who are upstaged with the RT-PCR assay do significantly worse than
patients whose sentinel node is histologically negative and RT-PCR negative.
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Tasie 3  Univariate Regression
Analysis of Disease-Free
Survival Associated with
Different Prognostic Factors

Variable p-vaue
Thickness 0.09
Clark level 0.28
Ulceration 0.18
Primary site 0.25
Sex 0.30
Age 0.94
SLNPATH? 0.04
SLNPCR® 0.04

2The histology of the sentinel lymph
node (SLN).
® The RT-PCR status of the SLN.

How do clinicians and pathologists find micrometastatic disease? In this
series, 23 (20%) of the patients were found to have occult metastases. The stan-
dard examination of regional nodes throughout the world involved making one
or two sections of the central part of the sentinel lymph node and an H&E stain
and identified 17 of the 23 (73%) patients with metastatic disease. It was not until
more sections and immunohistochemical staining with S-100 were performed that
the remaining 27% of the patients with micrometastatic disease were identified
(Table 5) [12]. Thus, the standard examination of the regional basin only identi-

Tasie 4  Multivariate
Regression Analysis of
Disease-Free Survival
Associated with Different
Prognostic Factors

Variable p-value
Thickness 0.2
SLNPATH? 0.04
SLNPCR® 0.03

2The histology of the sentinel lymph
node (SLN).
® The RT-PCR status of the SLN.
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Tase 5 Assays for Micrometastatic Disease in Sentinel Lymph Nodes

‘“‘Routine’’ histology Molecular assays
Sentinel node +: 23/114 (20%) Sentinel node +: 70/114 (61%)
Technique N (%) Technique N (%)
H&E 17/23 (73%) H&E 17/70 (24%)
Seria sections 2/23 (9%) Seria section and S-100 6/70 (9%)
S-100 4/23 (18%) RT-PCR 47170 (67%)

fies 73% of the patients with occult metastases. If one considers finding RT-PCR
positive cellular materia in the sentinel lymph node as being clinically relevant
disease, then the routine pathological examination identifies a mere 24% of the
patients with micrometastatic disease.

One possible source of a false-positive RT-PCR comes from the fact that
5% of the sentinel nodes in the Moffitt Cancer Center experience contain benign
nevus cell rests [12]. These are relatively easy to identify, as they are almost
uniformly located in the fibrous capsule or trabecul ae of the node and their cytol-
ogy isone of uniform small cells that have a benign appearance. For this reason,
the entire node is not taken for the RT-PCR assay and only one-quarter to one-
half of the node is analyzed. The remainder of the node is submitted to pathology,
and if benign nevus cells are found with the sectioning, then a possible source
of false-positive RT-PCR is identified.

RT-PCR ASSAY IN PERIPHERAL BLOOD

The development of new molecular biology techniques has provided a means by
which molecular markers present at low copy numbers can be detected with a
sensitivity higher than that of immunohistochemistry. In 1991, Smith et al. pro-
posed for the first time that melanoma cells could be detected in the peripheral
blood using RT-PCR to target any message from the tyrosinase gene [10]. Several
other groups have pursued this|ead, but the results have been extremely variable.
The most striking discrepancies occur in patients with Stage 1V melanoma, in
which theincidencerates at finding RT-PCR-positive circulating cells variesfrom
0% to 100% [13,14].

In a series from Germany [13], 100% of the patients with Stage IV mela
noma had RT-PCR evidence of circulating melanoma cells, whereas a report
from Kunter showed that only 28% of the patients with Stage IV melanoma were
marker positive [14]. In addition, in the latter series, a positive peripheral blood
RT-PCR assay was associated with progression of disease. A more recent study
from Barcelona studied 91 patients with all stages of melanoma [15]. There was
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a significant association between RT-PCR positivity in the periphera blood and
clinica stage. Circulating melanoma cells were detected in 36% of the patients
with localized disease (Stages | and 1), in 45% of the patients with regional
nodal disease, and 94% of the patients with systemic metastases (p < 0.001).
In Stage Il and Stage 111 patients, the recurrence rate of patients who were RT-
PCR positive in the peripheral blood was significantly higher than similar stage
patients who were RT-PCR negative. In amultivariate analysis, RT-PCR positiv-
ity in the peripheral blood was an independent prognostic factor for recurrence
(p = 0.002). Recently, another group reported their results with their version of
the RT-PCR assay. One of 43 patients with primary melanoma (2.3%), none of
15 patientswith Stage |11 melanoma, and 27.3% of patients with advanced disease
were found to have circulating tumor cells [16].

How does one explain the discrepancies between the various laboratories?
The causes are probably multifactorial, with the main difference being the differ-
ent techniques used for processing the blood samples and the RT-PCR reaction.
Recently, it has been shown that the use of a density gradient method to process
the blood samples resulted in a higher detection rate of tyrosinase mRNA than
extracting the RNA from whole blood [17]. It isalso clear that the RT-PCR assay
can be varied in sensitivity by the number of cycles, the type of gel development,
and the temperatures and reagents used. Crossover contamination must be elimi-
nated, but it is clear that one RT-PCR assay for tyrosinase from one |laboratory
may not be equivalent to another laboratory’s assay.

Another reason given for the discrepancy between the assays and ultimate
corelation with stage of disease and survival is that circulating melanoma cells
may be present in the blood of patients in whom recurrent disease does not de-
velop. Recently, it has been shown in an anima model that over 80% of the
melanoma cells that enter the microcirculation will survive and extravasate, sug-
gesting that most circulating cells have the potential to produce clinically relevant
disease [18].

Other investigators have used a multiple-marker assay for occult metasta-
ses. Hoon and colleagues used an RT-PCR technique to detect occult circulating
tumor cells in the blood of melanoma patients [19]. Four different markers were
used to improve the sensitivity and specificity of the occult metastases assay.
Preliminary studies of this multiple marker RT-PCR assay, which utilized the 4
melanoma markers, tyrosinase, MAGE-3 (melanoma Antigen 3), Muc-18 (mucin
epithelial antigen 18), and p97, showed the presence of al 4 markersin 10 mela-
noma cell lines with none detected in the blood of 14 norma volunteers. The
assay was used to detect circulating tumor cellsin 74 melanoma patients of vari-
ous clinical stage. The pattern of marker detection was as follows: tyrosinase
(59%), MAGE-3 (9%), Muc-18 (66%), and p97 (65%). For al AJCC stages, the
ability to detect circulating tumor cells was significantly higher (p = 0.025) in
the 53 patients alive with disease than the 21 disease-free patients. For al patients
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alive with disease, asthe clinical stage increased from | to 1V, there was a corre-
sponding increase in the ability of the assaysto detect circulating melanomacells.
It was concluded that the detection of circulating occult tumor cells could provide
atumor marker for the early detection of metastatic or recurrent disease or evalu-
ate the response to specific therapeutic modalities. Recently, clinical correlation
was shown with this multiple-marker assay in that patients with up to two positive
markers never recurred, whereas patients with three or four positive markers had
a 1-year recurrence rate of 30%.

SUNBELT MELANOMA TRIAL

A recently started industry sponsored, multi-institutional trial attemptsto confirm
the clinical relevance of the RT-PCR assay. Patients with melanomas greater than
or equal to 1.0 mm will undergo preoperative lymphoscintigraphy to identify all
node basins at risk for disease and sentinel node biopsy of all basins identified
by lymphoscintigraphy. If the patient’s sentinel node is histologically negative
and immunohistochemically negative (S-100 stain), then an RT-PCR assay for
occult metastases will be performed on the sentinel node. Patients whose sentinel
lymph node is histologically negative and RT-PCR negative will be observed.
If the sentinel lymph node is histologically negative but RT-PCR positive, then
patients will be randomized to either observation, complete lymph node dissec-
tion and observation, or lymph node dissection and adjuvant interferon-o-2b.
This part of the trial will examine the clinical significance of a histologically
negative but RT-PCR-positive sentinel node. In addition, the proper treatment
for those patients upstaged with the RT-PCR assay will be investigated. The RT-
PCR multiple marker assay will also be examined in the peripheral blood.

CONCLUSION

Intraoperative lymphatic mapping and sentinel node biopsy provide the mecha
nism to study the nodes most likely to contain tumor with a more detailed exami-
nation. Defined patterns of lymphatic drainage allow intraoperative determination
of the first (sentinel) lymph node in the regional basin, and the absence of meta-
static disease in the sentinel lymph node accurately reflects the absence of mela-
noma in the remaining regional nodes. Close collaboration among surgeons, nu-
clear medicine physicians, and pathologists is required to ensure optimal results.

Examination of serially sectioned sentinel nodes by H& E staining, immu-
nohistochemical staining, and RT-PCR should reduce the number of patients with
missed microscopic melanoma in their regional lymph nodes. Furthermore, the
survival benefit recently reported in patients with melanoma metastatic to re-
giona nodes prospectively randomized to receive high-dose interferon-a signals
that patients should be aggressively examined for the presence of occult regional
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melanoma metastasesin order to apply the adjuvant therapy in aselective fashion.
One can make an argument that patients with a defined risk of melanoma metasta-
ses should have a nodal staging procedure. At the Moffitt Cancer Center, patients
with melanomas greater than 0.75 mm undergo lymphatic mapping. Molecular
staging of cancersis likely to become an important part of the everyday practice
of the oncologist. ** Submicroscopic’’ noda disease will be identified and, com-
bined with peripheral blood assays, will result in an ‘“ultrastaging’’ of the mela-
noma patient. More sensitive assays for staging have been criticized in the past
as just providing stage shifting without impacting on the survival of the patient.
This**Will Rodgers'’ phenomenon impliesthat if amore accuratetest isavailable
for staging, patients may be upstaged and survival will increase across most
stages with no overall impact on survival when the entire population with disease
is considered. Stage migration or shifting occurs, without any overal effect on
the survival of the entire melanoma population. This holds true as long as there
are no effective adjuvant therapies for the patients at high risk of recurrence.
With the emergence of interferon-a-2b as a standard for the adjuvant treatment
of melanoma patients at an increased risk for recurrence, the mapping techniques
that allow a more detailed examination of the sentinel lymph node will identify
this patient population (Stage 111) more accurately. These are the patients who
have the most to benefit from this therapy. In this way, the therapy can be given
in a selective fashion, exposing only those patients who have the most to benefit
to the toxicities of the drug.

REFERENCES

1. IM Kirkwood, MH Strawderman, MS Ernstoff, TJ Smith, EC Borden, RH Blum.
Adjuvant therapy of high-risk resected cutaneous melanoma: the Eastern Coopera-
tive Oncology Group Trial EST 1684. J Clin Oncol 14:7-17, 1997.

2. DS Reintgen, J Albertini, C Berman, CW Cruse, N Fenske, F Glass, C Puleo, X
Wang, K Wells, D Rapaport, R DeConti, JMessina, R Heller. Accurate nodal staging
of malignant melanoma. Cancer Control: J Moffitt Cancer Center 2:405-414, 1995.

3. DL Morton, DR Wen, JH Wong, JS Economou, LA Cagel, KS Storm, LJ Foshag,
AJ Cochran. Technical details of intraoperative lymphatic mapping for early stage
melanoma. Arch Surg 127:392—-399, 1992.

4. DL Morton, DR Wen, AJ Cochran. Management of early-stage melanoma by intra-
operative lymphatic mapping and selective lymphadenectomy or *‘watch and wait.””’
Surg Oncol Clin North Am 1:247-259, 1992.

5. D Reintgen, CW Cruse, K Wells, C Berman, N Fenske, F Glass, K Schroer, R Heller,
M Ross, G Lyman, C Cox, D Rappaport, HF Seigler, CM Balch. The orderly pro-
gression of melanoma nodal metastases. Ann Surg 220:759-767, 1994.

6. R Heller, JBecker, JWassdlle, P Beaky, CW Cruse, C Cox, B King, H Wood, DS
Reintgen. Detection of occult lymph node metastases in malighant melanoma. Ann
Plast Surg 28:74—77, 1992.



Molecular Staging of Malignant Melanoma 155

10.

11

12.

13.

14.

15.

16.

17.

18.

19.

R Heller, J Becker, J Wasselle, P Beakey, W Cruse, K Wells, C Cox, B King, DS
Reintgen. Detection of submicroscopic lymph node metastases in patients with ma-
lignant melanoma. Arch Surg 126:1455-1460, 1991.

R Heller, B King, P Beakey, W Cruse, D Reintgen. | dentification of submicroscopic
lymph node metastases in patients with malignant melanoma. Semin Surg Oncol 9:
285-289, 1992.

X Wang, R Heller, N VanVoorhis, CW Cruse, F Glass, N Fenske, C Berman, JLeo-
Messina, D Rappaport, K Wells, R DeConti, L Moscinski, C Stankard, C Puleo, D
Reintgen. Detection of submicroscopic metastases with polymerase chain reaction
in patients with malignant melanoma. Ann Surg 220:768—774, 1994.

B Smith, P Selby, J Southgate, K Pittman, C Bradley, GE Blair. Detection of mela-
noma cellsin the peripheral blood by means of reverse transcriptase and polymerase
chain reaction. Lancet 338:1227-1229, 1991.

S Shivers, X Wang, W Li, D Rapaport, CW Cruse, R DeConti, F Glass, JMessina, C
Berman, E Joseph, C Puleo, G Lyman, DS Reintgen. Molecular staging of malignant
melanoma. JAMA 280:1410-1415, 1998.

JMessing, F Glass. Pathological exam of the sentinel lymph nodes. J Florida Med
Assoc 84;153-156, 1997.

P Brossart, U Keilholz, M Willhauck, C Scheibenbogen, T Mohler, W Hunstein.
Hematogenous spread of malignant melanoma cells in different stages of disease.
J Invest Dermatol 101:887—889, 1993.

U Kunter, J Buer, M Probst, S Duensing, | Dallman, J Grosse, H Kirchner, EM
Schluepen, M Volkenandt, A Ganser, J Alzpodien. Periphera blood tyrosinase mes-
senger RNA detection and survival in melanoma. J Natl Cancer Inst 88:590-594,
1996.

B Méellado, D Colomer, T Castel, M Munoz, E Carballo, M Galan, IM Mascaro,
JLI Vives-Corrons, JJ Grau, J Estape. Detection of circulating neoplastic cells by
reverse-transcriptase polymerase chain reaction in malignant melanoma: association
with clinical stage and prognosis. J Clin Oncol 14:2091-2097, 1996.

R Glaser, K Rass, S Seiter, A Hauschild, E Christopers, W Tilgen. Detection of
circulating melanoma cells by specific amplification of tyrosinase complementary
DNA is not a reliable tumor marker in melanoma patients: a clinical two-center
study. J Clin Oncol 15:2818-2825, 1997.

FA Jung, AC Buzaid, Ml Ross, JV Woods, JJLee, M Albitar, EA Grimm. Evaluation
of tyrosinase MRNA as a tumor marker in the blood of melanoma patients. J Clin
Oncol 15:2826-2831, 1997.

S Koop, IC MacDonald, K Luzzi, EE Schmidt, VL Morris, M Grattan, R Khokha,
AF Chambers, AC Groom. Fate of melanoma cells entering the microcirculation:
over 80% survive and extravasate. Cancer Res 55:2520—2523, 1995.

DSHoon, Y Wang, PS Dale, AJ Conrad, P Schmid, D Garrison, C Kuo, LJ Foshag,
AJ Nizze, DL Morton. Detection of occult melanoma cells in blood with a multiple
marker polymerase chain reaction assay. J Clin Oncol 13:2109-2116, 1995.



This Page Intentionally Left Blank



9

Breast Lymphoscintigraphy

Claudia G. Berman
University of South Florida, Tampa, Florida

INTRODUCTION

The predominant early application of radiocolloidsin the imaging of lymph node
basins in patients with breast carcinoma resulted from the difficulties entailed in
contrast lymphography of the axillary and internal mammary nodes[1,2]. In anal-
ogy to lymphography, injection of the radiopharmaceutical would be made into
the rectus muscle or the finger webbing and an abnormality was defined as dimin-
ished or absent visualization of either the internal mammary or axillary nodal
group [3]. Typicaly, the study group included a diverse population of patients
and treatments and, most important, the clinical implications and applicability of
the technique remained uncertain. Limited, more recent work, utilizing this ana-
tomic lymphoscintigraphic approach, has demonstrated poor reliability for identi-
fying low-volume metastatic disease in internal mammary nodes [4].

LYMPHOSCINTIGRAPHY

Hultborn and colleagues were among the first to employ a physiologic strategy
for radiocolloid imaging of lymph nodes draining breasts with malignant disease
[5]. Their technique involved preoperative injection of the breast parenchyma
with postoperative ex vivo imaging of the radical or extended radical mastectomy
specimen. The gamma camera image directed the pathologist’s dissection of the
operative specimen. They also utilized a gamma probe for localization within
indistinctly visualized specimens. Their 1954 report remarkably presaged the
present-day thinking driving the development of lymphoscintigraphic sentinel
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node staging of breast carcinoma. They recognized atypical pattern of visuaiza-
tion of some but not all axillary nodes, and concluded, ‘* This probably indicates
asegmental arrangement of the lymph drainage from the breast to the axilla. . .”’
or, in our jargon, a sentinel node.

Krag and colleagues were thefirst to describe the rationale and use of radio-
colloid for sentinel node localization in early-stage breast carcinoma [6]. Their
technique was adapted from their prior use of a hand-held gamma probe for
sentinel node radiolocalization in patients with melanoma[7,8]. Twenty-two con-
secutive women with biopsy-proved breast carcinoma underwent radiolocalized
sentinel lymphadenectomy prior to full axillary dissection. Treatment of the pri-
mary lesion was accomplished by either mastectomy or partial mastectomy with
planned postoperative radiation therapy. Three of the 22 women had clinically
positive (palpable) axillary nodes.

The technique consisted of the injection of 15 MBq (0.4 mCi) technetium-
99m (*™Tc) sulfur colloid in a volume of 0.5 mL saline into the normal breast
tissue adjacent to the lesion or biopsy cavity. Five 0.1-mL injections were made
from 1 to 9 h prior to surgery in a 180° arc facing the axilla. Prior to incision,
a gamma detector was passed over the axilla. An underlying sentinel node was
presumed present when 30 countsin 10 swere detected at the skin surface. Senti-
nel nodes were found in 18 of the 22 patients. The sentinel node contained meta-
static tumor in al seven patients ultimately found, on pathologic examination,
to have metastatic axillary lymphadenopathy. In three patients, it was the only
site of metastatic disease. Notably, they were unable to identify any sentinel node
in 18% of their patients. The investigators did not include an imaging component
in the study, commenting on the unsuccessful historical experience.

The same group has more recently reported an updated experience with 50
patients, maintaining their 100% sensitivity and specificity [9]. They have in-
creased their injectate volume to 3 mL and raised a concern about diffusion of
injectate obscuring hand-held gamma probe localization of a sentinel node adja-
cent to the primary lesion. This would, in particular, be a concern in extreme
upper outer quadrant lesions.

What is most probably the first modern experience using a radiocolloid
to visualize the physiologic lymphatic drainage of the breast was published by
Vendrell-Torne and associates [10]. They mapped drainage from injections in
the four quadrants of the breast as well as the subareolar region utilizing colloidal
gold-198. No attempt to visualize the first draining focus was made. They clearly
established the presence of unexpected, sometimes multiple, pathways of drain-
ageto axillary, internal mammary and supraclavicular sitesin a significant minor-
ity of normal subjects.

Uren and colleagues were thefirst to report the use of radiocolloid injection
of the primary lesion site to image the pathways of lymphatic drainage in patients
with breast cancer [11]. They used ®"Tc-labeled antimony trisulfide (*"Tc—
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Sh,S;) with a 3—-12-nm particle size. Injections of 0.1-0.2 mL were placed at
the four clock quadrants using a tuberculin syringe and a 25-gauge needle. The
depth of injection (and precise position of the tumor) was determined in each
case by high-resolution ultrasound. Activity varied from 2.5 to 7.0 MBq (0.07—
0.19 mCi) for each injection. All studies were performed prior to excision of the
tumor. The tumor and adjacent injection sites were subsequently excised within

(b)

Ficure 1  (a) Anterior view of right chest of a patient with a lower outer-quadrant
lesion draining across midline of the breast to the internal mammary nodes. (b) Right
lateral view depicting drainage to the ipsilateral axilla. The arrowheads mark the
first-tier lymph nodes.
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1 week. Imaging was performed immediately after injection and at 2.5 h in al
patients. In patients with no nodal visualization, a repeat scan was obtained at 4
h. Images were obtained in an anterior view of the chest and axillain all patients.
A lateral or oblique view was added to assess the depth of axillary sentinel nodes.
All scans were obtained with a large-field-of-view digital camera with a low-
energy, high-resolution collimator. Immediate scanning was performed to iden-
tify lymph channels draining the tumor. Delayed scanning was performed to lo-
cate persistent uptake in nodes. The sentinel node was considered to be the first
node to take up the colloid on the immediate scan or the node with the most
activity on the delayed scan.

The ipsilateral axilla was a drainage site in 29 of the 34 patients (85%)
and the only drainage site in 18 of them (53%). However, the unpredictability
of drainage patterns previously described by Vendrell-Torne was confirmed. Ap-
proximately one-third of lateralized tumors demonstrated drainage to the ipsilat-
eral axilla and/or internal mammary chain (Figs. 1a and 1b), whereas 20% of
upper-quadrant lesions drained to supraclavicular or infraclavicular nodes (Fig.
2). Immediate scans were able to identify lymph channels in only 7 of the 34
patients (21%). Thiswas a potential drawback only in patientswith internal mam-
mary node drainage because multiple nodal uptake candidates for sentinel node
designation were characteristically present, on delayed scans, in the interna
mammary but not the axillary or periclavicular basins. In three patients, no migra-

Ficure2  Anterior chest view showing left breast lesion draining directly into an infra-
clavicular lymph node as well as to an internal mammary lymph node. Arrowheads
mark lymph nodes. Sternum and clavicles are delineated with a radioactive marker.
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tion of tracer from the injection site was seen. In one of these, gross chest wall
and axillary tumor masses were present.

DISCUSSION

Our experience at the H. Lee Moffitt Cancer Center and Research Institute at the
University of South Florida dates from 1994 when we first undertook lymphatic
mapping of the breast, prompted like others by our prior experience in melanoma
[12]. Our technique for lymphoscintigraphy requires no specialized equipment.
We use a standard gamma camera and a high-resolution collimator. The 140-
keV energy level is windowed at a 10% level, as this is the ¥ Tc energy peak.

Historically, investigators have preferred ®"Tc—antimony trisulfide for
lymphoscintigraphic studies because its particle size of 3—-30 nm is optimal for
transit through lymphatics and localization in nodes without phagocytosis. This
radiocolloid is no longer available in the United States, although it is still widely
used elsewhere in the world. Hung and associates have produced acceptable
lymphoscintigraphic images with the *"Tc sulfur colloid filtered to a maximum
particle size of 100 nm. In practice, nearly all of itsfiltered activity was distributed
in the 15-50-nm range [13]. Our radiopharmaceutical is the ®"Tc sulfur colloid
filtered to 200 nm maximum particle size. Our filtration technique uses a 0.2-
pm (200-nm) filter and we have found this preparation satisfactory with best
results obtained when used fresh. We use adose of 17.5 MBq (0.45 mCi) unless
the lesion is high in the axillary tail, in which case the dose is reduced to 9.25
MBq (0.25 mCi). For a discussion on the radiation safety aspects, the reader is
referred to Chapter 13.

In the Nuclear Medicine Department, patients with palpable tumors are
injected with six injections around the periphery of the tumor at the depth of the
mass. Patients with nonpalpable tumors first undergo mammographic or ultra-
sound needle localization. If imaged by ultrasound, six equal aliquots are injected
with ultrasound guidance around the tumor. If imaged by mammography, the
same procedure is followed except the six injections are made equidistant to the
localization wire. In small-breasted patients or patients with superficial tumors,
it is often possible to perform the injections without compression of the breast
tissue. In large-breasted patients or in patients with centrally located lesions, it
may be necessary to perform the injections while the breast remains under com-
pression to assure accurate depth.

A third group of patients is studied after lumpectomy or excisional biopsy
has been performed. Most have seromas that are palpable and injections are per-
formed as if the seroma were the tumor, so that the injection is into the breast
parenchyma around the biopsy cavity. If the seromais not readily palpable, ultra-
sound is used, and, in almost all cases, will identify a small residual seroma or
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area of architectural distortion within the breast so that the injectate can be in-
stilled at the correct location. The physician making the injections must be able
to distinguish the tumor seroma or scar from induration or scar related to the
skin incision, which is often placed remote from the tumor to satisfy cosmetic
concerns.

All injections are made through a tuberculin syringe. Care must be taken
not to inject into the tumor or seroma cavity, as this impedes lymphatic flow.
We have found injection through the localization needle to be undesirable as the
needle acts as a wick causing much of the dose to migrate to the skin surface.
This not only reduces the dose available for imaging but produces confounding
contamination on the skin surface.

We have obtained good results using 2 mL total diluent. The ideal volume
of injectate is unknown. On one hand, a larger volume should improve uptake
within the lymphatic system. On the other hand, larger volumes may diffuse into
the axilla, confounding imaging and detection. We are currently performing a
randomized study comparing results of injected volumes of 2 mL versus 6 mL.

The patient is imaged immediately after injection, positioned supine under
the gamma camera in the anterior oblique lateral projection. Unlike imaging in
melanoma, it is very unusual to see afferent lymphatics (Fig. 3). As the regions
of interest are the axilla, the clavicular region, and the internal mammary nodes,
various maneuvers are attempted to remove breast activity from the camera’s
field of view. The injection site in the breast can be shielded with lead, but this
may produce a penumbra effect which can camouflage lymph nodes. The breast

Ficure 3  Left anterior oblique view of the chest. An afferent lymphatic is seen drain-
ing into a sentinel lymph node in the axilla. Drainage into an internal mammary
lymph node is also present. White arrows denote the sentinel nodes.
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can sometimes be taped out of the field of view. Alternately, the patient may be
imaged sitting or standing so that gravity will act to position the breast. Small-
breasted women or women with lesions near the chest wall or axilla often present
a challenge and it may not be possible to separate the injection site from the
regional lymphatic groups.

Low-density count images are acquired over 10 min. The lymph nodes are
localized using a persistence scope and by triangulation, using changes in the
patient’s position. A small mark with an indelible pen or tattoo is placed on the
skin overlying the lymph node. Alternatively, the ‘*hot”’ node in the axilla can
be marked with a hand-held gamma probe in the nuclear medicine suite. Sentinel
lymph nodes are found with immediate imaging in approximately 50% of cases.
Delayed imaging will be necessary in the remainder of cases. In our practice,
the optimal time for delayed imaging as well as for surgery with use of a hand-
held gamma probe is 4—6 h following injection.

THE FUTURE

There are two levels of questions pertinent to radiocolloid identification of senti-
nel lymph nodesin patients with breast cancer. Thefirst relates to technical issues
such as the optimum particle size, volume of injectate, and scanning interval.
These issues are al currently under investigation at ours and other institutions.
The second level pertainsto the possibleimplications of thistechniquefor clinical
practice. What, for instance, is the significance of a positive supraclavicular senti-
nel node? Do these patients have Stage |1 disease in previously undissected areas
(node positive, at high risk for metastasis and likely to benefit from adjuvant
systemic treatment) or distant metastatic disease, as defined by the UICC/AJCC
staging system? In either circumstance, do they represent a clinically unique sub-
set who might benefit from a specialized treatment approach? What is the signifi-
cance of a periclavicular or internal mammary sentinel node as to the need for
performing any axillary surgical procedure and what types of surgical approaches
should be used in these settings? Are there some women with invasive breast
cancer, with perhaps inner-quadrant tumors who do not drain to the axilla and
therefore do not need any axillary procedure? These and similar clinical questions
are only beginning to be asked and, no doubt, will receive extensive attention in
the future.

CONCLUSIONS

At the present time, the standard of care for definitive staging of clinically early-
stage invasive breast cancer is axillary node dissection. Because of the morbidity
of this procedure, sentinel lymphadenectomy has been suggested as a means of
identifying patients without lymphatic metastases, allowing them to forego the
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more morbid axillary dissection. Sentinel nodes have been identified using both
vital stains and radiocolloid injection, with the highest success achieved by the
combination of the two techniques. The role of preoperative lymphoscintigraphy
isuncertain at this stage, but we recommend that it be considered at the initiation
of abreast carcinoma sentinel node radiocolloid localization program as a further
aid to localization.

It is apparent that if an axillary sentinel node can be imaged, surgeons will
have no difficulty identifying the node intraoperatively because the sentinel node
is emitting a significant number of counts. Thereal potential of lymphoscintigra-
phy in breast cancer may be to identify a subpopulation of women who do not
drain to the axilla and may not need any axillary procedure. In addition, this
preoperative test may identify women whose tumors drain into the internal mam-
mary nodes, and these nodes can then be included in the radiation ports if this
modality is used with breast conservation.
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INTRODUCTION

Axillary lymph node dissection has been an integral component in the surgical
management of invasive breast cancer for many years. For most of this century,
axillary dissection was thought to be both prognostic and therapeutic and was
considered an important component of surgical cure. En bloc resection of the
axillary lymph nodes wasthe standard of surgical therapy [1]. Inthe 1970s, Fisher
suggested that breast cancer is a systemic disease at presentation, implying that
small tumors may represent an early manifestation of a disease process that is
already metastatic [2]. Therefore, noda involvement becomes not an orderly con-
tiguous extension as described by Halsted but rather a marker of distant disease.
Fisher proposed that regional lymph node metastases are of biologic importance
and an indicator of a poor tumor—host relationship. Axillary nodal metastasis
remains the best and most important prognostic marker and remains the single
strongest predictor of survival in women with breast cancer [3,4]. As a result
of this, the National Ingtitute of Health (NIH) Consensus Conference of 1991
recommended a Berg Level | and Il axillary node dissection for patients with
early-stage invasive breast cancer [5]. This will provide accurate information
regarding the axillary nodal status and is associated with a low rate of axillary
recurrence.

Although axillary node dissection has a low false-negative rate, it does
result in significant morbidity. Permanent lymphedema has been reported in 15—
30% of patients undergoing axillary dissection and the frequency, and severity
of this complication increases with the extent of axillary surgery and the addition
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of radiation therapy [6—8]. Other complications such as wound infection, seroma,
arm weakness, decreased shoulder range of motion, and neurologic changes can
occur. These sequelae are a major source of emotional distress and functional
impairment for women with breast cancer and they significantly increase the
monetary cost of the procedure [6,11]. Unfortunately, thereisno accurate alterna
tive to histologic assessment of the axillary nodes. Clinical evaluation has been
associated with a high false-negative rate ranging from 29-38% and a false-
positive rate of 10-50%. Radiological evaluation using mammography, ultra-
sound, computed tomography (CT) scan, magnetic resonance imaging (MRI),
and nuclear medicine evauation using lymphoscintigraphy, positron emission
tomography (PET), and radiolabeled monoclona antibody scanning may detect
axillary nodal metastases, but these techniques lack the sensitivity and specificity
that are needed for clinical decision-making [12—16].

Over the last few years the need for axillary dissection for women with
invasive breast cancer has been questioned. This isin part due to the increasing
use of mammography and the detection of smaller tumors, which has led to a
decreased incidence of nodal metastases in this subset of women. Adjuvant thera-
peutic decisions once based on the nodal status are no longer limited to patients
with node-positive breast cancer and are now often dependent on the characteris-
tics of the primary tumor [17,18]. Increased public awareness of the long-term
sequelae of axillary dissection and the lack of evidence to support a survival
advantage of axillary dissection have aso contributed to this trend toward elimi-
nation of this procedure.

Perhaps the most exciting new development in the surgical management
of invasive breast cancer is the emergence of sentinel lymphadenectomy and its
potential to provide accurate prognostic information for the patient with breast
cancer without the sequelae of an axillary dissection.

This chapter will review the history of breast sentinel lymphadenectomy,
the various techniques used to identify the sentinel node, the histopathological
workup of the sentinel node, the strengths and weaknesses of this technique, and
its future goals.

HISTORY

Haagensen first introduced the concept of lymphatic mapping for breast cancer
[19]. He did not coin the term ‘‘sentinel node’’ but rather used a blue dye to
map the lymphatic drainage pattern in his patients with breast cancer. The concept
of intraoperative lymphatic mapping and sentinel lymph node biopsy was popu-
larized by Morton and colleaguesin patients with melanoma[20]. This technique
has since been validated by other independent investigators [21,22]. The sentinel
node (first-tier node, first-echelon node) was identified using a vital blue dye and
represented the first lymph node that drained a specific melanoma. This concept
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was subsequently applied to patients with breast cancer. Because a majority of
women do not have axillary metastases at the time of diagnosis, this technique
has the potential to eliminate a full axillary dissection in most patients.

INTRAOPERATIVE LYMPHATIC MAPPING USING A
RADIOLABELED COLLOID

Krag et a. published thefirst pilot study of sentinel lymphadenectomy in patients
with invasive breast cancer [23]. In this study, an unfiltered technetium-99m
(*™Tc)-labeled colloid was injected 1-9 h prior to surgery and was used to map
the lymphatic tract and identify the sentinel node. The sentinel node was identi-
fied in 82% of a group of 22 patients using a hand-held gamma-ray counter. The
sentinel node proved 100% predictive of the axillary status. This implies that if
this node is free of disease, the remainder of the axillary nodes are also free of
disease. Krag and co-workers updated their resultsin 248 cases [24]. The sentinel
node was identified in 95.5% of patients with a false-negative rate of 6.5%. This
led to the initiation of a multicenter trial to evaluate the success of intraoperative
lymphatic mapping and sentinel lymphadenectomy using a radiolabeled colloid.
The results of this trial have recently been reported and show a false-negative
sentinel lymph node biopsy rate of 11.4% in a multicenter tria involving 12
institutions [25].

INTRAOPERATIVE LYMPHATIC MAPPING USING VITAL BLUE
DYE

In 1994, Giuliano and co-workers published their initial work of intraoperative
lymphatic mapping with a vital blue dye [26]. A 1% isosulfan blue dye solution
(Lymphazurin, Hirsh Industries, Inc., Richmond, VA, U.S.A.) was used to iden-
tify the sentinel node in this study of 172 patients (174 lymph node basins). The
sentinel node was identified in 66% of patients overall, but the identification rate
improved as the investigator became familiar with the nuances of the technique.
The 59% rate of sentinel node detection in the first 87 cases increased to 72%
in the next 87 cases and the detection rate reached 78% by the last 50 cases in
this series. The technique was modeled after the melanoma model, a cutaneous
tumor, but had to be adapted to breast cancer, which is a parenchymal tumor.
This led to significant changes in the technique. In this study, there were five
false-negative cases reported in which the pathology of the sentinel node did not
accurately predict the status of the axilla. All false negatives occurred in the first
87 cases. Thiswas acritical problem with the technique because a false-negative
result could potentially lead to the undertreatment of a node-positive patient.
These five cases were reanalyzed and it was discovered that in three of the five
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cases, axillary fat was misidentified as the sentinel node. This prompted the use
of intraoperative frozen section to confirm the presence of nodal tissue. A fourth
patient was found to have occult metastasis when the pathology was reeval uated
with immunohistochemical stains using anticytokeratin antibodies. With our cur-
rent histopathol ogical workup, involvement of the sentinel node would have been
identified. Only one of the five patients examined had a *‘true’’ false-negative
sentinel node improving the accuracy rate from 96% to 99%.

The initial modest identification rate of 66% is, in retrospect, interpreted
as the *‘learning curve.”” Although we do fedl that experience is needed before
mastering this technique, many of the problems during this learning curve are
now avoided due to improvements in the technique itself as well as better patient
selection. The volume of dye injected, the site of injection, the timing of the
axillary incision, the histopathological workup of the sentinel node and the addi-
tion of massage to the injection site all aided in improving the probability of
identifying the sentinel node. Using this mature technique in a subsequent study,
the sentinel node was identified in 93% of patients and was 100% predictive of
the nodal status [27]. Based on the results of this study, we abandoned completion
axillary lymph node dissection in 1995 in patients whose sentinel nodes were
tumor-free.

COMBINED TECHNIQUE

Albertini and co-workers combined both the blue dye and the radiopharmaceuti-
cal in an effort to improve the detection rate and reduce the ‘‘learning curve’’
[28]. This approach combines a filtered sulfur colloid with 1% isosulfan blue
dye. The sentinel node was identified in 93% of 62 patients and proved 100%
predictive of the axillary lymph node status. Cox et a. updated their experience
and reported the results of 466 consecutive patients [29]. A sentinel node was
successfully identified in 94.4% of patients with only asingle false-negative case.

OTHER STUDIES

Other investigators have reported their success with sentinel node biopsy. The
various studies of its applicability as a staging tool in breast cancer patients are
summarized in Table 1. Verones et al. reported probe-directed mapping with
a subdermal injection of a ®*mTc-labeled human serum albumin colloid in 163
consecutive breast cancer patients who subsequently underwent completion axil-
lary node dissection [30]. The sentinel node was identified in 98.2% of patients;
however, there was a 5% fal se-negative rate. Guenther et al. in alarge California-
based health maintenance organization (HMO) had a 71% identification rate us-
ing blue dye alone in a cohort of 145 patients [31]. Although this identification
rate is low, the predictive value of the sentinel node, when identified, was 97%.
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Tase 1 Summary of Sentinel Lymphadenectomy Publications

Mapping Identification  False-negative

Study year [Ref.] N technique rate (%) rate (%)
Krag et al. 1993 [23] 22 %"Tc colloid 82 0
Giuliano et al. 1994 [26] 174 Dye 66 11
Albertini et al. 1996 [28] 62 ®"Tc colloid 92 0
+ dye
Pijpers et al. 1997 [33] 37  9"Tc colloid 92 0
Verones et al. 1997 [30] 163  *"Tc colloid 98 5
Giuliano et al. 1997 [27] 107 Dye 94 0
Guenther et al. 1997 [31] 145 Dye 71 10
Dale and Williams 1998 [32] 21 Dye 66 0
Borgstein et al. 1998 [34] 130  %"Tc colloid 94 2
Barnwell et al. 1998 [38] 42  *"Tc colloid 90 0
+ dye
O'Hea et al. 1998 [39] 59  9"Tc colloid 93 13
+ dye
Miner et al. 1998 [35] 42 *"Tc colloid 98 14
Offodile et al. 1998 [36] 41 *"Tc colloid 98 0
Cox et al. 1998 [29] 466  *"Tc colloid 9% a
+ dye
Koller et al. 1998 [40] 98 Dye 98 17
Crossin et al. 1998 [37] 50 %"Tc colloid 84 13
Krag et al. 1998 [25] 443  *"Tc colloid 93 11

Note: N = number of patients; false-negative rate = fraction of patients with tumor-free sentinel
node(s) in group of patients with tumor-positive axilla

aMagjority of patients with tumor-negative sentinel node did not undergo completion of axillary node
dissection.

Similarly, Dale and Williams published their results using blue dye alone in 21
patients. The sentinel node was identified in only 66% of cases but was 100%
predictive of the axillary tumor status [32]. Pijpers et a. reported the use of
peritumoral injection of ®"Tc-labeled colloidal albumin in 37 patients [33]. They
reported a 92% success rate and the sentinel node was 100% predictive of the
axillary status. Borgstein et al. used the same tracer in patients witha T1 or T2
tumor [34]. There was a 94% identification rate and a 2% false-negative rate.
Miner et al. applied the use of ultrasound to aid in the peritumoral injection of
an unfiltered ®mTc sulfur colloid [35]. The sentinel node was identified in 98%
of patients with a predictive value of 98%. Offodile et al. used *"Tc-labeled
dextran as the radioactive tracer in 41 patients with an identification rate of 98%
and an accuracy rate of 100% [36]. Crossin et a. utilized a peritumoral injection
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of the ®"Tc sulfur colloid and found the sentinel node in 84% of cases with an
accuracy rate of 98% [37]. Barnwell et al. reported a 90% identification rate and
100% accuracy rate using the combined technique [38]. The group at Memorial
Sloan Kettering Cancer Center was successful in identifying the sentinel node
in 93% of cases, but the tumor status of the axillawas accurately reflected in only
95% [39]. Koller et al. recently reported their results using either amethylene blue
or patent blue dye [40]. A sentinel node was successfully identified in 98% of
patients and was 97% accurate. It is clear from these studies using a variety of
techniques that the success rate of identifying the sentinel node is greater than
90%. More importantly, the accuracy of the sentinel node in predicting the nodal
status of the axilla was consistently over 95%. The average number of sentinel
nodes excised in al of these studies ranged from 1 to 2.9 and was similar irrespec-
tive of the use of a vital dye, a radioactive tracer, or a combination. Sentinel
lymphadenectomy can be successfully performed in a variety of centers both in
academic and private settings.

TECHNIQUES
Intraoperative Lymphatic Mapping Using Vital Blue Dye

After the induction of general or local anesthesia with intravenous sedation, 3—
5 mL of 1% isosulfan blue dyeisinjected into the breast parenchyma surrounding
a primary breast tumor or into the wall of the cavity after an excisional biopsy
[26,31,32]. If the lesion is nonpal pable, a mammographic or ultrasound localiza-
tion procedure will be necessary. The timing of the axillary incision and the
amount of dye injected depend on the location of the tumor (Table 2). Once the
dye is injected, the area is massaged for several minutes to augment the action
of the lymphatic pump and promote passage of the blue dye to the sentinel node.
A transverse incision is made at the inferior aspect of the hair-bearing region of
the axilla. The axillary space is entered and blunt dissection is performed to iden-
tify a blue-stained lymphatic channel, which is commonly located just below the

Tase2 Recommendations for Volume of Blue Dye and Time
from Injection to Incision

Volume of dye  Time to incision

Location of primary tumor (mL) (min)
Upper outer quadrant 3-4 4-5
Upper inner quadrant 4-5 5-6
Lower outer quadrant 5 5

Lower inner quadrant 5 7
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Ficure 1  Sentinel node (large arrow) in the right axilla identified by dissecting a blue
lymphatic duct (small arrow).

axillary fascia. The blue lymphatic channel is then dissected both proximally and
distally until a blue-stained lymph node is identified (Fig. 1). Abduction of the
arm above the patient’s head will facilitate identification of the blue node. The
sentinel node is then excised and sent for pathological evaluation.

At the John Wayne Cancer Institute, we perform a frozen-section examina
tion, but other institutions rely only on evaluation of permanent sections. A com-
pletion level | and Il axillary dissection should be performed when the sentinel
node is found to contain metastatic cells or if the sentinel node is not identified.

Intraoperative Lymphatic Mapping Using a Radioactive
Tracer

There are severa different radioactive tracers that can be used to identify the
sentinel node. In the United States, the most commonly used agents are the ®*™Tc-
labeled sulfur colloid [23,35,37], the ®*™"Tc abumin colloid [30,33,34], or ®*"Tc
dextran [36]. These agents areinjected 1-24 h prior to operation. Some investiga-
tors use filtered agents, which have a faster transit time; others prefer unfiltered
agents. The timing of the injection depends on the type of radioactive colloid
used. Prior to operation, 9—37 MB(q (0.25-1.0 mCi) of the radiopharmaceutical
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is injected into the breast parenchyma surrounding a primary tumor or biopsy
cavity. A lymphoscintigram may be performed to mark the location of the sentinel
node prior to surgery. Thisis of value in medial hemisphere lesions, where it is
important to document axillary drainage. Rarely, amedial hemisphere lesion may
drain only to lymph nodes in the internal mammary chain, thereby decreasing
the success rate of identifying an axillary sentinel node. Intraoperatively, a
gamma probe is used to map the lymphatic drainage pattern. A background count
is established by measuring the radioactive count over a neutral site. The skinis
incised over the area of greatest activity. Blunt dissection is carefully performed
until the gamma probe signal intensifies and a lymph node is found. Once the
sentinel node is identified and removed, the axillary basin should be scanned for
residua radioactivity. An attempt should be made to find a second sentinel node
if the count rate is till increased. If the primary lesion is in the upper outer
quadrant, the sentinel node may be difficult to identify dueto the‘* shinethrough’’
from the injection site. The segmental mastectomy may be performed prior to
searching the sentinel node to avert this problem.

The definition of a ‘*hot’’ node varies among investigators and may be
dependent on the type of radioactive colloid used. Krag et al. define the sentinel
node as any node with radioactivity levels three times that of background and at
least 15 counts per 10 s[23]. Veronesi et a. define the sentinel node as the node
with the highest radioactivity counts [30], whereas Albertini et al. define the
sentinel node as the node with at least 10 times the radioactivity of neighboring
nonsentinel nodes [28]. Unfortunately, the various definitions used to define the
sentinel node make it difficult to standardize the technique.

Intraoperative Lymphatic Mapping Using Both
a Radioactive Tracer and a Vital Blue Dye

This approach utilizes both the blue dye technique and the radioactive tracer.
Theradioactive colloid isinjected preoperatively, whereasthe blue dyeisinjected
in the operating room several minutes prior to the axillary incision. Thistechnique
may be the best technique for the beginner because it provides the surgeon with
two modalities to identify the sentinel node.

HISTOPATHOLOGICAL ANALYSIS

The histopathological examination of the sentinel node is a critical component
to the success of the procedure. Frozen section or touch prep cytology may be
performed to confirm the presence of lymphoid tissue and to identify the presence
of metastases. Frozen-section analysis can be difficult, particularly in invasive
lobular cancers. False-negative results from 7% to 23% have been documented
[41-43]. Permanent section hematoxylin & eosin (H&E) staining is imperative
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to confirm the results of frozen-section analysis. The addition of immunohisto-
chemistry using antibodies to low- and intermediate-molecular-weight cytokera-
tin (MAK-6, Ciba-Corning, Alameda, CA, U.S.A.) has improved the detection
of micrometastases.

In astudy by Giuliano and co-workers, 162 patients who underwent a senti-
nel lymphadenectomy followed by acompletion axillary node dissection (sentinel
node group) were compared to 134 patients who underwent axillary node dissec-
tion aone (axillary dissection group) [44]. All sentinel nodes were evaluated with
standard H& E staining and immunohistochemistry; the other axillary nodes were
evaluated by H& E alone. The sentinel node biopsy group had a 42% incidence
of nodal metastases and the axillary dissection group had only a 28% incidence
of nodal metastases (p < 0.03). The difference was primarily due to an increase
in the detection rate of micrometastases. Micrometastasis (defined as a tumor
deposit smaller than 2 mm) was detected in 38.2% of the sentinel node biopsy
group compared to 10.3% of the axillary dissection group. |mmunohistochemistry
staining identified 11 of the 26 micrometastases in the sentinel node group
after H& E stains were negative. The addition of immunohistochemistry to the
histopathologic evaluation of the sentinel node upstaged an additional 16% of
patients. By allowing a more focused histopathological analysis of the sentinel
node, patients undergoing sentinel lymphadenectomy had improved axillary
staging.

Turner and co-workers applied immunohistochemistry to all nonsentinel
nodes in a cohort of patients who had undergone a sentinel lymphadenectomy
followed by a completion axillary node dissection [45]. The purpose of this study
was to determine if the enhanced detection of metastatic tumor in the sentinel
node reflected a more intensive histopathological workup of the sentinel node as
compared to nonsentinel nodes. A total of 1087 nonsentinel nodes were examined
at two levels using immunohistochemistry and only one nonsentinel node was
found to contain a micrometastasis. Therefore, if the sentinel node is negative
on H& E and immunohistochemical staining, the probability of nonsentinel node
involvement is less than 0.1%.

ROLE OF SENTINEL LYMPHADENECTOMY IN DUCTAL
CARCINOMA N SITU

The number of patients diagnosed with ductal carcinomain situ (DCIS) has in-
creased dramatically over the last 20 years with the increased use of screening
mammography. The treatment of DCIS has ranged from mastectomy to segmen-
tal resection. Therole of axillary dissection has not been addressed in DCIS. The
prognostic importance of axillary nodal metastases has focused on invasive can-
cer and, therefore, there has been no consensus as to the optima management
of the regional nodes in patients with noninvasive breast cancer.
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Axillary nodal metastases have been documented in patients with DCIS.
The American College of Surgeons Study reported a 1-4% incidence of nodal
metastases [46]. In spite of this low rate of nodal metastases, data from the Na-
tional Cancer Data Base in 1991 indicated that 58.5% of patients with DCIS
underwent an axillary dissection [47]. Several investigators have used the lym-
phatic mapping technology to identify the sentinel node in patients with DCIS.
Zavotsky and co-workers at the John Wayne Cancer Institute evaluated a subset
of DCIS patients with evidence of microinvasion. Two patients (14.3%) had tu-
mor-involved sentinel nodes. In both cases, the sentinel node was the only tumor
involved node. Cox and co-workers reported a 4.6% incidence of nodal metasta-
ses in their cohort of 87 patients with DCIS [29].

Ductal carcinomain situ has been classified into histological subtypes that
correlate with biologic behavior. In situ comedo carcinoma carries agreater long-
term risk for infiltrating cancer and is more likely to become invasive. Although
the incidence of nodal metastases is low, sentinel lymphadenectomy appears to
be a good alternative to axillary node dissection, particularly in comedo lesions.
The use of systemic treatment has not been advocated in patients with DCIS in
general. However, patients with nodal metastases would require adjuvant therapy,
making sentinel lymphadenectomy an important diagnostic tool for these individ-
uals.

CLINICAL SIGNIFICANCE OF OCCULT METASTASES

Although the clinical significance of micrometastases in lymph nodes has not
been validated in a prospective study, there have been several retrospective stud-
ies which have addressed this important question. It is well known that lymph
node statusisthe most important prognostic factor for patients with breast cancer.
Despite this observation, 15—-20% of node-negative women develop arecurrence
within 10 years. It isnot clear whether or not the presence of occult dissemination
may be a predictor of relapse. To date, the natural history of micrometastasesis
unknown and the published literature is contradictory. Earlier studies using serial
sectioning and H&E staining reported no significant difference in survival be-
tween patientswith uninvolved nodes and those with occult metastases. However,
axillary micrometastases were associated with decreased survival in certain sub-
groups, including those with T1 tumors or tumors larger than 1.3 mm in diameter.
The Ludwig Breast Cancer Study group reevaluated 921 breast cancer pa
tients whose original pathological workup did not identify axillary metastases
[48]. The axillary nodes were sectioned at six different levels and examined with
H&E stains. The incidence of nodal metastases increased by 9%. Patients with
micrometastases had |ower rates of 5-year disease-free survival (58%) and overall
survival (74%) compared to those with truly negative nodes (79% and 88%, re-
spectively). These differences were found to be statistically significant.
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De Mascarel et a. used immunohistochemistry to identify micrometastases
in 23% of their study population [49]. In patients with invasive ductal cancer,
immunohi stochemistry-detected di ssemination was the most significant factor as-
sociated with recurrence and had a significant impact on overall survival. Trojani
demonstrated a 14% increase in micrometastases with the addition of immunohis-
tochemistry which correlated with a lower survival [50]. Hainsworth et al. in a
similar study concluded that the presence of occult metastases increased the 5-
year recurrence rate from 16% to 32% [51].

Other investigators have reported conflicting results [52-55]. Pickren et al.
evaluated 199 breast cancer patients and found a 22% increase in micrometastases
with the addition of serial sectioning, but this increase did not have an impact
on overall survival [52]. Friedman et a. evaluated 1153 patients, and athough
there was an increase in the number of micrometastases, therelativerisk of distant
metastases was identical in the two groups [56].

The addition of immunohistochemistry to the entire axillary specimen is
impractical due to both time and financia constraints. However, the addition of
immunohistochemistry to the sentinel node alone may improve the detection of
tumor spread and the natural history of micrometastases may eventually be eluci-
dated. The American College of Surgeons’ Oncology Group will be conducting a
prospective study to evaluate the clinical significance of immunohistochemistry-
detected dissemination.

CONCLUSION

Intraoperative lymphatic mapping and sentinel lymphadenectomy is an innove-
tive technique to accurately stage patients with breast cancer with minimal mor-
bidity. Although there have been no published reports of sentinel lymphadenec-
tomy alone, one can anticipate that the complication rate will be lower when
compared to astandard axillary node dissection. This may be particularly relevant
to the majority of patients who are node negative at initial diagnosis. This group
of patients would be at risk for the morbidity of an axillary node dissection with-
out any known benefit from the procedure. Because the incidence of nodal metas-
tases is related to tumor size, several investigators have suggested abandoning
axillary node dissection in patients with T1a (up to and including 0.5 cm) or T1b
(0.5-1.0 cm) lesions [57,58]. Nodal involvement, however, has been documented
in 15-25% of such patients and 3—-28% of patients with T1a tumors [59,60].

Because adjuvant therapy is generaly reserved for patients with tumors
larger than 1 cm regardless of nodal involvement or tumors of any size with
noda involvement, it is important to determine the nodal status particularly in
patients with tumors less than 1 cm in size [17]. Sentinel lymphadenectomy is
especially important in this subset of patients.
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A recent review of 256 patients with T1 breast cancers at the John Wayne
Cancer Institute documented nodal metastases with routine H& E staining in 10%
of Tlatumors, 12% of T1b tumors, and 27% of T1c (1-2 cm) tumors. In a subset
of T1 patients who underwent sentinel lymphadenectomy, the incidence of nodal
metastases increased to 15% for both T1a and T1b lesions with the addition of
immunohistochemistry [61]. The overal incidence of axillary metastases may
need to be reevaluated because the addition of immunohistochemistry and a fo-
cused histopathological workup increases the detection of axillary metastases.
Patients with a historically low risk of axillary metastases may be found to have
a higher rate of positivity with the addition of lymphatic mapping. It will be
interesting to see if the improved axillary staging with the addition of the sentinel
node affects survival. A prospectivetrial will be necessary to answer this question
and is the second goa of the American College of Surgeons trial.

Several investigators have found that the sentinel node is often the only
lymph node to contain metastastic tumor cells. In our previous study of 107
consecutive patients, 67% of those with sentinel node involvement had no other
tumor-positive nodesin the axillary basin [27]. Albertini published similar results
[28], whereas Verones found that only 38% of his patients had no other nodal
involvement [30]. Although there is no accurate means of predicting which pa-
tients will have axillary metastases limited to the sentinel node, the size of the
primary tumor and the size of the sentinel node metastases may predict the likeli-
hood of nonsentinel node metastases. Patients with T1 tumors and immunohisto-
chemistry-detected sentinel node metastases had no additional metastastic lymph
nodesidentified [62]. Therefore, not all patients—even with sentinel node metas-
tases—may need completion axillary node dissection. At thistime, a completion
axillary node dissection is advised for al sentinel-node-positive patients. How-
ever, if axillary dissemination is only a prognostic marker and has no effect on
survival, the need for axillary dissection will have to be reevaluated. A prospec-
tive randomized trial will be necessary to answer this important question.

Sentinel lymph node biopsy should be considered an experimental tech-
nique. Although the accuracy of the technique has recently been validated in a
multicenter trial, the procedure has not been validated for community use. This
approach is still under investigation and any plan to immediately abandon axillary
dissection without documenting the ability to successfully and accurately identify
the sentinel node should be discouraged. The premature use of this technique has
the potential to result in missed positive axillary nodes that may take months or
yearsto become clinically evident. Although several investigators have published
promising results, there are still many questions that must be answered before
sentinel node biopsy can replace axillary dissection. Should preoperative lymph-
oscintigraphy be used? What is the best surgical technique? How should internal
mammary sentinel nodes be managed? What is the role for the reverse tran-
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scriptase—polymerase chain reaction (RT-PCR) in the evaluation of sentinel
nodes?

As with any new technique, it is imperative that each surgeon documents
his or her ahility to accurately identify the sentinel node by performing a subse-
guent completion axillary dissection. Quality control is paramount for successful
application of this technique and involves not only surgeons but aso the other
speciaistsinvolved. Successful application of sentinel lymphadenectomy in clini-
cal practicerequires acoordinated effort among the surgeon, the nuclear medicine
physician, the radiologist, and the pathol ogist to assure high quality and accurate
staging.

It is clear that not all patients are candidates for this procedure. Patients
with a large tumor or a large biopsy cavity may have a higher false-negative
rate after sentinel node biopsy. Patients with prior axillary surgery may not be
candidates due to disruptance of the axillary lymphatics. Multicentric disease is
a contraindication due to the inability to determine which focus should be in-
jected. The effects of pregnancy, lactation, or preoperative chemotherapy on this
procedure are unknown and further investigation is needed to determine if these
patients are candidates for this procedure.

Sentinel lymphadenectomy is perhaps the most exciting advancement in
the surgical management of patients with early breast cancer because the advent
of breast-conserving procedures. It provides the surgeon with a minimally inva-
sive technique to accurately assess the axillary nodal status and limit morbidity
in those patients who do not require a completion dissection. It isimperative that
the procedure be done accurately and safely. Centers should avoid offering senti-
nel lymphadenectomy alone until they have formally trained surgeons and nuclear
medicine physicians in place who are comfortable with the technique and have
documented their success. The true test of sentinel lymphadenectomy in patients
with breast cancer will only be available after a sufficient amount of time has
elapsed in those patients undergoing sentinel lymphadenectomy alone. Axillary
metastases are considered a poor prognostic marker, and, to date, there has not
been a consensus regarding the effect of their surgical removal on overall sur-
vival. The sentinel node procedure offers the ability to further evaluate the effect
of axillary metastases on both local recurrence and ultimately survival. A pro-
spective randomized trial may help to answer some of these questions.
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INTRODUCTION

The value of lymphatic mapping and identification of the sentinel lymph node
is currently being investigated in a variety of malignancies. This chapter deals
with the possible role that lymphatic mapping may play in vulvar cancer. In order
to set the stage, epidemiology, clinical features, staging, prognosis, and treatment
of vulvar cancer are briefly summarized. This provides the clinical background
information necessary to understand why further development of techniques to
identify the sentinel node (or first-tier node, or first-echelon node) in vulvar can-
cer is warranted. Subsequently, the literature on lymphatic mapping and sentinel
lymphadenectomy in vulvar cancer is reviewed. Possible methods for implemen-
tation of this novel diagnostic technique in clinical practice will be discussed.

ABOUT THE DISEASE

Vulvar cancer accounts for 3—4% of all female malignancies. The incidence rises
from one per 100,000 at age 40 to 20 per 100,000 after age 80 [1]. In the Nether-
lands, 235 new patients with vulvar cancer were diagnosed in 1994 [2]. The
incidence of vulvar cancer has remained stable in recent decades [3]. A risein
absolute numbers of vulvar cancer is expected because of the proportional in-
crease in the average age of the population. The mean age at presentation is
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about 70 years. Figure 1 shows the age distribution of new patients at Groningen
University Hospital from 1979 to 1997. The most prominent presenting symptom
of vulvar cancer is localized pruritus. Other common symptoms are a vulvar
mass, bleeding, pain, discharge, or urinary tract symptoms [4,5]. Vulvar itching
is often noted many years before malignant changes are documented and is often
investigated only after trials of various medical regimens have been unsuccessful.
In more than 50% of patients, there is a (patient’s and doctor’s) delay of more
than a year before the diagnosis is established [4,6].

About 90% of vulvar cancers are of the squamous cell type. Melanoma,
Paget’s disease, adenocarcinoma, basal cell carcinoma, and sarcoma are much
less common [1,2,5,7]. Most squamous cell cancers of the vulva present on the
labia majora, but the labia minora, clitoris, and perineum also may be primary
sites[8]. About 5% of vulvar cancers are multifocal [3]. This chapter particularly
deals with squamous cell cancer of the vulva.

Vulvar cancer may spread by three routes. Spread by direct extension is
infrequent. Initial spread usually occurs to the inguinofemoral lymph nodes. Dis-
semination via the bloodstream to other sites occurs late in the course of the
disease and is rare in the absence of lymph node metastases [3]. Table 1 shows
the staging system for vulvar cancer. Seventy percent of the patients are Stage
| or Il and have an excellent prognosis, with 5-year survivals of 98% and 85%,
respectively [5,10]. The most important prognostic factor is the inguinofemoral
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Ficure 1 Age distribution of 440 patients with vulvar cancer at the Groningen Univer-
sity Hospital.
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Tase 1 Staging System for Vulvar Cancer of The International Federation of
Gynecology and Obstetrics (FIGO)

Stage | Lesions 2 cm or less in size confined to the vulva or perineum; no nodal
metastasis

[Stage IA  Lesions 2 cm or less in size confined to the vulva or perineum and with
stromal invasion no greater than 1.0 mm?, no nodal metastasis]

Stage |1 Tumor confined to the vulva and/or perineum or more than 2 cm in the
greatest dimension; no nodal metastasis
Stage 111 Tumor of any size with (i) adjacent spread of the lower urethra and/or the

vagina or anus and/or (ii) unilateral regional lymph node metastasis
Stage IVA  Tumor invades any of the following: upper urethra, bladder mucosa, rectal
mucosa, pelvic bone, and/or bilateral regional node metastasis
Stage IVB  Any distant metastasis including pelvic lymph nodes

2 The depth of invasion is defined as the measurement of the tumor from the epithelial—stromal junc-
tion of the adjacent most superficial dermal papilla to the deepest point of invasion.
Source: Ref. 9.

lymph node status. The 5-year survival rate for patients with uninvolved lymph
nodes is approximately 90%, but this decreases to about 50% for patients whose
nodes contain metastatic disease [3]. The number of diseased inguinofemoral
lymph nodes is the most important single prognostic factor. Five-year survival
decreases from 75% in patients with one or two metastatic lymph nodes to 24%
when five or six lymph nodes are involved [10]. For Stages Ill and 1V, 5-year
survival rates are 40% and 13%, respectively [5].

TREATMENT

Surgery is first choice in the treatment of vulvar cancer. In the early part of this
century, treatment mainly consisted of local excision and 5-year survival was a
mere 20%. Overall surviva figures rose to more than 60% when Taussig and
Way introduced radical vulvectomy with en bloc bilateral inguinofemoral and
pelvic lymphadenectomy to replace simple local excision [11,12]. Due to this
dramatic improvement of prognosis, this radical surgical approach became the
standard treatment for almost al patients with vulvar cancer. Over the past 15
years, however, the surgery has become more conservative. Significant advances
have been made by the elimination of routine pelvic lymphadenectomy, introduc-
tion of radical local excision instead of radical vulvectomy, and unilateral or
bilateral inguinofemoral lymphadenectomy via separate incisions in selected
cases. In genera, it appears that individualization of treatment results in high
efficacy with less morbidity [3].
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Postoperative adjuvant radiotherapy to the inguinofemoral and pelvic
lymph nodes is indicated when more than one involved inguinofemoral lymph
node is found or when tumor growth extends beyond the capsule of a lymph
node [13,14]. Radiotherapy can aso be part of alternative primary therapy in
patients with midline tumors in order to preserve important anatomical structures
like the clitoris, the urethra, and the anal sphincter [15,16]. In advanced disease,
radiotherapy (in combination with chemotherapy and/or surgery) may be used
as primary treatment [3]. The indicationsfor chemotherapy arelimited. A number
of compounds are available as radiosensitizers and can be used in conjunction
with radiotherapy, especialy in advanced vulvar cancer [3].

COMPLICATIONS OF SURGICAL THERAPY

Radical vulvectomy with en bloc inguinofemoral lymph node dissection is re-
markably well tolerated in spite of the extent of the surgery and the advanced
age of the majority of the patients. The postoperative mortality rate is approxi-
mately 2%, usually as a result of pulmonary embolism or myocardial infarction
[3,17]. Although overall surviva figures are excellent with radical surgery, the
short- and long-term morbidity associated with this procedure is substantial.
Complications arerelated either to the radical vulvectomy or to the lymphadenec-
tomy. Wound healing is often disturbed. Postoperative wound breakdown and
infection occur with a frequency of up to 85%, often prolonging hospitalization
[4]. Other early postoperative complications include urinary tract infection, ser-
oma, phlebitis, deep venous thrombosis, and hemorrhage. Psychosexual distur-
bance is a major long-term problem, especially in young patients [18,19]. Edema
of the lower extremitiesis an important |ate complication related to the lymphade-
nectomy. This unfortunate sequelais seen in up to 69% of patients, varying from
minimal to moderate edema [4]. Fortunately, most patients respond favorably
to elastic support. Urinary stress incontinence, hernia, prolapse, fistula, introital
stenosis, and rectal dysfunction are less common late complications [3]. The ex-
cellent survival rate with—unfortunately—impressive postoperative morbidity
have resulted in a search for less radical but equally effective surgery.

VULVECTOMY

Recent publications offer a still growing body of evidence that especially smaller
primary vulvar tumors can be managed with hemivulvectomy or radical local
excision instead of radical vulvectomy. An important factor to take into account
when determining the management of the vulvar lesion is the condition of the
remainder of the vulva. The presence of multifocal invasive lesions or widespread
in situ neoplasiamay preclude management by radical local excision [3]. Radical
local excision implies awide and deep excision of the primary tumor with surgi-
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cal-free margins of at least 1 cm. The frequency of local recurrence is estimated
to be 7% after local excision and 6% after radical vulvectomy for primary tumors
less than 2 cm in size [20]. A tumor-involved margin is the most powerful pre-
dictor of local recurrence. A margin of less than 0.8 cm is associated with 50%
chance of recurrence, whereas a 1-cm tumor-free margin results in a high rate
of local control [21]. Tumors less than 2 cm in size can be treated with a local
excision as long as surgical margins of 1 cm are obtained, resulting in lower
morbidity but with a prognosis that is comparable with radical vulvectomy [22].
Close proximity to the anus may preclude adequate surgical margins in perineal
lesions. Surgery in combination with radiotherapy should be considered in such
cases. In conclusion, radical local excision appearsto be asafe surgical alternative
to radical vulvectomy in selected patients with an otherwise normal-appearing
vulva

LYMPHADENECTOMY

Thirty percent of all patients with vulvar cancer have inguinofemoral metastases
and 20% of these patients will have pelvic metastases too [8,23]. For many de-
cades, the generally accepted treatment has been to perform bilateral inguinofem-
oral lymphadenectomy in patients with vulvar cancer with a depth of invasion
of more than 1 mm, even when the inguinofemoral nodes are not enlarged. The
rationale for this approach is the assumption that the prognosis is better after
elective inguinofemoral lymphadenectomy compared with surveillance of the
groins. However, no randomized trials have addressed the issue of elective versus
delayed inguinofemoral lymphadenectomy in patients with vulvar cancer and
clinically normal nodes. Such a tria is unlikely to be performed in the future,
as prospects are very poor for patients with vulvar cancer that recur in an initially
untreated groin [24]. A trial comparing e ective inguinofemoral lymphadenec-
tomy versus elective radiotherapy of the groins was stopped prematurely because
of anincreased recurrence rate and a worse outcome for patients in the radiother-
apy arm of thetrial [25]. The substantial morbidity that ensues from lymph node
dissection and the fact that the nodes are frequently free of disease justify the
search for a more conservative approach. In this respect, the controversies sur-
rounding the management of nonpal pable lymph nodes in carcinoma of the vulva
resemble the situation in squamous cell cancer of the penis [26,27].

Invulvar cancer, it is generally accepted that inguinofemoral lymphadenec-
tomy should be omitted only in patients with a tumor invading less than 1 mm
(Stage 18). Until now, only three cases of Stage |a have been reported with ingui-
nofemoral lymph node metastasis [28—30]. The existence of a more favorable
‘“microinvasive’’ type of vulvar cancer was suggested in 1970, analogous to mi-
croinvasive cervica cancer [6,31]. The risk of lymph node metastasis in these
vulvar cancers with a depth of invasion of less than 1 mm was estimated to be
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very low, which led to the advice to abandon routine inguinofemoral lymphade-
nectomy in these patients [6,32,33]. Further experience showed that the risk of
inguinofemoral lymph node metastases is too high to omit lymphadenectomy in
tumors that invade to a depth greater than 1 mm. Tumors with depths of invasion
of 1-3 mm and 3-5 mm result in inguinofemoral lymph node metastasesin 10%
and 25%, respectively [3].

Pelvic lymph nodes arerarely, if ever, involved in the absence of metastatic
vulvar cancer in the inguinofemoral nodes[8,23,34]. A randomized trial has been
carried out to compare pelvic lymphadenectomy with pelvic radiotherapy in pa
tients with inguinofemoral lymph node metastases after radical vulvectomy and
bilateral inguinofemoral lymphadenectomy [35]. Survival proved to be better in
the patients who received postoperative radiotherapy. Based on the low incidence
of metastatic pelvic lymph nodes in patients with negative inguinofemoral nodes,
routine pelvic lymphadenectomy should no longer be performed, whereas postop-
erative radiotherapy is indicated if more than one inguinofemoral lymph node
metastasis is found [8,23,34,35].

The rationale for inguinofemoral lymphadenectomy via separate incisions
instead of en bloc is that dissemination to the inguinofemoral lymph nodes does
not occur in continuity but by embolization [36]. Preservation of a*‘skin bridge’”’
results in a lower frequency of postoperative wound breakdown and less risk of
lymphedema of the legs. Hacker and co-workers found no difference in survival
between radical vulvectomy with en bloc inguinofemoral lymphadenectomy
when compared with surgery via separate incisions, whereas the morbidity was
less in the latter patient group [37]. Despite this decreased morbidity, seroma
and lymphadema are still frequently observed [37]. Tumor recurrence in the skin
bridge has been reported [38,39].

Unilateral inguinofemoral lymphadenectomy in lateral tumors with a me-
dial margin of more than 1 cm from the midlineisjustified, because contral ateral
metastases are rarely present in the absence of ipsilateral inguinofemoral metasta-
ses [3,40]. However, contralateral lymphadenectomy should be performed in
combination with postoperative radiotherapy when ipsilateral inguinofemoral
nodes are involved. Isolated contralateral metastases have been found in only
one study [41].

RATIONALE FOR SENTINEL LYMPH NODE BIOPSY IN
VULVAR CANCER PATIENTS

Several of the characteristics of vulvar cancer as described earlier suggest the
need for less invasive diagnostic techniques for evaluation of clinically unin-
volved inguinofemoral lymph nodes. The magjority of patients with vulvar cancer
present with early-stage disease and have alow frequency of nodal involvement.
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However, most clinicians are reluctant to abandon elective inguinofemoral
lymphadenectomy and to follow a“‘wait and watch’’ policy because of the dismal
prognosisin patients with a groin recurrence. Elective inguinofemoral lymphade-
nectomy is associated with significant short-term and long-term morbidities. He-
matogenous metastases are rare.

At present, no reliable noninvasive techniques for the detection of inguino-
femoral lymph node metastases are available. Physical examination of the groins
is inaccurate in 25% of cases [4]. The percentage of error in clinical appraisal
increases progressively with the stage of disease: from 18% for Stage | to 44%
for Stage IV [4]. Little information exists on the value of imaging techniques
such as magnetic resonance imaging and computerized tomography. The results
of the use of ultrasound and positron emission tomography are disappointing
[42,43]. All these reasons provide arationale for lymphatic mapping with sentinel
lymphadenectomy in patients with vulvar cancer.

STUDIES ON LYMPHATIC MAPPING AND SENTINEL
LYMPHADENECTOMY IN PATIENTS WITH VULVAR CANCER

DiSaia in 1979 was the first to postulate that the superficial groin nodes may
serve as sentinel lymph nodes for more deeply situated nodes in patients with
vulvar cancer [18]. Patients with clinically normal nodes underwent intraopera-
tive mapping through a modified incision. No complete lymphadenectomy was
performed if frozen-section analysis of the superficial lymph nodes did not show
metastasis. However, in later studies of early vulvar cancer, femoral node metas-
tasis was reported after biopsy of tumor-free superficial inguinofemoral nodes
[44].

In 1983, Iversen and Aas presented a scintigraphy study of lymph drainage
of the vulvain patients with cervical cancer scheduled for radical surgery [45].
The conclusions of this study were as follows: in al patients, the vulvar lymph
flow passes to the inguinofemoral and pelvic lymph nodes; clitoris and perineum
have bilateral drainage; the main lymphatic pathway isipsilateral after injection
in the labium, but nearly 70% also have some contralateral lymph drainage; and
no direct pathways to pelvic nodes exist with bypassing of the inguinofemoral
nodes. A subseguent pilot study was undertaken in vulvar cancer patientsto corre-
late patterns of lymphatic drainage with clinical and histopathological findings
of the inguinofemoral lymph nodes [46]. However, radioactive tracer uptake pat-
terns in the inguinofemoral lymph nodes were not predictive for the presence or
absence of metastases.

In 1994, Levenback and co-workers published the first feasibility study of
sentinel node biopsy using isosulfan blue in nine patients with vulvar cancer [47].
No technique-related complications were observed and the sentinel lymph node
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status was indicative of the lymph basin status in all patients. Extension of the
study to 21 patients showed that the sentinel lymph node technique with isosulfan
blue was a safe and simple technique and that it allowed identification of the
sentinel node in 66% of the dissected groins [48]. In 1997, DeCesare and co-
workers reported a pilot study on intraoperative gamma-ray detection for identi-
fication of the sentinel node [49]. After induction of general anesthesia, atechne-
tium-99m (*"Tc)-labeled nanocolloid (Nanocoll®, Sorin Radiofarmaci Sr.l.,
Saluggia, Italy) was injected around the tumor. A hand-held gamma detection
probe (Neoprobe 1000”, Neoprobe Corporation, Dublin, OH) was used for identi-
fication of the first-tier node. This technique correctly indicated the nodal status
inall four cases with metastatic inguinofemoral dissemination and in al 16 groins
without disease. The ®*"Tc-labeled colloid had to be injected at least 1 h before
the procedure in order to allow the background radiation in the groin to decrease
sufficiently for the sentinel lymph node to be identified.

At our institution, a feasibility study involving 11 patients was performed
to determine whether the sentinel node could be identified using a combination
of a preoperatively administered ®"Tc-labeled nanocolloid and intraoperatively
administered patent blue dye (Blue Patenté V, Guerbet, Aulney-Sous-Bais,
France) [50]. Lymphoscintigraphy was performed on the day before the opera-
tion, with a peritumoral injection of a *™T¢ nanocolloid. The first-appearing per-
sistent focal accumulation was designated as the sentinel lymph node. The loca-
tion of this sentinel lymph node was marked on the overlying skin. The
subsequent day, patent blue dye was injected intradermally around the primary
tumor, approximately 10 min prior to the surgical resection. A hand-held gamma
detection probe was used during the operation to localize the sentinel lymph node.
After removing the sentinel lymph node(s), complete inguinofemoral lymphade-
nectomy was performed and these lymph nodes were sent for histopathological
examination separately. In 10 evaluable patients, preoperative administration of
the ®™T¢ nanocolloid was well tolerated. One patient refused further participation
just before the injection of the radioactive tracer because of anxiety about pain.
All 18 sentinel lymph nodes were identified with the probe. Ten of the 18 nodes
were stained blue or had a blue-stained lymphatic duct leading up to them (56%).
The inguinofemoral lymph nodes were free of disease in eight patients, and both
sentinel and nonsentinel nodes contained metastatic disease in the remaining two
patients. We concluded that identification of the sentinel lymph node is feasible
in patients with vulvar cancer by the combination of a preoperatively adminis-
tered ®¥"Tc-labeled nanocolloid and intraoperatively administered blue dye (see
case report and Figs. 2 and 3).

Two other feasibility studies concerning identification of the sentinel lymph
node in vulvar cancer with comparable results were published [51,52]. Recently,
Ansink et a. published a multicenter study to investigate the negative predictive
value of the sentinel node procedure in 51 patients [53]. Only blue dye was used,



Tase 2  Studies on Lymphatic Mapping of Squamous Cell Carcinoma of the Vulva

Patients SLN# found False negative
Study [Ref.] (n) Tracer Blue dye Scintigraphy (groins) SLN
Levenback et al. 1995 [48] 21 no yes no 66% 0
DeCesare et al. 1997 [49] 10 yes no no 100% 0
De Cicco et a. 1997 [51] 15 yes no yes 100% 0
de Hullu et al. 1998 [50] 10 yes yes yes 100% 0
Rodier et a. 1999 [52] 8 yes yes yes 100% 1
Ansink et al. 1999 [53] 51 no yes no 56% 2

2SLN = sentinel lymph node.
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and the identification of sentinel lymph nodes was successful in only 56% of the
groins. Moreover, in two patients false-negative sentine lymph nodes were
found. (See Table 2 for a summary of the studies). In this multicenter study, five
referral centers participated. However, three of the five centersincluded less than
10 patients, and it is generally accepted that there is a learning curve in per-
forming the SLN procedure. Morton suggested a learning phase of at least 30
consecutive cases per center for cutaneous melanoma. In view of the fact that
there are only minimal variations in the anatomy of lymph flow in vulvar cancer
to the inguinofemoral lymph nodes (compared with the sometimes unpredictable
lymph flow of cutaneous melanoma), the learning curve will probably be steeper,
but at least the first 10 patients (with SLN procedures in 10—20 groins), should
be regarded as the learning phase for the SLN procedure in vulvar cancer.

CASE REPORT

A 76-year-old woman was referred to the Groningen University Hospital for
treatment of a suspicious lesion of the vulva. A tumor with a diameter of 3 cm
was found on the left labium minus, encroaching on the clitoris. A punch biopsy
showed squamous cell cancer with a depth of invasion of 4 mm. Because of the
location of thetumor, radical local excision with bilateral compl etion inguinofem-
oral lymphadenectomy with sentinel lymphadenectomy was performed. Figure
2 shows the location of the tumor. Figure 3 shows the preoperative lymphoscinti-
gram. One inguinofemoral sentinel lymph node is depicted on each side. At oper-
ation, both sentinel nodes were identified with the hand-held gamma probe. The
sentinel node in the left groin was also stained blue. Histopathological examina-
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Ficure 2 Location of the tumor of the patient described in the case report.
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Ficure 3 Anterior lymphoscintigraphy at 40 min postinjection (a) and after 6.5 h (b).
One first-tier node is shown on either side. Several second-tier lymph nodes are also
depicted. The early image depicts the lymphatic ducts.

tion of the primary lesion showed a highly differentiated squamous cell cancer.
Neither the sentinel nodes nor the other 15 nonsentinel nodes contained metastatic
disease. Fifteen months after the procedure there were no signs of recurrence.

DISCUSSION

Several issues are important in a discussion on lymphatic mapping in vulvar
cancer. An important aspect is whether to use peritumora blue dye as a single
technique or to use blue dye in combination with a radioactive tracer. The tech-
nique with blue dye aone, as used by Levenback and co-workers, has several
advantages: blue dye is cheap and its use avoids exposure of patients and medical
personnel to the risk of radiation. No expensive equipment isrequired. The whole
procedure is performed intraoperatively under general anesthesia, thereby
avoiding painful preoperative perilesiona injections [47,48]. However, the tech-
nigue with only blue dye also has some important disadvantages: the incision
has to be larger, and intraoperative mapping with only blue dye is more difficult
and more time-consuming. Based on a multicenter study in 51 patients, Ansink
et al. concluded that sentinel lymph node detection with only blue dye is not
feasible (56% identification of the sentinel lymph node), and its negative pre-
dictive value is too low (two patients with false-negative sentinel lymph nodes)
[53]. Larger experience with sentinel lymphadenectomy in melanoma and breast
cancer has demonstrated that the combination of intraoperatively administered
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blue dye together with preoperatively performed lymphoscintigraphy and use of
the intraoperative gamma probe enables oneto find sentinel node in more patients
than is possible with intraoperative blue dye alone [54,55]. Kapteijn and co-work-
ers recently compared the two techniques in patients with cutaneous melanoma.
They were able to find the sentinel node in 99.5% of the patients with the com-
bined technique, whereas the node was identified in only 84% with blue dye
aone [56]. The same group a so showed a high reproducibility of lymphoscinti-
graphy in assessing the location and the number of sentinel lymph nodes in cuta-
neous melanoma [57].

Although the numbers from our own institution in vulvar cancer are still
small, atrend can be found when our results are compared with those of Leven-
back. Our combined technique allowed sentinel node identification in 100% of
the patients and in 88% of the groins, compared with 86% and 66%, respectively,
in Levenback'’s series with the blue dye technique only. Another argument is that
identification of the sentinel node is generally easier using the combined tech-
nique with the intraoperative gamma probe guiding the dissection. It isthe experi-
ence of several authors that a learning phase of 20—40 patients is usual for the
blue dye technique (Nieweg and Schraffordt Koops, personal communication).
The combined technique is mastered more quickly. This is an important issue,
especially invulvar cancer becauseit isarare gynecological tumor. Few gynecol-
ogists are likely to gain as much experience as the general surgeons dealing with
breast cancer or melanoma. A final important argument in favor of use of the
combined technique in vulvar cancer is that only one groin needs to be explored
when preoperative lymphoscintigraphy shows unilateral drainage.

Another issue to be considered is the optimum time for lymphoscintigra-
phy. DeCesare injected the *"Tc-labeled colloid after induction of general anes-
thesia, thereby avoiding painful preoperative peritumoral injections. A disadvan-
tage of the immediately preoperative radioactivity injection is the nonspecific
background radiation in the groin. It takes at least 1 h before evaluation with the
hand-held probe can commence. Also, dynamic imaging is impossible with this
approach and identification of the first-tier node isdifficult. Therefore, all radioac-
tive nodes have to be harvested. The unavoidable overflow of radioactive tracer
from afirst-tier node to higher-tier (nonsentinel) nodes will result in removal of
more nodes than is necessary. Our study on the identification of the sentinel node
with preoperative administration of the radioactive tracer showed the feasibility
of this technique. This approach avoids the above-mentioned disadvantages of
intraoperative administration of the radioactive tracer. Another advantage of pre-
operative lymphoscintigraphy isthat it allows identification of sentinel nodes that
are in an unexpected extreme lateral or media position. Such locations were
occasionally observed by Levenback.

Recent studies in melanoma and breast cancer patients show very low fre-
guencies of false-negative sentinel lymph nodes [54,55]. In the combined 115
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patients in 6 studies in vulvar cancer, three false-negative sentinel lymph nodes
have been reported so far [48-53]. In two patients in whom false-negative senti-
nel lymph nodes were found, only blue dye was used. The results with the com-
bined technique are encouraging, but it is obvious that more data have to be
collected until meaningful statistical conclusions can be reached with regard to
the predictive value of a negative sentinel lymph node for the tumor status of
the entire groin. This may take severa years. The predictive value of a negative
sentinel lymph node can be calculated to be higher than 90% (within 95% confi-
dence interval) when in 34 patients no or only one false-negative sentinel lymph
node is found. For patients with a vulvar cancer less than 2 cm in size with
an estimated frequency of inguinofemoral metastases of 10%, application of the
sentinel node technique with a previously proven sensitivity of more than 90%
implies that in 100 patients, one inguinofemoral lymph node metastasis will be
missed at the most. We are currently extending our feasibility study to 34 patients
with tumor-positive groins. Identification of all these patients with metastatic
disease would indicate a sensitivity of this approach of 100% with a confidence
interval of 90-100%. If, indeed, sensitivity of our combined detection technique
provesto be more than 90%, we will perform a subsequent study in which patients
with early-stage vulvar cancer and a negative sentinel node will be spared a fulll
inguinofemoral lymphadenectomy. At present, we certainly do not advocate ap-
plication of lymphatic mapping by individua departments that do not participate
in trials in which the safety of this approach is closely evaluated.

CONCLUSIONS

The clinical characteristics of vulvar cancer imply a possibly important role of
lymphatic mapping in patients with this disease. Currently available studies on
the identification of the sentinel lymph node in vulvar cancer are preliminary but
show that so far the histopathology of the sentinel lymph node is representative
of the entire inguinofemoral region if the sentinel node is free of disease. At
present, we prefer identification of the sentinel node by a combined technique
with a preoperatively administered *™Tc-labeled nanocolloid and intraoperative
use of patent blue dye and a gamma detection probe, thereby allowing preopera-
tive lymphoscintigraphy with the designation of sentinel lymph nodes. Further
validation of the technique in patients with vulvar cancer hopefully will spare
future patients with anegative sentinel node afull groin dissection with its associ-
ated short-term and long-term morbidities.
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INTRODUCTION

The vast mgjority of penile cancers are squamous cell carcinomas. The incidence
of this type of cancer varies across the world from 7.9/100,000 in Brazil to 0.9/
100,000 in the Netherlands. Smoking, foreskin pathology, and human papilloma
virus infection are generally considered causal factors. The rarity of this disease
in Western countries has precluded large-scale prospective randomized clinical
trials. As treatment recommendations have been based mostly on retrospective
studies, some aspects of management are still controversial. Questions that re-
main to be answered are the safety of organ-preserving procedures and the best
management of the regional nodes. Controversies include the timing and extent
of regional lymph node dissection. Should a node dissection be done in every
patient presenting with a penile cancer and should the node dissection be inguinal
or ilio-inguinal, unilateral or bilateral?

Lymphatic mapping with sentinel lymphadenectomy can be of help in solv-
ing some of these dilemmas. In this chapter, we will present the rationale for
this approach and the results that have been obtained so far.

LYMPHATIC DRAINAGE PATTERNS AND NATURAL HISTORY
OF PENILE CANCER

Anatomic studies by Rouviére at the beginning of this century and subsequent
studies by Daseler, as well as clinical observations, have given us insight into

203
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normal lymphatic drainage patterns of the penis [1,2]. The lymph nodes in the
groin are considered to be the primary regional nodes. The pelvic (iliac) nodes
are second-tier nodes.

Squamous cell carcinoma is characterized by local invasion and regional
spread, with late onset of hematogenous dissemination. Lymph node metastasis
is an adverse prognostic factor for survival. However, patients with minimal
involvement of the nodes have an excellent prognosis after regional lymphade-
nectomy. By contrast, most patients with extensive inguinal metastases or spread
to the pelvic nodes die of their disease, hence, the rationale to perform a lymph
node dissection at the earliest possible moment to remove metastases at a time
when they are till clinically occult. By definition, occult metastases cannot be
detected by simple physical examination. Analysis at our institution has shown
that the negative predictive value of normal findings at physical examination
(probahility of absence of metastasis with negative findings at physical examina-
tion) of theinguinal region is88%. Lymphangiography, ultrasound, computerized
tomography, and magnetic resonance imaging are all incapable of improving this
figure [3]. Thisleads usto state that no test is more reliable than physical exami-
nation in assessing clinically node-negative patients with squamous cell carci-
noma of the penis and that physica examination has limitations. The limited
value of clinical methods in detecting occult metastasis and the excellent survival
figures of patients with minimal nodal involvement have led some investigators
to recommend a lymph node dissection for all patients presenting with penile
cancer. However, more than 80% of these node dissections are unnecessary be-
cause of the absence of noda involvement in the resected specimen. Some 20—
40% of the patients develop short-term and/or long-term complications such as
wound-healing problems and lymphedema of the limb and/or the genital area
[4]. Based on studies at our and other institutions, risk profiles for nodal involve-
ment have been established [5]. Low-risk and high-risk patients are defined ac-
cording to the extent of the primary tumor and the grade of differentiation. Exam-
ining the high-risk category patients only, 40% of the elective node dissections
at our institution were unnecessary because of the absence of node metastasis.
The need for better detection of occult metastasis is clearly apparent.

SENTINEL NODE BIOPSY

In 1977, Cabanas published his study of lymphatic drainage of the penis using
pedal and penile lymphangiography [6]. He identified a lymph node that was
always visualized in the same position and named it the sentinel node. This node
was considered to be the first node reached by cancerous cells. Based on the
assumption of orderly progression of lymphatic tumor spread, absence of meta-
static deposits in the sentinel node would obviate the need for a regional lymph
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node dissection. This is the first use of the phrase ‘‘sentinel node’” in the litera-
ture.

The sentinel node was described as being situated medial to the superficial
epigastric vein. Its identification was based on static anatomical landmarks. This
procedure did not take into account the individual drainage pattern of each tumor
and the diverse anatomy of lymphatic drainage in individual patients [7]. Ca
banas's sentinel node concept for penile carcinoma has been regarded with
scepticism by several other investigators and has never become universally ac-
cepted. A number of false-negative biopsies have been reported [8-12].

Morton and co-workers took the sentinel node concept one step further in
patients with melanoma [13]. They identified the sentinel node with the aid of
avital dye through individual visualization of lymphatic channels originating in
the primary tumor. We took this innovation back to penile cancer for a prospec-
tive study of this new approach. In addition to the blue dye technique, we explored
the value of lymphoscintigraphy with a®"Tc nanocolloid as atracer for preopera-
tive evaluation and the value of a gamma detection probe for intraoperative guid-
ance.

LYMPHATIC MAPPING AND SENTINEL
LYMPHADENECTOMY STUDY

From January 1994, al clinically node-negative patients with squamous cell car-
cinoma of the penis were enrolled in this study with the exception of patients
with T1 tumors or carcinoma in situ. These latter patients are assumed to be at a
low risk of having occult metastases. The study group consisted of 40 consecutive
patients with a median age of 65 years (range: 28-87 years). Four of these pa-
tients presented with a recurrent tumor of the penis after previous penis-conserv-
ing therapy. Two patients with pal pable unilateral lymph node metastases, proven
by fine-needle-aspiration cytology, were included in the study for the clinically
unaffected side.

Scintigraphy of lymphatic drainage was performed the day before surgery.
An amount of 60 MBq of a technetium-99m (*"Tc)-labeled nanocolloid (Nano-
coll?, Sorin Radiofarmaci S.r.l., Saluggia, Italy in a volume of 0.3-0.4 mL was
injected around the tumor. Immediately after injection, dynamic acquisition was
started for aperiod of 20 minutes using a gamma camera (ADAC Vertex, Milpi-
tas, CA) to visualize the lymphatic flow. Subsequently, anterior and lateral static
views were obtained for an acquisition duration of 5 min each (Fig. 1) and re-
peated 2 h after injection. Sentinel nodes were defined as nodes receiving direct
drainage from the site of injection. Thelocation of each sentinel node was marked
on the skin with adye. The following day, 1 mL of patent blue dye (Blue Patenté
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Ficure 1 Lymphoscintigram of a 66-year-old patient with a T2 penile carcinoma.
From the site of injection (tumor), there is drainage to two sentinel nodes (marked)
in the left groin. Several nonsentinel nodes are also clearly seen.

V, Guerbet, Aulney-Sous-Bois, France) was injected intradermally around the
tumor in the same way as injection of the radiopharmaceutica (Fig. 2). A few
minutes later, a small incision was made over the skin mark. The sentinel node
was identified by tracing blue lymphatic channels leading to blue lymph nodes
and by using a gamma detection probe (Neoprobe 1000°, Neoprobe Corporation,
Dublin, OH). Once identified, the sentinel node was removed and the wound
was scanned for remaining radioactivity. Pathological examination consisted of
routine paraffin sections and hematoxylin & eosin staining. |mmunohistochemi-
cal staining using antibodies against pankeratin (Dako, Copenhagen, Denmark)
and CAM 5.2 (Becton Dickinson, San Jose, CA) was used only recently. The
grade of differentiation was determined according to Broders [14].

Regional lymph node dissection was reserved for patients with a tumor-
positive sentinel node. All patients were followed at 2-month intervals during
the first 2 years after surgery. The median period of follow-up for al patients
was 9 months (range: 18 days to 45 months). One patient was lost to follow-up.
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Ficure 2  Injection of patent blue dye around the tumor.

RESULTS

Preoperative lymphoscintigraphy showed bilateral drainage in 30 patients and
unilateral drainagein 8 patients, and no sentinel node wasvisualized in 2 patients.
A total of 92 sentinel nodes were visuaized in 78 inguinal regions. Forty-five
regions contained 1 sentinel node, 22 contained 2 sentinel nodes, and 1 region
contained 3 sentinel nodes.

Intraoperative localization and removal was successful for 83 of the 92
visualized sentinel nodes (90%). In seven cases, we harvested one sentinel node
but were unable to identify the second sentinel node that was depicted on the
lymphoscintigram. In one case, only one sentinel node was found athough three
had been visualized on theimages. In five cases, one unexpected additional senti-
nel node was identified because of remaining radioactivity after removal of the
initial sentinel node. These 5 additional nodes were aso harvested, resulting in
the removal of atotal of 88 sentinel nodes. Of these 88 sentinel nodes, 62 (70%)
were identified with both the probe and blue dye and 26 (30%) were located with
the probe only. The mean duration of exploration was 12 minutes (range: 2—37
minutes).

Of the removed 88 sentinel nodes, 11 contained metastases in 9 patients.
Dissemination was unilateral in seven patients and bilateral in two. These nine
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patients underwent standard regional lymph node dissection 1-2 weekslater. The
inguinal lymph node specimens revealed additional lymph node metastases in
two patients only. These patients underwent ipsilateral iliac node dissection ac-
cording to our treatment protocol [15].

Two patients returned with an ipsilateral palpable node metastasis 4 and
14 months, respectively, after atumor-negative sentinel node had been harvested.
They both underwent an inguinal lymphadenectomy. Of these two patients, the
histopathology slides of the original sentinel nodes were retrieved and reviewed.
One of the sentinel nodes was found to contain tumor after all and had thus
been erroneously considered to be tumor-free. In the other patient, no metastatic
involvement was found on review and his procedure has to be considered false
negative. There were no complications following the sentinel node procedure.

DISCUSSION

Cabanas developed the sentinel node concept in an attempt to solve the contro-
versy surrounding inguinal lymph node dissection in clinically hode-negative pa-
tients with penile carcinoma[6]. The original procedure was based on identifica-
tion of a specific lymph node by lymphangiography of the dorsal lymphatics of
the penis and did not take into account the individual drainage pattern of each
tumor and the diversity of the anatomy of lymphatic drainage [7]. This original
sentinel node concept for penile carcinoma has been regarded with scepticism
and has never been accepted as a standard procedure in the management of the
disease.

The work of Morton and co-workers in melanoma patients resulted in the
recognition of an individualized specific pattern of lymphatic drainage in each
patient. In a large study of melanoma patients, they identified the sentinel node
in 82% of 237 lymph node basins with metastatic basins remaining unidentified
in less than 1% of the entire group of patients [13]. The addition of preoperative
lymphoscintigraphy and intraoperative use of agamma detection probe improved
the ability to identify the sentinel node to over 95% [16,17]. Encouraged by the
favorable results in melanoma, the sentinel node concept is now being explored
in other types of malignancies like breast cancer and carcinoma of the vulva
[18,19]. The results in carcinoma of the vulva deserve to be mentioned because
of the similaritiesin the natural history of this disease when compared with carci-
noma of the penis. Levenback and co-workers studied patients with vulvar cancer
and identified the sentinel node in 19 of 29 groins (66%) using only the blue dye
technique. The inguinal lymph node dissection was used as the gold standard
and no fal se-negative results were obtained. The reader seeking more information
on lymphatic mapping in carcinoma of the vulva is referred to Chapter 11. In
our own study of patients with penile carcinoma, we identified 90% of sentinel
nodes. There was only alimited concordance between numbers of sentinel nodes



Carcinoma of the Penis 209

found on preoperative lymphoscintigraphy and found on exploration. Several rea-
sons can be given for these discrepancies. The limited resolution of the gamma
cameramay have given rise to incorrect labeling of second-tier nodes as sentinel
nodes. Due to spill of the tracer from the first-tier node to other nodes, not all
“*hot spots’” on lymphoscintigraphy necessarily represent sentinel nodes. When
multiple nodes light up, one or more can, in fact, be second-tier nodes. The lim-
ited resolution of the gamma cameramay also explain why we sometimes harvest
more sentinel nodes than expected, as one large hot spot may represent two hot
sentinel nodes situated closely together. Early lymphoscintigraphy reveals the
individual drainage pattern of the tumor in a dynamic way, but we are not fully
informed about the reproducibility of the technique. A study involving 25 mela-
noma patients showed reproducibility in 22 patients (88%) [20]. The pitfalls of
cutaneous lymphoscintigraphy are discussed in detail in Chapter 3.

All the nodes in this study were identified with the aid of a gamma probe.
Had we not used the probe but only blue dye, we would have missed amost
one-third of the nodes (26 of 88). Moreover, five additional sentinel nodes were
identified during the operation through use of the probe. These findings could
beinterpreted asinferiority of the blue dye technique compared with the approach
using a radioactive tracer and the probe. However, in our experience, the blue
dye can give important clues by clearly visualizing lymphatic channels and thus
mapping the lymphatic drainage pattern. Thisis useful when lymphoscintigraphy
does not distinguish first-tier nodes from second-tier nodes. The sentinel node
was found to contain metastatic disease in nine patients. One patient with known
unilateral pal pable metastasis had atumor-positive sentinel node on the contral at-
eral side. So, the presence of unilateral metastatic involvement does not have to
be a contraindication for lymphatic mapping and, in fact, is helpful for selecting
patientsin need of contralateral lymph node dissection. The sentinel node proce-
dureisaso feasible when thereislocal penile cancer recurrence, as demonstrated
in one of our cases.

Until now, the sentinel node procedure has resulted in an unsatisfactory
outcome in two patients, who presented with clinically palpable inguinal recur-
rences 4 and 14 months after a dynamic sentinel node procedure. On review of
the dlides, one of the sentinel nodes did harbor a metastatic deposit after all and
had been incorrectly reported to be tumor negative at the time of its removal.
This finding led us to a change the routine pathology analysis. The sentinel node
is now completely step-sectioned and immunohistochemistry is added to routine
staining. The probability of a false-negative result underscores the need for a
strict follow-up scheme. During the first 2 years after a sentinel node procedure,
patients are seen every second month. Salvage procedures can then be undertaken
at the earliest opportune moment.

The occurrence of afalse-negative sentinel node may partially be explained
by the presence of a metastatic tumor deposit that blocks the lymph flow [21].
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The tracer is then diverted to another node that is falsely labeled as a sentinel
node. It is not clear from our experience whether this occursin grossly metastatic
invasion only or whether microscopic invasion may do the same. More clinical
research is needed to answer this important question.

The conclusions that we can draw from our study are somewhat limited
because of the lack of a gold standard in the form of aroutine completion lymph
node dissection. Elective lymph node dissection has never been our policy.
Lymph node dissection has been restricted to patients considered to be at high
risk for occult metastasis, as explained earlier [3,5,15]. Despite the lack of routine
complete node dissections, our findings will become more relevant with passing
time. Also, metastases may be missed in nodes removed at elective node dissec-
tions! Our patients are followed closely. Patients rarely miss a follow-up visit
because of the small size of the country, easy accessibility of our institution, and
the health insurance policy. Only one of them was lost to follow-up because of
emigration.

PITFALLS

The following pitfalls have been encountered so far: failure to visualize sentinel
nodes with lymphoscintigraphy, a discrepancy between lymphoscintigraphy and
surgical findings, fal se-negative sentinel lymphadenectomy because of false-neg-
ative histopathological examination, and, finally, a‘‘true’’ false-negative sentinel
node procedure. It is unclear why imaging failed in two of the patients. The
discrepancies between lymphoscintigraphy and surgery can largely be explained
by the resolution limitations of the gamma camera. More specific tracers and/or
improving imaging capability may address this problem in the near future. In
order to prevent fal se-negative histopathological findings, staining with immuno-
histochemistry is mandatory. Some microscopic deposits may be detected only
in this fashion. The rate of false-negative sentinel node biopsy in our hands is
around 3%. Frequent follow-up is essentia in order to treat a recurrence at the
earliest possible moment. Based on patterns of recurrence, twice-monthly visits
during 2 years are strongly advised. Patients who cannot comply with the follow-
up requirements should not undergo lymphatic mapping.

CONCLUSIONS

In an attempt to solve some of the controversial aspects of the management of
penile cancer, we prospectively assessed the value of lymphatic mapping and
sentinel lymphadenectomy based on the individual drainage pattern of the tumor.
The technique is minimally invasive and allows selection of the majority of pa-
tientswith clinically occult metastasis for early regiona node dissection. Lymph-
oscintigraphy is an essential element to localize the sentinel node before surgery,
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whereas use of a handheld gamma detector is mandatory during exploration.
Based on experience so far, there isreason to believe that the number of unneces-
sary lymph node dissections can be reduced substantially and that complete
lymph node dissections can be reserved for patients with proven metastasis.
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Radiation Protection in the
Sentinel Node Procedure
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INTRODUCTION

The first description of probe-guided surgery was given by Selverstone et a. in
1949 [1]. Until recently, however, the use of intraoperative probes was limited
to a small number of indications [2—4]. With the validation of the sentinel node
concept in melanoma [5-8] and in breast cancer [9-12], an application for the
gamma probe has been introduced that will undoubtedly result in a widespread
introduction of gamma probe—guided surgery. In the earliest studies on sentinel
lymphadenectomy [5], the surgeon used dye guidance only. Soon, the additional
value of radiolabeling of the sentinel lymph nodes followed by gamma probe—
guided search was described [6—9,11-14]. As a result of this procedure, person-
nel in surgery and pathology departments will be exposed to small quantities of
radiation on aregular basis. Moreover, excised radioactive tissue specimens (i.e.,
tumor and sentinel node) have to be transported from the operating room to the
pathology department, which may demand guidelines additional to those already
existing for surgical procedures.

This chapter dealswith the radiation dose for patients and personnel during
the sentinel node procedure, and with methods to reduce the exposure to radiation.
The basis of transportation regulations will be introduced briefly.

213
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GENERAL COMMENTS ON RADIATION PROTECTION

Radiation protection is basically founded on three principles, which have been
described by the International Commission on Radiological Protection (ICRP)
[15] and are still used as the basis for legislation in many countries.

Justification: The application of radiation is only justified when the benefit
to the exposed individual predominates over the negative consequences.
This most often applies to the phase of a new practice in which various
design options are being considered.

Optimization: If the use of radioactive materia is justified, the next aim is
to ensure that the radiation dose to the patient and the genera public
is‘‘As Low As Reasonably Achievable’” (ALARA), taking social and
economic factors into account.

Limitation: Limitation of doseis used to place bounds on risks to individu-
als and to ensure that the risks do not exceed values considered to be
acceptable. This principle also underlies the individua dose limits for
exposure to radiation for radiological workers and the general public
[15,18].

Justification and optimization can be applied to every member of society. Dose
limits are applicable to patients only to a certain extent. When part of atreatment,
it can be justified to expose a patient to higher radiation doses if the expected
gain in health outweighs the risks associated with the radiation.

PRINCIPLES UNDERLYING DOSE LIMITS

Radiation protection deals with the protection of individuals, their offspring, and
the general population against potentially harmful effects of radiation. There are
two types of cellular damage that may occur following exposure to ionizing radia-
tion: deterministic and stochastic damage [15].

Deterministic effects occur above a certain threshold. The probability of
damage resulting in cell death or loss of reproductive potential will increase with
the radiation dose. The extent of damage will aso increase with the dose.

If cells are ‘*modified’”’ instead of killed, the outcome is different. In the
clones of cells resulting from the reproduction of the modified cells, a malignant
tumor may develop. This may occur even after a prolonged delay. The probability
of tumor development following radiation increases with the increment of the
radiation dose. However, the severity of the tumor is not related to this dose.
This effect is called stochastic. Stochastic damage can be transmitted to later
generations when it occurs in germ cells. The radiation dose used for determina-
tion of the stochastic risk is calculated in the following way. The ‘*absorbed
dose’’ (D) isthe basic dosimetric unity. It is expressed in energy per unit mass
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(joules per kilogram, J/kg) and is called the Gray (Gy), where 1 J/kg isequivalent
to 1 Gy. The probability of biologica damage depends not only on the amount
of Gy but also on the type of radiation and the organ or tissue that is irradiated.

The influence of the type of radiation on biological damage is expressed
asa'‘radiation weighting factor,”” Wk. For example, gammarays (Wi = 1) cause
less damage than alpha particles (W = 20) when the absorbed dose is the same.
When this weighting factor is taken into account, the result is the ‘*equivalent
dose’’ (H), which is expressed in Sievert (Sv). The equivaent dose in an organ
or tissue (H;) is the sum () of the weighted doses of al radiation types:

Hr = Z Wk Drr
R

where D+ isthe absorbed dosein the organ T dueto radiation R. Theradionuclide
technetium-99m (®Tc), as used in the tracers for sentinel node labeling, emits
only gamma rays and has a weighting factor of 1.

The ‘‘effective dose’’ is the dosimetric unit that takes into account the
sensitivity to radiation damage of the different organs and tissues of the body.
For example, the gonads are more susceptibl e to stochastic radiation damage than
the skin. If the body isirradiated uniformly, the contribution of each tissue T to the
total detriment resulting from the exposure is represented by a * ‘ tissue weighting
factor,”” Wr. The effective dose (E) is the sum (5) of all weighted equivalent
doses to al tissues and organs:

E=ZWTHT
T

where Hy is the equivalent dose in a tissue or organ. The effective dose is, like
the equivalent dose, expressed in Sv. The effective dose limit for the genera
population is accepted to be 1 mSv/year [15,16].

DOSE LIMITS FOR THE GENERAL PUBLIC

The average annual effective radiation dose from natural sources amountsto 2.4
mSv [17]. This is supplemented by an average of 0.4 mSv/year that is caused
by man-made sources like radiographs and nuclear medicine procedures. The
natural annual radiation dose differs according to geographical location and alti-
tude. The ICRP recommends that any exposure to amounts over the natural back-
ground radiation levels should be as low as reasonably achievable (ALARA),
but always below individual dose limits. Separate dose limits have been estab-
lished for radiological personnel (e.g., those working in radiology and nuclear
medicine departments) [16]. Employees in surgery and pathology departments
also are to be considered as members of the general public with according dose
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Taste 1 Annual Recommended Dose Limits for Members of
the General Public, According to ICRP-60

Effective dose 1 mSv

Without prejudice to the effective dose limit, separate
annua dose limits have been instituted:

For the lens of the eye 15 mSv
For the skin 50 mSv
For the extremities 50 mSv

Source: Refs. 15 and 16.

limits. In addition to the effective dose limit of 1 mSv/year, deterministic dose
limits are applied to the skin, the extremities, and the lens of the eye, independent
of the effective dose (Table 1). The importance of these deterministic dose limits
will be clarified later in this chapter.

RADIATION EXPOSURE OF STAFF

Various hospital staff members are exposed to radiation during the sentinel hode
procedure. Because the surgeon isin closest contact with both tumor and sentinel
node, dose calculations will be focused primarily on this person. Radiation expo-
sure of others (e.g., hurses and pathology personnel) can be deduced from the
values that apply to the surgeon. The skin of the surgeon’s hands is expected to
receive the highest dose and therefore serves as the dose-limiting organ. The
radiation exposure of the surgeon during the operation is determined by the
amount of tracer that is retained around the tumor, the distance from the injection
depot to the surgeon’s hands, and the duration of exposure. The amount of tracer
uptake in the sentinel node is small and will not exceed afew percent of the total
injected dose [18,19].

The amount of remaining activity at the moment of surgery is determined
by the injected tracer dose and the time delay since injection. The physical decay
of ®¥"Tc can be caculated as

A= Ae™

where A, is the remaining activity at surgery, A, is the amount of radioactivity
at the moment of injection, A is the decay constant of ®"Tc (0.11 h™?), and t is
the time interval between injection and surgery. Every 6.02 h the radioactivity
will be halved. To alesser extent, the remaining activity is related to the amount
of transported and excreted tracer, which is relatively small. Finaly, a deeper
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injection resultsin more shielding by the overlying soft tissues and, consequently,
in a lower exposure rate outside the body.

We performed dose-rate measurements in phantoms and in patients to cal-
culate the radiation dose for exposed personnel.

PHANTOM MEASUREMENTS

The dose calculations were based on the assumption that 10 megabecquerels
(MBQ) of tracer is retained at the injection depot at the moment of surgery. The
effects of two variables were estimated: the depth of the depot, which was placed
in tissue equivalent material (i.e., water), and the distance from the depot to the
dose-rate monitor.

A sphere with a diameter of 2 cm was filled with 10 MBq of ®"Tc¢ pertech-
netate and submersed in water at a depth of 1, 2, and 4 cm as amodel for peritu-
moral injections in breast cancer. A 1-mL syringe filled with 10 MBq of *"Tc
pertechnetate in 0.4 mL of saline served as amodel for intracutaneous injections
such as used in sentinel lymphadenectomy in melanoma. Triple-dose-rate mea-
surements were performed at distances of 10, 15, 25, 50, and 100 cm with a
Berthold LB123 monitor (Berthold GmbH, Bad Wildbad, Germany).

We found that the distance from the source to the dose-rate monitor is the
single most important determining factor (Fig. 1). From 50 cm to 10 cm distance,
the average dose rate increased by afactor of 16.7 for the spherical phantom and
16.8 for the melanoma phantom.

10

Dose rate (nSv/h)

10em 15cecm 25 cm S50 cem 100 cm
Distance to phantom

phantom depth: OO cm Blcm ZE2cm W4 cm

Ficure 1 Dose rates (in uSv/h/10 MBq) at different distances from a breast and
melanoma phantom.
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Tasie 2 Dose Rates (in uSv/h/10 MBq) as Function of Distance from the Source in
Breast Cancer (n = 10, average + SD) and melanoma patients (n = 10, average
= SD) and phantoms

10 cm 15cm 25cm 50 cm 100 cm
Breast phantom 6.9 32 15 04 0.2
Melanoma phantom 8.4 5.0 19 0.7 0.3
Breast patient 1.7 5.8 19+04 07=*03 025007
(range) (1.4-28) (04-13) (0.16-0.39)
Melanoma patient 98+ 24 47+ 11 20*+08 06*+03 028=* 012
(range) (79-125) (3.7-6.0) (1.0-35 (0.2-0.9) (0.16-0.50)

2 Calculated values, based on phantom measurements.

PATIENT MEASUREMENTS IN BREAST CANCER

Ten consecutive breast cancer patients, who were eligible for a sentinel node
procedure according to the standard protocol of our hospital [11,14] were asked
to cooperate with the measurements. Dose rates were registered at distances of
25, 50, and 100 cm from the injection site within 3 h after a peritumoral injection
of 505 MBq *"Tc colloidal albumin (Nanocoll”, Sorin Radiofarmaci Sir.l.,
Saluggia, Italy) in 4 mL of saline. Due to injecting the tracer at different depths,
the depots will have a varying geometric relation to the dose-rate meter, which
may influence the measured dose-rate at short distances. Therefore, the dose rates
at 10 and 15 cm were calculated from measurements at 50 cm with multiplication
factors of 16.7 and 8.3, respectively. These multiplication factors were obtained
from the breast phantom results. The dose rates thus obtained are displayed in
Table 2.

PATIENT MEASUREMENTS IN MELANOMA

The measurements in 10 melanoma patients were performed according to the
same protocol as in the breast cancer patients. Because the tracer was injected
intracutaneously, dose rates at short distances of 10 and 15 cm could be obtained
in these patients. The injected dose in the melanoma patients amounted to 19+
6 MBg ®*™Tc nanocolloid in a total volume of 0.4 mL saline. Due to more rapid
transportation of the tracer, measurements were obtained within 30 min after
injection. Results are displayed in Table 2.

DISCUSSION OF PHANTOM AND PATIENT MEASUREMENTS

The dose rates as measured in melanoma patients were not significantly different
from those in breast cancer patients (Student’s t-test, p > 0.5). The higher dose
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rates obtained in the patient studies compared with the phantom results (Table
2) may have been caused by differences in geometric relations of the source to
the dose-rate meter. The highest dose rates are used for further calculations, as
is standard practice in radiation safety and protection protocols.

It can be assumed that, in clinical practice, the surgeon’s hands will be at
an average distance of 10 cm from the tumor. The dose rate to the surgeon’s
hands, with a breast tumor at a depth of 2 cm, will not exceed 11.7 uSv/h/10
MBg. In the case of a melanoma, this will be 9.8 uSv/h/10 MBaq.

EXPOSURE OF THE SURGEON

The total radiation dose received by a surgeon working in a community hospital
as aresult of sentinel node biopsies in melanoma probably will be minor. In the
first place, the incidence of melanoma is far less compared with breast cancer.
Second, the time required for excision of the injection site in melanoma is less
than for excision of a breast tumor. Moreover, it remains to be established which
melanoma patients benefit from sentinel lymphadenectomy [20].

According to the results from the above measurements on phantoms and
patients, dose rates to the surgeon’s hands will be within the acceptable annual
limits. If a surgeon performs sentinel node biopsies for 100 h during a year, with
10 MBq of ®"Tc-labeled tracer retained at the injection site, the dose to the skin
of the hands will be approximately 1 mSv. This is well below the deterministic
annual dose limit for the skin of 50 mSv [15,16].

EXPOSURE OF OTHER PERSONNEL

The distance from patient to personnel has a strong effect on the absorbed radia-
tion dose. According to the inverse square law, exposure to radiation diminishes
with the square of the distance. So, doubling the distance from the source will
result in areduction of exposure by 75%. According to international regulations,
no additional safety measures are required if the dose rate is below 0.5 uSv/h.
At that rate, the annual dose will remain below 1 mSv (0.5 pSv/h X 40 h X 50
weeks = 1000 pSv = 1 mSv). Except for the surgeon and, possibly, his first
assistant, other employees in the operating room will usually be at a distance of
more than 1 m from the patient and will fall within this dose rate (Table 2). The
radiation dose to the pathologist will also be low compared with that of the sur-
geon because of only abrief contact with the specimen, and usually after adelay
of many hours following operation.

EXPOSURE OF PREGNANT PERSONNEL

The ICRP considers that the fetus of a pregnant employee should be treated as
amember of the public [15,16]. In practice, this means that the dose to the abdom-
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inal surface of the maternal abdomen should be below 2 mSv during pregnancy
[15,21]. During an operation, even the surgeon’s abdomen will be at a distance
of 25 cm or more from the patient. Although our measurements give no reason
for concern (Table 2), it nevertheless seems sensible, from the ALARA principle,
that a pregnant surgeon does not perform sentinel node procedures. Others can
assist in the procedure because their distance from the patient usually exceeds
1m.

PATIENT DOSIMETRY

Radiolabeled colloids are well suited for sentinel node detection. The amount of
injected tracer ranges from 7 MBq [12] up to 60 MBq [8]. Compared with other
nuclear medicine studies, these tracer doses are low [22]. Estimation of the pa-
tient’s radiation dose after intracutaneous or subcutaneous injection of colloidal
solutions is difficult. Because only a small fraction of the tracer is transported,
the effective dose is largely determined by the amount of tracer that is retained
in the injection depot. Strand et al. calculated that after subcutaneous injection
of ¥"Tc—antimony trisulfide (*"Tc—Sh,S;), the dose at the injection siteisrelated
to the extent of local diffusion [23]. Tracer washout and uptake in the lymph
nodes depends on the size of the colloidal particles (Table 3). In the most widely
used tracers, lymph node uptake varies between 0.04% and 5% [18,19,24]. Be-
cause the injection depot is usualy excised during surgery, shortening of the
interval between injection and operation will help to decrease the local radiation
dose.

The radiation dose absorbed by a patient after subcutaneous injection of a
tracer is given in Table 3. Following intracutaneous injection, employed in senti-

Tasie 3 Absorbed Dose in Injection Site and Lymph Nodes and Effective Dose for
the Total Body After Subcutaneous Injection of Different Colloidal Tracers

®mTc colloidal Filtered ®™Tc sulfur
albumin? 9mTc—Sb,Sy colloide
Injection site (MGy/MBQ) 12 10 6.5-30.7
Lymph nodes (mGy/MBQ) 0.59 1.0 0.01-0.9
Total body (mSv/MBQ) 0.0046 0.005 0.0035-0.046
% Nodal uptake 0.3-1.6%" 0.2-5% 0.04-1.1%°
(unfiltered)

2 Data from Ref. 25.
® Data from Ref. 24.
¢ Data from Ref. 26.
d Percentage nodal uptake following intracutaneous injection [19].
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nel node detection in melanoma, the radiation dose is probably not essentially
different. After subcutaneous injection of 40 MBg ®*"Tc colloidal tracer, the
effective total-body dose is of the order of 0.2 mSv, which is less than 10% of
the dose received from, for example, bone scintigraphy [22]. Despite differences
in retention of the ®™Tc colloidal tracers at the injection site and lymph nodes,
the total-body dose is of the same order of magnitude. Local reactions result-
ing from radiation damage by ®"Tc-labeled tracers have not been described
in the literature and are highly unlikely, considering studies performed in ani-
mals [27].

TRANSPORTATION OF RADIOACTIVE TISSUES

If surgery and pathology departments are located in the same hospital, transporta-
tion of the radioactive tissues can be supervised by the local nuclear medicine
physician or radiation safety officer. If radioactive tissues are transported between
hospitals, there are additional legal requirements. Depending on the amount of
%mTc at the moment of transportation, adequate packaging, package labeling, and
shipping papers are required. In general, the amounts of the ®"Tc colloid in the
tissue specimens do not exceed several megabecquerels, and chances of contami-
nation are low because the radioactivity is totally embedded.

In most countries, transportation legislation is based on International
Atomic Energy Agency (IAEA) standards [28]. The basic principles of transpor-
tation regulation in the United States and the European Union are described be-
low. If transportation cannot be executed according to the local regulations, it
may be necessary to store the tissues until the *"Tc has decayed. In all cases, it
is sensible for the nuclear medicine physician or radiation safety officer to be
aware of exceptions and changes to national regulations.

TRANSPORTATION REGULATIONS IN THE UNITED STATES

Transportation of radioactive material is regulated by the Nuclear Regulatory
Commission and Department of Transport. Material is defined as radioactive
when the specific activity exceeds 70 Bg/g. The activity in tumor and sentinel
node, directly following the surgical removal is usualy less than 10 MBq and
therefore can be considered to be a ‘“‘limited quantity’’ [29]. Transportation in
astrong and tight package will be sufficient in most cases. The package in which
the material istransported needs external labeling to indicate the type and amount
of radioactivity. Provided that the radiation levels at the surface of the package
are below 5 puSv/h, a marking of ‘‘radioactive’’ on the exterior of the package
is sufficient.
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TRANSPORTATION REGULATIONS IN THE
EUROPEAN UNION

National regulationsin the member states of the European Union show only mini-
mal differences from those of the United States. Tissue is considered to be radio-
active when the tracer concentration exceeds 100 Bg/g. Limited quantities—Iess
than 10 MBq of ®"Tc per package with little risk of spill in case of an accident—
are allowed to be transported in a strong, tight container. Radiation levels at the
surface of the package should not exceed 5 uSv/h. The package and transport
documents should be labeled ‘‘radioactive, limited quantity.’”’

CONCLUDING REMARKS

The radiation dose to the surgeon is well within the annual dose limits, even
when a considerable number of sentinel node proceduresis performed. In clinical
practice, the remaining radioactivity at the moment of surgery is usually lessthan
10 MBq with a consequently lower dose rate.

Pregnancy is not a reason to exclude staff from being present in the op-
erating room during sentinel node procedures. Given the ALARA principle, it is
proper to give pregnant personnel the opportunity to keep a distance of at least
1 m from the patient.

Before introducing the sentinel node procedure, al involved personnel
should beinformed about radiation levels and saf ety proceduresto avoid unneces-
sary concern. Transportation of radioactive tissues between hospitals can be exe-
cuted with relatively simple precautions. The person responsible for radiation
safety should ensure that the transportation procedures conform to local regula-
tions before actua implementation.
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INTRODUCTION

As lymphatic mapping with sentinel lymph node dissection has become an in-
creasingly popular aternative to complete nodal dissection, more centers have
begun to incorporate this technique into routine patient management. Multiple
reports have documented the feasibility and accuracy of lymphatic mapping for
identifying regional lymph node metastases in patients with melanoma or breast
cancer. However, the mgjority of these reports have been generated at large cen-
ters with high patient volumes, allowing a greater training opportunity to those
learning this approach. As these reports become more widely disseminated and
the validity of the sentinel node hypothesis is accepted, health-care providers
in community hospitals will also begin to perform these procedures. Patients
themselves are already beginning to request sentinel node biopsy as an alternative
to complete nodal dissection. In fact, pressure from better informed and more
sophisticated health-care consumers hasled many community surgeonsto explore
the addition of lymphatic mapping to their practices. The transfer of sentinel node
technology from the larger tertiary referral centersto the community hospital has
many similarities to the dissemination of laparoscopic technology. During the
early 1990s, a patient-driven demand for minimally invasive techniques and
‘‘painless and bloodless’ surgery forced surgeons to change long-established
approachesto biliary disease. Many surgeons began performing laparoscopic pro-
cedures after brief training courses and with little clinical experience. The compli-
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cation rate was notably higher after |aparoscopic cholecystectomy than after tradi-
tional open procedures. However, this significantly decreased after completion
of a well-defined learning phase [1,2].

Lymphatic mapping with sentinel node biopsy is an alternative procedure
for staging the regional lymph nodes. Like laparoscopic cholecystectomy, it can
be technologically challenging and requires the mastery of new skills during the
learning phase. L aparoscopic techniques have been extensively implemented into
surgical residency training, and the majority of recent graduates from surgical
training programs in this country have performed more laparoscopic than open
cholecystectomies. This has not yet become the case for lymphatic mapping,
which has just recently begun to be introduced into training programs. Other
differences include the multidisciplinary nature of sentinel node technology and
theclinical differences between sentinel node dissection and standard nodal clear-
ance. Although the technical feasibility and validity of the new approach have
been addressed in patients with melanoma or breast cancer, the clinical implica-
tions of selective rather than complete nodal dissection have not yet been fully
explored. In addition, because lymphatic mapping is applied to malignant disease,
its faillure may have a substantially greater impact than failure of a laparoscopic
technique used in benign conditions. Achieving the goal of laparoscopic chole-
cystectomy is immediately known, as is the failure of the procedure. Achieving
the goal of lymphatic mapping is only absolutely known if a completion lymph
node dissection is performed, and failure can present as recurrent disease years
after the procedure.

Because of the lack of long-term clinical data and the current lack of tech-
nique standardization, some investigators have suggested that lymphatic mapping
should not be routinely used in a community hospital outside the setting of a
clinical trial [3]. Although the new technique should not replace traditional man-
agement of patients with melanoma or breast cancer, it can be integrated into the
community surgeon’s practice under the auspices of a controlled clinical trial.
The informed consent process for lymphatic mapping should clearly convey the
current deficiencies in available data on this technique. A review of the currently
available data as well as considerations on the community application of lym-
phatic mapping in melanoma and breast cancer follows.

MELANOMA

Lymphatic mapping with sentinel node biopsy for cutaneous melanomawas orig-
inally described by Morton and colleagues in 1990 as a potential solution to the
controversy surrounding el ective lymph node dissection [4]. The manuscript took
2 years to publish because of the reviewers skepticism to the validity of the
technique. However, since Morton’s origina article, approximately 300 reports
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on this approach have appeared in the literature. All major centers use presurgical
cutaneous lymphoscintigraphy and a combination of radioisotope and blue dye
for intrasurgical localization; however, the details at each institution vary signifi-
cantly. The Journal of Surgical Oncology reported a comparison of techniques
inthe‘*How | Do It" section in 1997. Contributing authorsincluded D. L. Mor-
ton from the John Wayne Cancer Institute [5], J. F. Thompson from the Sydney
Melanoma Unit [6], M. I. Ross from the M.D. Anderson Cancer Center [7],
D. S. Reintgen from the Moffitt Cancer Center [8], and C. P. Karakousis from
the State University of New York, Buffalo [9]. Each surgeon reported excel-
lent results but none used the same technique for sentinel node identification.
This variation among the experts underscores the importance of a learning
phase during which the procedure is always followed by completion lymphade-
nectomy.

Currently there is no national standard on credentialing for new surgical
procedures or technology; however, guidelines for appropriate training are avail-
able in other formats. A symposium on lymphatic mapping and sentinel node
biopsy in patients with breast cancer and melanoma was published in Contempo-
rary Surgery in 1998 [3]. A panel of experts, including Morton, Reintgen, D. F.
Roses, Ross, and Thompson, agreed that a surgeon should perform 30 sentinel
node proceduresin patients with melanomain order to achieve proficiency. These
learning cases must be followed by completion lymphadenectomy to assess the
accuracy and, most importantly, the false-negative rate of the individual surgeon.
Thompson noted that the number of required cases was arbitrary and 30 cases
was probably adequate in a center where the procedure is aready performed
and expert guidance is available. He remarked that even after several hundred
procedures, he was still learning. Morton concluded the panel discussion by em-
phasizing not only the importance of experience with the technical details of
sentinel lymph node dissection, but also the multidisciplinary nature of this tech-
nigue. Accuracy in sentinel node identification is generally reached after per-
forming 30 cases [5]. Most surgeons should perform at least 30 cases with com-
plete lymph node dissections and should be able to achieve 98% accuracy after
experience with 100 cases [5].

Another guideline for appropriate surgical training in lymphatic mapping
can be found in the definition of the learning phase of the Multicenter Selective
Lymphadenectomy Trial. This multicenter international trial compares wide exci-
sion alone versus wide excision with sentinel node biopsy in patients with inter-
mediate thickness melanoma. Proof of technical competenceis required to enroll
patients in the randomized phase of the study. Each clinic must accumulate at
least 30 cases and have at least one surgeon who has performed 15 cases with
an 85% identification rate. All participating surgeons must have completed 15
cases.
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From the available data it is apparent that a surgeon should perform at
least 30 cases followed by completion lymphadenectomy in order to safely begin
performing sentinel node biopsy in patients with melanoma. Ideally, this should
be done in an environment with experienced assistance available. At the least, a
formal didactic and technical training course should be taken in order to introduce
the surgeon to the multiple pitfalls and difficulties associated with these tech-
niques.

A recent report has examined the accuracy of lymphatic mapping in patients
enrolled in the Multicenter Selective Lymphadenectomy Tria [10]. By December
1998, the 16 participating centers had enrolled 1135 patients, of whom 570 had
complete data for review. The total success rate for sentinel node identification
among all centers was 96.7%. After each center completed the required 30-case
learning phase, the success rate of sentinel node identification was independent
of case volume or experience, with no difference noted between the initial and
more recent procedures. The investigators concluded that in this extensive
multicenter experience, a multidisciplinary approach and a learning phase of 30
consecutive cases per center are sufficient for mastery of lymphatic mapping for
cutaneous melanoma.

In addition to surgical expertise, nuclear medicine and pathology support
are critically important in the establishment of a successful program. Presurgical
lymphoscintigraphy is an essential component of successful sentinel lymphade-
nectomy. It is used to identify all nodal basins at risk, determine the number and
location of the sentinel nodes, and identify any possible in-transit sentinel nodes
or nodes in basins not predicted by the anatomy. Unfortunately, the nuclear medi-
cine literature contains no standardized guidelines for lymphoscintigraphy. Suc-
cess rates are operator-dependent and subject to a learning curve. Pathological
examination of the sentinel node is also important in establishing the validity of
sentinel lymphadenectomy. With only one or two nodes to examine, the patholo-
gist can study multiple sections rather than bivalving multiple nodes. In addition
to hematoxylin and eosin staining, most centers currently recommend both serial
sectioning and immunohistochemical staining using monoclonal antibodies tar-
geting S-100 and HMB-45 proteins. The majority of pathological laboratories
have this capability; however, this needs to be in place before any lymphatic
mapping procedures. The previously outlined requirements for participation in
the Multicenter Selective Lymphadenectomy Trial are important to consider be-
cause they are atest of the entire clinical system, including the success of lymph-
oscintigraphy and pathological examination.

In a commentary published in The Cancer Journal from Scientific Ameri-
can, Morton addressed the current status of sentinel node technology with respect
to community standard care [11]. He emphasized the learning curve with these
techniques and stated that an acceptable level of success in melanoma patients
(90% accuracy in identifying the sentinel node) can only be achieved by per-
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forming 30 to 50 cases of mapping, which exceeds the expected case load of
most community-based surgeons. Clearly, the successful implementation of a
sentinel node program for melanoma requires a high-volume center with a dedi-
cated goal of incorporating lymphatic mapping into the care of their patients.

BREAST CARCINOMA

Adapting the methodol ogy of sentinel lymphadenectomy for melanoma, Giuliano
and colleagues began investigating the possibility of dye-based lymphatic map-
ping for patients with breast cancer in 1991 and published their first report of 174
casesin 1994 [12]. Since that time, multiple studies have reported the feasibility,
accuracy, and technique of sentinel lymph node dissection in patients with breast
cancer. Although complete level | and Il axillary node dissection remains the
standard of care for patients with breast cancer, sentinel node biopsy is a less-
extensive operation with decreased morbidity, decreased timeto full activity, and
no need for drain placement. Both patients and clinicians are increasingly inter-
ested in this modality as a replacement for traditional complete Level | and 11
noda dissection. McMasters et al., however, warn that although sentinel node
technique may be considered *‘ state of the art’” in experienced hands, it should
not be performed without completion axillary node dissection until more data
exist [13]. False-negative rates from multicenter trials need to be determined, as
does the characterization of patients with false-negative nodes, and a consensus
needs to be reached on acceptable false-negative rates. At present, most data on
accuracy and false negativity rates are from single institutions, and little agree-
ment exists within the literature.

The technical challenge of lymphatic mapping for breast carcinomais re-
flected by the accuracy and false-negative rates reported in the literature. The
origina datafrom Giuliano et al. in 1994 revealed a 66% sentinel node identifica-
tion rate and an 11.9% false-negative rate [12]. However, this included al pa-
tients, even those in the developmenta stage of this previously untested proce-
dure. With increased experience these investigators reported a 93% identification
rate and no false negatives [14]. The improved accuracy rates and shortened
learning phase were confirmed by Cody et a. at the Memorial Sloan-Kettering
Cancer Center, who recently reviewed their experience of 500 breast sentinel
node cases performed by eight surgeons [15]. The success rate was 94% for
the three most experienced surgeons and only 86% for the five less experienced
individuals. Of note, there were four failed procedures in the last 100 cases;
increasing experience did not eliminate the chance of failure. In those 104 patients
who also underwent compl etion axillary node dissection (compl etion node di ssec-
tion was not routine in this study), a false-negative rate of 10.6% was found,
with a reported range of 7—-20% between surgeons. Most false-negative cases
occurred early in the surgeons experience. Excluding the first 15 cases of each
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surgeon decreased the false-negative rate to 2%. These findings prompted the
suggestion that lymphatic mapping for breast cancer may have atrue false-nega-
tive rate as low as 2%; however, others have reported lower fal se-negative rates.

Variability among individua surgeons was also seen in the multicenter
validation study of lymphatic mapping in breast cancer reported by Krag et al.
[16]. Eleven surgeons prospectively enrolled 443 patients with breast cancer and
clinically node-negative axillae. The success rate for identification of the sentinel
node was 93.2% overall but this ranged from 79-98% for individual surgeons.
The overall false-negative rate was 11.4% with a range of 0-28.6%. Clearly,
there isa significant amount of individua variability in outcomes after lymphatic
mapping. Achieving the highest success rate and lowest false-negative rate is the
goa of any individual planning to perform these techniques.

Similar to melanoma, the numbers ‘‘required’’ for adequate training in
breast cancer are controversial. In a symposium on lymphatic mapping for breast
cancer, M. |. Ross suggested that between 50 to 100 cases were required to be-
come comfortable with the technique [17]. Other investigators felt this was too
“elitist’”’ and an exaggeration of the likely required numbers; Giuliano recom-
mended 25 consecutive cases with subsequent completion axillary node dissec-
tion to assess accuracy and determine the false-negative rate. A later report used
a decision analysis model to evaluate the clinical implications of sentinel node
dissection versustraditional level | and |1 nodal dissection during alearning phase
estimated at 60 to 80 cases [18]. This estimate was based on the initia report of
sentinel lymphadenectomy in breast cancer and a subsequent report in a commu-
nity-managed—care setting [12,19]. The investigators simulated a randomized
trial of 20,000 patients and concluded that only after documentation of accuracy
of sentinel node biopsy (sensitivity >90%) should full axillary node dissection
be omitted.

Additional guidelines for appropriate training for lymphatic mapping in
breast cancer patients can be found in the surgeon skill-verification requirements
for atrial recently opened by the American College of Surgeons Oncology Group.
The study evaluates the prognostic significance of sentinel node and bone marrow
micrometastases in women with clinical T1 or T2NOMO breast cancer. A speci-
fied degree of accuracy and satisfactory performance by a contributing site’s
investigators are required to enroll patientsin the study. Thisincludes documenta-
tion of 30 cases of sentinel node dissection followed by a completion axillary
dissection with a =85% successful identification rate and a false-negative rate
of <5%, or a single false-negative sentinel node in the series with at least 10
tumor-involved sentinel nodes.

A recent publication specifically examined learning curves and success
rates of surgeons performing sentinel node biopsies for breat cancer [20]. Seven
hundred cases were studied and the learning curves of five surgeons revealed
similar findings of ahigh initial-failure rate and a subsequent rapid decrease after
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20 cases. The mean of thefive surgeons’ learning curvesindicated that an average
of 23 and 53 cases|ed to success rates of 90% and 95%, respectively. The number
of cases required to achieve a 90% success rate ranged from 13 to 40, a range
that included the estimate of 25 cases offered by Giuliano [21]. Currently at the
John Wayne Cancer Institute, the performance of sentinel node dissection re-
quires documentation of special training and experience, including 25 cases with
subsequent axillary node dissection to evaluate success rate and false-negative
rate.

Another recent report introduced several guidelines for lymphatic mapping
in patients with breast cancer [22]. Recommendations included completion dis-
section when a sentinel node was not identified or contained tumor, the imple-
mentation of institutional review board protocol for lymphatic mapping as an
investigational procedure, radiation safety protocols, appropriate training, ongo-
ing data collection, and evaluation of sensitivity, specificity, and follow-up in all
cases. In a commentary on the current status and future of sentinel node tech-
nique, Giuliano warned that the ** beginner is often unaware of . . . subtle technical
variations and may be tempted to mix different techniques’ [23]. He cautioned
that ‘*any surgeon interested in providing sentinel lymph node dissection as an
alternative to axillary lymph node dissection in node-negative women must estab-
lish an institutional protocol to accurately perform sentinel lymph node dissec-
tion, organize a committed team of pathologists, nuclear medicine physicians,
and surgeons; and apply rigorous controls at every stage of the technique.”’

Asin any application of sentinel node technology, the interaction with nu-
clear medicine and pathology is essentia. Breast |lymphoscintigraphy for sentinel
node localization is ademanding technique that requires time and effort to master
[24]. Of note, sentinel node techniques for breast cancer have been reported to
be more challenging than for melanoma, although users have consistently re-
ported higher success rates with experience. The use of presurgical and intrasurgi-
cal lymphatic mapping using radioisotope versus using blue dye alone has been
extensively debated with most experienced centers reporting excellent results
with each technique. Currently, at the John Wayne Cancer Institute, breast lymph-
oscintigraphy is used in patients with medial hemisphere lesions to evauate the
possible presence of internal mammary drainage and to ascertain the first draining
node in cases with mammary and axillary nodal drainage. Similar to the surgical
techniques, no credentialing isrequired for lymphoscintigraphy; however, experi-
ence with many of the nuances of this procedure is required for successful local-
ization.

The pathological examination of the sentinel nodein breast cancer requires
both serial sectioning and immunohistochemical examination of sections for cy-
tokeratin. Focused histopathological examination of the sentinel node has identi-
fied more metastases than standard examination of routine level 1 and 11 nodal
dissections. Turner et a. described optimal evaluation of the sentinel node by
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obtaining permanent sections from at least two levels of the tissue block, at 40-
um intervals, for hematoxylin and eosin staining and cytokeratin immunohisto-
chemistry [25]. Each pathological department will need to standardize its protocol
for sentinel node evaluation.

The implementation of breast lymphatic mapping and sentinel node dissec-
tion is a significant consideration for any medical center because the status of
axillary lymph nodes affects treatment decisions. Reaching an appropriate level
of technical expertiseis critical to minimize the false-negative rate and maximize
the success rate. Each individual institution must be responsible for local creden-
tialing of surgeons. Patient incentives to pursue this technology are multiple;
however, the decision to abandon traditional axillary nodal dissection in favor
of the sentinel node biopsy must be done in a structured and formalized fashion.
Achieving surgical expertise, obtaining an experienced nuclear medicine and pa-
thology staff, and a dedication to the critical analysis of individual outcomes are
all necessary components.

LYMPHATIC MAPPING IN OTHER NEOPLASMS

With the increased experience with sentinel node technology in melanoma and
breast cancer, investigators have begun to apply this technique to the staging of
other solid neoplasms. Bilchik et al. reported their experience with the universal
application of lymphatic mapping at the John Wayne Cancer Institute [26]. The
investigators evaluated their experience with lymphatic mapping in Merkel cell
tumors, squamous cell carcinoma of the head and neck, thyroid cancer, gastroin-
testinal malignancies (including small bowel, pancreas, and colon primaries), and
vulvar neoplasms. They found the technique to be feasible for solid tumors other
than breast and melanoma. Lymphatic mapping may ultimately replace conven-
tional dissection with more accurate staging. Other investigators have confirmed
thefeasibility of the techniquein colon and oral squamous cell carcinoma[27,28].
However, there have been no larger prospective studies in malignancies other
than melanoma and breast cancer. At this point, the use of lymphatic mapping
in other solid neoplasms should be considered investigational and should only
be performed in the context of a clinical trial. These applications are not yet
appropriate for transfer to the community setting.

CONCLUSIONS

In a 1997 editoria on the credentialing of surgery in the United States, Reintgen
noted that lymphatic mapping was only beginning to be incorporated into the
everyday practice of the surgeon [29]. He stated that the process for credentialing
surgeons with new technology is probably inadequate and recommended that
surgeons be required to take aformal training course and show their local creden-
tialing committees that they have proper nuclear medicine and pathology support.
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From the available data, surgeons should probably perform 25 to 30 cases for
melanoma and breast cancer before abandoning traditional complete lymph node
dissection. These numbers are only rough guidelines and each individual surgeon
should prove an appropriate accuracy and low fal se-negative rate before adopting
these techniques. Morton has stated that the success of lymphatic mapping re-
quiresthe facilities, personnel, and training for a multidisciplinary approach [11].
Lymphatic mapping with sentinel node biopsy has the potential to provide critical
pathological staging data for patients with melanoma, breast cancer, and other
solid tumors with a decreased morbidity. However, thistechnology can beimple-
mented only after a proven success rate by both the surgeon and the institution.
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Minimally Invasive Radioguided
Parathyroidectomy

Colleen Jaffray and James Norman
University of South Florida, Tampa, Florida

INTRODUCTION

Historically, the inability of presurgical testing to accurately distinguish patients
with sporadic primary hyperparathyroidism involving a single gland from those
with the much less common (8—13%) occurrence of multiple adenomas or four-
gland hyperplasia has challenged surgeons. The advent of technetium-99m
(®*"Tc) labeled sestamibi scintigraphy in the early 1990's has changed the man-
agement of primary hyperparathyroidism for the majority of surgeons, because
most nuclear medicine departments have become more proficient in performing
and interpreting this test. A recent meta-analysis of more than 6,000 patients
showed that presurgical sestamibi scanning has a sensitivity of approximately
90% and a specificity approaching 100% in identifying patients with a single
adenomawhen appropriately applied to patientswith sporadic primary hyperpara-
thyroidism [1]. The key is utilizing the information provided by the sestamibi
scan to benefit the highest number of patients without increasing the risk of in-
complete surgeries on the remainder.

We developed radioguided parathyroidectomy several years ago in an at-
tempt to improve parathyroid surgery through application of the data afforded
by aclearly positive sestamibi scan in patients with sporadic primary hyperpara-
thyroidism. The goal was to allow a quick outpatient procedure to be performed
under local anesthesia on most patients with primary hyperparathyroidism. Our
experience, after performing over 500 of these cases over the past three years
and teaching this technique to several hundred surgeons, has brought to light a
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few important points about radioguided parathyroidectomy that are described in
this chapter. First, this procedure is only applicable to patients with sporadic,
primary hyperparathyroidism. Secondly, the operating surgeon must be able to
work closely with his/her nuclear medicine physician. Furthermore, a new gener-
ation hand-held gamma-ray detection probe must be used. Finally, to be able to
interpret the information correctly, the surgeon must know how to use and set
up the probe, which is different for each probe manufacturer and very different
from sentinel lymph node mapping.

The probe isa simple tool yet it can provide invaluable information. It will
not make an expert out of every surgeon; however, if appropriately applied to
the correct patient population, the surgery can be simplified tremendoudly. This
technique allows for a smaller incision, which is appealing to patients and refer-
ring physicians alike. The use of local anesthesia also has a positive influence
on the patient’s view of the surgery beforehand and, perhaps more importantly,
readily allowsfor the patient to be discharged almost immediately after the proce-
dure. Our experience supports that approximately 85% of all patients with spo-
radic primary hyperparathyroidism can have a minimally invasive radioguided
parathyroidectomy with examination of one gland only. A few more can be ade-
quately treated with a unilateral exploration, examining two glands, with only
10% or so requiring a bilateral exploration.

SELECTION OF SURGICAL PROCEDURE

With the diagnosis of primary hyperparathyroidism, patients are counseled re-
garding the standard versus radioguided approach. Sestamibi scintigraphy or any
other localizing studies are not performed until the day of the surgery. Patients
are scheduled for an operation and the surgical technique used (standard vs. radio-
guided parathyroidectomy) is dictated by the results of the sestamibi scintigraphy
performed an hour or two before the procedure. Because of the importance of
timing, it is our recommendation that surgeons learning this technique begin by
selecting patients for radioguided parathyroidectomy who have had a sestamibi
scan, deemed clearly positive, a week or two before the surgery. Subsequently,
once the technique has been learned, the goal is to scan patients only once, 1 or
2 h before surgery. If a single adenoma is found on the presurgical scan, then
radioguided parathyroidectomy is performed. If no localization occurs, a standard
bilateral exploration will be performed (Fig. 1).

Because of the tremendous variability in the quality of sestamibi scans
from institution to institution, the percentage of patients who are able to undergo
radioguided parathyroidectomy will vary at each hospital. The dosage of ®™Tc-
sestamibi that we use is 740-925 MBq (20-25 mCi) [2]. In working closely with
our nuclear medicine department, we are able to get a positive sestamibi scan
on 86.9% of all patients referred. Interestingly, only about 6% of patients referred
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Ficure 1  Perisurgical management scheme based on 9"Tc-sestamibi scanning and
minimally invasive radioguided parathyroidectomy (MIRP).

to us have had scans previously, with the mgjority having negative scans. The
weight rests on the surgeon, not just the nuclear medicine physician, to review
the films closely and be confident that the scan is positive. Our definition of a
positive sestamibi scan is one that has been performed on a patient with sporadic
primary hyperparathyroidism that shows a single focus of increased radioactivity
which is distinct and separate from the thyroid. In order to achieve the latter part
of this definition, more than just anterior-posterior views must be obtained. We
strongly believe that simple oblique views are the only other views that are
needed, and in fact are essentia to clearly delineate the focus of radioactivity
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separate from the thyroid. Interestingly, lateral views are ailmost universally use-
less.

THE IMPORTANCE OF TIMING BETWEEN SESTAMIBI
AND OPERATIVE EXPLORATION

In order to perform a successful radioguided parathyroidectomy, two elements
arecritical [2-5]. Thefirst isthe quality of the presurgical sestamibi, which allows
for a clearly positive scan to be obtained, as defined previously. The second
critical determinant for success became obvious only after we had accumulated

Window of
Opportunity

Parathyroid

Relative Radioactivity

: : —
0 1 2 3 4 15 16
Hours after Injection

Ficure 2  Window of opportunity. Based on the relative speeds at which the thyroid
and parathyroid ““wash out” ?"Tc-sestamibi and keeping in mind the 6.2 h half-
life of #°™Tc, the optimal situation to identify parathyroid adenomas with the probe
occurs when the thyroid has washed out and the parathyroid remains radioactive.
This window of opportunity occurs between 1.5 and 3.0 h.
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sufficient experience with this technique to realize that there was a *‘window’’
of optimal timing between injection of the radiopharmaceutical and using the
probe in the surgery room.

This surgical window is afunction of the relative speeds at which the thy-
roid and parathyroid ‘‘wash out’’ their nuclear tag. Because the thyroid will lose
itsinitial uptake of ®*"Tc-sestamibi at a faster rate than a hyperactive parathyroid
gland, the optimal situation occurs when the thyroid has washed out and the
parathyroid remains radioactive (shown in Figure 2 as ** optimal window’"). Only
when there is differential activity between the thyroid and the parathyroid ade-
noma can the gamma probe be helpful. We have found that this situation occurs
between 1.5 and 3.0 h. Typically, 1.5-2.5 h after radiopharmaceutical injection
is ideal for the vast majority of patients, and an elapsed time over 3.5 h usually
will not work. The 6.2-h physical half-life of ®"Tc allowsthe use of the indicated
window.

SURGICAL TECHNIQUE

When positioned on the surgery room table, a small new-generation (9-14 mm)
gamma-ray detection probe is used to measure radioactivity in four quadrants of
the neck defined by the upper and lower poles of the thyroid on each side. Note
that the first-generation probes are not useful for this operation. These were large
in diameter and lacked the directionality because they were unshielded and non-
collimated. The initia incision is placed according to the expected location of
the adenoma as determined by both the sestamibi images and the measurement
of gamma-ray emission on the skin. This may necessitate that the incision is
placed slightly higher or lower than usual, but should always be oriented trans-
versely to allow extension as needed, or even conversion to abilateral exploration
if necessary. Superficial adenomas (at the level of the thyroid lobe) can be re-
moved through a2.0-2.5 cm incision. Adenomas lying in the tracheo-esophageal
groove, however, may require a 3.0 cm incision.

The skin and subcutaneous tissues are infiltrated with a local anesthetic
and the patient is given intravenous sedation. We do not perform a cervical block
to avoid the risk of wasting time during a period when timing is most critical.
There is no other reason that this technique would not work just fine. Subplatys-
mal flaps are created, the gamma probe is placed into the wound, and background
radioactivity counts are quantified in al four quadrants of the neck. The strap
muscles are now separated along the midline and another self-retaining retractor
is placed to hold these muscles apart. The dissection is carried deeper as directed
by the increasing count rate to locate the radioactive gland. Beyond this point,
blunt dissection should be used exclusively to prevent damage to small vascular
or nervous structures. Cautery below the strap muscles can usually be avoided
completely, but when needed, any deep cautery should be of the bipolar type.
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The recurrent laryngeal nerve, if within the surgical field, is examined, and al-
though we never make a specific point to locate the nerve, we are constantly
aware of anatomical relationships in this regard.

The adenomais|ocated by continued and frequent use of the probe to direct
the dissection. It is very important to use the probe in the ‘* counts per second’”’
mode and not the timed mode, as is often used for lymphatic mapping. When
placing the probe deep in the neck, it must be remembered not to aim it towards
the chest because this may give afalse-positive reading. The reason is that *™Tc-
sestamibi isaccumulated inthe heart and is, in fact, also used asacardiac imaging
agent. Once identified, the adenomais teased from its surrounding tissues bluntly
and elevated to show its single pedicle that is ligated with a hemoclip and tran-
sected. At no time should safety be compromised by a hesitancy to extend the
incision or even convert to general anesthesia if necessary. When using the probe
toitsfull potential there will be very little unnecessary dissection. Our experience
has shown that as many as 30% of all parathyroid adenomas can be removed
without even exposing the thyroid gland. The average operative time for radio-
guided parathyroidectomy is now about 25 min with a chief resident performing
the majority of these cases. Although the speed at which an operation is per-
formed is not important in itself, we believe these times are a reflection of the
simplicity of this technique.

Detailed monitoring of the potential radiation hazards has shown this proce-
dure to pose no significant risk to patients, operating room personnel, surgeons,
or pathologists [3]. The soiled linens and sponges do not require specia handling
and can be discarded as per routine. Because sestamibi is concentrated in the
heart and right upper quadrant of the abdomen, we routinely place a lead apron
over the patient once they have been placed on the operating room table. This
decreases radioactivity emission and thereby allows the surgeon and operating
room personnel to avoid wearing radiation monitoring devices. We have esti-
mated that the surgeon would have to perform more than 700 of these cases per
year to exceed radiation exposure limits. We routinely send radioguided parathy-
roidectomy patients home within an hour of the procedure. Those patients with
significant underlying medical problems are kept overnight, but this is rarely
necessary. All patients are sent home on supplemental calcium, approximately
1.5 g/day for 2 weeks.

THE 20% RULE

There are several important points after removal of the radioactive tissue that
combine to confirm that the tissue that has been removed is the anticipated para-
thyroid adenoma [2-4]. From our experience, we have learned that an ex vivo
adenoma will almost always have a count rate that is at least 20%, and usually
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Ficure 3  The 20% rule. An ex-vivo adenoma will almost always have a count rate
of at least 20% of the postexcision background reading (horizontal axis). Conversely,
all other neck tissues including fat, lymph nodes (LN), thyroid, normal parathyroids
(NI PTH), and hyperplastic parathyroids (Hp PTH) always contain less than 20% of
the background reading. Therefore, any excised tissue containing more than 20%
of background radioactivity is guaranteed a parathyroid adenoma.

more than 50%, of the count rate of the postexcision background (Fig 3). After
analyzing thousands of tissues removed from the neck during all types of parathy-
roid explorations, we are confident that fat, lymph nodes, and even thyroid nod-
ules will not be confused with a parathyroid adenoma as typical ex vivo count
rates from these tissues are consistently less than 3% of background [5,6] Ex
vivo radioactivity reading has proven to be 100% accurate in distinguishing para-
thyroid adenomas from all other neck tissues when the excised tissue has a count
rate of at least 20% of the post excision background. This observation has reduced
the number of diagnostic frozen sections dramatically with less that 6% of all
adenomas falling below this threshold radioactivity level and thereby necessitat-
ing frozen section analysis. Because of the systemic administration of the radio-
pharmaceutical, ex vivo counts must be performed several feet from the patient
with the probe aimed away.

DISCUSSION AND CONCLUDING REMARKS

Timing is an integral part of this procedure and therefore surgeries performed
more than 3 h after sestamibi injection result in aless radioactive adenoma. This
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information must be kept in mind when measuring ex vivo radioactivity and if
there is any doubt, a frozen section examination should be performed. Figure 1
details our intrasurgical decision-making process with respect to the radioactivity
of the excised adenoma.

Several points should be kept in mind. It must be remembered that the 20%
rule refersto 20% of postexcision background, not 120%. In addition, radioactiv-
ity should be monitored at 1 sec intervals. Removal of the radioactive gland will
be associated with dramatically decreased gamma-ray emission within that area
of the neck. The loss of this main focus of radioactivity within the neck will give
riseto the third observation: the radioactivity in all four quadrants should equalize
after removal of the offending parathyroid tissue [2-4].

With appropriate patient selection and high-quality sestamibi scans, the
majority of patients with primary hyperparathyroidism can be successfully treated
by radioguided parathyroidectomy. The use of local anesthesia and the limited
scope of the dissection afforded by probe guided mapping may decrease the inci-
dence of failed explorations and other potential complications associated with
this procedure. Although intrasurgical nuclear mapping can be a very simple,
useful tool to minimize the efforts necessary to localize a diseased parathyroid,
prior experience in parathyroid surgery remains mandatory as clinical judgement
will continue to play the dominant role in determining when the procedure is
complete or when a bilateral exploration is required.

To conclude, we believe that there are four key points to a successful sur-

gery:

1. Theoperation must be performed within 3.5 h of the radiopharmaceuti-
cal injection.

2. Radioactivity emitted by the heart should not be interpreted as coming
from a substernal parathyroid gland, especially when the scan shows
the adenoma to be in the neck.

3. Blunt dissection with meticulous hemostasis should be performed be-
low the strap muscles.

4. If aresected adenoma has more than 20% of background reading
(counts/sec) and the patient has primary sporadic hyperparathyroidism
with a positive sestamibi scan, then the surgery is complete.
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INTRODUCTION

Cancer of the colon and rectum is the most common gastrointestinal cancer in the
Western world. It isestimated that approximately 500,000 new cases of colorectal
cancer are diagnosed annually. Surgery isthe most effective treatment. The surgi-
cal technique evolved over thefirst half of the 20th century and has not undergone
any significant changes since. The extent of the surgery is based on the empirical
knowledge of the pattern of tumor spread, gross findings at |aparotomy, and histo-
logical confirmation of tumor-free margins. The intent of surgery is curative.
However, in this day and age, it is incomprehensible that the surgeon’s assess-
ment should still be based on inspection and palpation during surgery and that
tissue is excised merely on the basis of its color or consistency, with no way of
knowing whether any residual tumor has been left in the abdomen. Any tool that
can help the surgeon and assist in staging the disease would be a welcome addi-
tion to the armamentarium. This chapter reviews the status of radioimmuno-
guided surgery (RIGS) in colorectal cancer.

RIGSisasurgica technique whereby the patient is injected with aradiola
beled monoclonal antibody (MoAb) before surgery. With the aid of a gamma-
ray detection probe during the operation, the surgeon may better assess the abdo-
men and stage the disease more accurately. The purpose of developing this tech-
nology was fourfold: (1) to confirm the presence or absence of disease; (2) to
delineate the surgical margins of resection; (3) to detect clinically occult tumor
(tissue not seen by preoperative imaging nor found by the surgeon without the
probe); and (4) to confirm the surgical margins of resection [1].

245
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The currently used MoAb is CC49, an antitumor-associated glycoprotein
(anti-TAG-72) [2]. It is labeled with iodine-125 (*#I). RIGS using CC49 for pri-
mary and recurrent colorectal cancer has resulted in tumor localization of 92%
to 97% of recurrent tumors [3-5]. A number of studies have been conducted
with the anti-TAG MoAb, most of them at Ohio State University and James
Cancer and Research Institute in Columbus, OH, where several benefits of this
technology were demonstrated [4,6—9]. The surgeon was able to locate cancer
and find micrometastasis in lymph nodes that were negative for tumor after rou-
tine hematoxylin and eosin (H&E) pathological examination. RIGS technol-
ogy showed patterns of tumor dissemination [10,11]. RIGS provided additional
information that resulted in a change in traditional surgical decision-making
and in a better selection of patients with resectable disease and enhanced survi-
val [3,7,8].

RIGS adds another tool to the traditional methods used by the surgeon.
This addition requires learning and adaptation of the surgeon’s perception in
realizing that a gamma-ray detection probe may locate suspicious tissue neither
observed nor palpated traditionally. Not only does the surgeon have to change his
traditional behavior, but the pathol ogist does aswell. The conventional method of
bivalving the node and then staining it with H&E is not accurate enough. The
tissue may need a more sophisticated pathology method such as immunohisto-
chemistry or reverse-transcriptase polymerase chain reaction (RT-PCR) to detect
cancer markers.

RIGS was invented by a surgeon, E.W. Martin, and a nuclear engineer, M.
Thurston, and we know today that one of the important factors of its devel opment
and implementation is team work between the nuclear medicine physician, the
surgeon, and the pathologist.

PRINCIPLES OF RIGS

To create a system that would function as efficiently as possible and to have the
maximum sensitivity, four aspects had to be considered in the development of
the RIGS system: probe design, choice of targeting agent, choice of radionuclide,
and data processing.

Gamma-Ray Detection Probe

The idea of using a hand-held probe for the localization of diseased tissue was
first reported by William G. Myers in 1960 [12]. The first reported use of the
probe for RIGS was in 1984 [13].

The design of the praobe is based on the use of a semiconductor detector
in a hand-held instrument. The probe uses a built-in 12-mm cadmium telluride
detector, together with a preamplifier, and has the ability to detect gamma rays
from a radioactive tracer. The gamma photons detected by the crystal are con-
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Ficure 1  Probe over 50 nCi node (2-second count]. The count rate decreases propor-
tionately to the square of the distance between the two. (From Ref. 14. Copyright
1999 Springer-Verlag. Reprinted by permission of Springer-Verlag GmbH & Co.)

verted into electric pulses and presented as both a digital numerical display and
an auditory signal.

The efficacy of detection is the ratio between the area of the detector and
the area of the sphere of radiation. The ratio between these two areas increases
proportionately to the square of the distance between the two (Fig. 1) according
to the inverse square law [14]. The probe serves as a homing device by directing
the surgeon to the tissue with the high-count rate.

The Neoprobe 1000 and later models (Neoprobe 1500 and 2000; Neoprobe
Corporation, Dublin, OH) have a specia ‘‘squelch’’ mode character. This is a
mathematical character of the computer that cal culates the mean count of a given
point (5-second count), calculates the standard deviation (square root), and starts
to emit a sound only when the count is three standard deviations greater than the
mean count (dencting significantly higher radiation). This feature enables the
surgeon to survey an area and guide himself to the possibly diseased radioactive
tissue [15].

The surgical technique is based on careful survey of the area in question.
Slow scanning is mandatory. An important point in this technology is the three-
point counting principle. First, an in vivo count is performed, then the tissue is
excised, and an ex vivo count is performed to verify that the correct tissue was
excised. Subsequently, the bed of resection is probed again to verify that no
radioactive tissue is left behind. Table 1 describes several scenarios using this
three-point principle.

Isotope

In RIGS, the radiolabeled MoADb is injected 3 to 4 weeks before surgery. The
antibody becomes attached to the tumor while the body secretes the surplus anti-
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Tasie 1 The Three-Point Counting Principle

Bed of

Scenario In vivo Ex vivo resection

1 + + - Right tissue, completely excised

2 + - + Wrong tissue excised

3 + + + Right tissue, not completely ex-
cised

4 + - - Technical error with resulting high
in vivo count

Source: Ref. 14. Copyright 1999 Springer-Verlag. Reprinted by permission of Springer-Verlag
GmbH & Co.

body. The concentration in the blood decreases, and a ratio builds up between
the tumor and the blood, enabling the surgeon to detect the tumor when using
the gamma-detecting probe (Fig. 2) [16].

Several isotopes were tested in the development of the technique: &I, 1,
indium-111 (*In), and technetium-99m (*"Tc). 5| was chosen because it com-
bines the advantages of low Compton scattering, which obviates the need for
collimation; high tissue attenuation, which improves the tumor-to-background

Counts (2 sec) Ratio
500 35
L -
- 30
400 /
- 25
300 | 20
200 AN -15
o o L 10
1004 .
. 5
0 T T 1 -0
0 5 10 15 20 25 30 35

Days after injection

Ficure 2 Tumor and background concentration in an animal model injected with
monoclonal antibody labeled with '2%1. Background, continuous line; tumors; dotted
line; background to tumor ratio, broken line. (From Ref. 14. Copyright 1999
Springer-Verlag. Reprinted by permission of Springer-Verlag GmbH & Co.)
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Shields not needed

Negligible scattering

Ficure 3  Advantage of low-energy radiation with '2%1: no collimation needed, tissue
attenuation, and negligible Compton scattering. (From Ref. 14. Copyright 1999
Springer-Verlag. Reprinted by permission of Springer-Verlag GmbH & Co.)

ratio; a good detector efficiency; and a haf-life long enough to accommodate
the dow clearing of the complete antibody (Figs. 3 and 4) [17,18].

Carrier Substance

Different antibodies have been tested before the currently used antibody CC49
was chosen, a second-generation anti-TAG-72 tumor-associated glycoprotein.
TAG-72 is a pancarcinoma antigen found in colorectal tumors, breast cancer,
prostate cancer, and ovarian cancer, as well as in secretory endometrium [19].
The antigen for CC49 has a molecular weight of 200 to 400 kDa? and is purified

Bulky shields needed

2
Compton <

Ficure4  Disadvantage of high-energy radiation: collimation needed, tissue penetra-
tion, and Compton scattering. (From Ref. 14. Copyright 1999 Springer-Verlag. Re-
printed by permission of Springer-Verlag GmbH & Co.)
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from a human colon cancer xenograft used as an immunogen to generate a series
of second-generation MoAbs [2].

Surgical Procedure

Patients enrolled in the RIGS study were all diagnosed with recurrent or meta-
static colorectal cancer by clinical findings, abdominal computed tomography
(CT), or elevated carcinoembryonic antigen (CEA) blood levels in patients who
previously underwent surgery for colorectal cancer.

Before enrollment, all patients underwent a CT of the chest to exclude
extra-abdominal disease, a CT of the abdomen and pelvis, and colonoscopy. All
patients signed an informed consent form approved by the local institutional re-
view board. All patients took a thyroid-blocking agent starting 2 hours before
injection and then daily until surgery. This was either a saturated solution of
potassium iodide or Thyro-block tablets (Wallace Laboratories, Cranbury, NJ).
Patients were injected with 1 mg CC49 (anti-TAG-72 tumor-associated glycopro-
tein MoADb) radiolabeled with 2|, The patients were taken to surgery with a
precordial count rate of no more than 20 counts per 2 seconds. Such a count rate
isusually obtained 3 to 4 weeks after injection and enables good intra-abdominal
discrimination between the blood pool background and small tumors, based on
95% correlation between precordia counts and intra-abdominal aortic counts.

Surgery started with traditional exploration of inspection and palpation. To
standardize exploration and abdominal assessment, the abdomen was divided into
four zones: zone | isthe liver; zone Il concerns the upper abdomen and includes
stomach, spleen, and periportal and celiac lymph nodes (Fig. 5); zone Il concerns
the midabdomen, including colon, small bowel, kidneys, and lymph nodes along
the aorta and vena cava as far as the bifurcation; and zone IV contains the pelvis,
including rectum, lymph nodes along both iliac artery and vein, femal e reproduc-
tive organs, and urinary bladder (Fig. 6). CT evaluation before surgery was also
performed following the same zonal configuration. In al patients, the liver was
examined with intraoperative ultrasound as part of the traditional evaluation.
After exploration, the surgeon reported his findings, resectability status, and sur-
gical plan. This was followed by survey with the gamma-detecting probe, Neo-
probe 1000.

At the start of the operation, the surgeon *‘ squelches'’ on the aortic bifurca
tion or any intra-abdominal major blood vessel with a count rate that correlates
with the precordial count rate [20]. The blood vessel serves as a reference point
“‘blood pool background'’ for the lymph nodes. For parenchymatous organs such
as the liver, the surgeon may also squelch on an adjacent normal-appearing area
as areference point. The surgeon then surveys the abdomen with the probe, and
whenever the device emits a continuous sound, he stops and takes three 2-second
count readings. Readings that are twice as high as the reference point and greater
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Ficure 5 The gamma-ray detection probe is brought into contact with the lymph node
in the periportal area. The surgeon’s finger is inserted in the Winslow’s foramen.
(From Ref. 30. Copyright 1995 American Cancer Society. Reprinted by permission
of Wiley-Liss, Inc., a subsidiary of John Wiley & Sons, Inc.)

il

\Y)

g

Ficure 6 Abdominal zones. (From Ref. 21. Copyright 1999 Springer-Verlag. Re-
printed by permission of Springer-Verlag GmbH & Co.)
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than 20 are considered to be positive. At the end of the survey, the surgeon again
reports the surgical findings, resectability status of the patient, and surgical plan.
Every suspicious tissue undergoes biopsy or is resected because lymph node
involvement in certain cases may cause the surgeon to abandon the intended
resection. As shown in previous studies [4], certain RIGS-positive lymph nodes
are not always confirmed by H& E staining. Resection was not abandoned based
on RIGS-positive lymph nodes without frozen H&E confirmation. Data were
analyzed according to abdominal zones and H& E confirmation.

TEL AVIV SOURASKY MEDICAL CENTER EXPERIENCE

Because the RIGS methodology was introduced at the Tel Aviv Sourasky Medi-
cal Center after the initiation of the phase 11 study, all surgery was performed
according to this protocol. Sixty-six patientswith recurrent colorectal cancer were
enrolled in phase 11 multicenter studies (Neo2-14, Neo2-12, and single-center
study Neo2-04 and compassionate use protocol Neo2-81) [21].

Eight of the 66 patients enrolled were not assessable because they did not
undergo surgery. Three of the patients were injected but underwent emergency
surgery for various reasons without using the probe. Thus, 58 patients were as-
sessable and are the subjects of this study. Localization of CC49 in the tumor
was observed in 54 of the 66 intent-to-treat patients (81.8%) or in 54 of the 58
assessable patients (96.4%).

In Table 2, the tumor findings are categorized according to the four zones,
preoperative CT findings, surgeon’ sfindings with traditional exploration and then

Tasie 2 CT, Surgical (Traditional), and RIGS-Positive
and H&E-Positive Findings of Excised Tumor Sites.

Zone CT Surgeon RIGS Pathology

| 19 34 35 35
Il 2 5 23 5
1 13 42 68 48
v 22 36 51 45
Total 56 117 177 133

CT, tumor sites identified before surgery; Surgeon, tumor sites
identified by the surgeon using traditional methods; RIGS, tu-
mor sitesidentified in surgery using the gamma-detecting probe;
Pathology, excised tissue confirmed by pathology to be H& E-
positive.

Source: Ref. 21. Copyright 1999 Springer-Verlag. Reprinted by
permission of Springer-Verlag GmbH & Co.
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the use of the RIGS methodol ogy, and H& E pathology confirmation. The perfor-
mance differed between the four zones. Using intraoperative ultrasound, the de-
tection capability of the surgeon is high in zone I. CT performance is poor in
zones |1 and 11, but there were also some false-positive findings by RIGS. In
zone 1V, RIGS identified many tumors, most of them H& E-positive. Altogether,
CT identified 56 tumor sites, the surgeon identified 117 using traditional explora-
tion and 177 with the RIGS methodology, and pathology confirmed 133 tumor
sites.

A summary of the RIGS findings by anatomical sitesis presented in Table
3. In 17 of 58 patients (28.2%), RIGS exploration resulted in new findings that
led to a change in the surgical plan in 16 patients. In five of these patients, a
planned resection was abandoned: four liver resections were abandoned because
of periportal lymph node metastasis, and one planned pelvic exenteration had to
be abandoned because of extrapelvic disease. Additional tissue was removed in
11 patients. In the one remaining patient whose disease was aready found to be
unresectable by traditional exploration, such an additional finding did not cause
a change in surgical plan.

The results were also analyzed according to criteria of true positive, false
positive, true negative, and false negative. Calculations of sensitivity, specificity,
positive predictive value, and negative predictive values of all tumor sites are
presented in Table 4 for the 54 patients in whom the disease was localized by
the MoAb and for the whole group of 58 patients. These calculations were also
made for the lymph nodes and for nonlymphatic tissue that was removed during
surgery (Table 5). In nonlymphatic tissue, the sensitivity was 95.6% and the

Tasie 3  Summary of Biopsied RIGS-Positive
Findings in 58 Patients with Metastatic
Colorectal Cancer

No. of
Tumor site RIGS-positive tumors
Liver 34
Anastomotic recurrence 9
Pelvic tumor 19
Peritoneal metastasis 11
Uterus 6
Periaortic nodes 20
Ovary 6
Small bowel 2

Source: Ref. 21. Copyright 1999 Springer-Verlag. Reprinted by
permission of Springer-Verlag GmbH & Co.
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Tase 4 RIGS Performance in the Whole Group of
58 Patients and in the 54 Patients in Whom
Disease Was Localized With This Technique

Localizing
Total (%)  patients (%)
Sensitivity 95 96.8
Specificity 2.7 44
Positive predictive value 67.2 67.9
Negeative predictive value 88 91

Source: Ref. 21. Copyright 1999 Springer-Verlag. Reprinted by
permission of Springer-Verlag GmbH & Co.

specificity 90%. In the lymph nodes, the sensitivity was 100% with a very low
specificity of 7%. The latter finding was caused by a high false-positive rate and
the fact that no negative lymph nodes underwent biopsy. On the other hand, the
negative predictive value of lymphatic tissue was 100% because of the fact that
no false-negative nodes were identified. This means that a RIGS-negative lymph
node implies no tumor in a patient with localizing disease. The only false-positive
nonlymphatic tissue was in patients with nonlocalizing disease (four tumor sites)
and in those with peritoneal spread (two tumor sites). There was no false-positive
tissue in aliver, pelvis, or parenchymatous organs. All true-negative tissue was
tissue that was suspected by the surgeon, was RIGS-negative, and that underwent
biopsy. The average number of tumor sites was 2.7 per patient.

Subgroups According to Anatomic Location

RIGS was devel oped to guide the surgeon during CEA-directed second-look sur-
gery and to detect clinically occult tumor that was causing an elevated CEA but

Tasie 5 RIGS Performance in 58 Patients (Lymph
Nodes and Nonlymphatic Tissues)

Nonlymphatic ~ Lymph
tissue (%) nodes (%)

Sensitivity 95.6 100
Specificity 90 7
Positive predictive value 95.6 40
Negative predictive value 90 100

Source: Ref. 21. Copyright 1999 Springer-Verlag. Reprinted by
permission of Springer-Verlag GmbH & Co.
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that was not found by the surgeon. Its use was then extended to patients with
recurrent or metastatic colorectal cancer as surgeons noticed the ability of RIGS
to detect more cancer as well as its value in assessing margins of resection. A
natural question under investigation is what constitutes the clinical scenario in
which RIGS would be most beneficia or have the capacity to improve survival.
Although a two-arm study was never conducted and in every study each patient
was his own control (traditional exploration was followed by a RIGS survey),
there are some clinical scenarios in which RIGS information can dramatically
influence the decision-making process of the surgeon: liver surgery and pelvic
surgery.

Phase lll Study Results: Liver Metastasis

One hundred fifty-five patients were enrolled in the Neoprobe Multicenter Phase
Il Study (Neo2-14) for recurrent and metastatic colorectal cancer in the United
States, Europe, and Isragl. Sixty patients were diagnosed with liver metastasis
based on preoperative CT [22].

Tumor was pathologically proven in 56 of the 60 patients (93.3%), while
localization of antibody in tumor was observed in 52 of these patients (92.9%).
After thetraditional intraoperative assessment, the disease in 35 of the 60 patients
was found to be resectable. Ten of these 35 patients had RIGScan (surgeon uses
the RIGS methodology with CC49 MoAb) occult tumor (28.5%) versus 25 pa-
tients with no RIGScan occult tumor. Seven of the 10 patients with occult tumor
(70%) died with a median surviva time of 412 days, whereas seven of the 25
patients with no occult tumor died (28.0%). The median for this group could not
be computed because of the small proportion of observed deaths. The log-rank
test was significant at a P value of .046 (Fig. 7).

Because the prognosis of these patients is dependent on the occurrence of
extrahepatic tumor, and in particular tumor deposits in lymph nodes, an analysis
of survival was performed only in patients with biopsied lymph nodes. Twenty-
two patients were eligible for this analysis. 10 in the occult group and 12 in the
nonoccult group. Seven of the 10 patients with occult tumor died (70%), whereas
only two of the 12 with no occult tumor died (16.7%). The resultant P value
from the log-rank statistic was .025 (Fig. 8). The efficacy of the RIGS methodol-
ogy was also tested in patients whose liver resection margins underwent biopsy
or were excised during surgery, correctly identifying five positive and 33 negative
resection margins.

Pelvic Recurrence

At the Tel Aviv Sourasky Medical Center, 21 patients diagnosed with recurrent
pelvic cancer underwent surgery using the RIGS methodology [23]. In their pri-
mary surgery, 14 of these patients had undergone anterior resection, and seven
had undergone abdominoperineal resection.
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Ficure 7 Survival differences for patients with surgically resectable disease with he-
patic lesions identified preoperatively by CT scan (clinical study Neo2-14). Patients
with RIGScan-identified nonoccult metastasis versus those with RIGScan-identified
occult metastasis. Long-rank P value = .046. (From Ref. 22.)

Traditional exploration identified eight intracol orectal recurrences, nine ex-
tracolonic pelvic recurrences, and five extrapelvic lymph node metastases. RIGS
exploration confirmed all intracolorectal recurrences except in one patient with
no MoAb localization. RIGS identified 13 extracolonic pelvic recurrences and
10 lymph node metastases. In all, seven patients (33%) had lesions identified by
RIGS that were previously unknown. These findings resulted in a more extensive
surgical procedure than was originally planned in six patients. In the remaining
patient, newly identified extrapelvic disease led to a decision to abandon the
intended pelvic resection. RIGS positivity at the end of surgery was al'so moni-
tored. Of the 20 patients who localized, 12 were RIGS-positive and eight were
RIGS-negative. At 36-month follow-up, actual survival of RIGS-negative pa-
tients was significantly better than that of RIGS-positive patients (P = .034).

Elevated CEA

Surgeons are usually reluctant to operate solely on the basis of an elevated CEA
blood level with no supporting evidence of tumor location in any of the imaging
modalities. This attitude is based on the knowledge that exploration may be diffi-
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Ficure 8  Survival differences for patients with surgically resectable disease with he-
patic lesions identified preoperatively by CT scan, and lymph nodes that underwent
biopsy (clinical study Neo2-14). Patients with RIGScan-identified nonoccult versus
RIGScan-identified occult metastasis. Log-rank P value = .047. (From Ref. 22.)

cult and may provefutile. RIGSis an appealing concept in such patients. Preoper-
ative scintigraphy with anti-CEA MoADb is an attractive solution, especialy be-
cause it may indicate the existence of extra-abdominal disease and may prevent
unnecessary abdominal exploration. Patients with colorectal disease are moni-
tored by a medical oncologist after adjuvant therapy, and many undergo such a
scan before being referred for RIGS.

At the Tel-Aviv Sourasky Medical Center 19 patients underwent RIGS for
a suspected tumor recurrence based solely on an elevated CEA level [24]. All
patients underwent scintigraphy with an anti-CEA MoAb labeled with ®"Tc or
W, Traditiona exploration identified 26 recurrent tumors. seven in the liver,
eight in the pelvis, six in the retroperitoneum, threein the colon, onein the spleen,
and one in the anastomosis. RIGS exploration confirmed the presence of all of
these tumors and identified additional tumor sites in seven patients (36.8%).
These findings led to a change in the surgical plan in seven patients. two resec-
tions were abandoned, and in five patients additiona tissue was removed. CEA
scintigraphy correlated with intra-abdominal findings in six patients. Additional
findings not detected by the scan were intraoperatively discovered in eight pa-
tients. There was adiscrepancy between the scintigraphy findings and the intraop-
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erative findingsin three patients, and the CEA scintigraphy results were inconclu-
sive in another two.

These results support the assumption that patients with elevated CEA level
and no other findings should undergo surgery using RIGS because this can pro-
vide the surgeon with more accurate knowledge of the extent of the disease.

Primary Colorectal Cancer

Although RIGS was developed for recurrent colorectal cancer, it was a natural
follow-through to use it in patients with primary colorectal cancer. With the first
MoADbs used, the localization rate was low, and this was attributed to the desqua-
mation of cells during the interval between injection and surgery. Use of CC49
for patients with primary lesions resulted in a 90% localization rate. In the first
report by Arnold et a. [6], additional RIGS-positive tissue was found in 50% of
the patients, but the tissue was not analyzed pathologically. In later studies, how-
ever, it became evident that type I11 tissue (RIGS-positive, H& E-negétive) was
common in extraregional lymph nodes. In yet another report studying the pattern
of RIGS-positive tissue dissemination, it was shown that this tissue was more
common in patients with primary colorectal cancer than in those with recurrent
disease [10,25]. A further observation when analyzing the survival of some
groups of patients was that patients left with RIGS-positive tissue at the end of
surgery had a worse prognosis than those who were RIGS-negative [26].
There are severa problemsin using RIGS for primary cancer that deserve
to be mentioned. (1) Surgery performed for early colorectal cancer is anatomi-
caly oriented. The colon is resected with its draining lymphatic field along the
arterial blood supply, which usualy results in fairly rigid wide margins, e.g.,
right hemicolectomy, left hemicolectomy, etc. (2) The decision concerning post-
operative treatment is based on knowledge of the lymph node status. This has
led to the belief that the only value of using RIGS in early colon cancer resection
is that it obtains information during the operation, whereas pathology results are
obtained afterward. However, RIGS can also identify the lymph nodes to be ex-
amined by the pathologist and provide information about tissues that are not
resected. The prognostic value of this information can only be studied prospec-
tively. The Neo2-13 phase Il study was an attempt to include only early cases
as those with more advanced disease and suspected extracolonic involvement
were enrolled in the Neo2-14 study. The situation is different in patients with
rectal cancer, where the margins are narrow and known to determine the inci-
dence of local recurrence. The use of techniques such as total mesorectal excision
reduces the risk of alocal recurrence [27], and this risk is reduced even further
by administering adjuvant radiotherapy, but the question remains whether every
patient is a candidate for these treatment modalities. At present, the answer isin
the affirmative because there is no superior way to select patients. RIGS may
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have a role in selecting patients for adjuvant treatment. Ensuring completeness
of removal because of itsalmost 100% negative predictive value, RIGS may even
direct the surgeon to use a more aggressive procedure in some patients. Prelimi-
nary results of the phase Il study seem to confirm this assumption.

The Neoprobe phase I11 study, Neo2-13, had an unplanned interim analysis
including thefirst 62 patients and was never reported. Thirty-five of these patients
had rectal cancer.

The localization ratio with RIGS was 86%. As part of the study, lymph
nodes that were RIGS-positive but H& E-negative (type I11) were submitted to a
central laboratory for multiple cuts and immunohi stochemistry with anticytokera-
tin antibody. Regional lymph nodes resected with the primary specimen were
included in this approach. These nodes were also tested with the probe in the
pathology laboratory. Twenty-three patients with stage Il disease underwent a
full pathology evaluation (H& E and immunohistochemistry). Eleven patients had
at least one positive lymph node by immunohistochemistry, upstaging 48% of
the patients. Twenty-nine patients with rectal cancer had a complete evaluation.
Twelve of these patients had stage Il disease, and eight of them were upstaged
(67%). A total of 146 regional lymph nodes were submitted for serial sectioning
and immunohistochemistry. Ninety-one of these lymph nodes were RIGS-posi-
tive, and 55 were RIGS-negative. Twenty of the RIGS-positive lymph nodes
(22%) and three of the 55 RIGS-negative lymph nodes (5.5%) were found to
harbor tumor cells (P < .01; unpublished data, personal communication).

Performance evaluation of the extraregional lymph nodes in these patients
with rectal cancer showed a high sensitivity, anegative predictive vaue of 100%,
and a low specificity because of the high rate of false-positive nodes.

The study evaluating the regional tissue was discontinued because of fi-
nancia reasons and the belief that the regulatory authorities would eval uate these
data as unimportant because the tissue had to be removed anyway.

COMMENTS

An important prognostic variable in colorectal cancer is the presence or absence
of tumor in lymph nodes [28]. However, the clinical assessment of lymph node
involvement is not easy because size and consistency, the two parameters used
by the surgeon in traditional exploration, are not reliable indicators for the pres-
ence of metastasis [29].

RIGS has proven to be a technology capable of detecting lymph node me-
tastasis in areas such as along the vena cava and hepatoduodenal ligament
[3,4,30]. Biopsy of lymph nodes during surgery is part of colorectal cancer sur-
gery, but random biopsies have alow yield. Even when concentrating on distinct
areas, such as the periportal region, biopsy of only firm or enlarged (> 1 cm)
lymph nodes results in only 11% positive findings [31]. In a recent study by
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Gibbs et al. [32], periporta and celiac lymph node sampling resulted in 11%
positive findings.

RIGS identifies lymph nodes with cancer, but using an anti-TAG MoAb
may result in a high ratio of RIGScan-positive lymph nodes that cannot be con-
firmed by H&E. The problem of RIGS-positive lymph nodesthat are H& E-nega-
tive was first reported by Arnold et a. [10] when using the MoAb CC49. They
found that these pathologically uninvolved lymph nodes have similar tumor—to—
normal tissue ratios as pathologically proven metastatic nodes. It is accepted to-
day that routine analysis with one-cut H& E can miss micrometastases, and that
when dealing with sentinel nodes, for example, more sophisticated pathology
such as immunohistochemistry and RT-PCR is advisable [33]. Arnold et al. [4]
have named such lymph nodes type Il (RIGS-positive/H& E-negative). Type |
is RIGS-negative/H& E-negative, type Il is RIGS-negative/H& E-positive, and
type IV is obvious tumor RIGS-positive/H& E-positive. In a study conducted by
Cote et a. [34], 57 lymph nodes were evaluated by routine analysis with H& E
staining. Seventeen nodes were H&E-positive, and 40 were H& E-negative.
Thirty-nine of the 57 were RIGS-positive, but only 14 of these were H& E-posi-
tive. Of the 39 RIGS-positive nodes, 25 weretype Il (RIGS-positive/H& E-nega-
tive). These 25 typelll lymph nodes were subjected to multiple H& E sections and
immunohistochemistry staining with cytokeratin. Occult metastasis was found in
10 of these 25 nodes (40%). Therefore, routine analysis identified tumor in 17
of 27 nodes (63%), whereas the probe identified the presence of tumor in 24 of
these 27 nodes (89%). The clinical significance of these lymph nodes with metas-
tasis identified by immunohistochemistry with anticytokeratin was demonstrated
in a study reported by Greenson et a. [35] in which 448 lymph nodes of 41
patients with Dukes' B disease were analyzed by immunohistochemistry with
anticytokeratin antibodies. After a 5-year follow-up period, seven of 14 patients
with cytokeratin-positive lymph nodes died of disease, whereas only one of the
27 patients with cytokeratin-uninvol ved lymph nodes died. In astudy that concen-
trated on periportal lymph nodes, type Il lymph nodes from 34 patients were
subjected to multiple sections and immunohistochemistry analysis [30]. Multiple
sectioning identified tumor in 24% of the patients, immunohistochemistry with
cytokeratin in 48%, and immunohistochemistry with both cytokeratin and CC49
found tumor and tumor antigen in 70%.

Further proof of the clinical significance of these findings can be observed
in some of the data generated in the phase I11 study, in which prognostic variable
datawere analyzed only in patients with resectabl e disease after traditional survey
[36]. The prognostic outcome of RIGS findings in lymph nodes was examined
by looking at survival data for three distinct groups: (1) patients with RIGS-
positive/pathology-positive lymph nodes; (2) patients with RIGS-positive/pa-
thology-negative lymph nodes; and (3) patients with RIGS-negative/pathol ogy-
negative lymph nodes. Because patients may have presented with all three RIGS/
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pathology combinations, assignment to the groups was made in the following
manner; patientswith = 1 RIGS-positive/pathol ogy-positive node were classified
as (+)/(+) patients; patients with no pathology-positive nodes but = 1 RIGS-
positive nodes were classified as (+)/(—); and patients in whom all nodes were
RIGS-negative/pathology-negative were classified as (—)/(—) group (Table 6
and Fig. 9). The difference between RIGS-positive/ pathol ogy-positive and RIGS-
negative/pathology-negative groups makes sense. RIGS is associated with high
negative predictive value, especialy in lymph nodes (94%). This outcome of the
RIGS performance, coupled with the aforementioned analysis, tends to suggest
that RIGS-negative findings reliably predict the absence of tumor and may be of
prognostic value. This high negative predictive value is of magor importance in
surgery, where decisions are made whether or not to resect hepatic metastasis
or perform extensive pelvic surgery. Although not usually appreciated by the
regulatory authorities, this advantage is unique to the RIGS technology, and its
importance should not be underestimated because a surgeon is often faced with
this question, and frozen section may be problematic because sampling errors
cannot be ruled out. This unique attribute of RIGS enables the surgeon to carry
out the surgical plan with more confidence. Our experience has taught us that
extensive lymph node dissection in patients with widespread abdominal lymph
node involvement does not translate into cure. The reason is probably the exis-
tence of extra-abdominal spread not previously evaluated or detected by RIGS
because these patients invariably develop thoracic metastasis within a short time.

The data shown and reviewed suggest that RIGS-negative lymph nodesin a
patient with localizing disease signify no tumor. Major decisions based on RIGS-
positive lymph nodes need H& E confirmation. RIGS-positive lymph nodes sig-
nify adismal prognosis but do not necessarily mean regional cancer. Using RIGS,
the surgeon is better able to detect lymph node metastasis. RIGS provides the
surgeon with additional information that resultsin better staging, better prognosti-
cation, and better intraoperative and postoperative decision-making.

Taste 6 RIGS Findings in Biopsied /Resected Lymph Nodes in Patients with
Traditionally Resectable Disease (Clinical Study Neo2-14) [36]

RIGS (+) RIGS (+) RIGS (-)
Pathology (+) Pathology (—) Pathology (—)
No. of patients 12 29 7
No. of deaths 8 12 0
% deaths 66.7 424 0.0
Median survival time (days) 460 699 —2

Log-rank P value = .002; Wilcoxon P value = .006.
2 Median not computed because of small number of deaths.
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Ficure 9 Overall survival RIGS performance in lymph nodes (n = 71), clinical study
Neo2-14. RIGS-positive/ pathology-positive versus RIGS-positive / pathology-nega-
tive versus RIGS-negative / pathology-negative. Log-rank P value = .002. (From Ref.
36.)

The advantage of RIGS in these cases is overwhelming, and although the
surgical indications have to be weighed before any decisions are made, the data
generated in the phase 111 study strongly support the use of RIGS once the deci-
sion to operate has been made.

Shortcomings in traditional pathology evaluation of lymph nodes identified
by RIGS were found in severa studies. RIGS directed the pathologist to lymph
nodes that proved to be tumor-positive when examined with immunohistochemis-
try [27,28]. However, more studies using molecular biology techniques are
needed to determine the biological significance of such nodes, some of which
may carry tumor antigen but no viable tumor cells.

THE FUTURE OF RIGS

RIGS started as a diagnostic method to locate occult cancer in patients with an
elevated CEA level and has evolved into a method that not only helps the surgeon
to delineate margins of resection, but also to find occult tumor and assess the
completeness of a resection. It also provides the knowledge of patterns of tumor
spread in the early stages of disease that previously could only be obtained by
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autopsy. The ability to locate occult tumor involvement and the high negative
predictive value of 100% enable the surgeon to select patients for resection with
more confidence and to make more accurate intraoperative and postoperative
treatment decisions.

The currently used antibody has been tried for other gastrointestinal tumors,
such as carcinoma of the pancreas, with promising results of 100% localization
and a 17% detection rate of occult disease [37]. Other anti-TAG MoAbs as well
as severa anti-CEA MoAbs have been tested in patients with ovarian cancer
[38], prostatic cancer [39], or breast cancer [40,41]. Trying to find the MoAb of
the future involves experiments with single chains [42,43] and new humanized
MoADb to overcome the development of human antimouse antibody production.
MoAbs that shorten the interval between injection and surgery are also being
investigated. An example of a new MoAb is a C,;2 domain—deleted molecule.
Peptides such as #|-TYR(3)-octrectide are under investigation for neuroendo-
crine tumors [44,45], neuroblastomas, and breast tumors [46].

Gamma-guided surgery has encouraged pathologists to investigate the tis-
sue with the highest chance of metastasis by immunohistochemistry or PCR and
has raised the question of the relevance of micrometastasis. RIGS technology
has now been incorporated in clinical studies, and its significance will be better
understood in the future. Smaller probes and special probes for minimally inva-
sive surgery, such as laparoscopy, are currently being developed.

Teaching through telesurgery is underway and could become part of our
daily practice in the future. RIGS will result in better surgery, better pathology,
and, it is hoped, improved patient survival.
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Radioguided Open Bone Biopsy

Lary A. Robinson
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INTRODUCTION

An important aspect of the evaluation of any malignancy is the determination of
the stage of the disease. Almost any solid tumor may metastasize to bone, which
classifies that malignancy as having bloodborne spread, thereby designated as
Stage 1V disease[1]. The stage of the malignancy playsapivotal rolein determin-
ing therapy. Surgery is eliminated as a curative option when bony metastases are
documented. Generally, a Stage IV malignancy mandates a systemic therapy-
only approach, occasionaly with radiotherapy added for symptomatic lesions.
The patient’s prognosis is also directly linked to staging. Accurate staging is
therefore critical in the evaluation of any malignancy.

Although one 1976 study showed that as many as 15% of patients with
primary extraosseous malignancies have a solitary abnormality on their bone scan
[2], 36—71% of these bone lesions will prove to be benign on biopsy [2,3]. With
modern, more sensitive gamma cameras, it is likely that a higher percentage of
routine bone scintigraphy studies will have at least one abnormal focus, leading
to an even higher false positive rate of suspected bone metastasis. This high false
positive rate in solitary bone scintigraphy abnormalities could potentially lead
to overstaging of a malignancy. Histological confirmation of suspected osseous
metastases is imperative, especialy when potential lesions are discovered only
on bone scintigrams and are not corroborated by other imaging modalities.

M etastases to bone may be strongly suggested by symptoms and confirmed
by imaging studies, thereby allowing the clinician comfort in making a Stage IV
diagnosis. However, on other occasions symptoms and signs are minimal or ab-
sent and the imaging studies, such as radioisotope bone studies, are suggestive
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but not definitive. In these cases of absence of plain radiographic abnormalities,
confirmatory biopsy of a suspected osseous metastasis becomes a challenging
problem for the surgeon in terms of localization of the exact area of abnormal
tracer activity at the time of open biopsy. This chapter describes various tech-
niques used to evaluate bone lesions with emphasis on the radioguided approach
with a gamma ray detection probe. My experience after performing 28 of these
cases is presented.

BONE METASTASES

Tumors arising primarily in bone are relatively rare while bony metastases are
rather common, especially in patients over the age of 45. Metastases tend to arise
in areas of persistent red marrow, especialy in the axial skeleton, presumably
because of increased blood flow [4]. From a series of 2001 patients [5], the most
frequent sites of bony metastases are shown in Table 1 [5].

Malignancies with the highest frequency of osseous metastases include
breast cancer and prostate cancer, with cancers of the kidney, thyroid, and lung
following with less frequency. Malignancies from the gastrointestinal tract and
the remainder of the genitourinary tract as well as sarcomas rarely metastasize
to bone [4]. Eventually, up to 67% of patients with breast cancer, 50% of those
with prostate cancer, and 25% of lung and kidney cancer patients will develop
bony metastases in their lifetime [4].

New-onset bone pain may be the presenting complaint in patients with bony
metastases, and may sometimes be accompanied by swelling. Occasionaly a
“‘pathological’’ fracture may occur in the weakened bone. M ost osseous metasta-
ses cause osteol ytic destruction, although rarely osteoblastic metastases do occur.
Elevation of the serum alkaline phosphatase may occur with bony metastases, but

Taste 1 Most Common Sites of
Osseous Metastases in Order of
Decreasing Frequency

Vertebrae

Pelvis

Femur and sacrum
Ribs

Skull

Humerus

Scapula

Sternum

Source: Ref. 5.
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abnormal elevated values of this enzyme are seen with multiple other problems
including hyperparathyroidism, osteomalacia, osteitis deformans, osteogenic sar-
coma, rickets, healing fractures, pregnancy, normal growth, and various hepato-
biliary conditions [6]. Bone metastases may initially not produce any symptoms
and be clinically silent. In some malignancies, routine bone scintigraphy is per-
formed in the staging work-up, occasionally leading to the discovery of silent
bone abnormalities. For malignancies such as non—small cell lung cancer, bone
scintigraphy is recommended only if there are some clinical indicators such as
bone pain, elevated serum alkaline phosphatase, or elevated serum calcium.
Rarely are bone metastases found in the early-stage lung cancer patient in the
absence of these clinical findings[7,8]. Bone metastases usually show destructive,
osteolytic changes that are manifested by discrete areas of decreased bone density
on plain bone radiographs. Focal areas of increased density are uncommon, and
these osteoblastic or osteosclerotic changes are usually associated with prostate
cancer or metastatic breast cancer after hormone treatment [5]. Nevertheless,
plain bone radiographs are rather insensitive indicators of metastases because at
least 50% of the trabecular bone must be destroyed before it is radiographically
visible [4].

BONE SCINTIGRAPHY

The most sensitive indicator of metastatic disease is bone scintigraphy, which
appears positive when as little as 5-15% of the trabecular bone is destroyed by
tumor [4]. This technique is much more sensitive than plain bone radiographs
and shows metastases to bone much earlier. Indeed, only 3% of bone metastases
will be seen on plain bone radiographs in the face of a normal bone scan. The
mechanism involved in the uptake of the radiopharmaceutical used in bone scin-
tigraphy is not well understood. Usually technetium-99m (*"Tc)—labeled diphos-
phonate is used. This radiopharmaceutical will localize on the images to show
an area of increased bone formation or blood flow, resulting in a‘*hot spot’” on
theimages[9]. When metastatic tumor invades bone it causes local bone destruc-
tion, but new bone formation will simultaneously occur as aresponse. The radio-
pharmaceutical appears to bind to the hydroxyapatite crystal of this new bone
and not to the tumor cells themselves.

Rarely, there may be areas of decreased blood flow or decreased or absent
new bone formation in the face of metastatic tumor in the bone that will result
in alocalized area of decreased tracer uptake, known as a photopenic lesion [9].
Rapid bone resorption without new bone formation may rarely occur with an
aggressive, highly destructive metastatic tumor. In this case, the ™ Tc-di phospho-
nate may not be taken up in the area of bone destruction. However, most lesions
are visualized through increased tracer uptake.



Tase 2 Conditions Causing Increased Uptake of
99mTc-Diphosphonate on Bone Scintigraphy

Increased blood flow and bone formation
Arthritis
Aseptic necrosis, cysts
Bone infarct
Eosinophilic granuloma
Fibrous dysplasia
Fracture (recent or healing)
Heterotopic bone growth
Hyperostosis frontalis interna
Osteitis pubis
Osteoid osteoma
Osteomyelitis, osteitis
Paget’s disease
Postsurgical bony changes
Renal osteodystrophy
Rheostosis
Sudeck’ s atrophy
Soft-tissue abnormalities
Calcific tendinitis or myositis
Dental abscess
Hydronephrosis or hydroureter
Injection site
Postsurgical scar
Soft-tissue osseous metaplasia
Primary malignant bone tumors
Chondrosarcoma
Ewing’s sarcoma
Osteosarcoma
Benign bone tumors
Fibroma
Chondroma and enchondroma
Normal structures
Alae of sacrum
Base of skull
Epiphyses of youth
Facial bones
Inferior tip of scapula
Kidneys and bladder
Sternomanubria and corpus-manubrial joints
Thyroid cartilage
Variant anatomy
Artifacts from spillage of isotope during injection
Antecubital fossa
Lateral chest wall
Metastatic tumors

Source: From Ref. 9.
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Bone scintigraphy is undoubtedly quite sensitive but not very specific for
definitively confirming metastatic tumor. A wide variety of benign and malignant
conditions other than metastatic disease may result in increased uptake of the
tracer, aslisted in Table 2. Because there are so many causes of tracer accumula-
tion, there is a real possibility that a ‘‘positive’’ bone scan is in fact a false
positive result when theimages are used in the staging of amalignancy, especially
if considered without other modality studies. Therefore, the presence of apositive
(although nonspecific) bone scan mandates biopsy of the suspected lesion for
histological confirmation of a possible metastasis, especialy in the absence of
definite, abnormal plain bone radiographs. Only after a diagnostic biopsy can the
stage of the disease be reliably established.

MAGNETIC RESONANCE IMAGING

In patients who are symptomatic with localized bone pain, the diagnosis of osse-
ous metastases is readily apparent. Plain bone radiographs of the areas of pain
or swelling are usually obtained and are commonly positive. When results of
these radiographs are negative or equivocal, bone scintigraphy is usually per-
formed. Bone scintigrams may also be obtained to look for areas of asymptomatic
metastases in patients with known bone metastases. Locating metastases in
weight-bearing bones such as the femur is important in order to treat them early
and avoid a pathologica fracture.

Magnetic resonance imaging (MRI) with gadolinium contrast is the pre-
ferred method with which to look for suspected metastases in the spine or pelvis
because it is a very sensitive and reliable technique to document bony involve-
ment [4]. MRI is especially useful for patients with neurological abnormalities
or vertebral body collapse in looking for spinal cord impingement. In the patient
with advanced cancer and suspicious new-onset back pain, it may be much more
time and cost efficient to go straight to a *‘screening’” MRI of the spine first to
avoid the usual progression of initia plain radiographs followed by bone scintig-
raphy and then a subsequent MRI [10].

PERCUTANEOUS NEEDLE BIOPSY

Sometimesiit is possible to perform a percutaneous needle biopsy of a suspected
bony metastasis for histological confirmation of tumor when there is a soft-tissue
mass or large lytic lesion in the bone. A computed tomographic (CT)—guided
biopsy of aspinelesion isalso possible on occasion. Nevertheless, thereis aways
the possibility of a sampling error when the needle biopsy is nondiagnostic.
An open surgical biopsy may be needed when the staging and ultimate
treatment recommendation hinge on the histological confirmation of osseous le-
sions. Localizing the precise area to biopsy intraoperatively is usualy easy if
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Ficure 1 () Anterior view of scintigraphy of the entire skeleton of patient number
26 with adenocarcinoma of the lung. Asymptomatic areas of increased tracer activity
(the dark areas on the ribs bilaterally in the image) are seen in the anterolateral area
of the left 4th, 5th, and 6th ribs and the right 7th rib. (b) Coned down left anterior
oblique view of just the thorax show the three ribs with increased tracer uptake.
Plain rib detail radiographs of these suspected rib metastases were normal. The left
5th rib (arrow) was biopsied using gamma probe guidance. Benign hypercellularity
and bone remodeling were found, probably from a healing fracture.
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there are localizing symptoms and corresponding plain bone radiograph abnor-
malities, particularly when the target bone is a rib and the patient is thin. It is
more challenging to find the correct area for biopsy in an obese or muscular
patient, and it generally requires using amuch larger incision and numerous intra-
operative localizing radiographs. The real difficulty occurs when the asymptom-
atic patient with cancer has a bone scan with one or more abnormalities while
the plain radiographs of the corresponding areas are normal. Most bone radiolo-
gistswill report that the lesions depicted on the scintigraphy imagesin this setting
probably represent metastatic disease [2]. A typical example of this situation is
found in Figure 1 which shows the images of an asymptomatic patient with
known adenocarcinoma of the lung who had a screening bone scan and was found
to have multiple lesions in the ribs but normal plain bone radiographs.

The scintigrams in Figure 1 were initially read as showing probable bone
metastases, but this reading was proven incorrect with a subsequent open rib
biopsy that showed benign bone remodeling. The commonly held belief that the
presence of metastases is proven with a positive bone scan in this setting is fre-
guently incorrect because of the high incidence of other lesions being visualized,
ranging from 47—71% in various studies [3,8,11,12]. With such a high incidence
of benign bone lesions accounting for the bone scan abnormalities, a comfirma-
tory biopsy is a necessity. However, a needle biopsy is not feasible when only
a bone scan serves as the guide.

STANDARD OPEN SURGICAL BIOPSY

The surgeon faces a real clinical problem when asked to perform an open bone
biopsy in an asymptomatic cancer patient who has only an abnormal bone scan
with normal plain bone radiographs of the corresponding areas. Ribs are the most
surgically accessible bones to biopsy. But when using only bone scintigraphy as
aguide, intraoperative localization of the exact site to biopsy is quite challenging.
Depending on the clarity of the image, it may be difficult to define which num-
bered rib is hot.

Pinpointing the precise anterior-posterior location of the lesion on a rib
may be even more of a problem. Faced with this situation, the surgeon may be
forced to make a substantial incision to excise a large portion of the rib and
possibly the adjacent rib as well to be sure the abnormality is included in the
surgical specimen. It is difficult to precisely count the exact rib to biopsy when
the patient is obese or very muscular. For this reason, it is necessary to obtain
one or more intraoperative radiographs (usually including a cross-table lateral
view) with aradio-opague marker such as a needle imbedded in the bone to mark
the correct rib to biopsy. The radiograph must be centered correctly such that
the first or twelfth rib is seen on the same radiograph to allow counting to the
marked target rib. It is commonly necessary to repeat the imaging several timesin
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order to catch the appropriate anatomy on the radiograph taken of the anesthetized
patient, who is in the lateral decubitus position. The area of the hot spot on the
bone scintigram usually appears grossly normal intraoperatively and the bone is
uniformly too dense to allow frozen section analysis. Therefore, it is virtually
impossible during a standard bone biopsy to tell if the exact targeted lesion was
excised. The final pathological diagnosis awaits 7 to 10 days of decalcification
and processing. If the final diagnosis rendered is ‘*normal’’ bone, then there is
even more uncertainty whether the correct site was biopsied, because some ab-
normality must be present in the bone to cause the increased radionuclide up-
take.

METHYLENE-BLUE RIB TARGETING TECHNIQUE

In 1983, Little and colleagues devel oped atargeting technique to mark the proper
rib and facilitate biopsy by the surgeon [11]. ®*"Tc-diphosphonate is injected
intravenously into the patient 6—12 h before the operation. Then, in the nuclear
medicine department, the patient is positioned below the gamma camerato image
the appropriate area. While the patient is imaged on the real-time scintiview
screen, a radioactive point source is moved over the patient and simultaneously
visualized. When the externa point source overlaps the hot spot on the screen,
the skin in that location is marked with indelible ink. After local anesthesia with
lidocaine, a needle is inserted down to the rib in that area and a small amount
of the tracer is injected to mark the hot spot deeper. The needle is left in place
while the patient is repositioned and viewed from different angles under the
gamma camerato be sure that the percutaneously injected tracer is superimposed
over the bone scan abnormality. Several injections may be needed until the cor-
rect areais marked. Subsequently, methylene blueisinjected into the same needle
to stain the underlying periosteum and soft tissue up to the skin. The patient is
then taken promptly to the surgery room for an open biopsy of the methylene
blue—stained rib before the dye diffuses away.

Using the rib marking technique, Little and associates reported success in
15 patients with known cancer to enable them to biopsy 13 ribs, one skull, and
one scapula [11]. A pathological diagnosis was found in all patients, but only
eight of 15 (53%) had metastatic cancer. The other patients had a variety of
benign diagnoses, including hypercellular marrow (2), old rib fractures (2), Pag-
et's disease, granuloma, and osteoporosis. This methylene-blue targeting tech-
nique appears to work in experienced hands but requires careful coordination of
the nuclear medicine department and surgical schedule. That is, a surgery room
should be immediately available to accept the rib biopsy patient for surgery so
that the blue dye does not have time to diffuse to other ribs. The surgeon per-
forming only an occasional bone biopsy guided by this technique might find it
difficult to duplicate the excellent results of Little and colleagues.



Radioguided Open Bone Biopsy 275

Moores and colleagues published a later series of 33 bone biopsies using
the methylene-blue technique in 1990 [12]. A histological abnormality was found
in 97% of their biopsies, but only 52% of the total had metastatic cancer in the
bone. Their false positive rate of 48% was very similar to that of Little and
colleagues [11]. In the 17 patients with an abnormal bone scan but normal plain
bone radiographs, the false positive rate was even higher at 71%.

TECHNIQUE OF INTRAOPERATIVE GAMMA-RAY DETECTION
PROBE LOCALIZATION

The development of the hand-held, high-resolution gamma-ray detection probe,
which provides real-time, rapid counting in the surgery room, has allowed the
development of a much simpler technique for localizing bone lesions for biopsy.
The gamma probe has been quite successfully used intraoperatively for ra-
dioguided identification of sentinel lymph nodes in melanoma and breast cancer
[13,14]. The gamma probe has been subsequently adapted for use at the H. Lee
Moffitt Cancer Center for intraoperative localization of areas of increased uptake
of a®"Tc-labeled tracer in ribs and the sternum to guide the surgeon in the open
biopsy of suspicious bones [3].

The surgical technique using the gamma probe for intraoperative guidance
isquite straightforward and has previously been described [3]. Threeto 4 h before
surgery the patient receives an intravenous injection of ®"Tc-oxidronate in the
standard dosage for a radioisotope bone scan (1036 MBg, 28 mCi). A 3—4 h
interval from injection until surgery gives the best intraoperative discrimination.
After induction of general anesthesia, preparing, and draping of the patient, the
hand-held small pediatric size gamma probe (Neoprobe 1000, Neoprobe Corpora-
tion, Dublin, Ohio or Navigator, Model GGS, RMD Co., for U.S. Surgical Corpo-
ration, Watertown, Massachusetts) is packed in asterile plastic sleeve. The device
is used to localize the area of greatest tracer activity (measured in counts per
sec) on the skin of the chest wall in the suspicious-looking area. A moderate
amount of background activity from the tracer is found in al the nearby bones.
The hot-spot target has a noticeably increased amount of tracer activity compared
with the surrounding area.

A 3-4 cm incision is made over this area of increased radioactivity and
the targeted rib or sternum is exposed. The probe in the sterile sleeve is then used
to precisely localize in the surgical wound the area of increased tracer activity in
comparison with background counts elsewhere on the same rib or on nearby ribs
(Fig. 2). The point of greatest activity is then marked directly on the surface of
the rib with the electrocautery device just prior to removal of that section. Al-
though thisis a small wound, the tissues can easily be moved around enough to
obtain a count reading on the adjacent ribs immediately above and below the
target rib, as well as further away from the hot spot on the same rib.
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Ficure 2  Intraoperative view of the hand-held gamma probe (the smallest, pediatric
size) in a sterile sleeve being used by the surgeon to measure counts directly on the
left 8th rib laterally in patient number 23. The patient is in the right lateral decubitus
position with the head superiorly to the right.

In the initial few patients, an intraoperative cross-table lateral radiograph
was obtained with a radio-opague marker on the rib (a spinal needle imbedded
in the periosteum is my preference) in the wound to verify that the correct num-
bered rib was being biopsied. Several radiographs were usually necessary to get
the correct view so that the first or twelfth rib was included in the image to enable
counting of the ribs from above or below. As the experience with the gamma
probe grew, these time-consuming, costly radiographs were eliminated.

A 3 cm portion of the targeted rib or the outer table of the sternum is
removed subperiosteally. The bone appears grossly normal in most patients with
an abnormal bone scan and normal rib detail radiographs. The specimen of bone
is placed in a decalcification solution and isolated 3 to 4 days to allow the ®"Tc
to decay. The decalcified bone subsequently undergoes histological study with
particular attention paid to the area scored by the electrocautery.

The small wound is filled with saline to check for inadvertent entry into
the pleura (bubbling in the wound with ventilation), which occurs about 10% of
the time in our experience. If the parietal pleura has been entered, a 24 French
chest tube is inserted through a separate stab wound into the pleura cavity. The
tube is removed in the recovery room after a portable chest radiograph shows
the absence of a pneumothorax or pleural effusion. The wound is closed in layers
with absorbable sutures and a final subcuticular skin closure. Almost all patients
are discharged the same day from the recovery room, with only the quite debili-
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tated patients requiring observation overnight. The postsurgical chest radiograph
also serves to document that the proper numbered rib was biopsied.

RESULTS WITH THE GAMMA-PROBE TECHNIQUE

The initial series of patients published in 1998 [3] has been updated for this
chapter and now consists of 28 patients who have undergone radioguided biopsy
of 31 ribs and one sternum. These 28 patients (13 men, 15 women) presented
with a variety of known or suspected underlying primary cancers, as listed in
Table 3. All had abnormal bone scintigrams but with normal plain radiographs.
They all were either asymptomatic or had minimal, nonlocalizing symptoms.

Intraoperatively, the bone to be resected always appeared grossly normal
to the surgeon. However, the surgical accuracy was 100%; all bones biopsied
contained a pathological process that would account for the hot spot on the im-
ages. Table 4 lists the pathological diagnoses found with the 32 biopsies. Only
seven of the 32 bones (21.9%) contained metastatic cancer (squamous cell carci-
noma of the lung (2), lymphoma (2), adenocarcinoma of the lung, carcinoma of
the prostate, and melanoma). The measurement of serum alkaline phosphatase
was not very helpful because only two of the seven patients with osseous metasta-
ses had dlightly elevated levels of this enzyme (28.6%) (see Table 4). One patient
with a benign diagnosis also had a dlightly elevated alkaline phosphatase level.
The other 25 bones showed a variety of benign pathological processes, as shown
in Table 4. Staging based solely on increased uptake on scintigraphy images
would have led to a 78.1% false positive rate for diagnosing metastatic cancer.

Detection of area with increased tracer uptake was easily accomplished
with the aid of the gamma-ray detection probe. The mean ratio of measured hot-
spot activity on the target rib compared with adjacent ribs or the same rib away
from the hot spot was a mean 2.19 = 1.05, with a median of 1.70, and a range
of 1.22-5.67. Thismeansthat the localized area of increased uptake of tracer was
over twice as hot as the surrounding bones. This difference was easily discernible
intraoperatively. The newer generation of gamma counterswith their highly colli-
mated probes are even more precise with increased directionality. Thisgives even
better and easier intraoperative discrimination of the hot spot with less back-
ground interference and higher count ratios. In the most recent 11 rib biopsies
in which | used the collimated probes, the mean ratio of hot spot activity to
background counts was clearly higher at 3.24 = 1.18 (median 2.89), thereby
allowing an even sharper differentiation between the targeted bone lesion and
the adjacent normal bone.

There was no morbidity or mortality specifically associated with the intra-
operative gamma-probe technique or the actual rib biopsies. And after experience
was gained with this technique on afew patients, the total surgical time for these
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Tasie 3  Results of Patients Undergoing Gamma Probe-Directed Bone Biopsy

AlKk. phos. PSA Injection
Age  Sex Clinica Bone scan Plain bone (normal (normal Bone to surgery  Count
No. (yr) (M/F) diagnosis Symptoms uptake radiographs values) values) biopsied (hr) ratio Rib pathology
1 65 M Carcinoma of None L 7thrib & Normal 46 14.8 L 7thrib 12 1.43  Hypercellular
prostate skull (37-107) (0-4.0) marrow
2 4 F Lymphoma Vague chest L ribs 6, 7, Normal 294 — L 6thrib 12 142  Lymphoma
pain (1 yr.) &8 (80-258) L 8thrib 12 159  Lymphoma
3 62 M Sq. cell ca?of  None R 9th rib, L Normal 208 — R 9th rib 6 169 Metastatisg. cell
lung 6th rib (80—258) carcinoma
4 4 M Sqg. cell ca of  Painin low Spine, mult.® Fracture 81 — L 7thrib 6 2.00 Paget's disease
lung back ribs bilat. T11 spine  (37-147) L 8thrib 6 153  Paget's disease
5 73 M Sq. cell ca of  None R 10th & 11th Normal 94 — R 10th rib 6 1.57 Enchondroma
lung ribs (38-126) R 11th rib 6 1.67  Enchondroma
6 70 M Sq. cell ca of  Vague chest L 6th rib Normal 68 — L 6th rib 6 2.05 Enchondroma
lung wall pain (38-126)
7 37 F Carcinoma of None Body of the Normal 58 — Body of the 6 1.22 Chondroma
breast sternum (38-126) sternum
8 66 M Carcinoma of None L 6th rib Normal 57 14.3 L 6th rib 6 154 Metastatic prostate
prostate (25-150) (0.1-4.0) ca
9 54 F Sq. cell ca of  Vague chest L 6th & 9th Normal 52 — L 6th rib 6 1.74 Chondroma
lung wall pain ribs (20-125) L 9thrib 6 1.63  Chondroma
10 39 M Melanoma None L 10th rib Normal 52 — L 10th rib 6 1.35 Localized fibrosis
(38-126) granulation tissue
11 64 M Large cell ca None L 8thrib Normal 62 — L 8thrib 6 1.47 Hypercellular
of lung (38-126) marrow
12 74 F Carcinoma of None L 6thrib Normal 54 — L 9thrib 6 1.71  Hypercell. © marrow;
breast L Sthrib (38-126) osteosclerosis
13 54 F Sm. cell ca® of Vague left ant L 8thrib Normal 87 — L 8thrib 6 1.31 Hypercell. marrow, %"
lung chest pain (38-126) osteosclerosis n
14 7% M Renal cell car- None R 4th rib Normal 75 25 L 7thrib 6 1.83  Fibrous dysplasia a
cinoma L 7th rib (42-121)  (0.1-4.0) S



15

16

17

18

19

20

21

22

23

24

25

26

27

28

45

82

67

69

78

62

66

39

71

52

No known ma-
lignancy

Carcinoma of
the lung

Melanoma

Melanoma

Adenoca. of
the lung
Diffuse bone

pain MM?
Small cell ca
of lung
Mal. fibrous

histiocytoma
Ca of the
prostate
Ca of the
prostate
Ca of the
breast
Adenoca. of
the lung
Ca of the
breast
Adenoca. of
the lung

Vague L chest
wall pain
None

Vague chest
wall pain
Generalized
bone pain
Vague chest
wall pain
Pain L 3rd rib

Diffuse chest
tenderness

Vague chest
wall pain

None

None

None

None

Chest tenderness

Vague chest
wall pain

R 9th rib
L 5thrib
L 4thrib
R 7th rib
R 6th rib

L 3rd rib
L 10th rib

L 3rd rib
R 6th rib
L 6th rib
R 11th rib
R 5th rib

L 8thrib
R 6th rib
R 8th rib

L 10th rib

Multiple bilat-
eral ribs
Multiple bilat-
eral ribs
Multiple right

ribs

Normal
Normal
Irregular R
6th rib
Normal
Normal
Normal
Normal
Normal
Normal
Normal
Normal
Normal
Fracture 4th
rib only

Old surg.
changes

76
(38-126)

53
(38-126)
283
(80-253)

93
(38-126)
87
(38-126)
81
(38-126)
73
(48-183)
57
(38-126)
74
(38-126)
9%
(38-126)
87
(38-126)
80
(38-126)
53
(38-126)

L 5thrib

L 4th rib

R 6th rib

L 3rd rib

L 10th rib

L 3rd rib

L 6th rib

R 5th rib

L 8thrib

R 8thrib

L 10th rib

L 5thrib

L 10th rib

R 10th rib

343

2.69

4.68

1.58

Chondroma with
healing fracture
Local fibrosisRe-
mote fracture
Metastatimela-
noma
Benign bone remod-
eling
Metastatic adenocar-
cinoma
Bone remodeling
with fibrosis
Bone remodeling;
Prior fracture
Bone remodeling;
Cortical fracture
Bone remodeling;
Old fracture
Bone remodeling;
Old fracture
Enchondroma

Hypercellularity;
Bone remodeling
Enchondroma

Bone remodeling;
Localized fibrosis

Abbreviations: Alk. phos., alkaline phosphatase (units/L); PSA, prostate-specific antigen (ng/mL); MM, multiple myeloma; L, left; R, right.
23g. cell ca., squamous cell carcinoma.
®Sm. cell ca, small cell carcinoma.

¢ Multiple.
d Bilateral.
¢ Hypercellular.

f Adenoca., adenocarcinoma.
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Tase 4 Specific Radioguided Bone Biopsy Diagnoses

Malignant Number

Lung carcinoma (NSCLC) 3 (all had normal ak. phos.)
Lymphoma 2 (both had elevated alk. phos.)
Prostate carcinoma 1 (normal alk. phos., elevated PSA)
Melanoma 1 (normal alk. phos.)

Benign

Enchondroma/chondroma 9

Hypercellular marrow/osteosclerosis 5

Paget’s disease 2

Fibrous dysplasia 1

Localized fibrosis/remote fracture 8

Total: 32

Abbreviations: Alk. phos., alkaline phosphatase; PSA, prostate-specific antigen.
Note: Alkaline phosphatase was normal in all but one patient with a benign diagnosis.

cases decreased to only 20—40 minutes. Intraoperative radiographs were elimi-
nated and the counting technique is precise, rapid, and reproducible.

The most common benign abnormality found in this clinical series was a
chondroma or enchondroma, accounting for 9 of 32 (36%) of biopsy results. This
benign cartilaginous tumor is relatively common, representing 13.4% of all be-
nign bone tumors. The actual incidence is unknown because they occur sporadi-
cally and are asymptomatic [15]. They tend to occur most commonly in the small
bones of the hands and feet, but are also found in long, thin bones such as the
ribs. Unless they become very large, these lesions remain asymptomatic and are
not generally visible on plain bone radiographs. They are usually found inciden-
tally as an area of increased uptake of radioisotope on a bone scan performed
during the evaluation of apatient with amalignancy. A subsequent biopsy usually
follows and the diagnosis of a benign chondroma is then made.

CONCLUSIONS

In a patient with a known or suspected malignancy, the finding of an asymptom-
atic area of increased uptake on bone scintigraphy images but with normal plain
bone radiographs does not necessarily indicate that a bone metastasis is present.
In fact, such a hot spot represents a benign lesion in as many as 78% of patients.
Open biopsy for histological confirmation is mandatory in this setting. Until re-
cently, accurately locating a bone lesion for open biopsy with only the bone scan
image as a guide greatly challenged the surgeon. The technique of methylene-
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blue*‘tattooing’’ of thetarget bone appearsto be effectiveit is somewhat cumber-
some and time consuming [11,12]. The recently described intraoperative gamma-
probe technique of locating bone scan lesions offers real advantages in terms
of decreased surgery time, minimal interdepartmental coordination, and 100%
sensitivity [3]. With the widespread use of the gamma probe in melanoma and
breast cancer surgery as well as other applications described in earlier chapters
of thisbook, thisinstrument is becoming acommon fixturein most active surgery
rooms. As aresult, the gamma probe will be readily available to guide surgeons
in performing open bone biopsies.

In our study, the hand-held gamma probe was successfully used intraopera-
tively to guide the surgeon in locating asymptomatic rib and sternal lesions to
biopsy. This same technique could no doubt be easily adapted by orthopedic
surgeons to biopsy subtle lesions in other bones in the appendicular skeleton.
In addition, the gamma probe could obviously be used to aid in the biopsy of
symptomatic or radiographically visible bone lesions in patients whose body hab-
itus or location of the bonelesion might make precise conventional intraoperative
localization difficult. This technique is easy to learn and apply, has no apparent
side effects, and should be considered for use by the surgeon in guiding the open
biopsy of suspected asymptomatic bone metastases.
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