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Preface

There is a famous sentence: “The doctor who controls metastasis controls cancer”.
One of the characteristics of a malignant tumor is the ability to metastasize. If a
tumor has high malignant potential, metastasis is often seen in wide areas. Thus,
lymph node metastasis is one of the most important prognostic factors in various
carcinomas, including gastrointestinal (GI) cancer. There are several biological and
morphological pathways by which lymph node metastasis can arise: invasion into a
deeper layer, detachment of tumor cells from the primary tumor, infiltration into
intramural lymphatics, flow to extramural lymphatics, arrival to afferent lymphatics
of a marginal sinus, movement to the lymph node cortex, and implantation of tumor
cells into the node and formation of metastasis.

When surgeons and oncologists treat cancer patients, it is necessary to have suf-
ficient understanding of both the basic and clinical aspects of nodal metastasis. In
the basic aspect, knowledge of the anatomy and physiology of lymphatics and
lymph nodes is essential when performing surgical treatment. The molecular mech-
anism in lymph node metastasis and immunology for lymph nodes is also important
when doing chemo and/or chemo radiotherapy, molecular target treatment, and
immunotherapy. The theory of basic imaging diagnosis and in vivo imaging is use-
ful in the planning of cancer treatment.

In the clinical aspect, lymph node metastasis and metastatic sites should be ana-
lyzed in detail, because such data are important to plan the treatment strategy, espe-
cially in surgical lymph node dissection and radiation therapy. Usually, histological
examination for lymph node metastasis is performed using representative sections
from the removed nodes. Even if complete lymph node dissection is performed in
patients with early cancer, recurrent disease is sometimes encountered. The devel-
opment of sensitive immunohistochemical techniques and reverse transcription—
polymerase chain reaction (RT-PCR) and other methods has led to the detection of
lymph node micrometastasis (LNM) that could not be found in routine histological
examination. Although overt lymph node metastasis is thought to be related to prog-
nosis, what is the relationship between LNM and prognosis? Clinical evaluation of
LNM is somewhat difficult, but in this book we review the clinical significance of
LNM in each type of GI cancer.

Currently, minimally invasive treatments such as endoscopic submucosal dissec-
tion and laparoscopic surgery with individualized lymphadenectomy are increas-
ingly being performed. Accurate diagnosis of LNM can clarify issues of curability
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and safety when performing such treatments. Sentinel node navigation surgery
(SNNS), especially, has recently been introduced in treatment of GI cancer. When
SNNS with individualized lymphadenectomy in early cancer is performed, it is
important to consider the balance between postsurgical quality of life and curability.
Increasingly, SNNS will become firmly established as a beneficial procedure for
patients with early cancer.

This book summarizes the current knowledge of lymph node metastasis in GI
cancer from the perspectives of both molecular and biological characteristics, and
from clinical aspects. The book will be helpful as an overview of the current under-
standing of lymph node metastasis and areas requiring further investigation.

Kagoshima, Japan Shoji Natsugoe
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Physiology of the Gastrointestinal
Lymphatics

Toshio Ohhashi and Yoshiko Kawai

Abstract

In this chapter, we focus on the physiology of gastrointestinal lymphatic system
and then demonstrate with current inspired studies that (1) functional properties
of the intestinal microcirculation are summarized as higher permeability of
plasma protein, especially albumin through the venule walls, which contribute to
the oncotic pressure-mediated much absorption of interstitial fluid into lym-
phatic capillaries, (2) the larger amount of lymph formation in the intestinal villi
may be related to the presence of lacteal vessels in the tissues, (3) the mesenteric
collecting lymphatics demonstrate marked heart-like spontaneous contractions
working as transport of the larger amount of lymph to chylous cyst, (4) the sen-
tinel lymph node (SLN) may be defined as the node subjected to higher lymph
flow from physiological point of view, and (5) the higher lymph flow may be, in
part, related to develop the suitable microenvironment of the SLN for metastasis
of carcinoma cells, which is produced by the cell surface F,/F, ATP synthase-
dependent overexpression of intercellular adhesion molecule-1 on the marginal
endothelial-like cells of SLN.
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1.1 Introduction

As one of the lymphatic functions, it is well known that transport and drainage of
hydrophilic substances including plasma protein through the lymphatic system play
pivotal roles in maintaining the homeostasis of the internal environment between
the cells in collaboration with the exchange of substances through blood capillaries
and venules [1-3].

Another important function of the lymphatic system is concerned with the
immune system. The lymphatic system provides the anatomical structures which
contain the cellular elements involved in this system and provides the circulatory
pathways for interaction between these cells and other tissues [4]. Thus, there is a
large population of resident lymphocytes within the lymph node. These lympho-
cytes moved from the node into efferent lymph travel to other lymph nodes or to the
blood via the thoracic duct. Similarly, lymphocytes leave the vascular compartment
at high endothelium venules within the node to enter the lymphatic compartment
[5]. These processes are physiologically balanced since lymph nodes do not change
in size with time. Under normal circumstances there is only a low rate of division of
lymphocytes within the node [6].

The two main roles of the lymphatic system should not be considered in isolation
since it is likely that the system has evolved to optimally suite for both functions.
Therefore, we have proposed a new lymphology combined with current knowledge
of lymphatic physiology included with microcirculation, innate immunology, and
oncology from a defense mechanisms point of view [7].

In addition, the functional and anatomical properties of lymphatic system
have also a marked heterogeneity between gut and limbs. Thus, the intestinal
lymphatic system works as the transport of absorbed lipids with long-chain, and
macromolecules such as plasma protein, especially albumin [8]. Figure 1.1
demonstrates a representative photomicrograph showing murine mesenteric
lymphatics contained with white-colored lymph after lipid absorption. In this
chapter, in collaboration with the title of this book, we would like to demon-
strate the gastrointestinal lymphatic physiology included with the specialized
property of higher permeability of albumin through the venular walls in the
intestinal microcirculation, the modified concept of Starling’s law applicable for
the microcirculation, physiological roles of heart-like spontaneous contraction
of the lymphatic smooth muscles and the effects of shear stress stimulation pro-
duced by lymph flow on the lymphatic endothelial cells and sentinel lymph node
(SLN).
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Fig. 1.1 A representative
microphotograph shows
murine mesenteric
lymphatics contained with
white-colored lymph after
lipid absorption. The
opal-colored tube at the
bottom is the small
intestine. The red-colored
blood vessels are portal
veins. The bubble-like
pink-colored tissues
around the lymphatics are
adipose tissues

1.2  Characteristics of Lymph Formation
in the Gastrointestinal Lymphatic System

1.2.1 Recirculation of Plasma Protein Through the Lymphatic
System

Figure 1.2 [9] shows schematically the volumes of these several “circulations” in
terms of exchanges in 24 h. With a cardiac output of 5.0~6.0 L/min, the first circula-
tion amounts to about 8400 L per 24 h. From this volume, filtration in the capillary
bed removes a minimum of 20 L per 24 h, a “filtration fraction” of 0.25%. This
capillary filtrate begins the second circulation, that of interstitial fluid with capillary
absorption, during rest, of 80-90% or 16 to 18 L/24 h, of the originally capillary
filtrate. The remaining 2 to 4 L./24 h, including the unabsorbed protein of the origi-
nal capillary filtrate, then produces the third circulation, that of protein in lymph.
The potential magnitude of this protein circulation can be estimated from the obser-
vation of Wasserman & Mayerson [10] on the rates at which intravenously injected
labeled albumin and globulin disappeared from plasma and appeared in thoracic
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Cardiac output

Lymph flow
8400L /24h 2-41/24h

Blood capillaries

Initial lymphatics

F : Filtration A: Reabsorption

iF : interstitial fluid

Filtration Reabsorption Lymph flow
Water 201 ~16~18/ =2-~4]
Plasma protein 80~200g -5(?)g =75~195g

Fig. 1.2 Schematic diagram of the “several circulations” with approximate magnitudes of each.
For explanation of figures relating to filtration, absorption, and lymph flow see text of this section.
Data from [9] Landis and Poppenheimer, with permission

duct lymph. The faster component of these two-phase disappearance curves indi-
cated a steady disappearance of plasma albumin from plasma, and corresponding
appearance in lymph, at the rate of approximately 0.1% of the total circulating
plasma protein per minute. This includes passage from more permeable hepatic and
intestinal capillaries as well as the less permeable limb capillaries.

In addition, lymph nodes [11, 12] and small lymph vessel walls [13] have a
condensing mechanism of albumin in lymph. A significant amount of albumin in
lymph may accompany the migration of lymphocytes across the high endothe-
lium venules within the lymph nodes, and the mechanisms of protein transfer in
the lymph nodes may explain the higher concentration of albumin observed in
the efferent lymph of the regional node compared with that in the afferent lymph
[14, 15].
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However, the detailed physiological meaning of such increases in the albumin
concentration of lymph through lymph nodes and small lymph vessel walls is still
unknown. One possibility is that the protein concentration of afferent lymph may be
an important regulator of innate immunity. Thus, the excretion of nonselective T-
and B-cell lymphocytes into the efferent lymph vessels was confirmed to be posi-
tively correlated with the protein concentration of lymph in the afferent lymph
vessels [16]. No study has, however, investigated the effects of albumin on the acti-
vation or migration of the lymphocytes or its related cells within gut-associated
lymphoid tissue (GALT).

1.2.2 Higher Permeability of Albumin Through the Venules
in Intestinal Microcirculation

It is well known that intestinal lymph flow and lymphatic protein flux increase and
lymph protein decreases following fluid ingestion [17]. Granger and Taylor et al. [18,
19] also have demonstrated that the magnitude of intestinal venular protein leakage
during lipid absorption is far greater than that predicted using lymphatic protein flux
changes. The massive movement of plasma proteins into and out of the mucosal inter-
stitium during food absorption may be advantageous for the removal of albumin-bound
nutrients into the lacteal vessels. In fact, the contraction of rat venular endothelial cells
has contributed to increase the permeability of albumin in the intestinal interstitium,
resulting in higher tissue osmotic pressure in the venular site [20, 21].

1.2.3 Modified Staring’s Law-Dependent Higher Lymph
Formation in Intestinal Microcirculation

Taking into consideration the abovementioned characteristics of intestinal microcir-
culation, Taylor and Townsley [22] have proposed the modified Starling’s law
explaining for higher lymph formation in the intestinal microcirculation. Figure 1.3a
shows a schematic model of how fluid likely filters across average capillary walls
for the intestinal microcirculation. The lower portion of Fig. 1.3a shows the capil-
lary pressure (P.) drop form the arterial to the venous end of the capillary and the
colloid osmotic pressure (7,) within the plasma. The numbers shown by the arrows
indicate that the capillary forces are positive in the arterial end (arrow pointing out),
zero at capillary midpoint, and negative in the venous end (arrow pointing inward),
i.e., this is the classical Landis model of capillary filtration.

On the other hand, in the intestinal microcirculation, we now know that the col-
loid osmotic pressure of tissues (r,) will be lower in the vicinity of the arterial por-
tion because the capillary is less permeable there and tissue pressure will be more
positive because the tissues should be more hydrated. At the venous end of the capil-
lary, the 7y will be increased because the venule is more leaky to plasma protein,
albumin, and tissue pressures (P;) will be more negative because the tendency for
fluid to filter across this portion of the capillary is less.
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Fig. 1.3 Representative diagrams of vascular and tissue forces acting on the capillary in gut (a)
and limbs (b) microcirculation. Each middle value show net force acting along the capillary is
shown between tissue and capillary diagrams. Thus, net force = (P. — Py) — (7p — #7). The P, and
Pr are capillary and tissue hydrostatic pressure, respectively. The 7, and 7; are plasma and tissue
colloid osmotic pressure, respectively. The upward-pointing and downward-pointing arrows show
the vascular tendency to filter and absorb, respectively. Data from partial modification of [22]
Taylor and Townsky, with permission

The Starling forces in the interstitium are always providing a tendency for the
capillaries to filter such that net filtration in the model shown in Fig. 1.3a is always
10. It is now well established that z; and P; are functions of capillary pressure and
that different tissue forces must exist along the length of the capillary. A reabsorbable
model must incorporate with the intestinal microcirculation. Thus, larger amount of
lymph formation has appeared in the intestinal microcirculation, comparing with that
obtained in the limb microcirculation. The higher lymph formation may be also col-
laborated with the existence of lacteal vessels in the villi of small intestine.

Figure 1.3b shows the classical model of Starling’s law applicable for the limb
microcirculation.

1.3  Characteristics of Lymph Transport
in the Gastrointestinal Lymphatic System

1.3.1 Heart-Like Spontaneous Contraction-Dependent Lymph
Transport in Mesenteric Lymphatics

It is well known that the lymph flow from thoracic duct is passively influenced by
respiratory movement and pulsation of blood vessels [23]. On the other hand, the
lymph transport of mesenteric lymphatics in human beings, sheep, cattle, rat, and
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mice is mainly dependent upon the heart-like contractions of lymphatic smooth
muscles in the walls [24-26], which may be related to the evidence that the lymph
flow originated from gut is the maximum in all kinds of organ-produced lymph flow.
The rhythmic activity of mesenteric collecting lymphatics combined with the pres-
ence of valves inside these vessels can create pumping pressures as great as
20-30 mmHg [27]. Therefore, the lymphatic system is, in effect, a sump pump for
the tissues, always attempting to propel excess free fluid away from tissue spaces.
The frequency of heart-like contractions seems to be determined mainly by the
amount of lymph in the lymphatics. Thus, when a segment of the vessel immedi-
ately below a valve becomes distended, it contracts, and the fluid is pushed forward
beyond the valve (Fig. 1.4). The excess filling on the upstream side causes the next
segment of the lymphatic to contract, thus propelling the lymph forward to still
another segment. In other words, each segment of lymphatic operates as a separate
individual pump and is responsive to the amount of lymph that fills its chamber.
Thus, the lymphatic pump activity in mesenteric collecting lymphatics is defined as
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an active propulsion mechanism of lymph mediated by heart-like spontaneous con-
tractions of lymphatic smooth muscles.

1.3.2 Electrical Characteristics of the Heart-Like Contractions
in Mesenteric Collecting Lymphatics

We studied the electrical activity corresponding to the spontaneous contractions of
lymphatic smooth muscles by using the sucrose gap [28] and intracellular micro-
electrode techniques [29, 30]. The mean resting membrane potential of the lym-
phatic smooth muscle cells is about —50 mV. The resting membrane potential
sometimes shows rhythmic fluctuations or slow waves that resemble those in vis-
ceral smooth muscles [31]. The minimum depolarization necessary for inducing the
spontaneous contraction is about 6 mV in the lymphatic smooth muscle cells [30].
In potassium-free solution, the resting membrane potential is depolarized by about
9 mV, and then the lymphatic smooth muscles demonstrate a sustained contraction.
Ouabain at 107> M also causes a depolarization of the membrane potential with a
tetanic contraction in isolated bovine mesenteric lymphatics. The findings suggest
that changes in membrane potential seem to play a significant role in the activation
of contractile proteins in lymphatic smooth muscles and that an electrogenic sodium
pump exists on the plasma membrane of the smooth muscle cells. The depolariza-
tion and tension development in the potassium-free solution may be due to decreased
activity of the electrogenic sodium pump in the lymphatic smooth muscle cells.

1.3.3 Aminergic Nerve Fibers-Mediated Changes
in Physiological Roles of the Heart-Like Spontaneous
Contractions: From Lymph Transport to Lymph Formation

1.3.3.1 Presence of Vasa Vasorum in the Mesenteric Collecting
Lymphatic Walls for Keeping the Spontaneous Contractions

It is noteworthy that vasa vasorum exists within the media of mesenteric collecting
lymphatics with spontaneous contractions [32], which may be essential for main-
taining the vigorous spontaneous contractions because of lower oxygen tension in
lymph [33]. Thus, large numbers of smooth muscle layers are well developed in the
collecting mesenteric lymphatic vessel walls. Quite large numbers of mitochondria
are seen on both sides of the nucleus of the smooth muscle cells. Numerous glyco-
gen granules are also found among and around the mitochondria. These structural
features might be a morphological manifestation of the high metabolic activity
required for the spontaneous contractions of the lymphatic smooth muscles [32].

1.3.3.2 Aminergic Nerve Fibers Are Innervated Densely in the Walls

of Mesenteric Collecting Lymphatics
We demonstrated clearly, using the glyoxylic acid method, that the aminergic nerve
fibers are distributed densely in the media as well as in the adventitia of bovine
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mesenteric collecting lymphatics [34]. The greenish fluorescence of the glyoxylic
acid-treated nerves was confirmed to be due to the presence of norepinephrine,
which might be neurotransmitter. In addition, non-myelinated nerve fibers, with the
small, dense granular vesicles in their varicosities, which are characteristic features
of adrenergic cells, penetrated into the smooth muscle layers within the media.
Thus, aminergic nerve fibers in bovine mesenteric collecting lymphatics are distrib-
uted throughout the entire thickness of the media.

1.3.3.3 Excitation of Aminergic Nerve Fibers-Mediated Changes

in the Pacemaker Sites of Spontaneous Contractions

on Lymphatic Smooth Muscle Cells
Next, we evaluated the reasons for excitation of aminergic nerve fibers-mediated
changes in contraction types of the spontaneous contractions in the isolated bovine
mesenteric lymphatics. As shown in Fig. 1.5, we demonstrated very clearly that an
activation of aminergic nerve fibers innervated in the lymphatic vessel walls caused
a clear movement of the pacemaker site of the regular spontaneous contractions,
peristaltic movement type, resulting in the development of irregular spontaneous
contractions, of pendulum movement type [35]. Thus, the collecting lymphatics
were dissected from fresh bovine mesentery, cannulated at both ends, and set up in
the Krebs-bicarbonate solution in a horizontal organ bath. The outflow pressure and
outer diameter of the lymph vessel at the pacemaker site of the spontaneous

Intervalvular region Valvular region
PIS PIS
' .
[l
A= Z[q:
Ll
" s *
E E P

5cm Hy,O
5cm H,O

3.25mm
2.50mm

8 4
e

Fig. 1.5 Representative responses of two kinds of pumping preparations in bovine mesenteric
collecting lymphatics to electrical stimulatory, which are rectangular pulses of 50 V, 0.5 ms indura-
tion at 2 Hz. The pacemaker sites are situated in valvular (right panel) and intervalvular (left panel)
region, respectively. p Pacemaker position of the rhythmic spontaneous contraction in each prepa-
ration, p’ new pacemaker position of the contraction, /S recording position of outer diameter of the
lymphatics in each preparation. Data from [35] Ohhashi, with permission

2.25
1.50
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contractions were simultaneously measured by a pressure transducer and a hand-
made diameter gauge with an image sensor [36]. The platinum electrode was
adjusted at the pacemaker site to stimulate, selectively, aminergic nerve fibers inner-
vated into the lymphatic walls. Figure 1.5 shows the responses of two kinds of
spontaneous contractions to the electrical stimulation. As shown in the right panel,
the electrical stimulation of the pacemaker site, which was located in the wall of the
immediate vicinity of the inlet valve, made it to move to the intervalvular region of
the lymphatics (p’ in the panel). Spontaneous contractions with the new pacemaker
site resulting in the contractions of the pendulum movement type produced passive
distension of the outer diameter at the valvular region. About 1 min after an inter-
ruption of the stimulation, the pacemaker site returned to the previous site, the val-
vular region. On the other hand, as shown in the left panel of Fig. 1.5, in some
preparations with increasing the organ-bath temperature (~38 °C) the pacemaker
site of the spontaneous contractions is observed at the middle portion of the
lymphangion. In this case, the electrical stimulation caused an increase of the fre-
quency of the contractions only, but did not change the pacemaker site. These find-
ings suggest that the regulatory effects of aminergic nerve fibers on the lymphatic
pump activity may depend upon the position of pacemaker site of the spontaneous
contractions, resulting in the change of type of contractions, from peristaltic move-
ment to pendulum movement. The physiological meaning of the aminergic nerve
fibers-dependent changes of the type of contractions may be related to the modifica-
tions from the spontaneous contraction-mediated active lymph transport to the ten-
tative increase of lymph formation, since the pendulum-type spontaneous
contractions may accelerate the absorption of tissue fluid and albumin through the
lymph capillaries in the intestinal microcirculation.

1.4  Physiological Insights of Sentinel Lymph Node (SLN)

1.4.1 The SLN May Be Defined as It Is Constantly Subjected
to Higher Lymph Flow from Physiological Point of View

The clinical impact of the SLN concept has become one of the most important cur-
rent topics in surgical oncology in patients with breast cancer and melanoma [37].
Recently, gastric cancer has also been identified as a target for SN navigation sur-
gery [38]. We attempted to evaluate the usefulness of the contrast-enhanced ultraso-
nography (CEUS)-guided method with Sonazoid for imaging of the lymphatic
channels and the SLN of stomach in a porcine model [39]. Contrast imaging using
the intragastric or transcutaneous CEUS-guided method with Sonazoid enabled us
to produce clear images of the afferent lymph vessel and SLN of the stomach within
2 h after the injection of Sonazoid (Fig. 1.6). Intranodal flow of the microbubble
agent would be also clearly observed using tissue linear harmonic images of the
SLN. With the CEUS-guided study, we reached the conclusion that the SLN may be
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Fig. 1.6 Schematic diagram outlining shear stress stimulation inducing ATP release by activating
cell surface F,/F, ATP synthase, which results in the overexpression on human lymphatic endothe-
lial cells. Data from [41] Kawai et al., with permission

physiologically defined as the SLN to be constantly subjected to higher lymph flow
comparing with these within the regional lymph nodes.

1.4.2 Higher Lymph Flow-Induced ATP-Mediated Intercellular
Adhesion Molecule (ICAM)-1-Dependent Micrometastasis
of Carcinoma Cells in SLN

The SLN are the most common and earliest site of malignant tumor metastasis. The
clinical success of sentinel node navigation surgery suggests that the SLN are an
effective mechanical barrier against migrating cancer cells. It is known that primary
tumors influence the microenvironments of distant organs during the development of
metastasis [40]. However, it is unclear which molecules in premetastatic SLN pro-
duce a suitable environment for micrometastasis within the node. The SLN also con-
tain marginal endothelial cells, which might be constantly loaded with higher shear
stress. Thus, we examined the hypothesis that the higher shear stress generated by
increased lymph flow through the SLN contributes to the development of premeta-
static environment that is suitable for carcinoma micrometastases within the node.
Therefore, we attempted to investigate (1) the effects of shear stress stimulation on
the expression of adhesion molecules on cultured human lymphatic endothelial cell
(LEC) isolated from the afferent lymph vessels nearest to SLN and (2) on the release
of ATP from human LEC, and (3) to study whether shear stress-mediated increases in
adhesion molecule expression accelerate the attachment of carcinoma cells to cultured
human LEC. Finally, in in vivo rat experiments we (4) evaluated whether the ATP
released from lymphatic endothelial cells in response to shear stress stimulation facili-
tates the expression of carcinoma cell-ligated adhesion molecules within rat SLN.
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Injection volume : 0.3 mL

Fig. 1.7 (a) Representative tracings of contrast images of the afferent lymph vessels and sentinel
lymph node (SLN) of the porcine stomach obtained using the CEUS-guided method with the intra-
and sub-mucosal injection of 0.3 mL Sonazoid. (b) Representative tracings of flash replenishment
images (FRI) and contrast harmonic FRI images obtained at 2, 10, and 20 s after stimulation in the
same animal. The dotted arrows show the afferent lymph vessels. The solid arrows are SLN of the
stomach. The PV and IVC show the portal vein and inferior caval vein, respectively. Data from
[39] Kawai et al., with permission

In conclusion, shear stress stimulation induced ATP release by activating cell
surface F|/F, ATP synthase, which resulted in the overexpression of ICAM-1 on
human LEC, and hence facilitated the ICAM-1-mediated attachment of carcinoma
cells to human LEC in the afferent lymph vessels of SLN from breast cancer patients
[41] (Fig. 1.7).

In fact, we confirmed the overexpression of ICAM-1 on the SLN tissues with
metastasis of carcinoma cells in the patients with breast cancer [42]. Figure 1.8
demonstrates representative microphotographs of immunohistochemical expression
of E-selectin and ICAM-1 on the fresh-frozen SLN tissues isolated from breast
cancer patients. As shown in Fig. 1.8f, h, the immunohistochemical expressions of
ICAM-1 are strongly observed on the SLN tissues with metastasis of carcinoma
cells. In contrast, the expression of ICAM-1 is weakly found on the SLN tissue
without metastasis of carcinoma cells isolated from the same patient with breast
cancer (Fig. 1.8e, g).

On the other hand, no or little expression of E-selectin is confirmed on the SLN
tissues with and without metastasis of carcinoma cells (Fig. 1.8c, d).

Representative hematoxylin-eosin stained microphotographs of the SLN tissues
with and without metastasis of carcinoma cells was shown (Fig. 1.8a, b).
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SLN without metastasis SLN with metastasis

HE staining

E-selectin

ICAM-1(x50)

ICAM-1(x200)

Fig. 1.8 Representative photomicrographs of immunohistochemical expression of E-selectin (c,
and d) and ICAM-1 (e, f, g, and h) on the fresh-frozen SLNs tissues with or without carcinoma
cells isolated from a patient with breast cancer. The panels of (a) and (b) show the hematoxylin-
eosin stained SLNs tissues. *, metastatic region of carcinoma cells in the SLN. Each bar is 100 pm.
Data from [42] Kawai et al., with permission
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1.5 Summary

In this chapter, the characteristic properties of lymph formation and transport in the
gastrointestinal lymphatic system are shown. The pivotal roles of the intestinal lym-
phatic system may be summarized as the transported route of absorbed lipids with
long-chain and albumin-binded hydrophilic substances, and of lymphocytes and
immune-related cells released from the GALT of intestinal villi.

Thus, the higher permeability of plasma protein, especially albumin through the
venules in the intestinal microcirculation, may contribute to the maximal lymph
formation and large amount of lymph flow in the gastrointestinal lymphatic system
compared with those produced in the other organs. The presence of lacteal vessels
in the villi in the intestine mucosa is compatible with the higher lymph flow in intes-
tinal lymphatic system. In addition, the unique property of heart-like spontaneous
contraction of the lymphatic smooth muscles in mesenteric collecting lymphatics
may develop the functional properties of intestinal lymphatic system. The spontane-
ous contractions in the mesenteric lymphatics are observed in almost all kinds of
animals including human beings. Therefore, higher shear stress originated by the
large amount of lymph flow and the spontaneous contractions demonstrates impor-
tant physiological or pathophysiological roles in the gastrointestinal lymphatic sys-
tem as well. Thus, the shear stress stimulation may be collaborated with development
of suitable microenvironment for micrometastasis of carcinoma cells with the SLN.

In future, new lymphology will be established by the combination of these physi-
ological properties in the gastrointerstinal lymphatic system with gut immunology,
we have expected.
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Anatomy of Lymphatics 2

Tatsuo Sato

Abstract

To facilitate a clearer understanding of the topographical arrangement of lym-
phatics, pictorial demonstrations based on actual cadaveric dissections of four
segments of the digestive tract (esophagus, stomach, colon, and rectum) are
provided.

1. The lymphatics of the esophagus: Due to the pressure of the aortic arch from the
left, asymmetrical development of the ascending lymphatics along the trachea
and esophagus is observed. The typical right ascending lymphatic chain reaches
the lower neck and follows upstream along the inferior thyroid artery to reach the
right venous angle. Several branches are given off from this chain at various
levels to finally reach the venous angle. As the left ascending chain is generally
poorly developed, most of the lymphatics of the left tracheobronchial nodes
move rightward to join the right chain. The left chain is located close to and
anterior to the left recurrent laryngeal nerve. The lymphatic chain of the lower
thoracic esophagus connects with the lymph vessels of the left gastric nodes via
the superior diaphragmatic nodes close to the esophagus.

2. The lymphatics of the stomach: In general, lymphatics accompany the typical arter-
ies and finally connect to the coeliac nodes at the origin of the coeliac trunk.
However, in the case of the right gastroepiploic artery, lymph vessels do not accom-
pany the artery, but rather they run along the vein and drain into the superior mesen-
teric nodes. Furthermore, atypical lymphatics are observed: (a) those which descend
along the posterior gastric artery to join the splenic lymphatics, and (b) those which
run along the cardioesophageal branch of the left inferior phrenic artery, and then
descend along this artery, to finally drain into the lateral aortic nodes.
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3.

The lymphatics of the colon: The lymphatics of the right hemicolon accompany
the colic branches of the superior mesenteric artery and then gather around this
artery. Before reaching the superior mesenteric artery, lymph vessels cross the
superior mesenteric vein. The lymphatics of the left hemicolon also run along the
inferior mesenteric artery and gather at the lateroaortic nodes. Some lymph ves-
sels cross in front of the abdominal aorta and reach the interaorticocaval nodes.

. The lymphatics of the rectum: In addition to the classically recognized superior

group, the lateral (middle) group of the lymphatics are demonstrated. In order to
reach the subaortic nodes, lymphatics from the rectum first reach the nodes of the
interiliac area with or without accompanying the middle rectal artery. The iliac lymph
vessels surround and run alongside the iliac blood vessels. Before reaching the inter-
iliac area, the lymphatics cross over or under the cord of the umbilical artery. Some
lymph vessels from the posterior wall of the rectum run backwards and pierce
the fascial membrane between the right and left hypogastric nerves before reach-
ing the subaortic nodes. The subaortic nodes are of great importance as they
perform the role of a terminal station of the pelvic lymphatics as well as the start-
ing station of the para-aortic lymphatics.

. The para-aortic nodes (lumbar nodes): Para-aortic nodes surround not only the

abdominal aorta, but also the inferior vena cava. The para-aortic lymphatics origi-
nate from the subaortic nodes and from the lateral aortic and lateral caval nodes at
the level of the lower ends of the aorta and inferior vena cava. These lymphatics are
also well developed behind the two great blood vessels. Up to the level of the renal
blood vessels, the lymphatics surrounding the inferior vena cava gather around the
interaorticocaval nodes. The lymph vessels from the uppermost interaorticocaval
and lateral aortic nodes converge behind the aorta to form the thoracic duct.

Keywords
Esophageal lymphatics - Gastric lymphatics - Lymphatics of the large intestine
Para-aortic lymph nodes - Topographical anatomy

Abbreviations

aa
ac

Arch of aorta
Ascending colon

acc ACCCSSOl‘y nerve

ai
alg
an
ap

Angular incisure

Accessory left gastric artery

Anterior group node of deep lateral cervical nodes
Appendix vermiformis

apa Appendicular artery

av
az

Anterior vagus trunk
Azygos vein
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aza
bc
bca
bd
bt
cae
cc
cd
ceb
ch
ci
civ
co
cp
ct
di
du
eb
ec
ei
eiv
epc
es
gb
gct
ed
hb
hp
ica
il
ii

ij
ile
im

imv
ipv
ita
itb
ith
ive
jd
jo
la
b
Ibc

Arch of azygos vein
Brachiocephalic trunk
Brachiocephalic angle node
Common bile duct
Bifurcation of trachea
Caecum

Common carotid artery
Cardia

Cardioesophageal branch
Common hepatic artery
Common iliac artery
Common iliac vein
Coeliac node

Caudate process

Coeliac trunk
Diaphragm

Duodenum

Esophageal branch
External carotid artery
External iliac artery
External iliac vein
Epicolic node

Esophagus

Gallbladder

Gastrocolic trunk
Gastrodudenal artery
Hepatic branch (anterior vagus)
Hepatic artery proper
Ileocolic artery

Interiliac node

Internal iliac artery
Internal jejunal vein
lleum

Intermediate node
Inferior mesenteric artery
Inferior mesenteric vein
Left inferior phrenic vein
Internal thoracic artery
Inferior tracheobronchial node
Inferior thyroid artery
Inferior vena cava
Jugulodigastric node
Jugulo-omohyoid node
Lateral aortic node

Left bronchus

Left brachiocephalic vein
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Ic
Ica
Ig
Iga
Igo
Igv
li
lia
lip
1k
11
In
Irv
It
v
lva
mca

of
oV
pa
pb
pc
pd
pe
pg
ph
pl
poc
pr
prm
ps
pso
pu
pua
pv
py

rbc
rc
rca
rg
rgo

Lateral caval node

Left colic artery

Left gastric artery
Ligamentum arteriosum
Left gastro-omental artery
Left gastric vein

Liver

Ligamentum arteriosum
Left inferior phrenic artery
Left kidney

Left lung

Lateral group node of deep lateral cervical nodes
Left renal vein

Lumbar trunk

Left vagus nerve

Levator ani

Middle colic artery
Middle rectal artery
Omental foramen node
Ovarian vein

Pre-aortic

Pubic bone

Paracolic node
Pancreaticoduodenal node
Peritoneum

Posterior gastric artery
Phrenic nerve

Pleura

Postcaval node

Principal node
Promontorium

Pelvic splanchnic nerve
Psoas major

Pubis

Pulmonary artery

Portal vein

Pylorus

Right bronchus

Right brachiocephalic vein
Recurrent laryngeal nerve
Right colic artery

Right gastric artery

Right gastro-omental artery

rgov Right gastro-omental vein

rk
rl

Right kidney
Right lung
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rrv - Right renal vein

S1  First sacral vertebra
Sa  Subaortic node

sc  Subclavian artery

scv  Subclavian vein

sg  Short gastric artery

sh  Superior hypogastric plexus
si  Sigmoid colon

sia  Sigmoid artery

sl Superior laryngeal nerve
sm Submandibular gland
sp  Spleen

spa Splenic artery

spv  Splenic vein

st Suprarenal gland

sra  Superior rectal artery
srpd Superior retropancreaticoduodenal node (Rouviere)
srv  Suprarenal vein

st Stomach

sth  Superior thyroid artery
sva Superior vesical artery
svc  Superior vena cava

syt Sympathetic trunk

ta  Testicular artery

tc  Thyroid cartilage

td  Thoracic duct

th  Thyroid gland

tr  Trachea

tv  Testicular vein

ua Uterine artery

ub  Urinary bladder

ur  Ureter

ut  Uterus

utt  Uterine tube

va  Venous angle

vc  Vertebral column

vg Vagus nerve

vgn Vagina

2.1 Introduction

In routine dissections students have little chance to observe the lymphatics which
are very complicated and difficult to dissect. Yet the lymphatics are crucial struc-
tures, not to be overlooked, because for cancer surgery, precise knowledge of the
lymphatics of an affected organ is of utmost importance. The gastrointestinal tract
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is long and extends over many regions. Each organ has a very specific relationship
with the lymphatics. In addition to common problems, there are many specific dif-
ficulties based on topographic anatomical relationships. In cancer surgery, in par-
ticular, the precise and detailed anatomy of the lymphatics of the affected organ(s)
and their topographic relationships is of utmost importance. In this chapter, the
basic anatomy of the lymphatics of the esophagus, stomach, colon, and rectum is
described. To facilitate understanding, a pictorial demonstration of actual dissec-
tions of the lymphatics surrounding each organ is included. For orientation, schemes
based upon actual dissection findings are shown. In anatomy and particularly in
lymphatics, terminology can be a hurdle; therefore, an attempt was made to provide
a range of terms including basic terminology from Rouviere [1], the terminology
used in cancer guidelines in Japan [2—4], and Terminologia Anatomica (1998 [5])
from the Federative Committee on Anatomical Terminology (FCAT) of the
International Federation of Anatomists (IFAA).

2.1.1 Lymphatics of the Esophagus

The esophagus is situated within three regions: cervical, thoracic, and abdominal
regions. Here, the cervical and thoracic lymphatics will be discussed.

2.1.1.1 Lateral Cervical Nodes (Internal Jugular Chain)

Lymphatics of the cervical part of the esophagus drain into the deep lateral cervical
nodes. The prominent lateral cervical nodes are located along the internal jugular
vein and have been termed the internal jugular chain (Rouviere [1], Feind in
Haagensen [6]) (Fig. 2.1) [7]. According to the positional relationship to this vein,
this chain is subdivided into anterior and lateral groups which are connected by
numerous transverse lymph vessels; these vessels run both over and behind the jug-
ular vein. The well-developed lateral group descends and drains into the venous
angle, while the anterior group gradually becomes less developed, descends behind
the omohyoid muscle, then traverses over and under the jugular vein and joins the
lateral group to finally drain into the venous angle. In addition to these deep cervical
lymphatics, a superficial lymph vessel runs on the thyroid gland and crosses over
the lower part of the internal jugular vein to join the jugulo-omohyoid node.

The deep anterior cervical nodes are sometimes called the juxtavisceral nodes
based on their location and nodal associations (Rouviere [1], Feind in Haagensen
[6]). In this specimen a paratracheal node close to the lower end of the right lobe of
the thyroid gland sends a vessel to the large nodes located in front of the junction of
brachiocephalic veins (Fig. 2.2) [7]. From these brachiocephalic angle nodes two
vessels ascend in front of the right brachiocephalic vein and drain into the right
venous angle. Between the left tracheal wall and the left brachiocephalic vein well-
developed lymph chains are detected. Some deep nodes of these paratracheal chains
receive lymph from the esophagus.

A typical accompanying lymph vessel along the inferior thyroid artery is shown
in Fig. 2.3. From a lymph node mass close to the lower end of the right thyroid lobe
and near the right groove between the trachea and esophagus, a lymph vessel
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Fig. 2.1 Lateral deep cervical lymphatic chains. Anteromedial and posterolateral to the right
internal jugular vein, the lymphatic chains, which are connected by numerous transverse slender
lymph vessels (green arrowheads), finally drain into the venous angle (Specimen 1, male)
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Fig. 2.2 Brachiocephalic angle nodes. From the right paratracheal nodes, close to the lower end
of the right thyroid lobe, a lymph vessel (dark green arrowhead) drains into the nodes at the conflu-
ence of the brachiocephalic veins (brachiocephalic angle nodes). From these nodes, two thick
lymph vessels (light green arrowheads) obliquely ascend to drain into the venous angle (Specimen
1, male)
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Fig. 2.3 A lymph vessel along the inferior thyroid artery. The brachiocephalic and right common
carotid arteries have been cut. A lymph vessel (green arrowheads) originates from the right para-
tracheal chain and runs parallel to and caudal to the inferior thyroid artery to reach the venous
angle area (Specimen 1, male)
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originates, runs parallel and caudal to the inferior thyroid artery, and then continues
to the node mass near the origin of this artery. During its course, it first crosses the
recurrent laryngeal nerve and then the vagus nerve (yellow arrowheads) before
reaching the venous angle area.

A lymph vessel from the left paratracheal node group, which drains into the left
venous angle, is shown in Fig. 2.4. From the upper end of the left cervical paratra-
cheal node mass, which is situated in front of the left margin of the esophagus, a
lymph vessel originates; it follows an arched course in front of the recurrent laryn-
geal nerve to reach the venous angle.

A special dissection of the lymphatics and autonomic nerves from behind is
demonstrated (Fig. 2.5, Saito et al.) [8]. After the en masse removal of the tongue,
pharynx, esophagus, and sympathetic trunks, dissection was performed from
behind. Note the well-developed internal jugular lymphatic chains and also the slen-
der lymph vessels along the carotid arteries. In the upper part of the pharynx and in
the transitional area of the pharynx and esophagus, also in the area of the cervical
esophagus, dense networks of lymphatics can be seen. Behind the pharynx and
along its lateral margin, lymphatics connect to the abovementioned networks.

The lymphatics of the thoracic esophagus are closely related to the tracheobron-
chial lymphatics. First, the tracheobronchial ascending lymphatics are shown
(Fig. 2.6) [9]. In general there are four main ascending pathways: right and left
superficial pathways, which run along the great blood vessels, and right and left
deep pathways, which run along the trachea and esophagus. Here, the right and left
deep pathways will be explained.

A typical right deep pathway is seen in Fig. 2.7. From the right tracheobronchial
nodes, a lymphatic chain ascends along the right margin of the trachea, reaches the
lower neck and then changes direction to run obliquely along the inferior thyroid
artery and finally drains into the venous angle. From the vertical ascending course,
shown in Fig. 2.8, several lymphatic vessels originate at various levels and then run
obliquely to reach the venous angle [10].

In a rather rare example, interestingly, a lymphatic vessel from the right tracheo-
bronchial node can be very lengthy, yet still take a direct course to the venous angle
(Fig. 2.9) [11]. Although the frequency of such a lengthy and non-interrupted lym-
phatic vessel remains to be clarified, for esophageal and lung cancer this is a par-
ticularly critical pathway, due to its direct course.

It is also important to note here that there are lymphatic pathways which run
directly from the esophagus. In an important example (Fig. 2.10) [11], after reflec-
tion of the vagus, it was noted that lymph vessels ascend to reach the venous angle,
not only from the tracheobronchial nodes, but also from the esophagus and primar-
ily from the vertebral column.

In addition to the discussion of the abovementioned lymphatic pathways, signifi-
cant node groups should be carefully considered based on their critical location. In
the space between the arch of the azygos and the subclavian artery (Baréty’s space
[12]), there are no large structures to compress the right side of the trachea and
esophagus, thereby allowing the development of lymph nodes and vessels (Fig. 2.11)
[13]. The nodes in front of the right vagus are more closely related to the trachea,
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Fig.2.4 A lymph vessel from the left paratracheal chain to the left venous angle. The left common
carotid artery has been cut at the level of the thyroid gland and its proximal segment is pulled
inferiorly (red pin). A lymph vessel (green arrowheads), from the nodes slightly below the thyroid,
runs laterally to reach the venous angle (Specimen 2, male)
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Fig. 2.5 Posterior dissection of the pharynx and upper esophagus as viewed from behind.
Although the difference between the lymphatics (reddish) and nerves (whitish) is barely distin-
guishable in this picture, it is obvious that the lymphatics from the hypopharynx and upper esopha-
gus run laterally to converge at the venous angle area (taken from Fig. 2.8 of Saito et al. [8])
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Fig. 2.6 Diagram of the ascending mediastinal lymphatics from the lungs and esophagus. After
removal of the heart and pericardium, the left brachiocephalic vein was cut, and the superior vena
cava was pulled to the right to reveal the lymphatic arrangement along the bronchi, trachea and
esophagus

while those behind the nerve are more closely related to the esophagus. The nodes
adjacent to the subclavian artery, sometimes noted as the “highest mediastinal
nodes,” are thought to hold a significant position.

The left deep pathways are classified into two types of pathways: (1) A well-
developed lymphatic pathway which ascends in front of and adjacent to the left
recurrent laryngeal nerve (Fig. 2.12a) [11]. Interestingly, behind the left recurrent
laryngeal nerve, numerous segmental branches are distributed to the esophagus
(Fig. 2.12b) [11]. (2) A lesser developed pathway, which follows the same route as
the above pathway, is poorly developed, due to the pressure of the aortic arch against
the left margin of the trachea (Fig. 2.13). Some lymph vessels from the left tracheo-
bronchial nodes obliquely cross the trachea and ascend as a right pathway.



30 T. Sato

Fig. 2.7 Typical right paratracheal lymphatic chain. The brachiocephalic trunk and veins have
been cut and shifted to reveal the course of the lymphatics. The right paratracheal lymphatic chain
(green arrowheads), ascends to the lower neck and runs lateralward along the inferior thyroid
artery to reach the right venous angle (Specimen 3, male)



2 Anatomy of Lymphatics 31

b

1 ’l. P - . "’. :
9 “A""\
g, R

Fig. 2.8 Numerous oblique lymphatic branches to the venous angle. As indicated by the two
alternating shades of green arrowheads, these five lymphatic branches originate at various levels
from the ascending right paratracheal lymph chain (Specimen 4, male)
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Fig. 2.9 Rare direct lymph vessel to the venous angle. A lengthy lymph vessel (green arrow-
heads), which originates from the right tracheobronchial node, ascends slightly rightwards to
directly drain into the right venous angle (Specimen 5, male)
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Fig.2.10 Unique lymph vessels from three structures (trachea, esophagus and vertebral column).
After cutting the vagus (yellow pin), the right side of the trachea and esophagus were dissected. As
seen from a slightly oblique view, four direct vessels, which converge to the right venous angle, are
shown by the green arrowheads (Specimen 1, male)
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Fig. 2.11 Lymphatics within Baréty’s space. The right tracheoesophageal lymphatics are well
developed in the space (Baréty’s space) between the subclavian artery and the arch of the azygos
vein (blue arrowhead). Some communications among these nodes and their relationships to the
vagus nerve are seen. Some connections are hidden behind the vagus nerve. Green arrowhead:
communicating lymph vessel; yellow pin: phrenic nerve; yellow arrowhead: vagus nerve (Specimen
6, male)
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Fig. 2.12 Relationship between the left paratracheal lymph chain and the recurrent laryngeal
nerve. (a) A well-developed left paratracheal lymph chain, as seen from the left. The lymph chain
ascends immediately anterior to and medial to the left recurrent laryngeal nerve. [The original
position of the ligamentum arteriosum is shown by the red pin.] (b) After the thyroid cartilage was
median sectioned and reflected posteriorly, the left recurrent laryngeal nerve was pulled anteriorly,
to reveal numerous segmental branches to the esophagus (Specimen 7, male). Yellow arrowheads:
vagus and recurrent laryngeal nerves



36 T. Sato

Fig.2.12 (continued)



2 Anatomy of Lymphatics 37

Fig. 2.13 Lymph vessel draining into the thoracic duct. The left paratracheoesophageal area was
dissected after removal of the great vessels. The left paratracheal lymph chain is poorly developed.
A lymph vessel (green arrowheads), which originates from the left tracheobronchial node, ascends
almost vertically and drains into the terminal portion of the thoracic duct (Specimen 8, male).
Yellow arrowheads: vagus and recurrent laryngeal nerves
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Interestingly, there is also a third pathway from the left tracheobronchial nodes
which runs slightly obliquely and drains into the terminal portion of the thoracic
duct (Fig. 2.13). In addition to the abovementioned typical paratracheal lymphatics
of the esophagus, there are also atypical lymph vessels which drain into the thoracic
duct on both the left and right sides.

There is a recess close to the esophageal hiatus of the diaphragm between the
thoracic surface of the diaphragm and the esophagus. Lymph nodes at the lower end
of the thoracic esophagus are sometimes situated within this recess. In Fig. 2.14
[11] a large node is located within the recess adjacent to the left margin of the
esophagus. In addition to the connections with the esophageal lymphatics, this node
has a transverse communication with the nodes between the esophagus and inferior
vena cava on the upper surface of the diaphragm. An even more critical communica-
tion is seen between this node and the left gastric lymphatics (Fig. 2.14). These
findings indicate that the lymph nodes adjacent to the left margin of the esophagus
at the level of the hiatus serve as a relay station from the lymphatics of the lower
mediastinum to those of the upper abdomen.

2.1.2 Lymphatics of the Stomach

Rouviere divided the stomach lymphatics into four territories according to the four
gastric branches of the coeliac trunk, as shown (Fig. 2.15) in his classic scheme
[Rouviere’s Fig. 83; 1]: left gastric, right gastric, right gastroepiploic, and left gas-
troepiploic territories. The lymphatics from these four territories run along their
accompanying artery to the coeliac nodes. The left and right lymphatics of the lesser
curvature can be typically seen as in Fig. 2.16 [14]. In this figure additional lym-
phatic chains are seen along the accessory left gastric artery and the proper hepatic
artery; interestingly, they form a figure 8-like shape between the liver and the lesser
curvature.

From the right gastroepiploic territories, the right gastroepiploic vein follows an
oblique descending route on the anterior surface of the pancreas head and drains
into the superior mesenteric vein (Fig. 2.17) [15]. The question is what do the lym-
phatics of the greater curvature do? Do they ascend to the coeliac nodes or descend
to the superior mesenteric nodes? Minute dissection reveals that lymph vessels of
the right gastroepiploic territory do not follow the right gastroepiploic artery to
reach the coeliac nodes, but rather they accompany the right gastroepiploic vein to
reach the superior mesenteric nodes (Fig. 2.18) [16].

Although the lymphatics along the right gastric artery typically follow the hepatic
artery and drain into the coeliac nodes, they are also connected to the cystic lym-
phatics. Some cystic lymphatics drain into a node which is located within the mid-
dle level at the free margin of the lesser omentum (Fig. 2.19) [17, 18]. This node
was already noted as the “ganglion de I’hiatus” by Rouviere (1932) [1], and was
recognized as the “nodus foraminus” or the “node of anterior border of omental
foramen” in Terminologia Anatomica (1998 [5]). As this node is located at the free
margin of the lesser omentum, it can serve as a relay station between the anterior
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Fig. 2.14 Huge superior diaphragmatic node close to the left esophageal margin. With the dia-
phragm cut and opened, the continuation of the esophagus from the mediastinum to the abdominal
cavity can be seen. Note the unusually large node (superior diaphragmatic node) in the recess
between the left margin of the esophagus and the diaphragm. From this node, numerous connec-
tions with a variety of nodes are seen. Particularly noteworthy are those connections to the coeliac
lymphatics via gastric lymphatics (lower green arrowheads) (Specimen 9, male)
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Fig. 2.15 Classical scheme of gastric lymphatics by Rouviere. Rouviere (taken from Fig. 83;
1932 [1]) divided the gastric lymphatics into four lymphatic territories with reference to the
distribution of arterial branches of the coeliac trunk

and posterior lymphatics within the lesser omentum. In the same specimen as
Fig. 2.19 lymph vessels from the nodus foraminus are connected with those of the
posterior pancreas head and drain finally into the interaorticocaval nodes (Fig. 2.20)
[17, 18]. These two illustrations suggest that some lymphatics of the lesser curva-
ture may be relayed via the nodus foraminus and the nodes of the posterior pancreas
head and drain into the interaorticocaval nodes.

Regarding atypical pathways in relation to variant arteries, the following lym-
phatic connections will be noted. On the posterior wall of the fundus of the stomach
the posterior gastric artery, which originates from the splenic artery, is often
observed (62%, Suzuki et al.) [19]. Along this atypical artery, lymphatics descend
and drain into the splenic lymphatic chain (Fig. 2.21).

The left inferior phrenic artery often gives off a branch to the cardiac notch of the
stomach (about 50%, Sato et al. [20]) (Fig. 2.22) [21]. Some lymph vessels from the
cardioesophageal area run along the branch and the stem of the left inferior phrenic
artery and then descend along the stem to finally drain into the coeliac nodes, supe-
rior mesenteric nodes, or into the nodes along the upper margin of the left renal vein
(Fig. 2.23) [15].
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Fig. 2.16 Lymphatics along the coeliac arterial branches. The arterial branches of the coeliac trunk
between the lesser curvature and the liver form a figure 8-like shape. Lymphatics along these vessels are
shown with green markers. The coeliac node is indicated by the green rectangle (Specimen 10, male)

Fig. 2.17 The veins of the stomach and their relation to the arteries. Note the difference in the
course between the right gastro-omental artery and vein
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Fig. 2.18 Dissection of the stomach and pancreas. The stomach was reflected and the neck of the
pancreas was cut, then the lymph vessels of the stomach were traced to the origins of the coeliac
and superior mesenteric arteries. Lymphatic vessels along the right greater curvature run along the
superior mesenteric vein to reach the superior mesenteric nodes (taken from Fig. 6 of Deki [16])

Fig.2.19 Lymphatics of the lesser curvature, liver and gallbladder. Connections of the lymphatics
of the stomach and the hepatic pedicle are shown. Note the omental foramen node (node of the
anterior border of the omental foramen [5]) (taken from Fig. 1 of Ito et al. [17])
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Fig. 2.20 Lymphatics of the pancreas head. The pancreas has been reflected to the left (same
specimen as in Fig. 2.19). Dissection showing the omental foramen node connecting with the
lymphatics behind the pancreas head and then with the para-aortic nodes (taken from Fig. 2 of Ito
etal. [17])

In the lymphatic arrangement of the stomach, two points should be made:
(1) Although the general emphasis is placed on the lymphatics that reach the
coeliac nodes, it is important to note that in addition to those well-known lym-
phatic chains, there are also atypical chains which run to the superior mesen-
teric lymphatics. (2) Also noteworthy are those lymphatics that run along the
atypical arteries, such as the posterior gastric artery and the left inferior phrenic
artery.

2.1.3 Lymphatics of the Colon

The lymphatics of the colon generally follow the colic arteries; thus, a comprehen-
sive understanding of the arterial arrangement is crucial. There are two major arter-
ies supplying the colon, the superior and inferior mesenteric arteries (Fig. 2.24)
[22]. From the superior mesenteric artery, the ileocolic, right colic, and middle colic
arteries originate and these supply the caecum, ascending colon, and transverse
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Fig. 2.21 Lymphatics along the posterior gastric artery. The stomach, spleen, and pancreas body
and tail have been reflected to the right to reveal the lymphatics along the posterior gastric artery
(green arrowheads) which drain into nodes of the splenic artery (Specimen 11, male)

colon, respectively. From the inferior mesenteric artery, the left colic, sigmoid, and
the superior rectal arteries originate.

The colic arteries of the superior and inferior mesenteric arteries bifurcate close
to the colon and form an arterial arcade, termed the marginal artery. From the mar-
ginal artery numerous vasa recta originate and supply the colic wall. Many lymph
nodes lie alongside the vasa recta and marginal artery. These are paracolic lymph
nodes. Along the colic arteries lie intermediate nodes. These are termed according
to the name of the accompanying colic artery. The principal lymph nodes near the
origin of the mesenteric arteries are termed the superior and inferior mesenteric
nodes (Fig. 2.24).

A typical lymphatic arrangement of the right hemicolon is shown in Fig. 2.25
[taken from Fig. 8 of Sato and Sato, 23]. In this figure three points should be
noted: (1) As the superior mesenteric vein is located alongside and to the right of
the superior mesenteric artery, lymph vessels of the right hemicolon first cross the
superior mesenteric vein and then move to the arterial side. (2) In this specimen,
the right colic artery is well developed and forms a common stem with the artery
of the right colic flexure (hepatic flexure). In general however, the presence of the
right colic artery is somewhat unpredictable. A distinct right colic artery is
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Fig. 2.22 Left inferior phrenic artery and its cardioesophageal branch. The stomach, spleen, and
pancreas body and tail have been reflected to the right to reveal the left inferior phrenic artery and
its cardioesophageal branch (red pins) (Specimen 12, male)
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Fig. 2.23 Lymphatics along the left inferior phrenic artery. A lymph vessel (green arrowheads)
from the cardia runs along the cardio-esophageal branch of the left inferior phrenic artery and
descends along this artery, then finally drains into the superior mesenteric nodes (Specimen 13,
male)
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Fig. 2.24 Manner of lymph node distribution of the large intestine. This scheme shows the lymph
node distribution in relation to the superior and inferior mesenteric arteries and their colic branches
(taken from Fig. 11-4 of Slanetz and Herter [22])

observed in only about one-third of specimens [24], and therefore the ascending
colon is often supplied via the marginal artery from the ileocolic and middle colic
arteries. Based on this arterial arrangement, numerous lymphatics of the right
colon tend to gather to the ileocolic and middle colic nodes. The anterior and
posterior ileocolic nodes are shown in Fig. 2.26a, b [25]. (3) Arteries of the
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Fig.2.25 Lymphatics along the superior mesenteric vessels. Note the complex lymphatic arrange-
ment adjacent to the superior mesenteric artery and vein (taken from Fig. 8 of Sato and Sato [23])
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Fig. 2.26 Lymphatics of the caecum. (a) Anterior view; (b) Posterior view (taken from Figs. 5
and 6 of K. Sato [25])
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transverse colon are complex. In French textbooks of anatomy, the arteries of the
transverse colon are classified into three types [26]: (a) artery of the right colic
flexure, (b) artery of the transverse colon, and (c) artery of the left colic flexure.
In the specimen of Fig. 2.25, the middle colic artery reached the middle part of the
transverse colon; unfortunately however during dissection, the paracolic branch
was not traced to the left colic flexure.

Regarding the typical left colic flexure, from the inferior mesenteric artery,
the upper left colic artery reaches the marginal artery which joins that from the
superior mesenteric artery. This segment of the marginal artery is termed Riolan’s
anastomosis. The major stem of the inferior mesenteric artery sends numerous
sigmoid arteries before continuing as the superior rectal artery (Fig. 2.27) [taken
from Fig. 2.10 of Sato and Sato, 23]. Well-developed lymphatics along the sig-
moid arteries ascend along the stem of the inferior mesenteric artery to reach the
lymphatics surrounding the abdominal aorta. These lymphatics gather at the ori-
gin of the inferior mesenteric artery and reach not only the lateral aortic lymph
nodes, but also the interaorticocaval lymph nodes. Lymphatics of the colon tend
to gather at the lymph nodes surrounding the abdominal aorta below the left renal
vein.

2.1.4 Lymphatics of the Rectum

Lymphatic pathways of the rectum are roughly classified into superior, lateral, and
inferior pathways (Fig. 2.28) [27]. The latter, the inferior pathway, which originates
from the anal canal and runs subcutaneously to reach the superficial inguinal nodes,
will not be demonstrated in this chapter.

The superior pathway ascends along the superior rectal artery (Fig. 2.29).
Regarding the manner of drainage into the para-aortic nodes, the ascending lymph
vessels from the rectum not only concentrate around the origin of the inferior mes-
enteric artery but also these vessels are vertically scattered between the level of the
left renal vein and the bifurcation of the aorta (Fig. 2.30) [28]. In addition, also
within this region, numerous horizontal communications are noted.

The lateral pathway typically runs along the middle rectal artery. The typical
middle rectal artery is shown in Fig. 2.31 [29]. This artery, however, is often absent,
and thus it is only rather rarely observed (22%, Sato and Sato) [30]; without this
guiding artery, it is difficult to trace lymph vessels from the rectum. However, in a
rather rare dissection in the absence of the middle rectal artery, we were able to trace
a lymph vessel of the rectum (Fig. 2.32) [31].

The lateral lymph vessels do not always run along the organ-supplying branches
to reach the stem of the internal iliac artery, but rather they tend to run lateralward
to drain into the interiliac nodes near the obturator nerve (Fig. 2.32) [31]. To reach
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Fig. 2.27 Lymphatics along the inferior mesenteric vessels. Note the intimate relationship
between these lymphatics and the para-aortic nodes (taken from Fig. 10 of Sato and Sato [23])
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Fig. 2.28 Lymphatic pathways of the rectum. The scheme of the relationship of the superior and
lateral lymphatic pathways of the rectum to the surrounding structures (K Sato [25])

the interiliac nodes, the lymph vessels must cross the cord of umbilical artery,
which originates from the internal iliac artery, run alongside the urinary bladder,
and ascend on the posterior wall of the rectus abdominis muscle to reach the navel.
Lymph vessels originating from the upper region of the pelvic organs pass over the
cord of umbilical artery, while those from the lower region pass under the cord
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Fig. 2.29 Ascending lymph vessel from a female rectum. As viewed from the front, the stomach,
spleen, pancreas body and tail, and the descending and sigmoid colon have been reflected to the
right, showing an ascending lymph vessel (green arrowheads) along the superior rectal artery/
inferior mesenteric artery (Specimen 14, female)
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Fig.2.30 Ascending rectal lymphatics to the abdominal aorta. The distribution manner of the
ascending lymph vessels along the superior rectal artery and the inferior mesenteric artery to
the abdominal aorta is shown (K Sato [25])

(Fig. 2.33) [29]. Another critical relationship of the lateral pathway is the posi-
tional relationship to the pelvic plexus. Many lymph vessels from the upper portion
of the rectum cross over the pelvic plexus as shown in Fig. 2.34 [32]. However, as
shown in Fig. 2.31, the middle rectal artery pierces the pelvic plexus which indi-
cates that some lymph vessels of the lower rectum also pass through the pelvic
plexus.
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Fig.2.31 Female middle rectal artery course. The left half of the median-sectioned female pelvis
is seen from the right. The rectum has been pulled posteriorly. The typical middle rectal artery
originates from the initial part of the internal pudendal artery which is a branch of the internal iliac
artery. This middle rectal artery pierces the pelvic plexus and reaches the rectum (Specimen 15,
female)
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Fig. 2.32 Rectal lymphatics reaching the interiliac lymphatics. Transitional portions of the left
common, external and internal iliac arteries have been removed. Although in this specimen the
middle rectal artery was not present, a lymph vessel (green arrowheads) from the rectum to the
interiliac lymphatics was dissected (Specimen 16, female)
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Fig. 2.33 Relationship of the pelvic lymphatics and the umbilical artery. After removal of the hip
bone, the right half of a female pelvis was dissected from the outside. The external iliac artery and
the cord of the umbilical artery were shifted slightly lateralward. Note that the lymph vessels of
higher origin (light green arrowheads) cross over the cord of the umbilical artery, while those of
lower origin (dark green arrowheads) cross under the cord (Specimen 17, female)

In addition to the lateral pathway, some lymph vessels run posteriorly and drain
into the lymphatics along the lateral sacral artery to reach the lymphatics along the
common iliac nodes (Fig. 2.35) [32]. This figure shows that the lymph vessel pierces
the fascial membrane which unites the right and left hypogastric nerves (interhypo-
gastric fascia).

The iliac lymphatics are typically observed medial to, lateral to, and anterior to
the iliac arteries and veins. In addition to these lymphatics, minute dissection after
cutting the united portions of the three iliac arteries revealed that many lymph ves-
sels (light green arrowheads) wind around and behind the arteries to connect with
the iliac lymphatics (Figs. 2.35 and 2.36 [32]). This clarifies that the iliac lymphat-
ics are not simply single layer lymphatics, but rather they are lymphatics which
surround the iliac vessels.

2.1.5 Lymphatics Surrounding the Abdominal Aorta (Ganglions
Abdomino-Aortiques, Rouviére)

The medial groups of the right and left common iliac lymph chains converge at
the subaortic nodes. As shown in Fig. 2.36, the subaortic node receives the
right and left medial groups of the common iliac chains on the one hand, but on
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Fig. 2.34 Relationship between the lymphatics and nerves in a female pelvis. In a female pelvis,
the rectum and the right ureter have been shifted to the left. The right hypogastric nerve and pelvic
plexus are wrapped by fascial structures, and several lymph vessels (green arrowheads) cross over
them (dissection video photograph: Specimen 18, female)
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Fig. 2.35 Female pelvic lymphatics (seen from above). The rectum and fascia which unite the
right and left hypogastric nerves, are shifted anteriorly. A lymph vessel (green arrowheads) from
the rectum pierces the fascia to reach the anterior surface of the sacrum and finally, via the left
common iliac lymphatics (light green arrowheads), it drains into the subaortic node (dissection
video photograph: Specimen 18, female)
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Fig. 2.36 Para-aortic lymphatic chains. Bilateral iliac arteries and veins and also the lower ends
of the aorta and inferior vena cava have been removed. The subaortic node receives the right and
left medial iliac chains (light green arrowheads) and sends three thick vessels of the major chains
of the para-aortic lymphatics (lateral aortic, interaorticocaval, and lateral caval chains) (dark green
arrowheads) (dissection video photograph: Specimen 18, female)
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Fig. 2.37 Well-developed lymphatics around the aorta and the inferior vena cava. These lymphat-
ics (green arrowheads) intermingle with the autonomic nerves (yellow arrowheads) (Specimen 19,
male)
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Fig. 2.38 Para-aortic lymphatics. This excellent scheme is taken from a textbook of anatomy of
the lymphatic system (Rouviere) [1]

the other hand it sends three thick lymph vessels to the lateral aortic, interaor-
ticocaval, and lateral caval lymph chains. In other words, the subaortic node is
not only the ending point of the iliac chains but also the beginning point of the
para-aortic chains. The left lateral common iliac chain continues to the lateral
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Fig.2.39 Para-aortic node classification. Scheme showing a cross-section classification of the
para-aortic nodes (Japanese Classification of Gastric Cancer [3]). Terms within parentheses are
taken from Rouviere [1]

aortic chain, while the right corresponding chain is connected to the lateral
caval chain (Fig. 2.36). The three lymph chains are connected to each other in
front of as well as behind the two great vessels, and many nodes are detected in
this communication network (Figs. 2.36 and 2.37 [33]). Therefore, the abdomi-
nal aortic nodes can be schematically subdivided into seven nodes: lateral
aortic (latero-aortic), preaortic, retroaortic (postaortic), interaorticocaval, pre-
caval, retrocaval (postcaval), and lateral caval (laterocaval) nodes (Fig. 2.38)
[1], (Fig. 2.39) [3].

Accordingly, the abdominal aortic nodes are not simple para-aortic nodes, rather
they are actually para-aorticocaval nodes. However, the paracaval chain gradually
joins the para-aortic chain near the level of the left renal vein, and shifts posteriorly
to eventually drain into the thoracic duct (Fig. 2.38). After removal of the abdominal
aorta, the retroaortic lymphatics can be seen (Fig. 2.40 [32]). At about the level of
the renal blood vessels, the para-aortic lymphatics gather to form two major lym-
phatic trunks, the lateroaortic trunk and the interaorticocaval trunk. These two
trunks form the left and right lumbar trunks which unite to form the thoracic duct
(Figs. 2.38 and 2.40). It has been described in textbooks that at the gathering point
of the two trunks, in other words, the origin of the thoracic duct, the duct appears
dilated (cisterna chili). However, in our dissections, this dilatation formation is
rather rare, as seen in Fig. 2.40.

Another critical problem is the relationship of the para-aortic and inferior
mesenteric chains to the autonomic nerve plexus (Fig. 2.37). Descending
nerves from the coeliac plexus mainly join the inferior mesenteric plexus.
Below the origin of the inferior mesenteric artery, the right and left lumbar
splanchnic nerves, which originate from the lumbar parts of the sympathetic
trunks, unite to form the superior hypogastric plexus. This plexus divides again
into the right and left hypogastric nerves which join the pelvic plexuses. The
para-aortic lymphatics are closely related to these nerve networks surrounding
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Fig. 2.40 Para-aortic lymphatics and the formation of the thoracic duct. After the removal of the
abdominal aorta, the postaortic nodes and their communications with other lymphatics can be
seen. As the aortic hiatus of the diaphragm has been opened, the formation of the thoracic duct is
seen slightly superior to the kidneys (Specimen 20, male)
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the lower abdominal aorta (Fig. 2.37). The intimate relationship of these nerves
and lymphatics is very critical in rectal cancer surgery from the viewpoint of
urinary and sexual functions.

2.2 Conclusion

In this chapter a pictorial demonstration of actual dissection findings of the lym-
phatics of the esophagus, stomach, colon, and rectum were described. In those
descriptions, the following regional features of the arrangement of the lymphatics
were included.

Regarding the lymphatics of the esophagus, the right ascending chain is gener-
ally more well developed than the left chain which runs anterior to and close to the
left recurrent laryngeal nerve. Some esophageal lymph vessels may drain into the
thoracic duct. Lymphatics of the lower thoracic esophagus continue to the gastric
lymphatics via the superior diaphragmatic nodes close to the esophagus.

The lymphatics of the stomach typically run along the branches of the coeliac
trunk to reach the coeliac nodes. The lymph vessels run along the right gastroepi-
ploic blood vessels; however, they do not accompany the gastroepiploic artery,
rather they run along the corresponding vein to reach the superior mesenteric nodes.

The lymphatics of the colon are divided into two pathways: that from the right
hemicolon drains into the superior mesenteric nodes, whereas that from the left
hemicolon reaches the inferior mesenteric nodes.

Regarding the lymphatics of the rectum, in addition to the superior (ascending)
lymphatics along the superior rectal artery, the lateral (middle) lymphatics are criti-
cal. The lateral lymphatics first drain into the iliac nodes and/or presacral nodes and
finally reach the subaortic nodes.

Drawings and photographs of actual dissections have been included to facilitate
ease of understanding to achieve overall comprehension and to contribute to the
precise knowledge of lymphatics. It is hoped that these additions will substantially
contribute to the wide-encompassing significance of the lymphatics—a key to opti-
mal surgical performance.
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Abstract

Despite improvements in diagnostic and therapeutic modalities, the prognosis of
advanced cancer with extensive invasion and metastasis remains poor. The sever-
ity of a clinical prognosis depends on whether lymph node metastasis has
occurred. For metastasis to occur, tumor cells must undergo a multistep process
through a series of sequential and selective events. The metastatic process con-
sists of detachment, local invasion, motility, lymphangiogenesis, lymphatic ves-
sel invasion, survival in the circulation, adhesion to endothelial cells,
extravasation, and regrowth in lymph nodes. Among them, the most important
process is lymphangiogenesis, which is regulated by members of the vascular
endothelial growth factor (VEGF) family and their receptors. In addition to lym-
phangiogenesis, it is well accepted that cancer stem cells play a significant role
in metastasis. Although several types of metastasis-associated molecules have
been identified, the expression of these molecules differs among esophageal,
gastric, and colorectal cancer. This chapter will review the cellular and molecular
mechanisms of lymph node metastasis including lymphangiogenesis and cancer
stem cells in these human cancer types.

Keywords
VEGF - PDGF - Migration - Cancer stem cell

N. Oue - Y. Kitadai - W. Yasui (><)

Department of Molecular Pathology, Hiroshima University Institute of Biomedical
and Health Sciences, Hiroshima, Japan

e-mail: wyasui@hiroshima-u.ac.jp

© Springer Nature Singapore Pte Ltd. 2019 69
S. Natsugoe (ed.), Lymph Node Metastasis in Gastrointestinal Cancer,
https://doi.org/10.1007/978-981-10-4699-5_3

3


http://crossmark.crossref.org/dialog/?doi=10.1007/978-981-10-4699-5_3&domain=pdf
mailto:wyasui@hiroshima-u.ac.jp

70 N.Que et al.

3.1 Lymphangiogenesis

In the multistep process of lymph node metastasis, the most important step is lym-
phangiogenesis, which plays an important role in both tumor growth and metastasis
[1, 2]. Beasley et al. [3] analyzed human head and neck cancers by immunohisto-
chemical staining for the lymphatic endothelial markers LYVE-1 and CD34, and
the proliferation marker Ki-67. They observed Ki-67 nuclear staining in a propor-
tion of small intratumoral lymphatic endothelial cells, suggesting that the intratu-
moral lymphatics do indeed generate new vessels. Furthermore, they found that a
high intratumoral lymphatic vessel density is associated with lymph node metasta-
ses and an infiltrating margin of tumor invasion. Their study provided evidence that
lymphatic growth can occur in human cancers and may in some cases contribute to
lymph node metastasis. It has been also reported that tumor lymphangiogenesis cor-
relates with lymphatic metastasis in esophageal squamous cell carcinoma [4], gas-
tric cancer [5, 6], and colorectal cancer [7].

Lymphangiogenesis is regulated by members of the VEGF family and their
receptors. The VEGF family includes VEGF-A, -B, -C, -D, -E, and -F and placental
growth factor (PIGF) [8]. Among them, VEGF-C and VEGF-D are essential for
lymphangiogenesis. Both VEGF-C and VEGF-D are ligands for VEGF receptor
(VEGFR)2 and VEGFR3 [9]. Activation of VEGFR3 induces lymphangiogenesis,
whereas activation of VEGFR2 is thought to drive angiogenesis. In addition to these
molecules, platelet-derived growth factors (PDGFs) and PDGF receptors (PDGFRs)
not only promote angiogenesis but are also important players in lymphangiogene-
sis. These molecules are summarized in Fig. 3.1.

He et al. [10] investigated how tumor cells gain access to lymphatic vessels and
at what stage tumor cells initiate metastasis. They showed that VEGF-C produced
by tumor cells induces extensive lymphatic sprouting towards the tumor cells as
well as dilation of the draining lymphatic vessels in a mouse model. In this model,
a significant increase in lymphatic vessel growth occurs between 2 and 3 weeks
after tumor xenotransplantation, and lymph node metastasis occurs at the same
stage. Lymphatic vessel growth can be blocked by inhibition of VEGFR3 signaling
by systemic delivery of a soluble VEGFR3 immunoglobulin. However, VEGFR3
immunoglobulin cannot suppress lymph node metastasis when the treatment is
started at a later stage after the tumor cells have already spread. Therefore, tumor
cell entry into lymphatic vessels is a critical step during tumor dissemination.

3.1.1 VEGF-C

VEGF-C is an essential chemotactic and survival factor during lymphangiogenesis
and is required for the sprouting of the first lymphatic vessels from embryonic veins
[11]. Skobe et al. [12] reported that VEGF-C can selectively induce hyperplasia of
the lymphatic vasculature in breast cancer in a mouse model. In gastrointestinal
cancers, a correlation between VEGF-C expression and lymph node metastasis has
been reported. Moreover, expression of VEGF-C protein is observed in cancer cells
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Fig.3.1 Lymphangiogenesis-associated molecules. Lymphangiogenesis is regulated by members
of the VEGF and PDGF families and their receptors

by immunohistochemical analysis. Kitadai et al. [13] examined the expression of
VEGF-C in 48 specimens of human esophageal carcinoma tissues by immunohisto-
chemistry. They reported that VEGF-C expression was correlated with depth of
tumor invasion, tumor stage, venous invasion, lymphatic invasion, and lymph node
metastasis in esophageal squamous cell carcinoma. Matsumoto et al. [14] examined
VEGF-C expression in esophageal squamous cell carcinoma and analyzed the rela-
tionships between VEGF-C expression and clinicopathological findings such as
lymph node metastasis. They demonstrated that VEGF-C overexpression was sig-
nificantly correlated with depth of tumor invasion, lymphatic invasion, and lymph
node metastasis in esophageal squamous cell carcinoma. Moreover, Yonemura et al.
[5] studied the expression of VEGF-C in 32 gastric cancer tissue samples by immu-
nohistochemistry. They showed that VEGF-C expression was correlated with lymph
node status, lymphatic invasion, venous invasion, and tumor infiltrating patterns in
gastric cancer. Furthermore, Amioka et al. [6] analyzed VEGF-C expression in 139
gastric cancer cases. They found that VEGF-C immunoreactivity was associated
with a greater depth of tumor invasion, lymphatic invasion, and lymph node metas-
tases in gastric cancers invading the submucosa. Onogawa et al. [15] analyzed the
expression of VEGF-C and VEGF-D protein by immunohistochemistry in 139 sur-
gical specimens of human colorectal cancer. They found VEGF-C expression in
46.8% of colorectal cancer cases, which was correlated with the depth of tumor
invasion, lymphatic involvement, venous involvement, lymph node metastasis, and
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liver metastasis. These reports demonstrate that VEGF-C plays an important role in
lymph node metastasis in gastrointestinal cancers.

Tumor-associated lymphatic vessel density is correlated with metastasis to drain-
ing lymph nodes and poor prognosis. In gastrointestinal cancers, a correlation
between VEGF-C expression and lymphatic vessel density has been reported.
Hachisuka et al. [16] investigated VEGF-C expression and lymphatic vessel density
in gastric cancer. They found that the expression of VEGF-C was correlated with
high lymphatic vessel density. Li et al. [17] evaluated the expression of VEGF-C
and VEGFR3 in 147 colon cancer cases. They reported that VEGF-C expression
was positively correlated with lymphatic vessel density. These results demonstrate
that VEGF-C promotes lymph node metastasis through lymphangiogenesis.

Although overexpression of VEGF-C has been reported, the mechanism that
underlies this overexpression in cancers remains unclear. Matsumura et al. [18]
investigated DNA methylation and expression of the VEGF-C gene (VEGFC) in
gastric cancer. Bisulfite DNA sequencing analysis revealed that VEGFC was not
methylated in nine of 31 gastric cancer samples, while demethylation was not
observed in the corresponding non-neoplastic mucosa samples. Overexpression of
VEGF-C was frequently found in gastric cancer cases with VEGFC demethylation.
Thus, these results suggest that demethylation and activation of VEGFC is likely
involved in lymphangiogenesis in gastric cancer.

3.1.2 VEGF-D

In addition to VEGF-C, VEGF-D also promotes tumor metastasis through lymphan-
giogenesis [19]. The mature form of VEGF-D shares 61% amino acid sequence
identity with VEGF-C, and binds to both VEGFR2 and VEGFR3 [9]. In mice, Vegfd
binds only to Vegfr3, indicating that Vegfd might have a somewhat different func-
tion in mice and humans [20]. It has been reported that VEGF-D also modulates
prostaglandin levels to regulate lymphatic vessel dilation [21]. Expression of
VEGE-D protein can be detected in cancer cells by immunohistochemical analysis,
and a correlation between VEGF-D expression and lymph node metastasis has been
reported in gastrointestinal cancers. Kozlowski et al. [22] reported that VEGF-D
expression was significantly correlated with tumor location, tumor size, histological
grade, depth of invasion, and lymph node metastasis in esophageal squamous cell
carcinoma. Onogawa et al. [23] examined VEGF-C and VEGF-D expression by
immunohistochemistry in 140 surgical specimens of submucosally invasive gastric
cancer. VEGF-C expression was associated with lymphatic invasion and lymph
node metastasis; however, there was no association between VEGF-D expression
and clinicopathological features. Arigami et al. [24] analyzed VEGF-C and VEGF-D
expression in 80 early-stage gastric cancers. VEGF-C and VEGF-D was detected in
27.5 and 21.3% cases, respectively, and their expression was closely related to
lymph node micrometastasis. Furthermore, Onogawa et al. [15] analyzed VEGF-C
and VEGF-D protein expression by immunohistochemistry in 139 surgical
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specimens of human colorectal cancer. They observed VEGF-D expression in
29.5% of colorectal cancer cases, which was correlated with the depth of tumor
invasion, lymph node metastasis, and liver metastasis. These results indicate that in
addition to VEGF-C, VEGF-D also plays an important role in lymph node metasta-
sis in gastrointestinal cancers.

Besides VEGF-C, a correlation between VEGF-D expression and lymphatic ves-
sel density has been reported. Wang et al. [25] examined the expression of VEGF-D
in 123 patients with gastric cancer. They reported that peritumoral-lymphatic vessel
density was significantly associated with lymph node metastasis, lymphatic vessel
invasion, VEGF-C expression, and VEGF-D expression. Su et al. [26] analyzed the
expression of VEGF-D, SMAD4, and SMAD7 in 251 colon cancer samples. They
found that positive expression of VEGF-D was significantly correlated with lymph
node metastasis and high lymphatic vessel density. Therefore, VEGF-D also pro-
motes lymph node metastasis through lymphangiogenesis.

3.1.3 VEGFR3

VEGFR3 is a tyrosine kinase receptor that is expressed predominantly in the endo-
thelium of lymphatic vessels [27]. VEGFR3 stimulation alone protects the lym-
phatic endothelial cells from serum deprivation-induced apoptosis and induces their
proliferation and migration. At least some of these signals are transduced via protein
kinase C-dependent activation of the ERK1/ERK2 MAPK signaling cascade and
via a wortmannin-sensitive induction of AKT phosphorylation. These results dem-
onstrate a critical role of VEGF-C/VEGFR3 signaling in the proliferation and sur-
vival of lymphatic endothelial cells [28]. VEGFR3 was originally thought to be
expressed specifically in the lymphatic endothelium; however, VEGFR3 is also
expressed in a small subset of blood vessels in normal tissues and can be reex-
pressed in angiogenic blood vessels in certain pathological conditions [29].
Furthermore, VEGFR3 has also been detected in cancer cells, including lung adeno-
carcinoma [30] and gastric cancer cells. Su et al. [30] reported that the VEGF-C/
VEGFR3 axis enhances cancer cell mobility and invasiveness, and contributes to
the promotion of cancer cell metastasis through upregulation of the neural cell adhe-
sion molecule contactin-1. Immunohistochemical analyses in lung cancer and
colorectal cancer revealed that high levels of VEGFR3 and VEGF-C expression
correlated closely with clinical metastasis and patient survival. Kodama et al. [31]
found that VEGFR3-specific immunoreactivity was detected on gastric cancer cells.
Furthermore, in vitro treatment of a gastric cancer cell line with VEGF-C stimulated
cell proliferation and increased expression of cyclin D1, PIGF, and autocrine motil-
ity factor. In a mice xenograft model, the tumor growth of VEGF-C-transfected cells
was greatly accelerated in comparison with that of control cells. Greater angiogen-
esis and lymphangiogenesis were also detected in VEGF-C-transfected tumors than
in control tumors. Therefore, the VEGF-C/VEGFR3 axis plays a role in the progres-
sive growth of human gastric cancer through both autocrine and paracrine
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mechanisms. Tanaka et al. [32] examined the expression and function of the
VEGF-D/VEGFR3 axis in human gastric cancer. They found that 34% of gastric
cancer cases expressed both VEGF-D and VEGFR3. In vitro treatment of a gastric
cancer cell line with VEGF-D increased the expression of cyclin D1 and BCL-2 and
stimulated cell proliferation. Therefore, in addition to VEGF-C, VEGF-D is likely
to participate in the progression of gastric cancer by acting via autocrine and para-
crine mechanisms.

3.1.4 PDGF-B

Members of the PDGF family are often expressed at high levels in many cancers [33].
The PDGF family consists of five isoforms, -AA, -AB, -BB, -CC, and -DD, usually
referred to as PDGF-A (AA), PDGF-B (AB and BB), PDGF-C (CC), and PDGF-D
(DD) [34]. Their biological activities are mediated by the tyrosine kinase receptors
PDGEF receptor (PDGFR)a and PDGFRb. PDGFRa binds all possible forms of PDGF
except PDGF-DD, whereas PDGFRD preferentially binds PDGF-BB. PDGFs induce
tumor growth and stimulate angiogenesis [35]. In addition, Cao et al. [36] showed that
PDGF-BB stimulates MAP kinase activity and cell motility of isolated lymphatic
endothelial cells. Expression of PDGF-BB in murine fibrosarcoma cells induces
tumor lymphangiogenesis, leading to enhanced metastasis in lymph nodes. Matsumoto
et al. [37] examined the expression of PDGF-BB and VEGF-C by immunohistochem-
istry in esophageal squamous cell carcinoma, and found that expression of PDGF-BB
and VEGF-C was correlated with lymph node metastasis and lymphatic invasion.
Furthermore, they found that lymphangiogenesis in PDGF-BB- or VEGF-C-positive
tumors was higher than in negative tumors. Kodama et al. [38] examined the expres-
sion of PDGF-BB and PDGFRD in 38 surgical specimens of gastric cancer. They
showed that PDGF-B and PDGFRb mRNA expression was significantly higher in
patients with lymph node metastasis than in those without, and was also significantly
higher in diffuse-type carcinoma than in intestinal-type carcinoma. Expression of
PDGEF-B was detected in gastric cancer cells, whereas PDGFRb was expressed pre-
dominantly in stromal cells. In orthotopic TMK-1 gastric cancer cell line tumors, the
cancer cells expressed PDGF-B but not PDGFRb. PDGFRb was expressed by stromal
cells, including lymphatic endothelial cells. These data demonstrate that secretion of
PDGEF-B by cancer cells and expression of PDGFRb by tumor-associated stromal
cells are associated with lymphatic metastasis.

3.1.5 Angiopoietin-2

The angiopoietin family growth factors have been identified as ligands for Tie-2.
Angiopoietin-1 activates Tie-2, leading to receptor autophosphorylation upon bind-
ing, and it simulates endothelial cell migration in vitro, contributing to blood vessel
stabilization by recruitment of pericytes [39]. In contrast, angiopoietin-2 is crucial
for establishing the lymphatic vasculature. VEGF-C/VEGFR3 signaling is a critical
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primary proliferation pathway for lymphatic vessels, whereas angiopoietin-2 is
important in later remodeling stages [40].

Jo et al. [41] measured the serum levels of angiopoietin-2 in patients with gastric
cancer by immunoassay; elevated serum angiopoietin-2 levels were associated with
positive lymph node involvement. Wang et al. [42] analyzed the expression of
angiopoietin-2 by immunohistochemistry in 53 gastric cancer and 23 normal gastric
mucosa samples. They found that angiopoietin-2 expression was significantly
increased in gastric cancer tissues (74%) and was correlated with lymph node
metastasis. However, the importance of angiopoietin-2 for lymphatic metastasis of
human esophageal cancer or colorectal cancer is still unknown.

3.1.6 Neuropilin-2

Neuropilin-2 was initially identified as a semaphorin receptor and mediator of
axon guidance [43]. However, it has been reported that neuropilin-2 binds to
VEGF-C [44]. Homozygous neuropilin-2 mutants show a reduction in small lym-
phatic vessels and capillaries prenatally [45]. Caunt et al. [46] reported that an
antibody against neuropilin-2 disrupts VEGF-C-induced lymphatic endothelial
cell migration, but not proliferation. It does not affect established lymphatics in
normal adult mice but reduces tumoral lymphangiogenesis and functional lym-
phatics associated with tumors. It also reduces metastasis to sentinel lymph nodes
and distant organs.

In normal tissue, neuropilin-2 staining is detected in blood or lymphatic vessels,
while staining of neuropilin-2 is identified not only in the vascular or lymphatic
endothelial cells, but also in the cytoplasm of cancer cells. Fung et al. [47] examined
the expression of neuropilin-2 in esophageal squamous cell carcinoma by immuno-
histochemistry. They found that levels of neuropilin-2 expression were significantly
upregulated in esophageal squamous cell carcinoma, and were correlated with
lymph node metastasis. These results suggest that neuropilin-2 plays an important
role in lymphatic endothelial cells, as well as in cancer cells. Nonetheless, the
importance of neuropilin-2 for lymphatic metastasis of human gastric cancer or
colorectal cancer is still unknown.

3.1.7 MicroRNAs

MicroRNAs are 18- to 25-nucleotide-long noncoding RNA molecules that regulate
the translation of many genes [48]. Recent studies have indicated that microRNA
expression levels are altered in most types of human cancers, and microRNAs are
important gene regulators that play critical roles in biological processes and func-
tion as either tumor suppressors or oncogenes.

Yang et al. [49] observed altered expression of miRNAs in human lymphatic
endothelial cells cocultured with lymphangiogenesis-inducing VEGF-C-
transformed gastric cancer cells, with 47 upregulated and 42 downregulated
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miRNAs. Upregulated miRNAs included miR-648, miR-5002-3p, miR-4754, miR-
4760-5p, miR-4491, miR-4252, miR-5007-3p, and miR-647; and downregulated
miRNAs included miR-3178, miR-593-5p, miR-4485, miR-135a-3p, miR-17, miR-
1469, and miR-124-5p.

Hu etal. [50] determined that ectopic miR-128 overexpression inhibited VEGF-C
expression and reduced the activity of a luciferase reporter containing the VEGF-C
3’-untranslated region. Furthermore, in vivo restoration of miR-128 significantly
suppressed the tumorigenicity of A549 cells in nude mice and inhibited lymphan-
giogenesis of tumor xenografts.

Liu et al. [51] reported that miR-486-5p was significantly downregulated in
colorectal cancer tissues compared with adjacent normal tissue by quantitative real-
time polymerase chain reaction. They found that neuropilin-2 is a direct functional
target of miR-486-5p in colorectal cancer cells, and upregulation of miR-486-5p in
colorectal cancer cells was negatively correlated with neuropilin-2 expression.
Furthermore, overexpression of miR-486-5p inhibited tumor growth and lymphan-
giogenesis in nude mice.

3.1.8 Other Factors

Fibroblast growth factor 2 (FGF2, also known as basic FGF) is another factor that
is reported to promote lymphangiogenesis. It stimulates lymphangiogenesis in the
mouse cornea and upregulates expression of VEGF-C and VEGF-D in this model;
this effect was blocked by VEGFR3 antibodies, indicating that FGF2 promotes
lymphangiogenesis via induction of VEGF-C expression and activation of
VEGFR3 signaling [52]. Mikami et al. [53] analyzed FGF2 expression in human
esophageal carcinoma. They found that FGF2 was associated with tumor inva-
sion, lymph node metastasis, and pathological stages. Furthermore, Ueki et al.
[54] examined FGF2 expression in gastric cancer. They observed FGF2 expres-
sion in 70% of gastric cancer cases, which was confined to the tumor cells. FGF2
expression was correlated with a higher rate of lymph node metastases. It was also
shown that hepatocyte growth factor (HGF) can bind to VEGFR3 and induce lym-
phangiogenesis [55]. Kammula et al. [56] reported that HGF expression is associ-
ated with primary colorectal cancer progression and can be used to predict
outcome.

3.2  Cell Migration and Lymph Node Metastasis

In addition to lymphangiogenesis, cell migration is also an important process in
lymph node metastasis. Cell migration is a process that involves reorganization of
the cytoskeleton, formation of protrusions, establishment of adhesive contacts at the
leading edge, and cell contraction and detachment at the trailing edge. In gastroin-
testinal cancers, several genes were found to promote cell migration, thereby
enhancing cancer cell invasion and metastasis (Fig. 3.2).
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Fig. 3.2 Cell migration-associated molecules in esophageal, gastric, and colorectal cancer.
Several markers for cancer stem cells have been reported in esophageal (a), gastric (b), and
colorectal cancer (c)

3.2.1 FOXA1 Promotes Lymph Node Metastasis in Esophageal
Squamous Cell Carcinoma

Sano et al. [57] compared the gene expression profiles of 24 esophageal squamous
cell carcinomas with extensive lymph node metastasis and 11 esophageal squamous
cell carcinomas with no metastatic lymph nodes by microarray. They found 209
genes whose expression was associated with lymph node metastasis. Among them,
overexpression of CALBI, KRT7, MUC1, and CEACAMS in poor prognostic cases
with metastatic lymph nodes was confirmed by RT-PCR. They also identified
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FOXAI as a transcriptional factor co-expressed with KR77. FOXAL is a pioneer
factor that possesses the ability to engage with closed chromatin, move nucleo-
somes, and ultimately allow subsequent binding of other transcription factors [58].
In esophageal squamous cell carcinoma, FOXA1 induces KR77 and LOXL?2 expres-
sion, both of which are associated with lymph node metastasis.

The KRT7 gene, which encodes cytokeratin 7, is expressed in several simple
ductal epithelia, in mesothelium, and in urothelium. However, cytokeratin 7 is
sparsely expressed or absent in gastric foveolar epithelium, intestinal epithelium,
hepatocytes, and squamous epithelia [59]. It has been reported that cytokeratin 7
expression is a statistically significant prognostic factor in patients with stage I and
II esophageal squamous cell carcinoma [60]. In stage 0-III esophageal squamous
cell carcinoma, lymph node metastasis is frequently found in cytokeratin 7-positive
cases but not in cytokeratin 7-negative cases [61]. In contrast, a direct association
between cytokeratin 7 expression and lymph node metastasis remains unclear.
Because cytokeratin 7 expression is regulated by FOXA1, FOXA1 may also regu-
late several cancer-related genes, such as FOXA1-inducing genes.

The LOXL2 gene, which encodes lysyl oxidase-like 2 protein, is a member of the
LOX family of extracellular matrix-modifying enzymes [62]. Lysyl oxidase-like 2
catalyzes the cross-linking of collagens and elastin [63]. Furthermore, lysyl oxidase-
like 2 protein promotes invasion by regulating the expression and activity of the
extracellular proteins tissue inhibitor of metalloproteinase-1 (TIMP1) and matrix
metalloproteinase-9 (MMP9) [64]. Overexpression of lysyl oxidase-like 2 is
observed preferentially in esophageal squamous cell carcinomas with greater than
five metastatic lymph nodes [57]. Lysyl oxidase-like 2 overexpression in pancreatic
cancer cells enhances the epithelial-mesenchymal transition-like process, and
increases migratory and invasive activity [65]. Taken together, these results suggest
that FOXA1 plays an important role in lymph node metastasis in esophageal squa-
mous cell carcinoma.

In contrast, Ren et al. [66] reported that expression of FOXA 1 was not associated
with lymph node metastasis in gastric cancer. Therefore, promotion of lymph node
metastasis by FOXA1 may be a specific event in esophageal squamous cell
carcinoma.

3.2.2 Wnt-5a Stimulates Cell Migration in Gastric Cancer Cells

Wnt-5a, a member of the Wnt family of proteins, is a representative ligand that
activates the p-catenin-independent pathway via mobilization of intracellular Ca*,
and the activation of protein kinase C, resulting in the stimulation of migration of
several cultured cell lines, including cancer cells [67]. Kurayoshi et al. [68] ana-
lyzed the expression of Wnt-5a in 237 gastric cancer cases. They found that Wnt-5a
expression was correlated with the depth of tumor invasion, tumor stage, and lymph
node metastasis. They also found that Wnt-5a stimulates cell migration and invasion
in gastric cancer cells. Overexpression of Wnt-5a activates focal adhesion kinase,
and knockdown of Wnt-5a reduces the turnover of paxillin in focal adhesion.
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Yamamoto et al. [69] performed microarray analyses to compare expression pat-
terns between mouse fibroblast L cells that stably express wild-type Wnt5a and a
mutant form of Wnt5a. They found that Wnt5a induces the expression of laminin
gamma?2 through the activation of protein kinase C and c-Jun-N-terminal kinase.
The invasive activity of gastric cancer cells depends on laminin gamma2. These
results demonstrate that Wnt-5a contributes to gastric cancer metastasis by increas-
ing cell migration activity.

In contrast, Li et al. [70] showed that WNT5A is silenced in the highly invasive
colon cancer cell line by histone modifications. Dejmek et al. [71] showed that the
addition of recombinant Wnt-5a significantly reduces the migratory capacity of
SW480 colon cancer cells. Therefore, promotion of lymph node metastasis by
Whnt-5a may be a specific event in gastric cancer.

3.2.3 BAMBI Promotes Migration of HCT116 Colon Cancer Cells

Fritzmann et al. [72] compared gene expression patterns between metastatic and
nonmetastatic stage-matched human colorectal cancers by microarray analysis.
They found that BAMBI is highly expressed in approximately half of metastatic
primary tumors and metastases but not in nonmetastatic tumors. BAMBI antago-
nizes the effects of TGF-p superfamily ligands by stably associating with the sur-
face receptors [73], and is directly regulated by B-catenin in colon cancer cells [74].
Fritzmann et al. reported that BAMBI was expressed at a low level in normal colon
mucosa and nonmetastatic primary tumors, and was highly expressed in the epithe-
lial compartment of a subset of metastatic primary tumors. Forced expression of
BAMBI inhibited TGF-p signaling and increased migration in colon cancer cells. In
a mouse model, forced expression of BAMBI caused colon cancer cells to form
tumors that metastasized more frequently to the liver and lymph nodes than control
cancer cells.

Zhang et al. [75] investigated the expression of BAMBI in 276 gastric cancer
tissues by immunohistochemistry. They found that BAMBI expression was signifi-
cantly correlated with increased depth of invasion, lymphatic invasion, and lymph
node metastasis. However, the significance of BAMBI for lymphatic metastasis of
human esophageal cancer remains unknown.

3.3 Cancer Stem Cells and Metastasis

In the cancer stem cell model, tumors consist of subsets of cells with functional
heterogeneity, and one small subset of cancer cells has the characteristics of stem
cells. These cancer stem cells have the capability of both self-renewal and multi-
lineage differentiation into diverse cancer cells, which play a decisive role in main-
taining the capacity for malignant proliferation, invasion, metastasis, and tumor
recurrence [76, 77]. Cancer stem cells play an important role not only in tumorige-
nicity but also in cancer metastasis [78]. CD133 is a marker of cancer stem cells or
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tumor-initiating cells that can promote human colorectal cancer after being xeno-
grafted into immunodeficient mice [79]. A higher percentage of CD133-positive
cancer cells is an unfavorable prognostic factor for colorectal cancer patients with
locally advanced disease, and CD133-positive cancer cells contribute to tumor pro-
gression [80]. Li et al. [81] cultured CD133-positive colorectal cancer cells and
analyzed the invasive and metastatic capabilities of CD133-positive single cell-
derived progenies in a nude mouse model; all were tumorigenic, and the subcutane-
ous tumors expanded rapidly, while only one of three CD133-negative single cell
progenies developed a minimal tumor in nude mice. They also found that CD133-
positive single cell progenies possessed heterogeneity in intestinal wall invasion and
lymph node and liver metastases, while CD133-negative single cell progenies did
not produce secondary transplanted tumors or intestinal invasion and metastasis.
Therefore, the ability of cancer stem cells to initiate new tumors is important for
metastatic colonization. Among esophageal, gastric, and colorectal cancers, several
markers for cancer stem cells have been reported (Fig. 3.2). It remains unclear
which marker is the most important and specific.

3.3.1 Esophageal Cancer Stem Cells

Tang et al. [82] reported that CD90-positive cell populations in esophageal squa-
mous cell carcinoma are endowed with stem cell-like properties and high tumori-
genic and metastatic potential. In freshly resected clinical specimens, CD90-positive
cells represent a rare cell population, the levels of which correlate with lymph node
metastasis.

Aldehyde dehydrogenase 1 (ALDHI) is a detoxifying enzyme responsible for
oxidizing a variety of intracellular aldehydes to carboxylic acids. ALDHI is pro-
posed as a common marker for both normal and malignant stem and progenitor
cells. Its activity has been employed successfully as a stem cell marker in breast
cancer [83]. Wang et al. [84] investigated the expression of ALDHI1 protein in
human esophageal squamous cell carcinoma tissues by immunohistochemistry.
They found that ALDHI expression was correlated with lymph node metastasis and
late pathologic TNM classification staging.

3.3.2 Gastric Cancer Stem Cells

The stemness factors Sox2, Oct3/4, and Nanog are associated with induced pluripo-
tent stem cells, suggesting a correlation between these stemness factors and cancer
stem cells [85]. Matsuoka et al. analyzed the expression of Sox2, Oct3/4, and Nanog
in gastric cancer by immunohistochemistry. They found a significant correlation
between Sox2-positive or Oct3/4-negative expression and invasion depth, lymph
node metastasis, and lymphatic invasion.

In addition to ALDHI1 and CD133, CD44 can be used to isolate cancer stem cell
populations in colorectal cancer [86]. CD44-positive fractions of gastric cancer could
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generate spheroid colonies under non-adherent conditions, and small numbers of
these cells could generate tumors in mice [87]. Wakamatsu et al. [§8] immunohisto-
chemically examined the expression and distribution of representative cancer stem
cell markers ALDH1, CD44, and CD133 in primary tumors and lymph node metas-
tases of gastric cancer. They found that CD44 and CD133 expression was associated
with lymph node metastasis, and the expression pattern of cancer stem cell markers
in lymph node metastases tended to be the same as that in primary tumors.

SALLA4 is a member of the SALL gene family and acts as a zinc-finger transcrip-
tion factor. Previous studies have demonstrated that SALL4 has an essential role in
maintaining the self-renewal and pluripotency of embryonic stem cells [89]. Zhang
et al. [90] analyzed SALL4 expression in gastric cancer. They found that SALL4
levels were highly correlated with lymph node metastasis, and forced expression of
SALLA4 enhanced the proliferation and migration of human gastric cancer cells.

3.3.3 Colorectal Cancer Stem Cells

Leucine-rich repeat-containing G protein-coupled receptor 5 (LGRSY) is a target of
Wht signaling [91]. LGRS is a marker for stem cells in the small intestine and colon,
and plays a crucial role in the biological function of stem cells [92]. Uchida et al.
[93] performed quantitative RT-PCR for LGRS expression in 37 colon cancer cell
lines. They found that LGRS expression was higher in colon cancer cell lines derived
from metastatic tumors compared with those from primary tumors. In clinical
colorectal cancer specimens, LGRS expression was correlated with lymphatic inva-
sion, vascular invasion, tumor depth, lymph node metastasis, and tumor stage.

Silinsky et al. [94] analyzed CD133-positive colorectal cancer cells by
fluorescence-activated cell sorting analysis. They found that CD133-positive cancer
cells correlated with the presence of lymph node metastasis in colorectal cancer.

Langan et al. [95] examined the expression of non-CD133 colorectal cancer stem
cell markers including CD29, CD44, ALDHI1A1, ALDHIBI1, EpCAM, and
CD166 in colorectal cancer tissue samples; of these, EpCAM and CD29 expression
was associated with lymph node metastases.

3.4 Biomarkers for Lymph Node Metastasis

A better understanding of the changes in gene expression during invasion and
metastasis may lead to new paradigms and possible improvements in the diagnosis
and treatment of gastrointestinal cancer. In the past 20 years, numerous genes whose
expression is upregulated or downregulated in lymph node metastasis have been
reported by microarray analysis. Lymph node metastasis-associated genes identi-
fied by microarray analysis are summarized in Table 3.1. Although these genes are
useful for the prediction of lymph node metastasis, their functions are largely
unknown. Functional analysis of these molecules will further improve our under-
standing of the basic mechanisms of lymph node metastasis.
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3.4.1 Esophageal Cancer

Tamoto et al. [96] measured gene expression in 36 esophageal squamous cell carci-
noma cases by microarray. They identified 44 genes (including CD33, GJBI,
ITGA2B, and ITGB6) whose expression was associated with lymph node metasta-
sis. Likewise, Kan et al. [97] analyzed the gene expression profile of 28 esophageal
squamous cell carcinoma cases by microarray and found genes whose expression
was upregulated in lymph node metastasis-positive cases (including /L6, DMN, and
JUND) and genes whose expression is downregulated in lymph node metastasis-
positive cases (including NUP153, DUSP1, and POT1). Yamabuki et al. [98] also
analyzed the gene expression profile of 19 esophageal squamous cell carcinoma
cases by microarray. They found genes whose expression was upregulated in lymph
node metastasis-positive cases (including NFIL3, SUV39H2, and WNT10B) and
genes whose expression was downregulated in lymph node metastasis-positive
cases (including DUSP22, EHD3, and PGSI). Similarly, Uchikado et al. [99] ana-
lyzed gene expression in 16 patients with esophageal squamous cell carcinoma
using oligomicroarray. They found overexpressed genes correlated with lymph
node metastasis (including SPPI, KRT14, and TACSTDI) and suppressed genes
correlated with lymph node metastasis (including MAL, SPINKS, and HBB). Sano
et al. [57] compared the gene expression profiles of 24 esophageal squamous cell
carcinomas with extensive lymph node metastasis and 11 esophageal squamous cell
carcinomas with no metastatic lymph nodes. They found overexpression of CALBI,
KRT7, MUCI1, and CEACAMS in cases with metastatic lymph nodes.

3.4.2 Gastric Cancer

Hippo et al. [100] reported that overexpression of RBP4, OCT2, IGF2, PFN2,
KIAA1093, PCOLCE, and FNI is associated with lymph node metastasis by micro-
array. Inoue et al. [101] found several genes that were differentially expressed with
a significant difference between the two groups with respect to the depth of tumor
invasion and lymph node metastasis by cDNA microarray. Upregulation of MMP?7,
THBS2, FNI1, MMP10, TGFB3, IGFBP3, SPARC, COLIA2, MMP1, and PDGFRB
were associated with lymph node metastasis. Oue et al. [102] performed serial anal-
ysis of gene expression (SAGE) on five gastric cancer samples, and reported that
upregulation of FUS and APOE was associated with lymph node metastasis.
Marchet A et al. [103] evaluated the gene expression profile in 32 gastric cancer
cases. They reported that only three genes (BIK, AURKB, and EIF5A2) could cor-
rectly predict lymph node status. Mimori K et al. [104] performed microarray anal-
ysis of total RNA from whole bone marrow blood from six cases with metastasis
and three cases without metastasis in human gastric cancer. They found that MT1-
MMP-positive expression in peripheral blood was associated with the incidence of
lymph node metastasis. Ueda T et al. [105] analyzed microRNA expression in
human gastric cancer. They found 17 microRNAs whose expression was associated
with lymph node metastasis. Yamashita et al. [106] examined 242 gastric cancer
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patients without or with lymph node metastasis by lectin microarray and found that
vicia villosa agglutinin was linked to lymph node metastasis.

3.4.3 Colorectal Cancer

Parle-McDermott et al. [107] performed SAGE on a primary colon cancer cell line
(SW480) and an isogenic lymph node metastasis cell line (SW620) and found genes
whose expression was upregulated in lymph node metastasis-positive cases (includ-
ing KRT5, CST4, and SAAI) and genes whose expression was downregulated in
lymph node metastasis-positive cases (including RPS28 and SFP32). Bertucci et al.
[108] profiled 50 colon cancer tissues using DNA microarray and identified 46
genes as significantly differentially expressed between cancers with and without
lymph node metastases. Kwon et al. [109] performed microarray analysis in 12
colorectal cancer cases and found 60 genes possibly associated with lymph node
metastasis. Fritzmann et al. [72] compared gene expression patterns between meta-
static and nonmetastatic stage-matched human colorectal cancers by microarray
analysis. They established a signature of 115 genes that differentiated metastatic
from nonmetastatic primary tumors. Among them, BAMBI was highly expressed in
approximately half of metastatic primary tumors and metastases but not in non-
metastatic tumors. Watanabe et al. [110] analyzed the gene expression profile of 89
colorectal cancer cases. They identified 73 genes whose expression significantly
differed between patients with and without lymph node metastasis (including WSX1,
GUCY2C, and DISPA).

3.5 Anti-lymphangiogenic Therapies for Gastrointestinal
Cancer

Although the efficacy of anti-angiogenic therapy has been extensively studied, the
concept of targeting lymphangiogenesis to obtain a therapeutic advantage in cancer
is only a recent development. The lymphatic network plays an important role in
cancer metastasis, allowing spread to draining lymph nodes. Thus, targeting the
induction of tumor lymphangiogenesis and functional alteration of existing lym-
phatic vessels may help to prevent a route for lymphatic metastasis.

In mice experiments, a neutralizing antibody to VEGFR3 was shown to completely
block tumor lymphangiogenesis with no effect on pre-existing vessels [111]. Soluble
VEGFR3 fusion proteins as well as monoclonal antibodies targeted to VEGF-C and
VEGF-D have been developed, and several preclinical and clinical trials using these
agents are currently in progress. Multikinase inhibitors that target VEGFR3 have
already been developed and used for the treatment of some solid tumors.

Ang/Tie-2 signaling is another promising target for anti-lymphangiogenesis ther-
apy, and a selective neutralizing antibody against Ang1/2 has been developed. The
multikinase inhibitor regorafenib inhibits multiple membrane-bound and intracellu-
lar kinases involved in lymphangiogenesis (VEGFRI, 2, and 3, Tie-2), and is used
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for the treatment of patients with metastatic colorectal cancer. Takigawa et al. [112]
reported that single treatment with regorafenib inhibited tumor growth and metasta-
sis by inhibiting both tumor cells and stromal response in an orthotopic implanted
mouse model of colon cancer. Because VEGF-C and PDGF-B expressed by tumor
cells are associated with lymphangiogenesis and lymphatic metastasis in gastric can-
cer, blockage of these factors by regorafenib may be a reasonable approach to the
prevention and treatment of lymphatic metastasis. Interestingly, Onoyama et al.
[113] examined the effects of PDGFR tyrosine kinase inhibitor (nilotinib) and mTOR
inhibitor (everolimus) on tumor stroma in an orthotopic nude mouse model of human
gastric cancer. They found that treatment with nilotinib did not suppress tumor
growth but significantly decreased stromal reactivity, lymphatic invasion, and lym-
phatic vessel area. In contrast, treatment with everolimus decreased tumor growth
and microvessel density but not stromal reactivity. Nilotinib and everolimus in com-
bination reduced both the growth rate and stromal reaction. These results suggest that
targeted molecule-based inhibition of cancer—stromal cell interactions appears prom-
ising as an effective antitumor therapy. Further understanding of the cellular and
molecular mechanisms that regulate lymphangiogenesis of tumors may facilitate the
development of effective anti-lymphangiogenic therapies.

3.6 Conclusion

In this chapter, the cellular and molecular mechanisms of lymph node metastasis in
human esophageal, gastric, and colorectal cancers were described. In the multistep
development of lymph node metastasis, the most important process is lymphangio-
genesis. VEGF-C and PDGF-B expressed by tumor cells plays crucial roles in lym-
phangiogenesis and lymphatic metastasis. Thus, blockage of the factors inducing
lymphangiogenesis could be a reasonable approach to the prevention and treatment
of lymphatic metastasis. Interference with the growth of lymphatic endothelial cells
via several different signaling pathways should enhance the efficacy of anti-
metastatic treatments. In addition to lymphangiogenesis, it is well accepted that
cancer stem cells play a significant role in metastasis. A possible therapeutic strat-
egy for eliminating cancer stem cells is to specifically target the signaling pathways
and transcription factors that are involved in cancer stem cell maintenance and pro-
liferation. The Wnt, Notch, Hedgehog, and Bmi-1 signaling pathways regulate can-
cer stem cells. Further understanding of the cellular and molecular mechanisms that
regulate lymphangiogenesis and cancer stem cell maintenance and proliferation
will facilitate the development of effective anti-metastatic therapies.
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Abstract

Lymph nodes are the organs where an acquired immune response takes place rapidly
(after infection) under the influence of antigen-presenting cells such as dendritic
cells. Because the chance to encounter foreign antigens for each lymphocyte is quite
small, lymphocytes keep moving through the whole body until they encounter a
matching antigen-presenting cell. Antigens and dendritic cells enter the lymph node
through afferent lymphatic vessels and migrate deep into lymph nodes to activate T
lymphocytes. Naive lymphocytes enter lymph nodes from blood through high endo-
thelial venules (HEVs): specialized blood vessels found in secondary lymphoid tis-
sues except for the spleen. Within lymph nodes, stromal cells interact closely with
lymphocytes and dendritic cells, providing scaffolds on which these cells migrate.
More recently, stromal cells were found to induce tolerance. This review summarizes
the present understanding of the mechanisms regulating the movement of lympho-
cytes and antigen-presenting cells through the lymph node. In addition, lymph nodes
are necessary for the induction of tolerance against harmless antigens. The funda-
mental understanding of how the lymphatic system participates in immune regula-
tion is necessary for elucidation of the lymphatic function in various diseases.
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4.1 Entry of Lymphocytes from the Vascular Endothelium

Lymph nodes play significant roles in the immune system. This system makes it
possible to maximize the exposure of each individual lymphocyte to the largest pos-
sible number of antigen-presenting cells. To this end, lymphocytes are continuously
recirculating throughout the body patrolling against possible invasion of antigens
from outside. The lymphocytes that differentiated from stem cells in the primary
lymphoid tissues and obtained the capacity for discrimination between self- and
non-self-antigens begin to collect antigen information after they immigrate into sec-
ondary lymphoid tissues, such as lymph nodes, the spleen, and Peyer’s patches. If
they do not encounter the corresponding antigen there, these lymphocytes recircu-
late though blood vessels or lymphatic vessels. If specific antigens stimulate them,
then the activated lymphocytes follow distinct patterns of migration. Antigen-
experienced lymphocytes can be further subdivided into subsets based on their
expression of characteristic sets of trafficking receptors that favor their accumula-
tion in certain target organs, including the skin and gut [1]. Interaction of lympho-
cytes with vascular endothelial cells is necessary not only for the organogenesis of
secondary lymphoid tissues but also for the maintenance of lymphocyte recircula-
tion. In this process, adhesion molecules and chemokines play significant roles.

Naive T and B lymphocytes reach lymph nodes from the thymus and bone mar-
row. At this time, the recruitment of circulating lymphocytes from blood into these
secondary lymphoid organs is believed to take place exclusively via specialized
postcapillary venules—high endothelial venules (HEVs)—in the interfollicular
area. The characteristic structure of HEVs is well developed in lymph nodes and
mucosa-associated secondary lymphoid tissues but not in the spleen. HEVs rou-
tinely recruit lymphocytes even in the absence of inflammatory signals.

The HEVs in lymph nodes continuously express so-called addressin-like periph-
eral lymph node addressin (PNAd) and interact with L-selectin on lymphocytes,
thereby driving the lymphocyte tethering to (and rolling on) endothelial cells of an
HEV. In the intestinal tissue, the tethering—rolling step is mediated by mucosal
addressin cell adhesion molecule 1 (MAdCAM-1). Multimolecular adhesion cas-
cades contribute to lymphocyte migration into lymph nodes [2, 3]. Naive T and B
cells strongly express L-selectin and moderately express a4f7 integrin (lympho-
cytic receptor for MAdCAM-1) and lymphocyte function-associated antigen 1
(LFA-1; CD11a or CD18), which mediate three sequential types of adhesive inter-
actions: (1) an L-selectin-mediated initial contact, (2) a4p7 integrin-mediated slow
rolling, and (3) interactions with LFA-1 in conjunction with a4p7 integrin and/or
MAdCAM-1 to induce activation-dependent arrest. Thus, naive lymphocytes
migrate into the mesenteric lymph nodes through HEVs using these adhesion mol-
ecules just like a key for a lock (Fig. 4.1).

Besides interaction of these adhesion molecules, interaction of a chemokine
receptor and chemokine plays an important role in the regulation of lymphocyte
trafficking via integrin activation. Chemokines are a group of low-molecular-weight
cytokines that can induce chemotaxis in lymphocytes by binding to the G protein-
coupled receptors (GPCRs) that possess seven membrane-spanning domains
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Fig. 4.1 Entry of a lymphocyte via an HEV. Naive lymphocytes strongly express L-selectin and
moderately express o4f7 integrin and lymphocyte function-associated antigen 1 (LFA-1; CD11a
or CD18) to mediate three sequential types of adhesive interactions: (1) an L-selectin-mediated
initial contact, leading to the release of a chemokine; (2) slow rolling mediated by the active form
of a4P7 integrin; and (3) LFA-1 in conjunction with a4f7 integrin and MAdCAM-1 mediate
activation-dependent arrest

(transmembrane helices). The representative chemokines that mainly participate in
lymphocyte migration to intestinal lymphoid tissues (like Peyer’s patches and mes-
enteric lymph nodes) are CCL19, CCL21, and CXCLI13. In case of T cells, both
CCL21 and CCL19 molecules are strongly expressed on the surface of the HEV
endothelium, and these molecules promote migration of naive lymphocytes that are
expressing CCR7, a specific ligand of CCL21 and CCL19 [4]. In case of B cells,
they are less CCR7 dependent and express CXCRS, a ligand for CXCL13; the func-
tion of CXCRS5 in naive-B-cell recruitment appears to be quite specific for Peyer’s
patches [5]. Namely, during the rolling process on the surface of endothelial cells of
HEVs, naive T cells start surface expression of CCR7, and naive B cells start
expressing CXCRS (through which cell surface integrin molecules are activated)
and are then transferred into lymphoid tissues. If antigens are presented to the T
cells, their surface expression of CCR7 and L-selectin is decreased, then these T
cells will lose their ability to migrate into peripheral lymph nodes.

4.2 The Role of the Autotaxin (ATX)-Lysophosphatidic Acid
(LPA) Axis in Lymphocyte Migration

LPA regulates a wide range of cellular processes, including cell motility through
GPCRs [6].

LPA can be generated from lysophosphatidylcholine (LPC) via removal of the
choline moiety by the enzyme lysophospholipase D (Iyso-PLD). LPC circulates in
blood at a higher concentration than LPA does [7].
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ATX was originally known to be involved in a wide range of cellular processes,
including cell motility. Later, the dominant lyso-PLD in serum was found to be
ATX. Two independent groups reported that the LPA-producing ectoenzyme ATX is
highly expressed by HEVs in lymph nodes, and that ATX controls adhesion and
transmigration of lymphocytes [8, 9].

LPA binds to at least six specific LPA receptors (LPA1-LPA6) [6]. In addition, it
binds to non-GPCR targets such as RAGE, PPAR-g, and TRPV1 [10-12]. LPA
receptors are expressed by T cells and enhance the motility of human and mouse T
cells in vitro [8, 13, 14].

Thus, it is possible that ATX secreted from an HEV into the lumen binds to the
surface of the cells and hydrolyzes LPC to LPA, leading to activation of LPA recep-
tor on T cells. Nevertheless, it is uncertain whether ATX-generated LPA acts on T
cells (Fig. 4.2).

Recently, it was reported that lymph node stromal cells constitutively express
ATX. CCL21" stromal cells in the T zone produce and immobilize ATX on their
surface. Inhibition of ATX or LPA receptors reduces T-cell migration, and this
effect is exacerbated further by LFA-1 or Ga-I inhibition, suggesting that ATX
from stromal cells promotes interstitial T-cell movement in an LFA-1-independent
manner [15].

HEV U {

Fig.4.2 The function of LPA in lymphocyte migration in lymph nodes. Lymphocytes enter lymph
nodes from blood by migrating across specialized venules, termed HEVs. LPA in blood is con-
verted into LPC by ATX which has a lysophospholipase D (lyso-PLD) activity. LPA regulates
lymphocyte extravasation across the HEV basal lamina. LPA lysophosphatidic acid, ATX auto-
taxin, HEV high endothelial venule, FRC fibroblastic reticular cell
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4.3  The Effects of Retinoic Acid (RA) on Lymphocyte
Migration

Recently, the important role of RA, a vitamin A metabolite, in intestinal immunity
was widely recognized. RA has an ability to enhance the barrier function of the
intestinal mucosa and to increase IgA production by inducing differentiation of
naive T cells toward the T helper 2 (Th2) lineage. Moreover, it was recently recog-
nized that RA possesses the ability to force lymphocytes to home specifically to
small-intestinal tissues [16]. RA induces not only the effector and memory function
but also regulatory-T-cell activity and is intimately involved in oral tolerance and
inhibition of inflammation by enhancing differentiation into FoxP3* regulatory T
cells or via suppression of differentiation toward Th17 cells [17].

In intestinal lymphoid cells, the main cells that produce RA from vitamin A and
supply it to lymphocytes are DCs. In Peyer’s patches and MLNSs, there are DCs that
express an RA-synthesizing enzyme, retinaldehyde dehydrogenase 2 (RALDH?2).
These are matured DCs expressing CD103. When these DCs present antigen to
naive T cells in the presence of RA, the specific expression of a4f7 integrin (a
ligand for MAdACAM-1) and CCR9 (a ligand for CCL25) is enhanced on the stimu-
lated T cells. These a4p7 integrin-expressing and CCR9-expressing activated T
cells can migrate into the intestinal lamina propria of the villus mucosa as CD4 or
CD8ab*TCRap* effector or memory T cells after their specific interaction with the
MAdJCAM-1 molecule on the vascular endothelium. Then, some of them can fur-
ther migrate into the intraepithelial layer to transform into CD8ab*TCRaf* IEL
cells under the influence of CCRO. Similarly, when the RA-producing DCs present
antigens to naive B cells, these activated B cells acquire the capacity for homing to
the intestine with increased expression of a4p7 integrin and CCR9 [18]. These DCs
can also produce cytokines such as IL-6, which will facilitate the IgA production by
plasma cells in concert with RA. For the specific expression of RALDH?2 in the
intestine, granulocyte macrophage colony-stimulating factor in the intestinal tissue
possibly makes a significant contribution. The involvement of other cytokines such
as IL-4 and IL-13 in RALDH2 expression has also been postulated. It was reported
that if CD8* T cells of various lymphoid tissues are activated by DCs isolated from
Peyer’s patches, then these T cells not only increase their expression of a4f7 integ-
rin and CCR9 but also downregulate the E-selectin ligand or P-selectin ligand on
their surface, thus obtaining the specific capacity for transformation to suppress the
nonintestinal homing.

On the other hand, in the skin, another vitamin is suggested to be involved in
organ tropism of lymphocytes. The skin-specific chemokine CCL27 is a chemoat-
tractant for a subset of cutaneous memory T cells that expresses CC chemokine
receptor 10 (CCR10).

Vitamin D3 is generated in the skin in response to sun exposure and is converted
through an enzymatic cascade to 1,25(OH),D3. The latter induces T-cell expression
of CCR10 and T-cell migration toward the epidermal chemokine CCL27. In con-
trast, 1,25(OH),D3 inhibits the gut-homing receptors a4p7 integrin and CCR9
(Fig. 4.3) [19].



100 R. Hokari and S. Miura

Skin tropic Epidermotropic?
Skin naive CLA+ CLA+
lymphocytes CCR4+ CCR4+
CCR10+
Vitamine D3?
Gut

[ Retinoic
acid

{ \ Gut-tropic

naive o4B7+
lymphocytes CCR9
+

Fig. 4.3 Imprinting of lymphocyte homing by DCs. Activation of naive lymphocytes by DCs in a
lymph node induces tropism of various extralymphoid tissues, such as skin and gut. DCs from
GALT induce the expression of a4f7 integrin and CCR9 on naive T and B cells upon activation.
They show strong expression of RALDH2 to produce retinoic acid (RA) from vitamin A and
imprint gut-homing specificity on lymphocytes. RA inhibits formation of T cells expressing the
skin-homing receptors. On the other hand, 1,25(OH),D3 induces T-cell expression of CCR10 and
T-cell migration toward the epidermal chemokine CCL27. RALDH?2: retinal dehydrogenase 2

4.4 Transport of Antigens and Immune Cells to a Lymph
Node

Lymph nodes are the site where immune reactions or immunosuppression take
place. The function of lymph nodes is to filter the lymph from the draining area and
to detect antigens in this lymph [20]. Afferent lymphatic vessels are well recognized
as the channels through which antigens and immune cells are transported to the
draining lymph node for immune responses. Lymph nodes are enclosed in a
collagen-rich capsule, which is lined with lymphatic endothelial cells forming sub-
capsular sinuses. Medullary sinuses are also covered with lymphatic endothelial
cells. Afferent lymphatic vessels facilitate the passive entry of tissue-derived anti-
gens, and they are subsequently processed by lymph node-resident antigen-
presenting cells [21]. Because initial lymphatic vessels are highly permeable to
objects less than 1 pm, bacteria and viruses can enter lymphatic vessels.
Macrophages are present among lymphatic endothelial cells in the subcapsu-
lar sinuses and medullary sinuses to sample antigens [22]. In addition, tissue-
resident DCs migrate to draining lymph nodes via afferent lymphatics to carry
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antigens. A DC can enter a lymphatic vessel through gaps in the perilymphatic
basement membrane [23].

The magnitude of expression of adhesion molecules on HEVs is closely related
to afferent lymphatic vessels. After ligation of afferent lymphatic vessels, expres-
sion of adhesion molecules decreases, inhibiting the homing of lymphocytes from
HEYV into lymph nodes [24].

How is the interaction between afferent lymphatic vessels and HEV regulated?
Gretz et al. reported that specialized architectural elements named conduits facili-
tate the transport of low-molecular-weight molecules such as chemokines or cyto-
kines to HEVs [25]. Conduits are the spaces enclosed by fibroblastic reticular cells
(FRCs; Fig. 4.4) [26].

DCs also regulate the HEV phenotype and function. After removal of afferent
lymph from a peripheral lymph node, HEV-specific genes such as glycam-1 and
markers are downregulated, and the function of lymphocyte migration in HEVs
disappears [24, 27].

Intravital microscopy analysis of DC-depleted mice revealed decreased interac-
tion between HEVs and lymphocytes [28]. These results suggest that not only low-
molecular-weight molecules but also DCs coming through afferent lymphatics to
lymph nodes contribute to the regulation of the HEV function.

4.5 Transport of Naive or Memory Lymphocytes Through
Afferent Lymphatics

Effector and memory T cells do not enter lymph nodes from HEV, and the main
route of entrance into a lymph node is afferent lymphatics as previously described.
In contrast, naive lymphocytes enter the lymph node via an HEV and exit via
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Fig.4.5 T-cell trafficking routes through a chain of lymph nodes. Primary peripheral lymph nodes
(LNs) receive lymph and immune cells directly from the (nonlymphatic) tissue in the respective
drainage area. Thus, the vast majority of T cells present in afferent lymph vessels of a secondary
central lymph node have an effector or memory phenotype. Nonetheless, due to the constant addi-
tional influx of large numbers of recirculating naive T lymphocytes into all lymph nodes via HEVs,
efferent lymph of higher-order central lymph nodes contains predominantly naive T cells. Naive T
cells migrate to secondary lymph nodes via two routes: HEVs and afferent lymphatics

efferent lymphatics thereafter. Because lymph nodes are organized in chains,
these naive lymphocytes also enter downstream secondary lymph nodes through
afferent lymphatics [29, 30]. Thus, naive T cells migrate to secondary lymph
nodes via two routes: HEVs and afferent lymphatics. Evidence that naive T cells
move from one lymph node to another was obtained in vivo by means of mice
transgenic for a photoconvertible fluorescent protein called “Kaede” [31]
(Fig. 4.5).

4.6 Stromal Cell Interaction with Lymphocytes and DCs

Once naive lymphocytes enter a lymph node, they move along stromal networks to
scan the surface of antigen-presenting cells for cognate antigens. Stromal cells
interact with lymphocytes and DCs, provide scaffolds on which these cells migrate,
and recruit them into niches by secreting chemokines. Lymph node structure can be
subdivided into cortical, paracortical, and medullary areas according to the distribu-
tion of specific stromal cells. Lymph node stromal cells are classified into several
groups based on the expression of CD31 and podoplanin: FRCs (CD31-podoplanin*
phenotype), follicular dendritic cells (CD31-podoplanin®), blood endothelial cells
(CD31*podoplanin~), lymphatic endothelial cells (LECs; CD31*podoplanin*), and
a7ITG* pericytes (CD31 podoplanin-a7ITG*) [32, 33].

Recent in vivo live imaging studies showed that stromal cells perform important
functions in lymphocytic migration within lymph nodes. Naive lymphocytes form
intimate contacts with FRC networks [34, 35]. After transendothelial migration
from HEVs, naive lymphocytes access FRC networks at specific sites and actively
crawl along the surface of FRC networks.
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Stromal cell subsets show high expression of adhesion molecules such as integ-
rins al, aS, a7, a8, a9, av, f1, and B5 [33].

In addition to providing a cellular scaffold to lymphocytes, FRCs secrete chemo-
kines CCL19, CCL21a, and CXCL12 [36, 37]. The intranodal migration and posi-
tioning of T cells, B cells, and DCs is regulated by these chemokines.

T cells enter perivascular space transiently after leaving HEVs [38]. After a
short period of retention in this area, T cells rapidly migrate along the FRC net-
work [34].

B cells remain near the HEVs for 3—4 h after lymph node entry [39]. Next, B
cells crawl on the FRC network in the T-cell area [34]. Finally, B cells enter the fol-
licles depending on the interaction between CXCRS on T cells and CXCL13 on
follicular dendritic cells [40]. The differential positioning of B cells in the outer and
central follicles is dependent on EBI2 [41].

Among signaling molecules, CCL21a appears to confer directional cues by bind-
ing to the heparin sulfate residues on the surface of FRCs, thus inducing integrin-
dependent motility of DCs [42].

Furthermore, podoplanin-rich FRC networks induce DC motility via activation
of CLEC2 [43]. A large number of T cells accumulates in the paracortex (T zone),
and DCs that have migrated from tissues display foreign antigens to prime T cells
in this area. T cells migrate vigorously within the paracortex at high velocity. A
recent study revealed that ICAM-1 expressed by DCs but not stromal cells interacts
with LFA-1 on T cells, thereby playing a crucial role not only in supporting firm
arrest during antigen recognition but also in facilitating the antigen-scanning pro-
cesses [44].

Thus, multiple molecular mechanisms regulate the movement of lymphocytes
and DCs interacting with stromal cells.

4.7 Antigen Presentation by a DC

On the body surface, in contrast to Langerhans cells (LCs), which are located mainly
in the skin outside the basement membrane preparing for viral invasion, dendritic
cells (DCs) are located inside the basement membrane, preparing for bacteria invad-
ing across the basement membrane. DCs act as sentinel cells, catching the informa-
tion about invading foreign antigens, transferring this information to the immune
defense system, and inducing effective memory for the invading antigens. Usually,
antigens taken up from outside are presented to CD4* helper T cells via MHC class
II molecules; however, in a particular situation, for example, if DCs were stimulated
through a TLR3 molecule, antigens are also cross-presented via MHC class I mol-
ecules, resulting in possible induction of cytotoxic T lymphocytes.

In mucosal lymphoid tissues, there are different kinds of DC subsets that express
CD11c on the surface. These DCs are classified into several categories according to
their expression pattern of CD11b, CD8a, and B220 [45]. DCs derived from Peyer’s
patches are b7-CD103", and they are transported into mesenteric lymph indepen-
dently of CCR7 signals [46]. In Peyer’s patches, DCs are transferred into the
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subepithelial dome area via CCR6 stimulation under physiological conditions. The
CD11b~ conventional type of DCs has a strong ability to produce IL-12 and per-
forms antigen capture via M-cells in the follicle-associated epithelium or presents
the antigen to CD4* T cells in the interfollicular (parafollicular) area. On the other
hand, CD11b* subsets may commit to the IgA class switching. Especially CD11b*
DCs in the subdome area are producing TGF-f and IL-6, strongly involved in the
T-cell-dependent IgA class switching. DCs in GALT constitutively express matrix
metalloproteinases (MMPs 2, 3, or 9) or avf8 integrin, which are necessary for the
induction of TGF-f. The CD11b* DCs are also supposed to be engaged in IL-10
production and regulatory T-cell induction. In Peyer’s patches, there are both CD8a-
negative and CD8a-positive subsets of DCs.

There are DCs in the follicular area called follicular DCs. These DCs produce a
B-cell-attracting chemokine, CXCL13, and can cause B-cell accumulation in the
follicular area. These follicular DCs are known to recruit follicular helper T cells to
this area as well.

In MLNS, there are various kinds of DCs, a mixture of those derived from Peyer’s
patches and intestinal lamina propria, drained from the intestine and reaching the
MLNS via intestinal lymphatics. As described above, DCs from Peyer’s patches are
ab7-CD103~ population and stay in MLNs in a CCR7-independent manner [46]. In
contrast, DCs from intestinal lamina propria, which are strongly positive for b7 and
CDI103, reach MLNs in a CCR7-dependent manner. Among those DCs,
CD103*CD11b™"v CD8int*B220~ subsets are expressing enzymes involved in RA
production in MLNs. These DCs can induce intestinal homing receptors such as
a4p7 integrin and CCR9 on IgA plasma cells. In CCR7-deficient mice, the number
of DCs in MLNSs is low, and it is hard to induce oral tolerance in these mice. Thus,
CCR7* DCs in MLNs (not in Peyer’s patches), which were derived from the lamina
propria of the intestine, may be intimately involved in the induction of oral
tolerance.

4.8 The Function of Lymph Nodes in Peripheral Tolerance
Mediated by LECs and Stromal Cells

It was found that without mLNs, oral tolerance is no longer inducible [47].
Accumulating evidence shows that LECs, stromal cells, CD103* DCs drained from
an induction site, and regulatory T cells are involved in this mechanism.

LECs cover lymph node sinuses. They participate in peripheral tolerance rather
than T-cell activation. This property is restricted only to LECs in lymph nodes by
LTPR signaling [48].

LECs strongly express peripheral-tissue antigens, which is not the case in tissue
lymphatics [49]. LECs express MHC-I and MHC-II (but not costimulatory mole-
cules) and present the antigen on MHC-I via both direct and cross-presentation.
Direct presentation of peripheral-tissue antigens to CD8* T cells results in abortive
proliferation and deletion owing to both a lack of costimulation and active PD-L.1
engagement.
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There is growing appreciation that not only do LNSCs guide antigens to
antigen-presenting cells but also themselves present the antigen to educate T
cells. LNSCs actively take up exogenous molecules, and some subsets process
antigens for cross-presentation and cross-priming of antigen-specific CD8" T
cells [50].

In addition, the presence of DCs and regulatory T cells coming from the draining
area plays a significant role in the induction of tolerance after feeding of low doses
of an antigen [47]. CD103* DCs from afferent lymphatics produce IL-10, TGF-f,
RA, and indoleamine-2,3-dioxygenase [51-53].

4.9 Regulation of Lymphocyte Emigration from Secondary
Lymphoid Tissues and the Effects of Sphingosine-1-
Phosphate (S1P)

Naive lymphocytes that do not encounter their target antigen leave the lymph node
through efferent lymphatics. It is now well known that S1P is a key regulatory mol-
ecule when lymphocytes emigrate from secondary lymphoid organs such as lymph
nodes or Peyer’s patches [54] (Fig. 4.6). S1P is one of the lipid mediators and like
chemokines S1P can induce chemotaxis in lymphocytes by binding to GPCRs that
possess seven membrane-spanning domains (transmembrane helices). SIP is pro-
duced by phosphorylation of sphingosine, which is a metabolite of representative
cell membrane components: sphingomyelins and ceramides. In blood, S1P is mainly
derived from platelets and red blood cells, and its concentration is kept relatively
high (several hundred nanomoles per liter). On the other hand, S1P concentration in
lymphoid tissues is maintained at a low (nanomolar) level by the action of S1P lyase
and dephosphorylation enzymes. This difference causes a concentration gradient of
S1P as follows: blood > lymph fluid > lymphoid tissue.

Naive lymphocytes strongly express the receptor for SIP (S1P-R). After these
naive lymphocytes migrate into secondary lymphoid tissues under the influence of
chemokines such as CCL19, CCL21, and CXCL13, if they do not encounter anti-
gens, they will emigrate from the secondary lymphoid tissues into peripheral blood
or lymphatics in response to a high concentration of S1P in blood or lymph fluid. In
contrast, after antigens have been presented to naive T lymphocytes, expression of
S1P-R on T lymphocytes is reduced. The exit of T lymphocytes from secondary
lymphoid follicles is suppressed, and they remain inside the lymphoid tissues.
Thereafter, antigen-specific T lymphocytes receive activation signals from antigens,
and accessory stimulatory molecules will restore the S1P-R expression on their sur-
face. The T lymphocytes are transported to the periphery again in an S1P-dependent
manner. In the case of B cells immediately after antigen stimulation, naive B cells
also show downregulation of S1P-R during their differentiation into IgA-positive B
cells with class switch recombination of the immunoglobulin constant region.
Nevertheless, with further differentiation into IgA plasmablasts in lymph nodes, the
expression of S1P-R recovers, and eventually the IgA plasmablasts emigrate from
lymph nodes and enter the periphery.
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Fig. 4.6 The effect of SIP on lymphocyte emigration. S1P concentration in lymphoid tissues is
maintained low by the action of S1P lyase and dephosphorylation enzymes. This difference causes
a concentration gradient of S1P as follows: blood > lymph fluid > lymphoid tissue. Naive lympho-
cytes strongly express the receptor for S1P (S1P-R). After these naive lymphocytes have migrated
into secondary lymphoid tissues under the influence of chemokines, they will emigrate from the
secondary lymphoid tissues into lymphatics in response to a high concentration of SIP in the
lymph fluid. After antigens have been presented to naive T lymphocytes, the exit of T lymphocytes
from secondary lymphoid follicles is suppressed by downregulation of S1P-R expression. The
activated T lymphocytes recover S1P-R expression under the influence of accessory stimulatory
molecules and are transported to the periphery again in an S1P-dependent manner

S1Ps are known to be involved not only in physiological migration of lympho-
cytes but also in migration of pathological cells. It is thought that S1Ps participate
in intestinal food allergies or inflammatory bowel diseases [55]. In this regard, much
attention has been given to FTY720, a drug derived from a herb, as an immuno-
modulator. FTY720 can downregulate S1P-R expression on the lymphocyte surface
and can inhibit the abovementioned lymphocyte emigration. Accordingly, adminis-
tration of FTY720 was reported to ameliorate pathological infiltration of T lympho-
cytes into the inflamed colonic mucosa in an experimental model of colitis.

S1P secretion is regulated by o9 integrin, and its ligand, tenascin-C, colocalizes
with each other on medullary and cortical sinuses of draining lymph nodes, which
are a gate for lymphocytes to exit under inflammatory conditions [56]. Blockade of
a9 integrin-mediated signaling reduces lymphocyte egress from draining lymph
nodes in several experimental models, including experimental autoimmune enceph-
alomyelitis, where this approach improves clinical scores.
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Under inflammatory conditions, the flow of lymph increases. Proinflammatory
cytokines upregulate adhesion molecules, such as P-selectin and E-selectin on
HEVs, facilitating the entry of lymphocytes into lymph nodes [57]. In this situa-
tion, lymphocyte egress from a lymph node is also decreased [58]. This decrease
is controlled by downregulation of S1P-R1 expression on lymphocytes.
Accordingly, accelerated entry and decreased egress of lymphocytes increase
accumulation of lymphocytes in lymph nodes. This state of affairs gives lympho-
cytes a chance to encounter cognate antigens, thereby enhancing immune
function.

S1P also helps to maintain integrity of HEVs. How HEVs enable lymphocyte
transmigration while maintaining vascular integrity is still unknown. Mice lacking
PDPN lose HEV integrity and develop spontaneous bleeding in lymph nodes after
immunization. PDPN expressed on FRCs around HEVs functions as an activating
ligand for platelet CLEC-2. PDPN-CLEC-2-mediated platelet activation causes a
local S1P release from platelets leading to maintenance of vascular integrity of
HEVs [59].
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Lymphoid Tissues Associated
with Gastrointestinal (Gl) Mucosa

Takahiro Nagatake, Jun Kunisawa, and Hiroshi Kiyono

Abstract

GI mucosa covers huge area of internal but outside of the body and encounters
tremendous numbers and amounts of food antigens and nonpathogenic microor-
ganisms, and occasionally expose to pathogens. Mucosa-associated lymphoid tis-
sue or gut-associated lymphoid tissue (GALT) is a key organized lymphoid
structure for the regulation and induction of antigen-specific immune responses. In
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this chapter, we describe the structure, function, and development of several types
of GALTs, including Peyer’s patches, cecum patches, colonic patches, isolated
lymphoid follicles, mesenteric lymph nodes, and cryptopatches. Lymphoid tissues
associated with small intestine and large intestine are not only anatomically but
also immunologically segregated for the induction of necessary immune responses.
In addition, the GALT development can be divided into pre- and postnatal organo-
genesis with similarity and differences existing in the molecular and cellular
requirement. Prenatal development of GALT is programed in the ontogeny, while
postnatal development of GALT is controlled by external stimuli such as microbial
stimulation and dietary materials. Therefore, each GALT shares some common
features with unique function and developmental requirement which contribute for
the creation of dynamism and homeostasis of gut immune system.

Keywords
Peyer’s patches - Cecum patches - Colonic patches - Isolated lymphoid follicles
Mesenteric lymph nodes - Cryptopatches

5.1 Structure and Function of Lymphoid Tissues
in Gl Mucosa

5.1.1 Secondary Lymphoid Tissues

There are three types of lymphoid tissues in the body: primary, secondary, and ter-
tiary lymphoid tissues [1]. Among them, GI mucosa is equipped with various types
of secondary lymphoid tissues such as Peyer’s patches, cecum patches, colonic
patches, and mesenteric lymph nodes (Fig. 5.1a). Secondary lymphoid tissues pro-
vide the optimized immunological environment for the accumulation of and interac-
tive microenvironment for immunocompetent cells such as dendritic cells, T cells,
and B cells; therefore, they play a critical role in the induction and regulation of
antigen-specific immune responses [2]. Peyer’s patches, cecum patches, and colonic
patches are representative secondary lymphoid tissues in GI mucosa, which are gen-
erally termed as gut-associated lymphoid tissue (GALT), and found in the small
intestine, cecum, and large intestine, respectively (Fig. 5.1a). Peyer’s patches are
always found on the anti-mesentery side of the small intestine; there are 8 to 10
Peyer’s patches in mice and hundreds in humans [3]. Cecum patches develop as a
single large lymphoid cluster in mouse while they are found as multiple small clus-
ters in the human cecum [4]. Mouse and human have 2 to 5 colonic patches in the
large intestine [5, 6]. One Peyer’s patch, cecum patch, and colonic patch each pos-
sesses several B cell-rich follicle regions, which are surrounded by T cell- and den-
dritic cell-rich interfollicular regions, as well as dendritic cell-rich subepithelial
dome region (Fig. 5.1b) [5, 7]. In addition to them, mice and human possess hun-
dreds of isolated lymphoid follicles as single aggregations of B cells, but lack T cell-
rich interfollicular regions in the small and large intestine (Fig. 5.1a, b) [5, 8, 9].

All these lymphoid tissues (i.e., Peyer’s patches, cecum patches, colonic patches,
and isolated lymphoid follicles) do not contain afferent lymphatics; instead they take
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Fig.5.1 Schematic illustration of lymphoid tissues in GI mucosa. (a) GI mucosa is equipped with
various types of organized lymphoid tissues. Peyer’s patches, cecum patches, and colonic patches
are distributed in the small intestine, cecum, and large intestine, respectively. Isolated lymphoid
follicles and cryptopatches are found throughout intestine. SMLN and cMLN are draining lymph
nodes that drain small and large intestinal mucosa, respectively. (b) One Peyer’s patch, cecum
patch, and colonic patch each possesses several B cell-rich follicle regions, which are surrounded
by T cell- and dendritic cell-rich interfollicular regions, as well as dendritic cell-rich subepithelial
dome region. Isolated lymphoid follicle is detected as single aggregations of B cells, but lack T
cell-rich interfollicular regions. Peyer’s patch, cecum patch, colonic patch, and isolated lymphoid
follicle have M cells in the follicle-associated epithelium. Cryptopatch is identified as a tiny cell
aggregation of CD3e c-Kit" cryptopatch cells in the crypt lamina propria

up luminal antigens through follicle-associated epithelium, a single epithelial layer
containing antigen-sampling M cells (Fig. 5.1b) [8, 10-13]. M cells have unique mor-
phological characters in that they have irregular and short microvilli, and possess
pocket structure enfolding dendritic cells [8], allowing efficient uptake of luminal
antigen by M cells and subsequently transported to dendritic cells [11]. Luminal sur-
face of M cells has thus been shown to express antigen-recognition molecules [14].
Glycoprotein 2 and cellular prion protein are glycosylphosphatidylinositol-anchored
proteins, and are selectively expressed on luminal surface of M cells [15, 16].
Glycoprotein 2 binds to the FimH component of the type I pili and acts as transcytotic
receptor for type-I-piliated bacteria such as Escherichia coli and Salmonella
Typhimurium [17]. Cellular prion protein can interact with heat-shock protein 60 and
involves in uptake of bacteria including Brucella abortus [18]. Indeed, mice lacking
the expression of glycoprotein 2 and cellular prion protein show decreased colony
counts of S. Typhimurium and B. abortus in the Peyer’s patches after oral inoculation,
indicating that glycoprotein 2 and cellular prion protein function as transcytotic recep-
tors in M cells.



114 T. Nagatake et al.

By continuous exposure to tremendous numbers of commensal bacteria in the
gut, Peyer’s patches, cecum patches, colonic patches and isolated lymphoid follicles
spontaneously form germinal center even in the steady state, with expression of
activation-induced cytidine deaminase, an essential enzyme for immunoglobulin
class-switch recombination and somatic hypermutation [7, 8]. The study using
Terfp~~Tcrd™~ mice that totally lack T cells revealed that Peyer’s patches and iso-
lated lymphoid follicles are, respectively, responsible for T-cell-dependent and T
cell-independent IgA antibody production [19]. Cecum patches, as like Peyer’s
patches, are shown to be responsible for T-cell-dependent IgA antibody production,
however, it was revealed that cecum patch-derived IgA* B cells migrated to the
small and large intestine while Peyer’s patch cells preferentially migrated to the
small intestine, indicating that cecum patches and Peyer’s patches show anatomical
and functional differences for their contribution to the gut immune system [7].

As molecular mechanism in the determination of tissue tropism of lymphocytes,
C-C chemokine receptor (CCR)9 is reportedly mediates migration to the small
intestine but not large intestine [20], while CCR10 is involved in migration to both
the small and large intestine [21]. Indeed, dendritic cells reside in the cecum patches
induced the expression of CCR9 and CCR10 on B cells including those committed
to IgA production, while that in the Peyer’s patches induced selective and predomi-
nant expression of CCR9 [7]. It was reported that dendritic cells in the Peyer’s
patches induced CCR9 expression on T and B cells through production of retinoic
acid [22, 23]. Given that cecum patch-dendritic cells induce not only CCR9 but also
CCRI10 [7], cecum patch-dendritic cells might produce not only retinoic acid for the
induction of CCR9 but also another factor for CCR10. However, it remains unclear
what tissue tropism inducing molecules are involved in the induction of CCR10.
G-protein-coupled receptor (GPR)15 is another homing receptor to the large intes-
tine [24]. In contrast to CCR9Y, the expression of GPR15 is induced by transforming
growth factor (TGF)p1, but not retinoic acid [24]. Therefore, it is likely that cecum
patch dendritic cells can induce the expression of GPR15 on lymphocytes though
production of TGFP1. Further investigation is needed to reveal the different immu-
nological properties of dendritic cells reside in the cecum patches and Peyer’s
patches.

Mesenteric lymph nodes (MLN5) are draining lymph nodes of the gut. There are
anatomical segregation of lymphatic drainage from the small and large intestine
[25-29]. Among the MLN chain, the central nodes of mesenteric lymph nodes are
drained from the small intestine (small intestinal MLN; SMLN), whereas the most
distal nodes of the mesenteric lymph nodes are drained from the large intestine
(colonic MLN; cMLN) [25-29] (Fig. 5.1a). In accordance with the digestive func-
tion of the small intestine, fed antigens were absorbed and presented in the SMLN,
but not cMLN [28]. As small intestine encounters much amounts of food antigens
for digestion and absorption than large intestine [30, 31], immune responses initi-
ated in the SsMLN may tend to exert immune tolerance rather than active immune
responses to fed antigens which are necessary for the host subsistence. In this con-
text, it is reasonable that dendritic cells from the SMLN possessed higher aldehyde
dehydrogenase activity than that from the cMLN [28, 29], as retinoic acid has been
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shown to enhance the induction of Foxp3™* T regulatory cells for the control of unde-
sired hyperimmune reaction including inflammation [32, 33]. On the other hand,
cMLN may tend to exert active immune responses in infection. It has been shown
that mice orally inoculated with Citrobacter rodentium showed increased size of
cMLN but not sMLN [29]. Indeed, in early phase of infection, plasmacytoid den-
dritic cells upregulated both CD80 and CD86 costimulatory molecules, followed by
induction of IFNy-producing Th1 cells in cMLN but not sMLN [29]. These findings
suggest that differences of the lymph node drainage system between small and large
intestines may reflect the necessary anatomical and biological compartmentaliza-
tion of the immune responses between the two distinct regions of the gut with their
respective digestive functions and surrounded microbial environments.

5.1.2 Primary Lymphoid Tissue

Primary lymphoid tissues are site of lymphocyte development, and include thymus
and bone marrow in the systemic compartment [1]. In the gut, cryptopatches (also
known as lymphocyte-filled villi) are identified as a tiny cell aggregation of CD3g"c-
Kit* immature lymphocytes that also express interleukin-7 receptor a (IL-7Ra) and
retinoic acid receptor-related orphan receptor (ROR)yt in the crypt lamina propria
of murine but not human small and large intestine (Fig. 5.1a, b) [9, 34-36].
Generally, ~1500 and ~150 cryptopatches are present in mouse small and large
intestine, respectively [34]. Cryptopatch cells have been shown to give rise to
thymus-independent T cells but not B cells in the limited compartment of intestinal
intraepithelial lymphocytes and MLNs [37, 38]. Indeed, cryptopatch cells showed
gene expression of pre-Ta [39] that is expressed in immature lymphocytes before T
cell receptor o gene rearrangement but is absent from mature T cells [40, 41]. In
addition, gene expressions of rag-2, CD3g, and T cell receptor gene rearrangements
were detected in cryptopatches [39], suggesting the role of cryptopatches as a pri-
mary lymphoid tissue in the gut. In addition, recent papers suggested that crypto-
patches serve as organizing center of isolated lymphoid follicles in response to
microbial stimulations (see below) [36, 42, 43].

5.1.3 Tertiary Lymphoid Tissue

Generally, tertiary lymphoid tissues are defined as the lymphoid organ whose devel-
opment is inducible in inflammatory conditions, caused by infections and autoim-
mune diseases [44]. In the gut, it has been shown that tertiary lymphoid tissues
developed in the large intestine in response to intestinal inflammation induced by
the chemical agent, dextran sodium sulfate in murine experimental system [45, 46].
The induction of tertiary lymphoid tissue development in the large intestine was
also shown to be dependent on the presence of intestinal microbiota [46]. Its struc-
ture was composed of a well-developed B cell follicle with germinal center forma-
tion but lacked T cell-rich interfollicular regions; thus the structure resembled
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isolated lymphoid follicles but larger in size [46]. The pathology of intestinal
inflammation was ameliorated by inhibition of the development of colonic tertiary
lymphoid tissue where hyperactive IgG* plasma cells are generated [46]. As the
epithelial barrier is destroyed in dextran sodium sulfate-induced intestinal inflam-
mation, it is likely that IgG produced by tertiary lymphoid tissue recognizes micro-
biota antigens in the intestine, which induces inflammation via Fc receptor-mediated
pathways. In contrast to the gut, gastric mucosa generally lacks organized lymphoid
tissues; however, it has been shown that infection with Helicobacter pylori induced
the development of gastric lymphoid follicles in mice [47, 48]. This lymphoid struc-
ture in the gastric mucosa showed germinal center formation and contributed to the
production of anti-Helicobacter pylori antibody response [47]. It is still unclear
whether this antibody production regulates pathogenesis and/or protection from
Helicobacter pylori.

5.2 Development of Lymphoid Tissues Associated
with Gl Mucosa

5.2.1 Prenatal Development (Peyer’s Patches
and Mesenteric Lymph Nodes)

Organogenesis of mouse Peyer’s patches occurs during the 15 and 19 days of ges-
tation [49] (Fig. 5.2). Human Peyer’s patches also develop in the embryogenesis
during the 11 and 19 weeks of gestation [50]. Developmental program of Peyer’s
patches is initiated by the interaction between hematopoietic lymphoid tissue
inducer (LTi) cells and stromal lymphoid tissue organizer (LTo) cells which are
characterized by CD3-CD4*CD45* and VCAM-1"ICAM-1*CD45", respectively
(Fig. 5.3) [51]. LTi cells are a member of group 3 innate lymphoid cells, and play
an essential role in the initiation of lymphoid tissue developmental programs [52].
LTi cells differentiate from fetal liver IL-7Ra*a4p7 integrin* precursor cells [53,
54] where it depends on the expression of transcriptional regulators, including
inhibitor of DNA binding/differentiation (Id)2 [55, 56], RORyt [57, 58] and core
binding factor (Cbf)B2 [59]. Cbfp2 makes a complex with promotor-1-regulated

E10 E15 Birth D7 D14 D21

>

MLNs Cryptopatches

Peyer’s patches

> Isolated lymphoid follicles

Fig.5.2 Chronological order of pre- and postnatal development of different GALT's in mice. Each
GALT has developmental time window for tissue genesis. Interaction of LTi cells and LTo cells
occur in MLNs at embryonic day 10 followed by that in Peyer’s patches at embryonic day 15.
Cryptopatches and isolated lymphoid follicles are absent during the embryogenesis but develop at
neonatal stages during 1 and 3 weeks after birth
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Prenatal development: Peyer’s patches and MLNs
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Fig.5.3 Prenatal development of lymphoid tissues in GI mucosa. Development of Peyer’s patches
and mesenteric lymph nodes occur during the embryogenesis. Prenatal lymphoid tissue genesis is
initiated by the interaction between CD3-CD4+*CD45* LTi cells and VCAM-1*ICAM-1*CD45~
LTo cells via lymphotoxin signals. LTi cells are differentiated at fetal liver in Id2-, RORyt-, and
Cbfp2-dependent manner. Peyer’s patch LTi cells are activated by IL-7R-mediated signals while
MLN LTi cells are activated by RANK-mediated signals for the production of membrane-bound
lymphotoxin-a1p2. Neuron-derived retinoic acid and RET expression on Peyer’s patch initiator
cells contribute to migration of Peyer’s patch LTi cells to the site of tissue genesis through induc-
tion of CXCL13 by LTo cells. LTo cells are activated via lymphotoxin-pR-mediated NIK-dependent
alternative NF-xB pathway for the production of chemokines and adhesion molecules, which con-
tribute to recruitment of conventional leukocytes as well as LTi cells

Runx1 protein, and induces RORyt transcription for differentiation of LTi cells
[59]. Id2 has been shown to bind and suppress E protein transcriptional activity,
and induces the differentiation of LTi cells [56]. LTi cells migrate and accumulate
at the site of Peyer’s patch genesis in the small intestine in a interaction between
C-X-C chemokine ligand (CXCL)13 and CXCRS5 dependent manner [60]. Indeed,
CXCRS5-mediated signal was shown to activate a4p1 integrin structure to active
form on LTi cells, which ensures their stable cell-cell interaction with VCAM-1*
LTo cells [61]. LTi cells are then activated by IL-7R-mediated signals, leading to
the production of membrane-bound lymphotoxin-alp2 [54, 62, 63], which stimu-
lates LTo cells predominantly via lymphotoxin-pR-NIK-IKKa-dependent alterna-
tive NF-kB pathway [64—67]. The ligand(s) of IL-7Ra for the activation of LTi
cells in the development of Peyer’s patches are unidentified as conventional IL-7Ra
ligands of IL-7 and TSLP are likely to be dispensable for the development of
Peyer’s patches, indicating the existence of the third ligand for IL-7Ra for Peyer’s
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patch development [68]. Upon activation of LTo cells, they produce abundant
amount of lymphoid chemokines (e.g., CXCL13, CCL19, and CCL21) and adhe-
sion molecules (e.g., VCAM-1, ICAM-1, and MAdCAM-1) to recruit leukocytes
such as B cells, T cells, and dendritic cells for the creation of lymphoid tissue
microenvironment [62, 69]. As these lymphoid chemokines (e.g., CCL19, CCL21,
and CXCL13) and adhesion molecules (e.g., VCAM-1, ICAM-1, and MAdCAM-1)
are also attractive to LTi cells with their phenotype of CXCR5*, CCR7* as well as
adpl integrin* and a4p7 integrin®, the developmental program of Peyer’s patches
proceeds in a positive feedback manner between the inducer and organizer cells
[51]. It was also uncovered the molecular and cellular mechanisms of initial expres-
sion of CXCL13 by LTo cells to recruit LTi cells. It was shown that retinoic acid
produced by neurons adjacent to the lymph node anlagen stimulated LTo cells to
generate initial expression of CXCL13 [70]. In addition, neuron-regulator of recep-
tor tyrosine kinase, RET, was found to be a common key molecules for the devel-
opment of mammalian enteric nerve system and Peyer’s patches [71, 72] (Fig. 5.2).
It was indicated that RET expression on CD11c*IL-7R~CD4-CD45* Peyer’s patch
initiator cells might be required in LTi cell accumulation at Peyer’s patch anlagen
[71, 72]. These findings suggest that nervous system involves in early event of
lymphoid tissue organogenesis (Fig. 5.2).

Mesenteric lymph nodes develop earlier than Peyer’s patches. In mice, the cell-
cell interaction of MLN-LTi cells and LTo cells are found since embryonic day 10,
whereas that of Peyer’s patch are embryonic day 15 [51] (Fig. 5.2). In human, LTi
cells are found at 8 weeks of gestation in MLN anlagen and the tissue becomes
discernable from approximately 14 weeks of gestation [73, 74]. Developmental pro-
gram of MLNs follows the central dogma of Peyer’s patch tissue genesis with some
differences (Fig. 5.3). Thus, lymphotoxin signals provided by CD3-CD4+*CD45*
LTi cells are essential for the activation of LTo cells in the MLN anlagen, as like
Peyer’s patches, and following the development of MLNs [51] (Fig. 5.2). Indeed,
mice lack the expression of Id2, RORyt and lymphotoxin fR show impairment of
MLN organogenesis [55, 57, 58, 64]. However, it is worth noting that lymphotoxin-
B-deficient mice possess MLNs but lack Peyer’s patches while lymphotoxin-a-
deficient mice lack both MLNs and Peyer’s patches [75-78]. In the absence of
lymphotoxin-f, LIGHT and TNFRI1 are likely to play a compensative role in the
development of MLNSs [79, 80]. Further, Cbfp2 and CXCL13/CXCRS, which plays
essential role in the development of Peyer’s patches, are dispensable for the devel-
opment of MLNS, suggesting the presence of Cbfp2-independent LTi cells for MLN
genesis whose migration to MLN anlagen is independent of CXCL13/CXCRS che-
mokine interaction [59, 60, 81, 82]. In addition, the activation of MLN-LTi cells is
mediated by RANKL-RANK-TRAF6 signals [83-86], instead of the IL-7R-Jak3
signals for Peyer’s patches [8§7-89]. Consistent with this difference, LTo cells in the
MLN anlagen has been shown to produce higher level of RANKL when compared
with that in Peyer’s patch anlagen [90].
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5.2.2 Postnatal Development (Cryptopatches and Isolated
Lymphoid Follicles)

Organogenesis of cryptopatches and isolated lymphoid follicles resembles in that it
occurs after birth. Cryptopatches develop during 1 and 3 weeks after birth [8, 34].
In addition, both of the tissue development proceeds in the absence of influence
from microbial stimulations [8, 34]. As like Peyer’s patches, it has been shown that
the expression of RORyt and IL-7R-mediated signal played essential roles in their
postnatal tissue genesis [8, 34, 36]. Interestingly, lymphotoxin signals, mediated by
NIK-dependent pathway, are required for the development of isolated lymphoid fol-
licles but not cryptopatches [8, 34]. As cryptopatch cells contain RORyt-expressing
LTi-like cells, it is interesting to postulate that these LTi-like cells provide NIK-
mediated lymphotoxin signals for the development of isolated lymphoid follicles;
therefore, it has been suggested that cryptopatches serve as an organizing center of
isolated lymphoid follicles [42]. However, isolated lymphoid follicles were located
in tandem on the anti-mesenteric wall of the small intestine, whereas cryptopatches
were interspersed throughout the mucosa; thus, the anatomical localization is differ-
ent [8]. Therefore, the mechanism for the formation of isolated lymphoid follicles
from selected cryptopatches remains to be elucidated.

Isolated lymphoid follicles develop in the absence of intestinal microbiota; there-
fore, categorized to secondary lymphoid tissues, germinal center formation is not
detected in germ-free mice [8, 43]. Thus, it is suggested that isolated lymphoid fol-
licle possessing germinal center (or mature isolated lymphoid follicles) could be
classified into a category of tertiary lymphoid tissues [42]. Organogenesis of these
mature isolated lymphoid follicles from immature isolated lymphoid follicles
requires both TNFR-I mediated and microbial stimulations [43, 91]. Indeed, several
types of receptors and adaptor molecules involved in the recognition of bacteria-
derived molecular patterns, including TLR2/4, MyD88, and NOD?2, were shown to
contribute to the maturation of isolated lymphoid follicles [92]. These innate recep-
tor signals activate NF-kB pathways and induce proinflammatory cytokines such as
TNFa which is essential for maturation of isolated lymphoid follicles but not forma-
tion of immature isolated lymphoid follicles [43] (Fig. 5.4). NODI1, on the other
hand, played an important role in the formation of immature isolated lymphoid
follicles [92] (Fig. 5.4). NOD1 was expressed in the small intestinal epithelial cells
and its activation induced the secretion of CCL20 and p-defensin 3, both factors are
ligands for CCR6 which is essential chemokine receptor for the development of
immature isolated lymphoid follicles [92, 93]. CCR6 is preferentially expressed on
intestinal B cells and LTi-like cells in the cryptopatches [93-95]. Indeed, B cell
expression of CCR6 was shown to be essential for the development of immature
isolated lymphoid follicles as B cells were inefficient at localizing to the intestine in
the absence of CCR6 [93]. The role of CCR6 expression on LTi-like cells in the
development of immature isolated lymphoid follicles remains unclear.
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Postnatal development: Cryptopatches and isolated lymphoid follicles

Cryptopatches Isolated lymphoid follicles
Maturation (Germinal center formation)
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Microbiota 1
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IL-7Ro: Intestinal epithelial cell
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Fig.5.4 Postnatal development of lymphoid tissues in GI mucosa. Development of cryptopatches
and isolated lymphoid follicles occur after birth. In cryptopatches, indole-3-carbinol, a plant-
derived ligand for AhR, induces expansion of RORyt" LTi-like cells for the development of cryp-
topatches. In isolated lymphoid follicles, RORyt" LTi-like cells and B cells provide
lymphotoxin-a1 f2 signals for the development of immature isolated lymphoid follicles. Activation
of NOD1 induces the production of CCL20 and p-defensin 3, which recruit CCR6* B cells. For
maturation of isolated lymphoid follicles that contain germinal center formation, microbial
stimulation is required through recognition by TLR2/4, MyD88 and NOD?2 innate receptors and
signaling pathways, which lead to production of TNFa«

Organogenesis of cryptopatches and isolated lymphoid follicles are also regu-
lated by dietary materials; signals mediated by aryl hydrocarbon receptor (AhR)
(Fig. 5.4). AhR is a ligand-inducible transcription factor, and the ligands include
dietary flavonoids and glucosinolates as well as environmental toxins such as dioxin
[96]. Mice deficient in AhR or mice fed with phytochemical-free diets lacked the
development of cryptopatches and isolated lymphoid follicles but possessed normal
Peyer’s patches [96, 97]. Indeed, activation of AhR was required for postnatal
expansion of LTi-like cells through induction of the expression of Kit [96].
Supplementation of indole-3-carbinol, which is an AhR ligand and hydrolytic prod-
uct of the glucose glucobrassicin contained in plants of the Brassicaceae family
(e.g., broccoli and Brussels sprouts) to phytochemical-free diets recovered the
organogenesis of cryptopatches and isolated lymphoid follicles through activation
of AhR and induction of the expansion of LTi-like cells, suggesting that dietary
materials are key factor in the induction and control of postnatal development of
intestinal lymphoid tissues [96].
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5.3  Concluding Remarks

GI mucosa is equipped with various types of mucosa-associated lymphoid tissues
whose function and developmental program show similarity with individual unique
features based on their respective anatomical and surrounded environmental charac-
teristics. Accumulating evidences suggest that lymphoid tissues associated with
small and large intestines are not only anatomically but also immunologically seg-
regated and possessed their unique biological characteristics in order to execute
their distinct role as the gut-associated organized lymphoid tissue. GI mucosa-
draining MLNs are classified into SMLN and cMLN which drains small and large
intestine, respectively, for the induction of appropriate immune responses.
Developmental pathways of prenatal lymphoid tissues (e.g., Peyer’s patches and
MLNSs) and postnatal lymphoid tissues (e.g., cryptopatches and isolated lymphoid
follicles) are differently controlled as the development of prenatal lymphoid tissues
proceed without outside environmental stimulation whereas that of postnatal lym-
phoid tissues can be regulated and fine-tuned by various kinds of environmental
stimulation such as dietary materials and microbiota. Nonetheless, Id2- and RORyt-
dependent prenatal LTi cells and postnatal LTi-like cells play central roles in the
induction and regulation of GALTSs. Better understanding for organogenesis of
GALTs will provide fundamental information for the development of successful
mucosal vaccines by induction and/or inhibition of respective GALT genesis.
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Nonclinical Imaging Studies
for the Diagnosis of Lymph
Node Metastases

Kazunobu Ohnuki and Hirofumi Fuijii

Abstract

Nonclinical studies using animal models are essential to elucidate the pathogen-
esis of lymph node metastases and the application of imaging tests in this research
field is very important because these tests can yield reliable results at the sacrifice
of minimal number of animals.

Animal models and imaging modalities must be carefully selected to obtain
fruitful results. Recently, imaging devices dedicated for small animal tests have
been developed for various kinds of imaging modalities including combined
scanners and they have contributed to the improvement of the quality of images
of metastatic lesions in lymph nodes.

In the imaging study of lymph node metastases, direct detection of metastatic
foci in lymph nodes is ideal. But, it is often difficult because early stages of meta-
static lesions are too small to depict. Sentinel node mapping is an alternative way
to diagnose small metastatic lesions in regional lymph nodes. Since new imaging
modalities including optical imaging are recently proposed to identify sentinel
nodes, nonclinical animal experiments to investigate these new imaging tests are
attracting attentions of researchers.

Another idea to detect small metastatic foci is to observe the change in non-
tumor areas of metastatic lymph nodes. As recent animal models can simulate tumor
microenvironments in human tumors well, visualization of functional information
inside lymph nodes such as immunological response in sentinel nodes is expected.
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6.1 Introduction

Nonclinical studies using animal models play an important role to elucidate the
pathogenesis of various kinds of disease including cancer. As for the investigation
of lymph node (LN) metastases of malignant tumors, animal experiments are useful
to develop methods to evaluate lymphatic flow from tumor foci and to evaluate
metabolic changes inside metastatic nodes. When a good candidate of a new tracer
for sentinel node (SN) mapping is successfully developed, preclinical studies to
evaluate its biodistribution and toxicity are essential before starting its clinical trial.

An in vivo imaging test can provide biological information in living bodies. It is
very important in biological studies because it is doubtful whether the information
obtained from conventional postmortem studies can correctly express the activities
inside living animals or not. Recent advance in veterinary science such as gene
recombination has also enabled researchers to reproduce almost natural environ-
ments in animal models. The investigation of immune response is extremely impor-
tant in researches about metastases of cancer. Now, we can have animal models with
human tumor xenografts whose immune system is almost natural [1]. Under such
conditions, immunological response in metastatic nodes might be experimentally
evaluated.

When animal experiments are performed, it is very important to derive reliable
and meaningful results from the least number of animals in the light of animal wel-
fare. Researchers can observe the longitudinal change of same animals by examin-
ing them using in vivo imaging tests. As a result, the total number of sacrificed
animals can be minimized in in vivo imaging studies because researchers do not
have to dissect animals at each time point of the study. Moreover, in vivo imaging
tests can enhance the preciseness of investigations because interindividual errors
would be minimized by longitudinally observing same animals.

Considering these merits, the usefulness of in vivo imaging tests would be
immeasurable. In this chapter, we introduce current in vivo imaging tests that are
applicable to animal experiments such as computed tomography (CT), magnetic
resonance imaging (MRI), nuclear medicine tests, ultrasonography (US) tests, and
optical imaging tests. Recently, many kinds of imaging devices dedicated for small
animal tests have been developed. The features of scanners for small animals are
also mentioned. After that, we describe the usefulness of these in vivo imaging tests
in researches of LN metastases [2].

6.2  Animal Models for Studies with Lymph
Node Metastases

6.2.1 Types of Animal Models
Animal models that are used in experimental oncology studies are roughly classi-

fied into the following three groups: (1) transplantation models, (2) carcinogen-
induced models, and (3) genetically modified models including transgenic models
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Table 6.1 Classifications of preclinical animal models

Characterization
Category (description) Advantages Disadvantages
Transplantation | 1. The most commonly 1. Simple procedure | 1. Considered “poorly
models used animal models and easy tumor realistic” for
2. Transplantation of monitoring multiple reasons
cancer cell lines or 2. Easy-to-use (rapid | 2. Genetically
xenografts into assessment, homogeneous tumor
wild-type or reproducible and development lacks
immunocompetent low cost) many features of
inbred animals spontaneously

occurred tumors.

Carcinogen- 1. Induced by carcinogens | 1. More realistic 1. Long time to obtain
induced models such as UV light and features such as 2. Difficulties in
DNA-damaging agents diversity and high continuous tumor
such as DMBA and heterogeneity monitoring
TPA 2. Normal immune 3. Absence of defined
system genetic manipulation
Genetically 1. Transgenic expression 1. Accurately reflect | 1. Long time to obtain
modified model of oncogenes or the features of human | 2. Features of tumors
inactivation of tumor diseases depend on the strain
suppressor genes 2.Yield useful of host animals.

2. Bring in important insights into the 3. Difficulties in
insights into the interaction continuous tumor
relationship between between monitoring
cancer and the immune malignant cells 4. High cost
system. and immune

effectors

Modified with permission from Table 1 in Ref. [1]

[1]. Each model has both advantage and disadvantage and these are summarized in
Table 6.1.

Since most commonly used in studies about LN metastases are transplantation
models among them, we mainly describe this types of models in this chapter.

Transplantation models can be sub-classified from two kinds of viewpoints. In
the light of the relationship between host and transplantation cells, these models can
be classified into syngeneic ones and xenograft ones. In the light of transplantation
sites, transplantation models can be classified into orthotropic ones and ectopic
ones. The features of these models are summarized in Table 6.2.

Some animal models that are used for experiments of LN metastases are reported
in mice, rats, swine, and so on. Among them, mouse models are most popular.
Mouse models are generally easy to handle and there are many immunocompro-
mised models.

Xenograft-orthotopic models and syngeneic-orthotopic models are common and
some syngeneic-ectopic (mainly subcutaneous transplantation) models are also
reported. Representative animal models with LN metastases are shown in Table 6.3.

When human tumor cells are examined, xenograft models whose hosts are (1)
BALB/c ™™ mice that are most popular nude mice, (2) severe combined immuno-
deficiency (SCID) ones, and (3) nonobese diabetic (NOD)/SCID ones are



130

K. Ohnuki and H. Fuijii

Table 6.2 Classifications of tumor transplantation models

Category | Advantages Disadvantages
The original Synergic 1. Normal immune system in host Hard to evaluate
species animals human tumors
2. Easy-to-use (rapid assessment,
reproducible and low cost)
Xenograft | 1. Use tumor cells obtained from Expensive host
actual patients. animals
Recently, patient-derived xenograft
(PDX) models are actively
investigated.
The Orthotopic | Investigation of original features of 1. High cost
transplantation tumor cells including tumor 2. Difficulties in
sites microenvironments would be tumor monitoring
expected. 3. Difficult to
evaluate the tumor
initiation.
4. Limited metastatic
ability
Ectopic Transplantation site can be chosen The features of
according to the purpose of studies. tumors might be
The interval changes of size would be | different from
easy in subcutaneous models. original ones.

Modified with permission from Ref. [3]

Table 6.3 Animal models with lymph node metastases

Mouse models

Syngeneic-Orthotopic models

Tumor type Cell line Host Inoculation site Lymph nodes Refs.
of interest
Colon cancer CT26 BALB/c | Submucosal layer | Mesenteric [4]
of the cecal wall LNs
Pancreatic Pan02 C57BL/6 | Head or tail of the | Mesenteric and | [5, 6]
cancer 6606PDA pancreas peritoneal LNs
Bladder tumor MBT-2 C3H Bladder epithelial | Iliac LN [7]
layer
Breast cancer 4T1 BALB/c | Mammary fat pad | Axillary and [8,9]
inguinal LNs
Melanoma B16 [FO, F1, |C57BL/6 | Subcutaneous Inguinal LN [10, 11]
F10]
Xenograft-Orthotopic models
Gastric cancer SGC-7901 BALB/c | Implanted in the Mesenteric [12]
nu/nu gastric wall LNs
(2 mm diameter
pieces)
OCUM- BALB/c | The stomach wall | Regional LNs [13]
2MLN nude of the antrum
2x10°—1x107)
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Table 6.3 (continued)

44As3, BALB/c | Implanted in the Regional LNs | [14]
58Asl, nude middle wall of the
58As9 greater curvature
(Derived from of the stomach
HSC-44PE, (2 x 10%
HSC-58)
Colorectal HT-29 BALB/c | Implanted in the Peripancreatic, | [15]
cancer HCT116 nu/nu cecal wall between | axillary and
the mucosa and inguinal LNs
the muscularis
externa layers
(2 x 10%
HT-29 CB17 1 mm3-sized Regional LNs [16]
HCT116 SCID fragment
implanted in the
cecal wall
LS174T, CB17 Techniques of Mesenteric and | [17]
HT-29 SCID transanal low-dose | retroperitoneal
colonic mucosal LNs
electrocoagulation
(1 x 10%)
Esophageal PT1590 NMRI/nu | 1 mm?3-sized Mesenteric, [18]
cancer fragment coeliac,
implanted in the paraesophageal
abdominal and axillary
esophagus LN
Breast cancer MDA-MB BALB/c | Mammary fat pad | Axillary and [19]
-231 nu/nu inguinal LN
Rat models
Tumor type Cell line Host Inoculation site Lymph nodes Refs.
of interest
Liver hepatoma | AH130 Donryu Cecum submucosa | Meso-cecum [20]
rats LNs
Hepatocarcinoma | He/De Buffalo Capsule of the left | Parathymic [21]
rat kidney LNs
Other animal models
Animal Cell line Host Inoculation site Lymph nodes Refs.
of interest
Rabbit VX2 New Submucosal layer | Intraperitoneal | [22]
squamous Zealand | of the stomach LN
cell white
carcinoma rabbits
Rabbit VX2 New The submucosa of | Parotid LN [23]
squamous Zealand | the lateral wall of
cell white the pyriform sinus.
carcinoma rabbits
Swine (Melanoma) Sinclair (Spontaneous) Regional [24]
miniature draining LNs
swine
Swine (Melanoma) Sinclair (Spontaneous) LN in the [25]
miniature posterior neck

swine
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commonly used. Among xenograft models, orthotopic ones are recently getting
popular because the interaction between tumor cells and stromal cells is attracting
attention of researchers.

Cancer immunotherapies including immune checkpoint molecules such as pro-
grammed cell death-1 ligand-1 (PD-L1), programmed cell death-1 (PD-1), and
cytotoxic T-lymphocyte antigen-4 (CTLA-4) are current topics. Since animal mod-
els used in researches in this field must have normal immune system, syngeneic
models with normal immune system must be selected instead of immunocompro-
mised xenograft models. A recent study reported that transplantation of human
hematopoietic stem cells into NOG (NOD/Shi-scid, IL-2Ry™") [26] or NSG (NOD-
scid TL2Ry™™) [27] mice can simulate human immune system to some degree.

The optimal models should be selected considering the aim of researches and
this is very important to investigate the pathogenesis [28].

6.2.2 The Production of Transplantation Model for Experiments
of LN Metastases

When transplantation models with LN metastases are produced by injecting tumor
cells in tissues, researchers must carefully inject tumor cells with minimal pressure.
When cancer cells are injected in soft tissues of footpads of mice putting pressure, the
pressure in tissues increases and gaps between endothelial cells of lymph channels are
enlarged [29]. As a result, cancer cells can easily migrate into lymphatic vessels and
move into popliteal LNs, which correspond to SNs of footpads, on nonphysiological
lymphatic flow. Then, unexpected metastatic lesions can appear inside popliteal LNss.

Lymphatic flow is an important factor in experiments to identify SNs and evalu-
ate the location of metastatic foci inside SNs [30]. When the results of experiments
are sensitive to the conditions of lymphatic flow, tumor cells and/or SN-seeking
probes should be slowly injected using injecting devices (Fig. 6.1).

6.3 Imaging Tests for Animal Models with Lymph
Node Metastases

6.3.1 Computed Tomography (CT) Tests

In X-ray computed tomography tests, the object is irradiated from multiple direc-
tions, and X-ray signals that penetrated the object are acquired by X-ray detectors.
The acquired X-ray signals are mathematically reconstructed and tomographic
images of the object are obtained. CT images can provide minute anatomical infor-
mation and this test is the most basic and important imaging test.

Recently, X-ray CT scanners dedicated for small animals are developed (Fig. 6.2).

Its spatial resolution is very excellent and it is usually less than 0.1 mm. But, the
tissue contrast of CT images is not so good. As CT numbers of tumors and paren-
chymal organs are similar, it is not easy to distinguish tumors from normal
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HARVARD

Fig. 6.1 Slow injection with constant speed by a syringe pump (Harvard Apparatus, Holliston,
MA, USA)

Fig. 6.2 Preclinical CT
imaging system (Latheta
LCT-200; Hitachi, Tokyo,
Japan)

parenchymal organs on CT images. Since CT numbers of fat and parenchymal
organs are different, tumors can be depicted when they are surrounded by fat tis-
sues. But, fat deposition between organs is not prominent in rodents and it is not
easy to interpret CT images of small animals. LNs are usually depicted as small soft
tissue nodules in fat tissues on CT images (Fig. 6.3).
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Fig. 6.3 A normal
popliteal LN of a mouse in
the CT image (arrow)

Contrast media including iodine compounds for small animal CT tests are now
commercially available as clinical CT tests. Contrast media can contribute the diag-
nosis of tumors because tumors are often rich in vasculature.

6.3.2 Nuclear Medicine Tests

In nuclear medicine tests, radioactive compounds that emit gamma rays or X-rays
are administered in living bodies and the biodistribution of administered agents are
imaged by acquiring emitted photons by detectors, which is usually made of scintil-
lators such as sodium iodine. But, recently, semiconductor detectors are also used.

Nuclear medicine tests are classified into two categories: (1) conventional nuclear
medicine tests in which single photon emitters such as *"Tc and '''In are used and
(2) positron emission tomography (PET) in which positron emitters such as '8F are
used. Recently, dedicated scanners for small animal imaging are commercially
available for both nuclear medicine tests.

In conventional nuclear medicine tests of small animal imaging, tomographic
imaging called single photon emitted computed tomography (SPECT) is usually
performed. The performance of SPECT scanner strongly depends on that of colli-
mators. In clinical SPECT scanners, parallel-hole collimators are usually equipped
to get good sensitivity. But, the spatial resolution of parallel-hole collimators is bad.
Since the size of the object is much smaller than human bodies in small animal
imaging, both excellent spatial resolution and good sensitivity, which are generally
trade-off, are required in small animal imaging. To overcome this trade-off issue,
unique multi-pinhole collimators are used in small animal SPECT scanners
(Fig. 6.4).

Scanners with multi-pinhole collimators can show excellent spatial resolution as
short as 1 mm and good sensitivity of approximately 0.1% for **Tc [31].

In PET scanners, annihilation gamma rays produced by the collision of positron
and regular electron are acquired by coincidence detectors. This detection system
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Fig. 6.4 A multi-pinhole
collimator for small animal
SPECT imaging

enables to omit collimators from scanners and PET scanners show rather better
sensitivity (>1%) than SPECT scanners.

Although both kinds of nuclear medicine tests can provide meaningful func-
tional information of the object animals, locations where interesting reactions occur
are often unclear because nuclear medicine tests can provide no anatomical infor-
mation. To overcome this issue, combined scanners of nuclear medicine ones and
morphological imaging ones are developed for animal imaging (Fig. 6.5).

When radiopharmaceuticals accumulate in LNs, the LNs are drawn as hot spots.
SN mapping using radiocolloids is performed based on this concept. The details of
this test are described in the latter section.

6.3.3 Magnetic Resonance Imaging (MRI) Tests

MRI is an imaging test in which signals induced by nuclear magnetic resonance
(NMR) phenomena are visualized. When the objects are put in high magnetic fields
and electric waves with special frequency are irradiated, tissue-specific signals are
emitted based on NMR phenomena. MR images can be obtained by acquiring these
NMR signals and mathematically reconstructing them. By changing the strength of
magnetic fields and the patterns of irradiating electric waves, which is called pulse
sequence, images with various kinds of tissue contrast are available. The most
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Fig.6.5 A SPECT/CT
combined scanner
(NanoSPECT/CT, Mediso,
Budapest, Hungary)

important parameters to acquire images are repetition time (TR) and echo time
(TE). By changing these two imaging parameters, various kinds of images are avail-
able. The representative images are T1-weighted image (T1WI) and T2-weighted
image (T2WI).

Normal tissues show intermediate signals on both T1WIs and T2WIs (Fig. 6.6).

Compared to normal tissues, tumor lesions usually show lower signals on T1WIs
and higher signals on T2WIs.

Contrast media including paramagnetic agents such as gadolinium and iron are
used to enhance the contrast between tissues.

MRI tests can provide detailed anatomical information with good tissue contrast.
Spatial resolution can reach less than 0.1 mm. Moreover, MRI tests can also present
unique functional information about temperature, pH, and so on by modifying pulse
sequences of electric waves.

Some scanners dedicated for small animal imaging are developed for MRI, too.
As the diameter of the bore can be short for these animal imaging scanners, compact
scanners with high magnetic fields can be manufactured (Fig. 6.7).

In MRI, image quality can be improved by using receiver coils that can be set
near the target sites. When special receiver coils that fit bodies of small animals such
as rodents are introduced, images of small animals with good quality can be obtained
even when clinical scanners with large bores are used [32].
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Fig.6.6 A normal
popliteal LN of a mouse on
the T2ZWI MR image
obtained by a 3.0T scanner
(arrow)

Fig. 6.7 A preclinical
9.4T MR scanner
(BioSpec, BRUKER,
Etlingen, Germany)
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6.3.4 Optical Imaging

Optical imaging is now attracting interests of researchers in the field of molecular
imaging because optical imaging devices are usually more compact than other
imaging devices such as CT scanners and MRI scanners and it is easy for research-
ers in biological fields to operate optical imaging devices (Fig. 6.8).

In optical imaging, signals from living bodies are acquired by detectors dedi-
cated for light signals such as charge coupled device (CCD) detectors and comple-
mentary metal oxide semiconductor (CMOS) detectors. Optical agents are often
administered to the animals before imaging. Previously, signals of only visual lights
were observed. But, recently, optical technology has advanced and optical signals
with wide range of wave lengths can be acquired. Especially, imaging of

Fig. 6.8 Anin vivo
optical imaging system
(IVIS® Spectrum,
PerkinElmer, Waltham,
MA, USA)
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near-infrared light signals, whose wave length is longer than 800 nm and which are
invisible to human eyes, is actively investigated because little background signals
are detected from living bodies in the range of wave length of near-infrared lights.
That is why this range of wave length is called “biological windows.” When optical
imaging agents that emit fluorescent lights with this range of wave length are admin-
istered, the biodistribution of imaging agents can be depicted with good contrast to
background areas of normal tissues.

Indocyanine green (ICG, Daiichi-Sankyo, Tokyo), which is a blue dye that is
used for SN mapping, also emits near-infrared fluorescent signals. As this dye has
already been used in routine clinical practice under the coverage of health insurance
in Japan, near-infrared light imaging using this dye are investigated in many insti-
tutes (Fig. 6.9).

6.3.5 Ultrasonography (US)

US is an imaging test in which the behavior of high-frequency sound waves inside
living bodies is observed. High-frequency sound waves produced by piezoelectric
transducers are transmitted to the objects. Some sound waves in the objects are
reflected from the layers between different tissues and some of these echoes are
detected as signals. The obtained echo signals are reconstructed into images. As US
imaging devices are usually compact and some devices are portable, US tests can be
easily performed in regular experimental rooms (Fig. 6.10) [33].

The depth to which sound waves can reach depends on the frequency of sound
waves and structure of the objects. Sound waves with high frequency can visualize
the minute structure of tissues while they cannot reach deep areas. There is the
trade-off between image resolution and observable depth. In small animal imaging,
sound waves whose frequency was 10-50 MHz were used to visualize minute struc-
ture in small objects. Although the depth that can be observed would be limited to a
few centimeters, LNs located in the superficial area can be clearly detected by US
[34] (Fig. 6.11).

Fig.6.9 A SNin the
popliteal region of a mouse
visualized by near-infrared
fluorescent signal. The
image was obtained after
the subcutaneous injection
of the ICG in the left
footpad by an in vivo
optical imaging system
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Fig.6.10 A high-frequency ultrasound imaging
system (Vevo® 3100, FUJIFILM Visualsonics,
Inc.; Toronto, Canada)

Fig.6.11 A normal
superficial cervical LN of a
mouse in the ultrasound
image (arrow). Reprinted
with some modification
with permission from

Ref. [34]

There are some contrast media for US, too. Most of contrast media for US are
microbubble agents made of phospholipids or carbohydrates. When these agents are
administered and accumulated in the target tissues, echo signals on US images
are enhanced by the increase of the reflection of sound waves.
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Fig. 6.12 Photoacoustic imaging (PAI) system. (a) Schematic diagram of PAI system. (b) The
Vevo® LAZR Photoacoustic Imaging System (FUJIFILM Visualsonics, Inc.; Toronto, Canada)

6.3.6 Opt-acoustic (Photoacoustic) Imaging

Opt-acoustic or photoacoustic imaging is a new imaging modality although the
mechanism of this imaging modality was first reported by Alexander Graham Bell,
who is famous for the invention of telephone, in 1880 [35].

When light signals are delivered into the tissues, some energy of light signals is
converted into heat and, finally, photoacoustic waves are induced. These phenom-
ena are called photoacoustic effects and sound waves induced by these effects can
be detected by US scanners [36] (Fig. 6.12).

According to the review article by James ML and Gambhir SS [33], opt-acoustic
imaging tests have the following advantage compared with the conventional US
tests: (1) the amount of imaging agent used for opt-acoustic imaging is picograms
to micrograms, whereas US requires microgram to milligram amounts of imaging
agent; and (2) US images contain speckles (noise) due to coherent addition of sound
waves. In the case of “light in and sound out, opt-acoustic imaging” there is very
minimal interference for the sound waves on their way out; therefore, the images are
speckle free.

6.4 Direct Visualization of LN Metastases
6.4.1 Computed Tomography (CT)

When LNs are involved by metastatic lesions, the size of LNs increase and their
shape changes to round sphere from flat ellipsoid according to the growth of meta-
static lesions. CT tests can detect these morphological changes. Among them, the
enlargement of the short axis of LNs can be usually the most important finding to
diagnose LN metastasis. There are many reports about the size criteria on LN
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Fig.6.13 A metastatic
popliteal LN in the CT
image (arrow), which is
swollen compared to the
contralateral one

metastases in human CT tests. For example, Dorfman, et al. reported that the normal
upper limit of LN size in human upper abdomen would be 6—-11 mm in human CT
studies [37].

But, there are little reports about the size criteria on LN metastases in animal CT
tests. As for animal studies, it would be useful to compare the size of affected LN
with that of the LN on the opposite side (Fig. 6.13).

As described above, these morphological changes can occur when metastatic
lesions in LNs grew to some size. It is difficult to detect early stage of metastases by
CT tests.

When contrast media are administered, metastatic LNs are likely to be more
strongly enhanced than normal LNs. This finding on CT tests with contrast media
might improve the accuracy in the diagnosis of LN metastases. But, it is not easy to
detect small LN metastases even by contrast-enhanced CT tests.

There are some other pitfalls in the diagnosis of LN metastasis by CT tests. One
of the most important pitfalls is the enlargement of LNs due to inflammation.
Inflamed LN can be also enlarged and round-shaped.

6.4.2 Nuclear Medicine Tests

In nuclear medicine tests, LN metastasis can be diagnosed by evaluating the func-
tional information in LNs. The most popular nuclear medicine test to diagnose malig-
nant tumors is '®F-fluorodeoxyglucose (FDG) PET test. This test can evaluate the
activity of glucose metabolism in lesions. Glucose metabolism in LNs is usually acti-
vated when LN are involved by tumors. Therefore, metastatic LNs show high avidity
to FDG and they are visualized as hot spots on FDG PET images [38](Fig. 6.14).
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Fig.6.14 LN metastases of plasma cell tumor-bearing
mouse in ¥F-FDG-PET image. Reprinted with some

modification with permission from Ref. [38] Cervical
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FDG PET tests have the potential to detect metastatic LNs with normal size by
the increased activity of glucose metabolism. But, it is impossible to detect small
metastatic LNs even by FDG PET tests, too. Inflammatory lesions in LNs can also
be false-positive findings in FDG PET tests because some kinds of cells inside
inflamed LNs such as activated macrophages show high avidity to FDG.

The activation of glucose metabolism is a common finding in malignant lesions.
As a finding more specific to lymph node metastasis, lymphangiogenesis in LNs,
which is considered as an early sign of LN metastasis, is attracting attention of
researchers. Lymphatic vessel endothelial hyaluronan receptor 1 (LYVE-1) is a
lymphatic-specific epitope and it is expected to be a biomarker of lymphangiogen-
esis (Fig. 6.15). Mumprecht et al. [39] reported that immuno-PET using !>*I-labled
LYVE-1 successfully detected early stage of LN metastasis in mouse experiments.

6.4.3 Magnetic Resonance Imaging (MRI) Tests

Metastatic LNs are imaged as enlarged LNs in MR tests as shown in CT ones. In
addition to these morphological changes, MRI can provide more detailed informa-
tion about interiors of metastatic LNs than CT. The most common MR images are
T1WIs and T2WIs on spine echo sequences. Generally speaking, tumor lesions
show lower signal on TIWI and higher signal on T2WI, compared with normal
LNs. Complicated interiors of LNs including metastatic foci cause heterogeneous
signal pattern on MR images (Fig. 6.16).
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Fig.6.15 The theory to visualize metastatic LNs by targeting lymphangiogenesis. The lymphatic
vessels induced in SLN are composed of LYVE-1-positive lymphatic endothelia, which are
expected to be the target of the anti-LY VE-1 antibody

Fig.6.16 A metastatic
popliteal LN of a Balb/c
mouse inoculated with
Colon26 tumor cells in the
T2W MR image (arrow)

Heterogeneous signal patterns can be more significant on MR images obtained
by scanners with strong magnetic field such as 9.4T. Administration of contrast
media including paramagnetic agents can also enhance the contrast between tumors
and non-affected areas. Contrast media can shorten both T1 and T2 relaxation times.
When the concentration of contrast media is low, T1 relaxation time is prominently
shortened. On the contrary, when the concentration of contrast media is high, T2
relaxation time is strongly shortened. In the diagnosis of LN metastases, contrast-
enhanced TIWIs with Gd-chelating agents are usually acquired utilizing the T1
shortening effect. Metastatic lesions in LNs are brightly depicted on these images.

Inflammatory changes and fat deposits in LNs can cause false-positive findings.
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6.4.4 Optical Imaging

In optical imaging, optical signals can be detected from metastatic LNs when opti-
cal agents that show high affinity to tumor tissues are administered. Unfortunately,
no good optical imaging agents to visualize wide variety of tumors like FDG in PET
tests. One of the popular optical imaging methods to visualize metastatic LN is to
use tumor-seeking agents conjugated with IRDye 800 CW, a fluorescent dye that
emits near-infrared lights with the wave length of 800 nm [40] (Fig. 6.17).

In animal experiments with transplantation models, bioluminescence imaging is
also available to investigate LN metastases. When tumor cells with luciferase activ-
ity are implanted to animals, tumor lesions can emit luminescent lights. When these
tumor cells metastasized to LNs, these LNs with metastatic lesions are also visual-
ized by bioluminescence imaging system (Fig. 6.18).

6.4.5 Ultrasonography (US) and Opt-acoustic
(Photoacoustic) Imaging

As ultrasonography is primarily a morphological imaging test, metastatic LNs are
diagnosed based on the size and shape. Enlarged and round shaped LNs can be
diagnosed as metastatic like CT and MRI tests although it is often difficult to distin-
guish inflamed LNs from metastatic ones. Generally speaking, the heterogeneity of
interior signals would be more significant in metastatic LNs than inflamed ones.
Some US devise can provide doppler images. On doppler images, perfusion of met-
astatic lesions is likely to be enhanced. In contrast-enhanced studies, metastatic LNs
are often strongly enhanced.

Recently, opt-acoustic imaging, which is also called photoacoustic imaging, is used
for the detection of metastatic lesions. When some agents that can enhance the photo-
acoustic effects are administered, metastatic lesions in LNs show strong signals. Zhang
et al. [41] reported the possibility of ultrasound-guided photoacoustic imaging for the
selective detection of EGFR-expressing breast cancer and lymph node metastases in the
experiments using anti-EGFR antibody-conjugated gold nanorods (Fig. 6.19).

6.5 Nonclinical Imaging Studies for SN Mapping

Direct visualization of LN metastasis at early stage is not easy even when imaging
scanners with high performance are used because LNs with early metastases is
often as small as normal LNs.

SN biopsy is an alternative way to diagnose LN metastases at the early stage. This
procedure has been already performed for patients with early stage of breast cancer
and malignant melanoma in routine clinical practice. Accurate identification of SNs
is essential to successfully perform SN biopsy. In the clinical situation, two kinds of
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Fig. 6.17 Metastatic
lesions including LN
lesions in the mouse model
visualized by the optical
imaging using EGF
conjugated with IRDye
800CW. Reprinted with
some modification with
permission from Ref. [40]
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Fig.6.18 An involved axillary LN (arrowhead) of an HT-29 orthotopic colorectal cancer (arrow)
mouse model depicted by in vivo bioluminescence imaging. Reprinted with some modification
with permission from Ref. [15]
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Fig. 6.19 The primary tumor and the metastatic LN in MDA-MB-231 orthotopic mouse xeno-
graft model on the superimposed images of ultrasonography and acoustic imaging. Photoacoustic
signal was enhanced by photo absorber (gold nanorods) conjugated antibodies. Reprinted with
permission from Ref. [41]
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lymphotropic agents are used for the detection of SNs: radiopharmaceuticals and
optical imaging agents including blue dyes. In the preclinical investigation about SN
mapping, these two kinds of new imaging agents are mainly under investigation.

6.5.1 Nonclinical Studies About Radiopharmaceuticals
for SN Mapping

Most commonly used radiopharmaceuticals used in actual clinical SN mapping are
radioactive colloids. In Japan, ®™Tc-labeled phytate (FUJIFILM RI Pharma, Tokyo)
and *™Tc-labeled tin colloids (Nihon Medi-physics, Nishinomiya) are covered by
health insurance for SN mapping of breast cancer and malignant melanoma.

Regional LNs show high activity on SPECT images after *"Tc-labeled colloids
are injected in animal models. For example, radiocolloids are injected in the mouse
footpad, the popliteal LN shows high activity (Fig. 6.20).

These radioactive colloidal agents accumulate in SNs by phagocytosis of macro-
phages in SNs. Since molecular size of colloidal agents is large, most of injected
colloidal agents stay at the injection site. This hinders the detection of SNs located
near the injection site.

Therefore, new SN mapping agents with smaller molecular size are required.
Although small molecules can easily move into lymphatic channels, they are likely
to pass through SNs because they can be escaped from phagocytosis by macro-
phages. Therefore, SN seeking agents with small molecular size have to be trapped
in SNs by some mechanisms. Mannose receptors on macrophages inside SNs can be
good candidates to trap small molecular SN mapping agents. Vera et al. reported
mTc-labeled tilmanocept that shows high affinity to these mannose receptors [42].
In Japan, Arano et al. [43] is also studying a new SN imaging agent that shows high
affinity to mannose receptors on macrophages inside SNs. Nonclinical imaging
tests are useful in the development of these new imaging agents. Arano’s team dem-
onstrated the clear visualization of SNs on SPECT tests in rat studies (Fig. 6.21).

These agents show good retention in SNs and they have potentials to clearly
depict SNs located near the primary tumors since the molecular weight of these
radioactive agents are small enough to wash out from the injection site.

Fig. 6.20 A hot node in
the popliteal region in
9mTc-labeled phytate
SPECT/CT image. This
hot node can be regarded
as a SN of the left footpad
lesion
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Fig.6.21 The SN of a rat
footpad visualized by the
injection of *"Tc-labeled
unique compounds with
high affinity to mannose
receptors on macrophages.
By courtesy of Professor
Yasushi Arano, Chiba
University

Fig.6.22 The
experimental SN mapping
by quantum dots using a
swine. Quantum dots can
emit stronger fluorescent Sentinel
lights than that of ICG. By Lymph Nade
courtesy of Professor John
V. Frangioni, Harvard
Medical School
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6.5.2 Nonclinical Studies About Optical Imaging Agents
for SN Mapping

Optical methods are also important to identify SNs. Blue dyes are traditional optical
imaging agents. In Japan, two kinds of blue dyes, ICG and Indigo carmine (Daiichi-
Sankyo, Tokyo), are covered by health insurance for SN mapping of breast cancer
and malignant melanoma.

As mentioned above, optical imaging with near-infrared lights is recently attract-
ing interests of researchers. Since ICG emits near-infrared fluorescent lights in addi-
tion to blue visible lights, this dye is now used in SN biopsy under near-infrared
light because optical imaging with near-infrared lights can visualize imaging agents
with good contrast to low background signal.

As quantum dots can emit much stronger near-infrared fluorescent lights than ICG,
they would be useful if they could be used in the clinical situation [44] (Fig. 6.22).

But, no quantum dots are approved for clinical use because of the toxicity issues
due to heavy metals included in these agents.

Recently, optical imaging using near-infrared lights whose wave length is longer
than 1000 nm (OTN-NIR lights) is spotlighted. An imaging scanner with InGaAs
detectors and organic imaging dyes are developed [45, 46].
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Since OTN-NIR lights can penetrate thicker soft tissues and observe deeper areas
in the body, compared with conventional NIR lights, clinical application of SN
mapping by optical imaging with these lights will be examined after this.

The clinical application of opt-acoustic imaging, another new imaging method,
is also actively investigated [47].

6.5.3 Nonclinical Studies About Multi-modality
Imaging for SN Mapping

In clinical SN mapping, it is reported that dual modality methods can yield the best
performance, compared with radionuclides or optical agents alone.

Some dual modality imaging probes are reported in western countries. In Europe,
the cocktails of ICG and *™Tc-labeled colloidal albumin are examined in mouse
xenograft model [48].

Recently, Araki and our group [49] found that the cocktail of ICG and phytate
showed good performance to detect SNs. When this cocktail was injected to mouse
models, near-infrared fluorescence slowly appeared in SNs and this fluorescence
continued for more than 1 day. This long fluorescent activity is suitable for the
operation on head and neck regions. When phytate is labeled by *™Tc, the obtained
radioactive ICG is expected to be useful to dual-modal detection of SNs. Since both
of ICG and *™Tc-pytate are covered by health insurance in Japan, the clinical appli-
cation of this unique cocktail would be feasible.

As for the evaluation of these dual-modality probes, fusion of two kinds of
images is useful. Recently, as three-dimensional reconstruction method of optical
images is proposed [50], information of optical images can be superimposed on
tomographic scintigrams (Fig. 6.23).

Fig.6.23 The SN of a
mouse forepaw
(arrowhead) in optical and
radionuclide fusion image.
Three-dimensionally
reconstructed optical
images using ICG were
superimposed on SPECT
images with *™Tc-pytate
after the injection of the
cocktail of these two kinds
of imaging agents
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6.6 Indirect Visualization of Metastases in SNs

Although SN mapping is a useful method to detect LNs that are likely to have metas-
tases, it is difficult to directly diagnose metastatic lesions only by SN mapping.

Since metastatic foci in SNs are usually small, most parts of interiors of SNs are
occupied by non-tumor tissues. The evaluation of signals of these non-tumor tissues
in SN has a potential to detect metastatic lesions in SNs.

6.6.1 Visualization of Metastases in SNs by Negative
Contrast Enhancement

Modifying signals of non-tumor tissues in SNs to enhance the contrast between
metastatic foci and non-tumor areas can be alternative way to depict metastatic
lesions in SNs. As described in the previous section, there are many macrophages in
SNs and macrophages show strong phagocytic activity. When superparamagnetic
iron oxide-based colloids are administered as contrast media of MRI, macrophages
located in non-tumor areas in LNs phagocytose them and non-tumor areas are nega-
tively enhanced, that is these areas show significant low signal, on T2*WI (When
images are acquired using gradient echo sequences, T2*WIs were obtained instead
of T2WIs).

Harisinghani et al. [51] reported small tumor lesions in LNs could be success-
fully diagnosed by this method in patients with prostatic cancer. Tatsumi et al. [52]
reported that this strategy is also useful to diagnose LN metastases in gastric
cancer.

But, some follow-up reports including our experimental study [53] revealed
that inflammatory process or fat deposition could be false-positive findings
(Fig. 6.24).

Fig.6.24 An
inflammatory swollen LN
in the T2-star weighted
MR image obtained after
the injection of
superparamagnetic iron
oxide-based colloids. This
non-tumor bearing LN
looks like metastatic one.
Reprinted with some
modification with
permission from Ref. [53]
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6.6.2 Surrogate Imaging Based on Immune Response
in Metastatic SNs

There are many immune cells in SNs besides macrophages and various kinds of
immune reactions occur when SNs are involved by tumors. Although most
researches have focused on the behavior of T cells, especially CD8+ T cells (CTL),
B cells also react to metastatic lesions in SNs.

B cells are mainly located in superficial areas of LNs and these areas are called
B-cell areas. When tumor antigens flow in LNs through afferent lymphatic chan-
nels, B cells interact with antigen-presenting cells and form follicles. Then, germi-
nal centers appear in follicles.

We recently studied the interval changes of numbers of immune cells inside SNs
by flow cytometry using C57BL/6 mice inoculated with B16 melanoma B cells and
BALB/c mice with mouse breast cancer cells. Localization of these immune cells
inside SNs was also longitudinally observed by immunohistochemistry.

Flow cytometry analyses revealed that, when compared to the control, the rela-
tive growth ratio of CD19-positive cells (B cells) increased more significantly than
that of CD3-positive cells (T cells) according to the progression of metastases inside
SNs. Immunohistochemical findings demonstrated the formation of germinal cen-
ters inside SNs was facilitated by advances of metastases (Fig. 6.25).

In the light of diagnostic imaging tests, more attention should be paid to cell
groups that show more dramatic change in numbers according to the progress of
metastases. We think that significant increase of the B cells and the formation of
germinal centers inside SNs according to the progress of metastases would be good
candidates for surrogate imaging biomarkers of metastases in SNs.

B cell
B16 melanoma (CD19+) Breast cancer cells

o 5]

SLN

P
H

d Red:Bcell Blue:GC
TNT cell (1gD) (PNA)
(CD3+)

Fig.6.25 Lymphocytes in the SN. The flow cytometry analyses showed that the B-cell (CD19+)/
T-cell (CD3+) ratio in SNs increased compared to that in control nodes. Immunohistochemical
analysis of SNs showed abundant germinal centers organized by lymphocytes with the expression
of B-cell markers
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Recently, Li et al. reported that Tc-labeled rituximab was useful to visualize
SN of patients with breast cancer [54]. Since rituximab is the monoclonal antibody
drug that shows high affinity to CD20 antigen on B cells, it is considered that CD20-
positive B cells increase in SNs of patients with breast cancer and these increased B
cells are successfully detected by *™Tc-labeled rituximab on scintigrams.

As CD19 is an antigen that appears on B cells, like CD20, radioactive anti-CD19
antibodies have potential to evaluate the metastatic status of SNs. Since rituximab
has been already approved as a drug to treat CD20-positive malignant lymphoma,
anti-CD19 antibodies would be clinically applicable.

6.7 Summary and Key Points

In this chapter, we explained nonclinical imaging study to investigate LN
metastases.

In the research of LN metastases, animal experiments are essential like other
biomedical researches. The application of imaging tests is very useful because
imaging tests can yield reliable and meaningful results at the sacrifice of minimal
number of animals. But, the design of animal experiments must be carefully consid-
ered to obtain the fruitful results.

The followings are key points to achieve the aim of the study.

e The optimal animal models must be chosen considering the aim of researches
although various kinds of animal models are now available.

e The most suitable imaging modality should be used although many different
imaging scanners have been developed. Recently, combined scanners of different
imaging modalities are getting popular such as PET/CT scanners. These com-
bined scanners can provide more information that the simple summation of that
is acquired from each scanner. Imaging devices dedicated for small animal imag-
ing have been also developed, which show excellent spatial resolution and good
sensitivity that are suitable for small animal imaging although these devices can
image only small size of objects.

e Alternative imaging strategy should be considered in the detection of metastatic
foci in LNs. Although direct visualization of metastatic lesions in LNs is ideal,
small metastatic lesions in LNs are often difficult to visualize by current in vivo
imaging technology. SN mapping is useful to identify LNs that are most likely to
be invaded by tumors. The evaluation of signals of non-tumor areas in LNs would
be a new strategy to diagnose small metastases in LNs because most parts of inte-
riors of LNs are occupied by non-tumor tissues when metastatic lesions are small.

Since LN metastases are most important prognostic factors of gastrointestinal
cancer, it is expected that accurate and reliable diagnostic criteria in in vivo diagnos-
tic imaging tests will be established based on the valuable results induced by non-
clinical animal imaging experiments.
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and Lymph Nodes
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Abstract

Intravital (in vivo) imaging of lymphatic vessels and lymph node is clinically
necessary during diagnosis or treatment of many conditions and diseases, includ-
ing lymphedema and cancer metastasis. Cancers are complex diseases, and the
cancer microenvironment, including lymphatic vessels and blood vessels, play
important roles throughout cancer development, from carcinogenesis to malig-
nancy. Efforts aimed at elucidating the pathology of complex cancers and devel-
oping novel therapeutic agents for cancer treatment are limited by the exclusive
use of in vitro analysis of conventional cultured cells and tissue sections.
Therefore, it is necessary to analyze cancer cells and their microenvironments
spatiotemporally in vivo.

To address this issue, in vivo imaging has attracted attention in cancer research.
Multiple in vivo imaging technologies have been developed, including computed
tomography (CT), positron emission tomography (PET), and magnetic reso-
nance imaging (MRI), and these modalities already serve as powerful tools for
the diagnosis of cancer. Optical imaging in vivo using biological light has not yet
been applied clinically so much; however, it has superior spatiotemporal resolu-
tion, making it possible to perform real-time observation of microscopic struc-
tures such as blood and lymphatic system in living animals. In this chapter, we
first review technologies for visualizing the blood and lymphatic system for
clinical applications, and then describe the use of in vivo imaging technology in
experimental analysis of cancer cell growth, angiogenesis, lymphangiogenesis,
and lymph node metastasis, focusing in particular on the usefulness of in vivo
optical imaging technology.
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7.1 Intravital (/In Vivo Imaging of Lymphatic System
for Clinical Applications

Lymph vessels, together with blood vessels, constitute the vascular system and
function cooperatively to maintain body fluid homeostasis [1]. Blood vessels supply
oxygen and nutrients to peripheral tissues and remove waste products, whereas lym-
phatic vessels maintain a closed circulatory system by absorbing interstitial fluid,
proteins, lipids, cells, and other components that leak out of blood vessels and
refluxing to the venous system [2]. In particular, the lymphatic vessels are respon-
sible for maintaining proper tissue—fluid balance, and disruption of lymphatic func-
tion results in imbalance of body fluids and lymphedema. In addition, lymphatic
vessels and lymph nodes organize the immune system, through which the lymph
and immune cells traffic to establish and maintain immune responses, and absorb
lipids in the gut. Therefore, disruption of the lymphatic system results in abnormal
immune function. Moreover, because entry of metastatic cancer cells into the lym-
phatic system can result in lymph node metastases, the lymphatic system is also
involved in cancer progression and metastasis. Thus, lymphatic vessels and lymph
nodes are central to various pathological processes, and many techniques have been
developed to allow visualization of their structure and function [3-5].

7.1.1 Lymphangiography

Conventional lymphangiography with administration of radiocontrast agent has
long been the only method available for the detection of lymphatic vessels. This
method was originally developed by Kinmonth (1952) as a surgical procedure
guide, and has been modified and adapted for various diagnostic and experimental
applications [6]. Although it can provide clinically useful information, lymphangi-
ography is a very time-consuming procedure and is highly invasive [7-9].

7.1.2 Lymphoscintigraphy

Lymphoscintigraphy, a commonly used imaging modality in the clinic, involves
injection of radioactive tracers such as technetium-99 m (**Tc) into the tissue [4, 9,
10]. Both 2D and 3D images of the lymphatic network can be obtained with a scin-
tillation camera. However, because of the poor resolution of lymphoscintigraphy, it
is difficult to clearly identify the locations of lymphatic vessels and lymph nodes
using this technique. For these reasons, and in order to avoid exposure of the patient
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and clinician to radioactive compounds, other methods have emerged to replace
lymphoscintigraphy in the context of several applications.

7.1.3 Magnetic Resonance Imaging (MRI)

Magnetic resonance imaging (MRI) with contrast agents relies on variations in T1
or T2 relaxation times of protons in different tissue environments, and thus has rela-
tively high contrast and good spatial resolution. This imaging modality is relatively
noninvasive and can be used to detect physiological abnormalities associated with
lymphatic dysfunction in breast cancer [11] and lymphedema [12]. However,
because of the negative contrast of the detection method, small lesions can be
missed in magnetic resonance lymphography (MRL). After the development and
improvement of imaging contrast agents with high sensitivity and specificity, MRL
may be a preferable approach for identifying pathologies in the lymphatic system.

7.1.4 Positron Emission Tomography (PET) and Computed
Tomography (CT)

Among advanced imaging modalities for the lymphatic system, positron emission
tomography (PET) takes advantage of uptake of *fluorodeoxyglucose into meta-
bolically active cancer cells, which accumulate sufficient *F to image and can
therefore be detected in lymph nodes even in low numbers [13]. On the other hand,
the spatial resolution of PET is still low, and it must be combined with other imag-
ing modalities such as computed tomography (CT) to clearly define microstructures
and small numbers of cells [14]. However, the sensitivity and spatial resolution of
PET/CT are controversial, and many reports have argued that this method is unreli-
able due to false positives from inflammatory conditions [15-17].

7.1.5 Other Modalities

Among various in vivo imaging modalities for the lymphatic system, traditional
lymphangiography was initially adopted in the clinic for diagnosis of lymphatic
disorders. Subsequently, several advanced in vivo imaging techniques, including
MRI and PET/CT, have been applied to diagnosis and determining treatment effects
in various lymphatic diseases. In addition to the aforementioned modalities, ultra-
sound and fluorescence imaging are also useful for detecting lymphatic vessels and
lymph nodes. When lymph nodes are visualized by ultrasound, it is useful to admin-
ister microbubbles that are phagocytosed by macrophages [18]. Because precise
staging of lymph node metastasis is essential for guiding therapeutic decisions and
determining the prognosis of several types of cancers, multiple fluorescence imag-
ing methods have been developed to identify sentinel lymph nodes. The most criti-
cal limitation of fluorescence imaging is the low penetration depth of light in tissue
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due to absorption and scattering. To solve this problem, fluorescence imaging using
indocyanine green (ICG) with near infrared (NIR) wavelength has been applied to
lymph node detection. In particular, NIR fluorescence imaging using ICG has been
adopted for the detection of sentinel lymph nodes and evaluation of treatment of
lymphatic disorders [19-21].

7.2  InVivolmaging in Oncology and Lymphology

7.2.1 Importance of Blood Vessels, Lymphatic Vessels,
and Lymph Nodes in Cancer Progression

Based on remarkable progress in medical technology, early cancer diagnosis and
treatment have become more available in recent years, resulting in a decrease in the
rate of death due to primary cancer. On the other hand, few treatments are available
for recurrent and metastatic cancers, and most cancer patients die of these types of
tumors. Accordingly, the greatest challenge facing cancer treatment today is over-
coming recurrence and metastasis.

The mode of cancer metastasis is classified as hematogenous spread, lymphatic
spread, hematogenous metastasis, lymphoid metastasis, or disseminated spread
from routes. The key target for the treatment of recurrence and metastasis of cancer
is the cancer microenvironment, including blood vessels, lymphatic vessels, and the
immune system. Lymphatic metastasis is a particularly important factor in deter-
mining how to treat cancer, the scope of surgery, and prognosis.

7.2.2 Functions of Blood Vessels, Lymphatic Vessels, and Lymph
Nodes in Cancer

Blood vessels and lymph vessels are formed in over the course of development, but
also under pathological conditions such as inflammation and cancer. In particular,
angiogenesis and lymphangiogenesis in cancer tissues are closely related to cancer
malignancy. Cancer tissues contain not only cancer cells but also constituent factors
such as fibroblasts, inflammatory cells, blood vessels, and lymph vessels; collec-
tively, these components comprise the cancer microenvironment [22]. New blood
vessels supply oxygen and nutrients to cancer tissues and support the growth of the
primary tumor. In addition, both blood vessels and lymphatic vessels function as
routes for cancer metastasis. Angiogenesis and lymphangiogenesis in cancer tissues
are the result of extension of existing blood and lymph vessels [22].

In the case of angiogenesis, angiogenic factors such as vascular endothelial
growth factor (VEGF)-A are secreted from cancer and stromal cells present in the
tumor tissue. VEGF-A enhances the proliferation and movement of vascular endo-
thelial cells from normal blood vessels around the cancer, resulting in formation of
new blood vessels.
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In the case of lymphangiogenesis, lymphangiogenic factors such as VEGF-C and
D are secreted from cancer and inflammatory cells in tumor tissues, thereby enhanc-
ing the proliferation and movement of lymphatic endothelial cells in normal lym-
phatic vessels around the tumor, ultimately resulting in formation of new lymphatic
vessels. It has become clear that the cancer microenvironment, including blood ves-
sels and interstitials, has an important influence on the proliferation and metastasis
of cancer cells. Therefore, in order to understand cancer comprehensively, it is nec-
essary to perform both in vitro studies and in vivo spatiotemporal investigations of
cancer cells and cancer microenvironments.

7.3  Advances in In Vivo Imaging of Lymph Vessels
and Lymph Nodes

7.3.1 Various Modalities for In Vivo Imaging of Blood Vessels,
Lymph Vessels, and Lymph Nodes

In vivo imaging is useful technique for noninvasive analysis of lymphatic vessels
and lymph nodes in vivo. Although X-ray lymphangiography can generate clinically
useful information, it is very time-consuming and highly invasive. As previously
mentioned, recently, several advanced in vivo imaging techniques, including CT,
PET, and MRI, have been applied in clinical practice to diagnosis and determination
of treatment effects in various diseases, including cancer [23-25]. Using these
advanced imaging modalities that are miniaturized, it has been used to detect blood
vessels, lymphatic vessels, and lymph nodes involved in a wide variety of diseases,
particularly in cancer [25, 26]. For example, because CT angiography and magnetic
resonance angiography (MRA) have high spatial resolution, they are useful for ana-
lyzing blood vessel structures such as vascular networks. In addition, functional CT,
dynamic contrast-enhanced MRI, PET using O-labeled carbon oxide and water
molecules, and single-photon emission CT (SPECT) can image the structure of
blood vessels, as well as evaluate vascular functions such as blood flow and blood
leakage [27-29]. It is also possible to image blood vessels by using '*!I-labeled
VEGEF or integrin avb3-binding peptide [30]. Ultrasound diagnostic methods are
useful for conveniently and noninvasively imaging blood vessels, and it is possible
to analyze the blood flow velocity of deep blood vessels in real time using color
Doppler imaging, or to visualize microvessels with microbubbles coupled to anti-
bodies [31, 32]. Moreover, imaging modalities previously applied to blood vessels
have been used to detect lymphatic vessels and lymph nodes [25, 26].

As previously mentioned, refinements of CT and MRI have allowed these meth-
ods to progressively replace conventional X-ray lymphangiography in clinical
lymph node imaging [25, 26]. The increased availability of functional imaging,
especially through the use of FDG-PET, has greatly improved the accuracy of iden-
tification of lymph node metastases. However, due to the requirement of a cyclotron
for preparing radioactive isotope probes, only a few facilities are capable of using



164 T.Imamura et al.

PET. MRI has the disadvantage of low sensitivity, whereas CT has the disadvantage
of low spatial resolution. Although these modalities excel from the standpoint of
penetration depth, their resolution and specificity are not sufficient to detect small
lymphatic vessels or cancer cells at early phases of lymph node metastasis.

7.3.2 Necessity of In Vivo Optical Imaging in Oncology
and Lymphology

Bioluminescence imaging and fluorescence imaging techniques, collectively
referred to as optical imaging techniques, have already been developed for in vitro
and ex vivo applications in molecular and cellular biology, including cancer research
and lymphology [23-25]. Because optical imaging techniques are noninvasive,
rapid, and convenient, there has been growing interest in applying these techniques
to the study of complex biology and various disease processes, such as cancer, in
vivo. In recent years, the development of new bioluminescence and fluorescent
probes and further improvements in performance of equipment such as microscopes
has enabled visualization of various biological phenomena, including cancer, using
in vivo optical imaging technology. In addition, because in vivo optical imaging
does not require special equipment or a large machine such as a cyclotron or MRI
instrument, the clinician is not limited by availability of facilities in the research
environment.

In vivo bioluminescence imaging has several advantages, including low back-
ground and high sensitivity, and can easily detect signals in the deep tissues of living
animals; consequently, it is useful for research on cancer metastasis [23-25]. In in
vivo bioluminescence imaging experiments, genetically manipulated cells that sta-
bly express firefly or Renilla luciferase protein produce bio-permeable lumines-
cence after administration of substrates such as D-luciferin or coelenterazine,
respectively. Recently, the development of ultra-sensitive charge-coupled device
(CCD) cameras has made it possible to detect trace amounts of photons in deep tis-
sues of living animals. In addition, the development of software for digitization of
imaging data has enabled detection of photons emitted by cancer cells in living
animals [33, 34].

By contrast, in vivo fluorescence imaging is convenient and economical because
it does not require administration of substrates. Furthermore, in vivo fluorescence
imaging is capable of multicolor imaging in three dimensions, in real time and at
high spatial resolution. In addition, it is possible to devise fluorescent probes capa-
ble of imaging not only the structure, but also function. However, in vivo fluores-
cence imaging does have a disadvantage; namely, it is difficult to detect a signal in
deep tissues because of the high background in vivo and the low sensitivity of the
technique. One potential solution for these problems is NIR imaging, which uses
probes with wavelengths in the NIR region [23-25]. Because such probes are less
susceptible to absorption of hemoglobin and tissue scattering, NIR imaging can
observe even deeper within the body, with low background and high sensitivity. In
multiphoton excitation fluorescence microscopy with nonlinear optics, the



7 InVivo Imaging of Lymphatic Vessels and Lymph Nodes 165

wavelength of the excitation light is twice as long as that used for conventional
single-photon excitation, making it possible to observe deep tissue of living animals
with less influence from tissue scattering and absorption by hemoglobin. Thus, in
vivo fluorescence imaging is a very useful method.

Unfortunately, in contrast to X-ray CT, PET, and MRI, in vivo optical imaging
has not yet been used clinically so much [23-25]. In particular, because biolumines-
cence imaging techniques require genetic introduction of luminescent enzymes
such as luciferase, as well as administration of their substrates, they are difficult to
apply clinically. It is also difficult to clinically apply fluorescence imaging tech-
niques using genetically introduced fluorescent proteins. As an alternative, however,
it is possible to adopt methods that use fluorescent dyes or do not require probes
(non-staining imaging).

7.4  Application of In Vivo Fluorescence Imaging
for Oncology and Lymphology

7.4.1 Principles of Fluorescence Imaging

In fluorescence imaging, fluorescent proteins or fluorescent dyes are excited with
light, and the emitted fluorescence is detected and imaged. When a low-energy fluo-
rescent molecule (ground state) is excited with light, it absorbs a photon and is
converted to the high-energy state (excited state). The excited fluorescent molecule
immediately returns to the ground state, and the energy released becomes fluores-
cence (Fig. 7.1a). Because part of the energy is lost before returning from the excited
state to the ground state, the fluorescence is shifted to a longer wavelength (i.e.,
lower energy) relative to excitation light. Within the sample, all parts in the optical
path are excited at the same time; thus, the image blurs due to light emission outside

a b
Excited A

state 0 Objective I

lens
Excitation Emission of Water or Oil /
fluorescence
Sample ‘% ...... .- Focus
Basal
state 4 Excited area

Fig. 7.1 Principle of single-photon excitation. (a) The principle of fluorescence imaging (single-
photon excitation) is shown using a Jablonski diagram. Lower line: ground state; upper line:
excited state; upward arrow: excitation light; downward arrow: fluorescence. (b) Excitation region
in the sample at the time of fluorescence imaging (single-photon excitation). The hourglass-like
area indicates the portion excited in the sample
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the focal plane (Fig. 7.1b). In a confocal laser microscope, by disposing a pinhole
having a circular opening in the confocal plane of the lens, the light from extensive
background area (i.e., out of the focal plane in the Z-axis direction) is removed, and
contrast is enhanced.

7.4.2 \Visualization of the Cancer Cell Cycle by In Vivo
Fluorescence Imaging

In fluorescence imaging, it is possible to visualize intracellular functions such as
protein—protein interactions, transcriptional activity, and cell cycle progression.
Fucci (fluorescent ubiquitination-based cell cycle indicator) is an advanced fluores-
cence imaging technique that visualizes cell cycle progression in real time [35].
Using Fucci, it is possible to analyze phenomena related to the cell cycle, including
development, regeneration, and carcinogenesis, in living cells and animals. For
example, the cell cycle of Fucci-expressing cancer cells transplanted into mice can
be visualized in three dimensions (Fig. 7.2). Transgenic mice and zebra fish express-
ing Fucci have been generated and used in developmental biology, neuroscience,
and cancer research [36-38].

7.4.3 Visualization of Tumor Angiogenesis by In Vivo
Fluorescence Imaging

Tumor angiogenesis plays important roles in cancer proliferation, as well as during
metastasis. Accordingly, angiogenesis inhibitors have anticancer activity. To develop
angiogenesis inhibitors, it is necessary to evaluate angiogenesis in vivo. For this

Fig.7.2 Invivo 3D
imaging of cell cycle of
cancer cells. Fucci-
MDA-D (Fucci-expressing,
highly bone-metastatic,
human breast cancer cells)
were transplanted into the
left ventricle of nude mice.
When bone metastasis
occurred 5 weeks later,
skin incisions were made,
and fluorescence imaging
of metastatic foci in the
femur was performed.
Cells in G1 phase (red) and
S/G2/M phase (green)
were both present




7 InVivo Imaging of Lymphatic Vessels and Lymph Nodes 167

Fig.7.3 In vivo imaging
of tumor angiogenesis by
ICG. HT1080 cells were
transplanted
subcutaneously into a nude
mouse, and fluorescence
imaging of newly
generated blood vessels in
the cancer was performed
on an OV 100 after
administration of ICG

purpose, researchers often measure microvascular density (MVD) by immunohisto-
chemical staining for CD34, a marker of vascular endothelial cells. However, in
order to measure MVD, animals must be sacrificed for collection of tissue samples,
and it is impossible to observe them sequentially. Because of individual differences
among model animals, it is necessary to prepare large numbers of animals to achieve
statistical power. Because in vivo fluorescence imaging can be analyzed over time
in the same individual, the number of animals used in experiments can be reduced.

In this regard, it is useful to sequentially visualize tumor angiogenesis in tumor-
bearing mice in vivo using a NIR fluorescence imaging probe. After nude mice
transplanted with human fibrosarcoma cell line HT 1080 cells were treated with the
NIR-wavelength fluorescent probe indocyanine green (ICG), which labels blood
vessels, tumor angiogenesis was observed in vivo using the OV100 fluorescence
imaging system (Olympus Corporation) (Fig. 7.3). Because ICG is a NIR fluores-
cent dye with an excitation wavelength of 774 nm and an emission wavelength of
805 nm, ICG imaging is highly bio-permeable and suitable for biological imaging.
Tumor blood vessel analysis using an in vivo fluorescence imaging system can eval-
uate changes over time in the same individual, allowing highly reliable data to be
obtained. In addition, because fewer animals are necessary for statistical analysis,
this approach improves animal welfare.

7.4.4 \Visualization of Lymphatic Vessels and Lymph Nodes by In
Vivo Fluorescence Imaging

ICG is a dye widely used for tests of liver function and liver reserve capacity. As
aforementioned, it has already been applied to clinical imaging, such as sentinel
lymph node imaging in breast cancer [39—41]. In addition to tumor angiogenesis,
discussed above, it is also possible to image lymphatic vessels and lymph nodes in
living mice by administering ICG. For example, we injected ICG into the base of
the tail of an immunodeficient BALB/c nu/nu mouse and performed noninvasive
fluorescence imaging of the lymphatic vessels, sub-iliac lymph nodes, and proper
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axillary lymph nodes (Fig. 7.4). Next, we attempted fluorescence imaging of cancer
lymphangiogenesis in a living mouse harboring cancer cells. In this experiment,
HT1080 human fibrosarcoma cells were transplanted subcutaneously into immuno-
deficient mice. Five weeks after transplantation, the NIR fluorescent probe
AngioSense was administered to the cancer stroma, and the neo-lymphatic vessels
and sentinel lymph nodes were fluorescently imaged (Fig. 7.5). In vivo fluorescence
imaging using a NIR fluorescent probe for blood vessel can evaluate lymphangio-
genesis over time in the same individual, reducing the number of experimental ani-
mals required for statistical analysis and easily generating highly accurate data.

Fig. 7.4 [n vivo imaging
of lymphatic vessels and
lymph nodes by

ICG. Normal lymphatic
vessels and lymph nodes of
a nude mouse were
fluorescently imaged on an
OV 100 after administration
of ICG in the interstitium
of the buttocks

Fig. 7.5 In vivo imaging
of lymphatic vessels and
sentinel lymph nodes in a
tumor-bearing mouse.
HT1080 cells were
transplanted
subcutaneously into a nude
mouse, and neonatal
lymphatic vessels and
sentinel lymph nodes were
fluorescently imaged on an
OV 100 after administration
of AngioSense to cancer
stroma
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7.5  Applications of Multiphoton Excitation Microscopy
in Oncology and Lymphology

7.5.1 Principles of Multiphoton Excitation Microscopy

Multiphoton excited fluorescence microscopy is a promising method for deep-tissue
fluorescence imaging in living animals [42, 43]. As mentioned above (Fig. 7.1a), in
conventional single-photon absorption, a fluorescent molecule absorbs a photon that
has an energy equal to the energy difference between its ground state and first
excited state (Fig. 7.6a). By contrast, in multiphoton excitation fluorescence micros-
copy, a fluorescent molecule simultaneously absorbs two photons with approxi-
mately twice the wavelength and half the excitation energy of the single photon
(Fig. 7.6). This two-photon excitation process is very rare, and occurs only at the
focal point. The use of long-wavelength light for excitation decreases the influence
of scattering, making it possible to image deep tissues in vivo. Moreover, because
fluorescent molecules are only excited at the focal position, resolution is increased
and phototoxicity is decreased.

Research using two-photon excitation microscopy was first developed in neuro-
science, and subsequently applied in immunology. Imaging of cerebral neocortical
pyramidal cells [44], dynamics of lymph node immune cells [45], and kinetics of
bone marrow osteoclast precursor cells [46] has been reported in living animals. For
example, using two-photon excitation fluorescence microscopy, it is possible to per-
form in vivo fluorescence imaging of pyramidal cells of the cerebral neocortex at a
depth of about 1 mm from the brain surface (Fig. 7.7).

a b
. A A
Excited state ﬁ\ Objective ]
lens
1 photon | 2 photon Emission of Water or Oil
excitation | excitation 4* fluorescence
Sample X(. ...... - Focus

Basal state 7 Excited area

Fig. 7.6 Difference between single-photon excitation and two-photon excitation. (a) Comparison
of the energy transitions of single-photon and two-photon excitation, shown as a Jablonski dia-
gram. Lower line: ground state; upper line: excited state; upward arrow: excitation light; down-
ward arrow: fluorescence. (b) Excitation region in the sample at the time of fluorescence imaging
by two-photon excitation. The black circular area indicates the portion excited in the sample
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Fig.7.7 Invivo 3D
imaging of neural cells in
mouse brain by
multiphoton laser excitation
microscopy. H-line
transgenic mice expressing
EYFP under the control of
the Thy1 promoter were
subjected to the open-skull
method with cranial bone
fenestration under
anesthesia. Fluorescence
imaging was performed
with a two-photon
excitation microscope, and
cerebral neoplasm at a
depth of 1 mm. Cortical
pyramidal cells were
constructed in 3D

7.5.2 In Vivo Imaging of Immune Cells in Lymph Node by
Multiphoton Excitation Microscopy

In immunology, advances in fluorescence microscopy technology have enabled sev-
eral strategies for visualizing the behavior and function of cells within intact lym-
phoid tissues in living animals [47-51]. Multiphoton laser excitation microscopy
has been used to image the dynamic nature of lymphocytes, as well as the interac-
tions between cells such as T cells and dendritic cells (DCs) in lymph nodes [50-
55]. This imaging modality has been used not only in explanted lymph nodes
incubated at 37 °C with oxygen-perfused medium [48, 53-55], but also in intravital
microscopy of lymph nodes [50, 51].
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7.5.3 InVivo Imaging of Cancer and Lymph-Node Metastasis by
Two-Photon Excitation Microscopy Using a Fluorescence-
Conjugated Antibody

Two-photon excitation microscopy, originally developed in neuroscience and
immunology, has been applied in various medical and biological fields, including
cancer research. In cancer research, in order to apply in vivo fluorescence imaging
to clinical settings, several groups have developed imaging protocols that use anti-
bodies against tumor markers conjugated to fluorescent substances. For example,
Koga et al. established a sensitive and highly specific imaging method using two-
photon excitation microscopy in combination with a fluorophore-conjugated anti-
body against carcinoembryonic antigen (CEA), a marker of malignant cancer [56].
Specifically, CEA-expressing human cancer cells were subcutaneously transplanted
into immunodeficient mice, and the cancer cells were imaged by two-photon excita-
tion microscopy after administration of fluorescence-labeled anti-CEA antibody
(Fig. 7.8). These results suggest that two-photon excitation microscopy, in conjunc-
tion with fluorophore-conjugated antibodies, could be widely adopted for detection
of cancer-specific cell-surface molecules, both in cancer research and in clinical
applications. In images of cancer tissue obtained by two-photon excitation micros-
copy, cancer cells are displayed in the same manner as in a stained image of a patho-
logical section. A method that can diagnose without resection is referred to as
“optical biopsy” [57].

To further test the usefulness of this combination of two-photon excitation
microscopy and fluorophore-conjugated anti-CEA antibody in a more clinically
relevant setting, Koga et al. used their method to detect lymph-node metastases.

Fig. 7.8 [n vivo imaging
of cancer cells by
multiphoton laser
excitation microscopy with
fluorophore-conjugated
anti-CEA antibody.
MKN45 human gastric
cancer cells were
transplanted
subcutaneously into the
dorsum of
immunodeficient mice,
Alexa Fluor 594-labeled
anti-CEA antibody was
injected via the tail vein
4 weeks after
transplantation. Twenty-
four hours later, mice were
subjected to the skin flap
method, and multiphoton
excitation microscopic
imaging was performed
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Fig.7.9 In vivo imaging
of lymph node metastasis
by multiphoton laser
excitation microscopy with
fluorophore-conjugated
anti-CEA antibody. A
footpad spontaneous
metastasis model
consisting of HT1080-
GFP-CEA cells in the
popliteal lymph node was
observed by two-photon
excitation microscopy.
Red, green, and blue
indicate Alexa Fluor 594
fluorescence, GFP
fluorescence, and second
harmonic generation
(SHG), respectively

In a footpad spontaneous metastasis model, they showed that it is possible to detect
a small number of metastasized cancer cells in a lymph node (Fig. 7.9).

7.5.4 In Vivo Imaging of Lymph Ducts of Medaka Fish by
Multiphoton Excitation Light-Sheet lllumination
Microscopy

In light-sheet illumination microscopy, a sample is illuminated in a plane, and
single-photon—excitation fluorescence images are captured with a camera in the
direction perpendicular to the light sheet. Because image acquisition is relatively
fast, resulting in reduction of phototoxicity, this method is potentially useful for
observing biological specimens. In particular, light-sheet illumination microscopy
system is the most suitable technique for observing embryos and small animals. In
the past, in developmental biology, digital-scanned light-sheet microscopy (DSLM)
and selective plane-illuminated microscopy (SPIM) were developed and applied to
live-cell imaging [58]. However, light-sheet illumination microscopy cannot be
effectively applied to high-scattering materials due to image blur resulting from
thickening of the light sheet by scattered photons. Notably in this regard, multipho-
ton excitation light-sheet illumination microscopy with NIR excitation enables col-
lection of high-contrast images [59].

Using multiphoton excitation light-sheet illumination microscopy, whole-body
lymph ducts of medaka fish can be visualized in vivo. For this purpose, a transgenic
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Lymphatic vessels

e

Fig. 7.10 In vivo 3D imaging of lymphatic vessels of medaka fish by multiphoton excitation
light-sheet illumination microscopy. Lymphatic vessels in FLT4-EGFP transgenic medaka were
visualized in vivo by multiphoton excitation light-sheet illumination microscopy

“see-through” medaka fish, in which the lymphatic vessels and some blood vessels
are visible in vivo, was prepared by introduction of a transgene consisting of the
medaka Feline McDonough Sarcoma (FMS)-like tyrosine kinase 4 (FLT4) pro-
moter driving the expression of enhanced green fluorescent protein (EGFP) [60]. As
shown in Fig. 7.10, lymphatic vessels and some blood vessels could be visualized in
vivo in the transgenic fish. Because a see-through medaka line is transparent until
adulthood, the model is useful for visualizing lymphatic vessels, not only in embryos
and fry, but also in adult. Thus, this model will be useful for analyzing lymphatic
development.

7.6  Conclusion and Perspectives

In this chapter, we reviewed technologies for visualizing the lymphatic system in
the context of clinical applications, including lymphangiography, lymphoscintigra-
phy, MRI, PET, CT, ultrasound, and fluorescence imaging. In vivo imaging of the
lymphatic system is clinically necessary during diagnosis or treatment of many con-
ditions and diseases, including cancer metastasis. We then described the use of in
vivo imaging technology in the experimental analysis of cancer and the lymphatic
system, focusing in particular on the usefulness of in vivo optical imaging technol-
ogy. It is difficult to observe deep tissues in vivo by fluorescence imaging due to the
large number of endogenous fluorescent substances, such as water and hemoglobin,
that either scatter light or emit autofluorescence. To solve this problem, several tools
and methods have been developed including NIR fluorescence probes and two-
photon excitation microscopy.
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Basic Aspect: Methodology
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Abstract

Initially, micrometastases in the regional lymph nodes (lymph node [LN] micro-
metastases; LNMs) were detected by immunohistochemical analysis of epithe-
lial markers, and the prognostic significance of LNMs has been a major focus for
many years. In addition, recent technological innovations have enabled us to
detect LNMs more accurately, with some techniques even showing promising
applications in the clinical setting. In this chapter, we will review the methodol-
ogy to detect LNMs, as follows. First, we will discuss the histopathological
method to detect LNMs including conventional hematoxylin and eosin (H&E)
staining and immunohistochemical analysis. Next, we will describe methods for
detection of cancer-associated mRNA and review quantitative reverse transcrip-
tion polymerase chain reaction (QRT-PCR) and the reverse transcription loop-
mediated isothermal amplification (RT-LAMP) method, which are currently
being used in the clinical setting. Third, genetic or epigenetic techniques to
detect LNMs will be discussed, and we will introduce methods to detect LNMs
by cancer-specific events, such as mutations and methylation. Finally, we will
describe future perspectives, such as potential discoveries related to LNMs, with
a specific focus on the development of new strategies for detecting LNMs.

Keywords
Immunohistochemistry - mRNA expression - Mutation - Methylation
Visualization - Malignant potential - Host factor

S. Ito - T. Masuda - Y. Kuroda - H. Eguchi - K. Mimori (><)
Department of Surgery, Kyushu University Beppu Hospital, Beppu, Japan
e-mail: kmimori @beppu.kyushu-u.ac.jp

© Springer Nature Singapore Pte Ltd. 2019 179
S. Natsugoe (ed.), Lymph Node Metastasis in Gastrointestinal Cancer,
https://doi.org/10.1007/978-981-10-4699-5_8

8


http://crossmark.crossref.org/dialog/?doi=10.1007/978-981-10-4699-5_8&domain=pdf
mailto:kmimori@beppu.kyushu-u.ac.jp

180 S.ltoetal.

8.1 Pathology of LNMs
8.1.1 Hematoxylin and Eosin (H&E) Staining

The TNM classification defines micrometastasis (MM) as being between 0.2 cm
and 0.2 mm at the greatest dimension [1]. Histopathological examination of regional
LNs is usually carried out on a representative section of the node with H&E staining
to ascertain whether metastasis is present. However, LNMs that cannot be detected
by H&E staining have been reported to be present in some carcinomas. Therefore,
specific antibodies to detect cancer cells may be required.

8.1.2 Examination of Serial Sections

Serial sectioning results in more accurate evaluation of the extent of LN metastasis
[2]. Natsugoe et al. [3] reported that an initial routine examination confirmed metas-
tasis in 19 LNs from 11 patients; however, when the LNs were reexamined in three
additional sections, metastasis was newly detected in another 9 nodes from 8
patients. The overall incidence of LN metastasis in 57 patients with sm gastric can-
cer was 19.3% (11/57) by the initial routine examination, but was as high as 29.8%
(17/57) following detailed reexamination. Therefore, it was necessary to determine
how many slides per LN are needed to detect MM.

This method is simple but time consuming, and problems can arise in determin-
ing how many sections are sufficient for detection of LNMs. Noura et al. [4] advo-
cated that examination of serial sections requires at least five sections because a
survey of five LN sections led to a superb detection rate for MM (11.8% of LNs and
45.9% of patients) compared with that achieved using 1- or 2-slice sections (3.8%
and 6.3% of LNs and 23.5% and 36.7% of patients, respectively).

8.1.3 Immunohistochemical Staining

According to previous reports, several antibodies, including anti-cytokeratin (CK)
antibodies (AE1/AE3, CAMS5.2, Ber-EP4, Lu-5, MNF116, 35pH11, O.N.352, KL1,
and CK20), can be used for immunohistochemical staining. For accurate results,
antibodies that can recognize multiple subtypes of CK should be used for immuno-
histochemistry (IHC), e.g., AE1/AE3 or CAMS.2 monoclonal antibodies.

CAMS.2 recognizes intracellular CK component numbers 8 and 18, which make
up an intermediate fragment representing the intracellular network of the cytoskel-
eton; this component is expressed only in simple epithelium. Additionally, AE1/
AE3 recognizes many CKs, including CK10, CK14, CK15, CK16, and CK19,
which are recognized by AE1, and CK1, CK3, CK4, CK5, CK6, CK7, and CKS,
which are recognized by AE3. Glandular cells contain CK7 and CK17 in epithelial
cells and CK8 and CK18 in basal cells, whereas squamous cells contain CK1 and
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CK10. Therefore, esophageal squamous cell carcinoma is positive for AE1/AE3 but
negative for CAMS.2.

The procedure for IHC was described by Maehara et al. [5]. Sections were
immunostained with monoclonal mouse antibodies against human CK (CAMS5.2).
Xylene was used to remove paraffin from the sections, and the sections were then
progressively hydrated in decreasing concentrations of alcohol. The sections were
covered with normal rabbit serum for 15 min to reduce nonspecific staining and
then incubated with a primary antibody at room temperature for 1 h. In their report,
420 LNs from 34 patients with node-negative early gastric cancer (EGC) were
examined after staining with the monoclonal antibody CAMS5.2 directed against CK
polypeptides expressed in all simple epithelium and all transformed cells derived
from epithelial cells. Fifteen of 420 (3.6%) LNs and 8 of 34 (23.5%) patients har-
bored CK-positive cancer cells.

Similarly, Cai et al. [6] reported that LNMs were found in 17 of 69 patients
(25%), with cancer-free nodes examined by H&E staining. Lee et al. [7] found scat-
tered tumor cells in LNs that could not be detected by routine H&E staining. In
patients with EGC, LNMs were found to be uncommon, with positivity detected in
only 13 of 1018 LNs. However, 28 LNs contained micrometastases in patients with
EGC. In all 28 LNs, only 1 or 2 scattered tumor cells were identified in the cortex
and subcapsular sinus. This suggested that conventional H&E staining frequently
failed to show LNMs in patients with EGC and that immunohistochemical staining
for MM may be more useful.

In the case of colorectal cancer, Noura et al. [4] considered multiple sectioning
and THC. Because they surveyed five sections, LNMs were detected at a high rate
(11.8% of LNs and 45.9% of patients) compared with those detected in 1- or 2-slice
sections, and subsequent analysis was performed based on the results obtained
through examination of the five sections. In total, 45 (45.9%) of 98 patients were
found to harbor MMs in 11.8% of 878 LNs examined.

Because the presence of LNM is an increasingly important issue in sentinel node
analysis, the diagnosis of node metastasis should be as accurate and fast as possible.
IHC requires time; however, a rapid IHC technique using frozen sections was estab-
lished [8]. This method, described below, could be applied to the intraoperative diagno-
sis of LN metastasis. First, LN samples were embedded in medium, frozen at —80 °C,
cut, and mounted on glass slides. All frozen sections were then cut at five additional
levels. The slides were placed in 100% acetone for 15-s and then air-dried. After a 15-s
rinse in Tris-buffered saline (TBS), sections were incubated for 5 min at room tempera-
ture with the monoclonal antibody cocktail AE1/AE3, which is reactive with a broad
spectrum of human CKs. After a 15-s rinse in TBS, the sections were incubated with
peroxidase-labeled polymer conjugated to primary antibody for 10 min. After briefly
rinsing once again in TBS, sections were incubated with the substrate chromogen for
5 min, counterstained with hematoxylin, and mounted with glycerin gelatin. The entire
rapid immunostaining procedure required only 30 min to complete.

Matsumoto et al. [8] reported that histological examination with H&E staining
revealed 36 metastatic nodes (17%) in 210 dissected nodes from 27 (34%) of
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79 patients (47 esophageal squamous cell carcinoma and 32 gastric adenocarci-
noma). Of 174 LNs diagnosed as not metastatic by H&E staining, LNMs were
newly detected in 12 LNs (7%) from 10 patients by rapid immunostaining.
Immunohistochemical examination therefore detected metastasis in a total of 48
(23%) of 210 dissected nodes, and the expression of CK by rapid IHC was similar
to that for conventional IHC.

Recently, not only MMs but also isolated tumor cells (ITCs) have been assessed.
To detect ITCs, combined techniques of serial sectioning and IHC staining are rec-
ommended. In one study, 1656 sections from 91 sentinel LNs of 15 patients were
evaluated by a pathologist; MM was found in 1 case, and ITCs were found in 1 case.
Overall, 2 out of 15 cases (13.3% of the patients) showed MM/ITCs by IHC stain-
ing. Thus, serial sectioning along with IHC was superior to serial sectioning and
routine H&E staining. The combined techniques of serial sectioning and IHC stain-
ing could be used to reassess the 13.3% of patients with colon cancer who were
found to be LN negative [9].

According to the above investigation, combining the methods of serial sectioning
and THC staining results in highly sensitive detection of LNMs in gastrointestinal
cancer. Moreover, the specificity of cancer cell detection in LNs using antibodies for
epithelial cells is a problem in clinical diagnosis. Cancer-specific single nucleotide
variations or copy number variations in LNs will be applied in future clinical work.
However, further studies of sentinel LNs are needed to overcome the limitations of
these time-consuming, costly techniques.

8.2 Detection of Cancer-Associated mRNAs in LNMs

The accurate diagnosis of LN metastasis in patients with gastric cancer is critical for
accurate staging and for planning additional treatments, such as postoperative adju-
vant chemotherapy. The detection of LN metastases is commonly performed using
conventional histological examinations, i.e., H&E staining of one section contain-
ing the largest dimension of the LN. However, LN metastases may be overlooked
because of the random distribution of cancer cells throughout the LN. More accu-
rate information about LN metastases can be obtained by conducting more detailed
histological examinations of many slides. However, this is time-consuming and
increases the workload of the surgeons and pathologists involved. Therefore, it
would be more ideal to replace such histological examinations with a quicker, sim-
pler approach.

Molecular biological approaches, such as reverse transcription polymerase
chain reaction (RT-PCR) and immunohistochemical staining, have been developed
for the detection of LNMs in patients with gastric cancer [10]. These methods
should be more sensitive and are expected to become alternatives to conventional
histological examination. In this section, we will focus on qRT-PCR and RT-LAMP,
which is currently being used in the clinical setting in some countries. These meth-
ods allow analysis of whole LNs, avoidance of sampling bias, and objective
quantification.
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8.2.1 Markers

Target mRNA markers should be highly expressed by epithelial malignant cells with
minimal expression in lymphoid tissue. Epithelial markers are usually used to detect
LN metastasis because epithelial components are highly and constantly expressed in
epithelial malignant cells and are not normally present in LNs. CKs, carcinoembry-
onic antigen (CEA), and squamous cell carcinoma-related antigen (SCC) are often
used for the detection of LN metastasis in gastrointestinal cancers [11].

8.2.2 qRT-PCR

RT-PCR is a technique commonly used in molecular biology to detect mRNA
expression. In RT-PCR, the mRNA template is first converted into complementary
DNA (cDNA) using a reverse transcriptase. The cDNA is then used as a template for
exponential amplification by PCR using thermal cycling, i.e., cycles of heating and
cooling. qPCR is used to quantitatively measure the amplification of DNA by
employing fluorescent dyes. Currently, there are four different fluorescent DNA
probes available for the real-time detection of PCR products: SYBR Green, TagMan,
Molecular Beacons, and Scorpions. All of these probes allow the detection of PCR
products by generating a fluorescent signal. While the SYBR Green dye emits its
fluorescent signal simply by binding to the double-stranded DNA in solution, the
TagMan probes, Molecular Beacons, and Scorpions generate fluorescence depen-
dent on Forster resonance energy transfer (FRET) coupling of the dye molecule and
a quencher moiety to the oligonucleotide substrates [12].

Multiplex PCR refers to the use of PCR to amplify several different targets
simultaneously to increase sensitivity and specificity [13]. This process amplifies
cDNA in samples using multiple primers and a temperature-mediated DNA poly-
merase in a thermal cycler. This is also important when sample input is limited. The
primer design for all primer pairs has to be optimized so that all primer pairs can
work at the same annealing temperature during PCR.

Numerous studies have reported that RT-PCR can detect MM in a background of
normal cells and has the potential to overcome the limitations of conventional his-
tological examination. However, this method still has some restrictions with regard
to its clinical applications in rapid, intraoperative analysis. Namely, qRT-PCR can
be a labor-intensive and time-consuming process owing to the multistep processes
of RNA isolation, RT, and PCR. Moreover, these procedures are prone to contami-
nation and RNA degradation, resulting in possible false positives and false nega-
tives, despite the recent technological improvements [14].

8.2.3 RT-LAMP

RT-LAMP is a new nucleic acid amplification method that, similar to RT-PCR, uses
reverse transcriptase to generate cDNA from RNA. The target cDNA is then
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amplified using DNA polymerase and a set of four specific primers that recognize a
total of six distinct sequences on the target cDNA under isothermal conditions, pro-
viding high specificity, efficiency, and rapidity [15]. This method measures the time
taken to exceed a predetermined threshold turbidity caused by magnesium pyro-
phosphate, a by-product of the amplification reaction. The one-step nucleic acid
amplification (OSNA) assay (Sysmex, Kobe, Japan) is an automated system for
rapid and quantitative detection of CK79 mRNA using RT-LAMP [16]. This method
is specifically advantageous because it can be carried out quickly in one step with a
low false-positive rate [17]. Moreover, this method is very cost-effective because
there is no need for the expensive thermocycling equipment that is necessary for
PCR. The detailed procedures are described in the manufacture’s protocol.
RT-LAMP has been used to diagnose infectious diseases caused by bacteria or
viruses [18].

A disadvantage of this method is the generation of the sequence-specific primers,
except for primers targeting CK79. For each LAMP assay, primers must be specifi-
cally designed to be compatible with the target DNA. However, free software called
Primer Explorer, developed by Fujitsu in Japan, is available to aid in the selection of
these primers.

A comparison of pathological examination, qRT-PCR, and RT-LAMP for detect-
ing LN metastasis is shown in Table 8.1. RT-LAMP (OSNA) is considered to be
comparable to pathological examination in terms of the ability to detect LN metas-
tasis and has been increasingly widely applied to the intraoperative investigation of
sentinel LNs [19, 20]. In fact, for CK19, RT-LAMP serves as an alternative to path-
ological examination in patients with breast cancer in Japan [21]. Furthermore, this
assay for CK19 in patients with gastric and colorectal cancer has been covered by

Table 8.1 Comparison of pathological examination, qRT-PCR, and RT-LAMP for detecting
lymph node metastasis

RT-LAMP
Pathological examination qRT-PCR (OSNA)
Judge Pathologist Automated Automated
Method Morphology Molecular biology Molecular
biology
Marker HE staining Multiplex CK19
Target tissue One section Whole Whole
Diagnosis
Sensitivity/specificity | Depends on the pathologist | High, but false High
positive
Quantification — + +
Objectivity - + +
Time requirement Cytology: 20 min, 1-2h 30 min
histology: 30 min
Protocol Depends on the pathologist | Depends on the Standardized
researcher
Clinical application + - +
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the public health insurance of Japan since 2013. OSNA is expected to be assessed
for clinical applications in gastrointestinal cancers in the future.

8.3  Detection of Genetic and Epigenetic Changes in LNMs

Meta-analyses have shown that MMs in regional LNs detected by immunohisto-
chemical approaches or molecular techniques, such as RT-PCR, are significantly
associated with poor prognosis in node-negative colorectal cancer based on the con-
ventional histopathologic method [22]. According to the adenoma carcinoma
sequence model for the evolution of colorectal cancer, mutations in K-ras, APC, and
TP53 are representative driver events indicating the clonal distinction of malignant
cells. These mutations should potentially be useful and precise molecular markers
of small numbers of colorectal cancer cells in LNs or distant organs [23].

8.3.1 Cancer-Specific Mutations in Driver Genes

Hayashi et al. have detected a small number of cancer cells by screening for K-ras
and p53 gene alterations using mutant allele-specific amplification (MASA) analy-
sis in LNs negative for tumor cells by conventional histopathologic analysis [24]. In
their study, 22 colorectal cancers were screened for K-ras and p53 mutations.
Fourteen cases were found to harbor genetic alterations; six of the primary tumors
contained certain K-ras mutations, and nine contained p53 mutations (mutations in
both genes were found in one tumor). Four cases were positive by both histological
and genetic diagnoses, three cases were negative by both histological and genetic
diagnoses, and seven cases were negative by histology but positive by genetic
diagnosis.

8.3.2 Cancer-Specific Methylation

In addition to genetic alterations, cancers also often exhibit silencing of tumor-
suppressor genes due to hypermethylated promoters. Cancer-specific hypermethyl-
ation of normally unmethylated CpG islands in the promoter regions of many key
cancer-related genes, including p16, p15, E-cadherin, and VHL, correlates with loss
of transcription in human tumors [25]. Sanchez-Cespedes et al. examined both
genetic (K-ras and p53 gene mutations) and epigenetic (p/6 promoter hypermethyl-
ation) molecular markers in perihepatic LNs from patients with colorectal cancer
with isolated liver metastases [26]. A sensitive oligonucleotide-mediated mismatch
ligation assay was used to search for the presence of K-ras and p53 mutations in
occult disease in 68 of 80 LNs positive for these gene mutations from 21 patients
with colorectal cancer. Promoter hypermethylation at the p/6 tumor-suppressor
gene was examined in both liver lesions and LNs using methylation-specific PCR
(MSP). Sixteen of the 21 (76%) liver metastases harbored either gene point



186 S.ltoetal.

mutations or p/6 promoter hypermethylation. Twelve of the 68 LNs were positive
for tumor cells by molecular evaluation and negative for tumor cells by histopathol-
ogy and CK IHC, whereas none were positive for tumor cells by histopathology or
negative for tumor cells.

Approaches for genetic alterations of malignant cells tend to be absolutely spe-
cific because they detect genetic abnormalities present only in the neoplastic DNA
and not in the normal DNA. Therefore, genetic-based methods are more sensitive
than conventional histology for detecting MM colorectal cancer cells. However,
these genetic approaches are limited by the ability to detect specific genetic or epi-
genetic alterations in primary tumors. In the future, studies are needed to develop
more accurate approaches to identification of a number of gastrointestinal cancers
using next-generation sequencing of target sequences by selecting effective genetic
alterations to detect LNMs.

8.4 Future Perspectives

To date, various biological techniques, such as IHC and RT-PCR, have been devel-
oped. However, several technical obstacles are interfering with the routine use of
these methods in clinical practice. For example, these methods are not sufficiently
accurate (i.e., may yield false positives and false negatives), are labor intensive, and
are not cost-effective. Although major advancements in our knowledge of the molec-
ular and cellular biology of new lymphatic vessels through lymphangiogenesis and
the remodeling of existing lymphatics in cancer has been made in the past decade, we
still need to improve our understanding of tumor metastasis to LNs in order to
improve diagnostic approaches for detection of LNMs. In this section, we will review
potential approaches for the detection of LNMs and discuss future perspectives with
a specific focus on the development of new strategies for detecting LNMs.

8.4.1 \Visualization of LNMs

Detection of tumor draining LNs, particularly first draining LNs (sentinel LNs), is
frequently necessary during surgery in patients with breast cancers and melanomas
and can be carried out using peritumoral tracer injection, such as dyes and radioiso-
topes. Imaging approaches that may allow cancer cells to be monitored in vivo are
currently being developed.

Fluorescence-guided surgery has attracted the attention of many clinicians and is
an area of intense research. To date, conventional imaging modalities, such as com-
puted tomography and magnetic resonance imaging, cannot differentiate between
adenopathy related to inflammation and that caused by deposition of cancer cells
preoperatively. Moreover, the unaided human eye also cannot detect LNMs during
surgery. Recently, a rapidly activatable, cancer-selective fluorescence imaging
prove, y-glutamyl hydroxymethyl rhodamine green (gGlu-HMRG), was developed
[27]. This fluorescence-based technique relies on the fact that activation occurs by
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rapid cleavage of glutamate by y-glutamyltranspeptidase (GGT), which is not
expressed in normal tissue, but is overexpressed on the membranes of cancer cells.
This technique was initially applied to breast cancer. Breast cancers smaller than
1 mm in size were discriminated from normal mammary gland tissues, with high
sensitivity (92%) and specificity (94%), within only 5 min after gGlu-HMRG
administration [28]. In addition, in LNs of patients with breast cancer, this fluores-
cent method was also found to be useful for visualizing breast cancer cells with high
sensitivity (97%), specificity (79%), and negative predictive value (99%) [29]. Since
LNMs are defined as microscopic deposits of malignant cells with a largest dimen-
sion of 0.2-2 mm, this technique may theoretically be able to detect LNMs. This
technique will not only reduce the manpower, cost, and labor requirements com-
pared with those of intraoperative pathological analysis using frozen sections but
will also offer the advantages of rapidity, safety, and convenience. Additionally,
telomerase-dependent adenovirus (OBP-401), which expresses the gfp gene only in
cancer cells, has been used successfully for complete resection of colon cancer liver
metastasis in a mouse model [30]. This fluorescence virus-guided approach was
also useful to detect circulating tumor cells (CTCs) in clinical blood samples from
patients with gastric and colorectal cancer [31, 32].

Recently developed in vivo imaging approaches have the potential for clinical
applications based on the visualization of tumor-induced changes, such as LN lym-
phangiogenesis and lymphatic flow through draining LN instead of the tumor cells
themselves [33]. LN lymphangiogenesis can be found in tumor-draining LNs prior
to the actual onset of lymphatic metastasis, indicating the formation of a premeta-
static niche, which is a favorable microenvironment at future sites of metastasis
[34]. Lymphatic vessel endothelial hyaluronan receptor 1 (LYVE]) is a protein that
has been used for identification of lymphatic vessels [35]. In a mouse model of
melanoma, immune-positron emission tomography (I-PET) with a '>*I-radiolabeled
anti-LYVELI antibody was used to detect LN metastases that could not be detected
by [¥F]fluorodeoxyglucose-PET, which is used to detect cancer metastases in clini-
cal practice [36]. Moreover, near-infrared (IR) imaging of an intradermally injected
liposomal formulation of ICG enabled quantification of lymphatic flow in a mouse
model of melanoma [37]. Polyethylene glycol conjugates of bright near-IR dye, a
class of much brighter near-IR dyes, were developed and enabled the visualization
of tumor-draining lymphatic vessels [38]. Further studies are required to evaluate
the usefulness of these direct and indirect visualization approaches of cancer cells
in more detail.

8.4.2 Malignant Potential of Cancer Cells Forming LNMs:
An Approach Based on Cancer Cells Properties

Cancer is a heterogeneous disease, and not all cancer cells possess the same pheno-
types, including metastatic potential through LNs. Therefore, colonization of cancer
cells is not definitely associated with physical dissemination based on the fact that
not all multiple MMs in LNs have progressed to macroscopic metastatic tumors.
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The biological signatures of cancer cells, such as the epithelial-to-mesenchymal
transition (EMT) and cancer stemness, are considered part of the essential meta-
static phenotype. Therefore, these properties would be a potential diagnostic marker
of the malignant phenotype in LNMs.

The EMT is a biological process in which epithelial cells acquire a mesenchymal
cell phenotype. In the primary tumor, cancer cells induce local dissemination
through the EMT and invade into the lymphatic system. Transcriptional factors,
such as Slug, Snail, Twist, and Zeb1, have been suggested to have a role in inducing
the EMT. In intrahepatic cholangiocarcinoma, altered expression of ZEBI1 is associ-
ated with LN metastasis [39]. In gastric cancer, C-C motif chemokine receptor 7
(CCR7) enhances the transforming growth factor (TGF)-fl-induced EMT and
facilitates LN metastasis [40]. In colorectal cancer, non-coding RNAs (ncRNAs),
particularly microRNAs (miRNAs), such as miR-92a and miR-187, are also
involved in the EMT process [41, 42]. Thus, expression of these EMT-associated
factors could be promising future diagnostic markers.

Cancer stem cells (CSCs) are thought to be responsible for tumor initiation,
resistance to chemotherapy and radiation, invasive growth, metastasis, and tumor
relapse in gastrointestinal cancers, such as esophageal, stomach, and colorectal
cancers [43]. CSCs are capable of self-renewal, multipotency, tumorigenicity, and
metastatic potential. If CSCs are the only subsets of cells capable of initiating new
tumor growth, then CSCs must be involved in the metastatic process. For example,
lymphatic vessels in metastatic tissues stimulate the metastasis of cancer cells that
express CXC-chemokine receptor 4 (CXCR4) and the stem cell marker CD133 to
target organs by secretion of stromal cell-derived factor-1 (SDF-1) [44]. Since
gastrointestinal CSCs express unique surface markers, such as CD133, CD44, and
aldehyde dehydrogenase-1 activity [43], these markers would be useful for detection
of the malignant phenotype of cancer cells in LNMs.

8.4.3 Monitoring Changes in the Microenvironment Associated
with LNMs: An Approach Based on Host Factors

Although the molecular mechanisms of tumor cell migration and metastasis to LNs
are not fully characterized, the “seed and soil” hypothesis is now widely accepted.
According to this hypothesis, metastasis is determined both by cancer cell charac-
teristics and by the host microenvironment. Host cells, including macrophages,
mesenchymal stem cells, and bone marrow-derived cells, have attracted much atten-
tion because they form a favorable microenvironment (“soil”), also called a pre-
metastatic niche, for cancer cells [45].

Cancer cells are thought to use chemokine-mediated mechanisms during the pro-
cess of LN metastasis of cancer cells. Isolated cancer cells from primary cancers are
guided to the premetastatic niche by chemokines from the host cells. Various tumor
models have shown that cancer cells expressing certain chemokine receptors show
increased rates of LN metastasis in the presence of appropriate chemokines. For
example, expression of CCR7 by cancer cells has been detected and found to be
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associated with increased LN metastasis in gastric cancer and colorectal cancer [46,
47]. In our previous report, the FBXW7/NOTCH/CCL2 pathway was also shown to
play an essential role in the regulation of the premetastatic niche [48]. Moreover, the
CCL1 chemokine produced by LN lymphatic sinuses mediates the LN entry of
CCRS8-expressing melanoma cells, whereas the CCR8 blockade reduces LN metas-
tasis [49]. Thus, chemokines have the potential to provide large amounts of biologi-
cal information due to their essential roles in mediating tumor cell entry into LNs.

The lymphatic vasculature is essential for immune function. The immune
surveillance theory proposed that cells are constantly monitored by the immune
system, which is responsible for recognizing and eliminating the majority of cancer
cells. However, cancer cells metastasize to LNs via lymphatic vessels. One reason
is that lymphatic endothelial cells (LECs) express major histocompatibility com-
plex (MHC) class I and MHC class II molecules and function as antigen-presenting
cells to induce self-tolerance [50, 51]. In addition, lymphatic vessels may provide
an immunoprotective microenvironment through chemokine secretion. CCL21 can
shift the host immune response from immunogenic to tolerogenic, which can facili-
tate tumor progression [52]. Moreover, vascular endothelial growth factor (VEGF)-C
and associated LN lymphangiogenesis have been shown to suppress antitumor
immunity and drive disease progression and metastasis in a melanoma model [53].

Thus, detecting host-side markers, such as chemokine that induce LNMs and
molecules that induce immune tolerance, may be useful for the prediction of LN
metastasis as well as the detection of LNMs.

8.4.4 Miscellaneous Factors

Recently, exosomes, i.e., small membrane-enveloped vesicles containing functional
biomolecules, such as protein, RNA, and DNA, have received attention in the field
of intercellular communication. Tumor-derived exosomes may contribute to LN
lymphangiogenesis as part of the premetastatic niche [54]. Exosomes are also
expected to be useful biomarkers because they are remarkably stable.

A large number of transcripts in the human genome are ncRNAs, including miR-
NAs and long non-coding RNAs (IncRNAs). MiRNA are molecules of around 22
nucleotides in length that regulate target gene expression at the posttranscriptional
level. Aberrant expression of miRNAs has been detected in various types of cancers
and has been shown to promote or suppress metastasis [55, 56]. LncRNAs are
defined as molecules greater than 200 nucleotides in length that are devoid of an
apparent open reading frame. Aberrant expression of IncRNAs frequently occurs in
gastrointestinal cancers and plays important roles in cancer metastasis [57].

Recent cancer genome-wide analyses revealed the presence of intratumor het-
erogeneity within individual tumors as well as intertumor heterogeneity among
patients [58]. The existence of multiple clones in a single tumor mass presumably
results in the development of drug resistance in tumors. In our recent study, we
demonstrated the presence of intratumor heterogeneity in colorectal cancer by ana-
lyzing samples obtained from geographically separated regions of nine colorectal
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tumors [59]. In two of nine cases, samples from liver metastasis were obtained, and
metastatic lesions contained mutations in the same driver genes as those observed in
the primary colorectal tumor. These findings suggested that metastatic lesions may
include mutations in the same driver genes as those in the primary tumor. Therefore,
mutations in driver genes in primary tumors may become markers to detect LNMs.
Extensive characterization of the cancer genome in the primary tumor will identify
which gene mutations in cancer cells are associated with patterns of gene expression
that favor metastasis through the lymphatics. Furthermore, identification of genetic
prerequisites required for metastatic properties in primary tumor cells may lead to
early detection of LNMs. In the near future, molecular biological techniques, such
as next-generation sequencing and single-cell analysis of primary tumor cells, will
likely help to clarify the malignant potential of cancer cells in LNMs to develop
metastatic lesions. Considering the treatment strategies for gastrointestinal cancers,
we should be more careful in the diversities of metastatic tumors in LNs as well as
heterogeneity of primary tumors.

8.4.5 Future Directions

Despite improvements in surgical techniques, general patient care, and systemic
adjuvant therapies, most deaths from cancer result from metastasis. Since LNMs
can be prognostic factors for patient survival, early detection of LNMs that have
malignant potential could be used to determine the optimal therapeutic strategy,
such as the choice of adjuvant therapies and the decision for regional LN dissection
during surgery. In particular, when we perform minimally invasive surgery, such as
sentinel LN navigation surgery, to maintain a balance between curability and qual-
ity of life, there is a great need for the identification of biomarkers to aid in the rapid
and accurate diagnosis of LNMs. In the near future, genome-wide functional
approaches that identify the genomic, transcriptional, and proteomic changes in
cancer cells may be used to elucidate important signaling pathways that could be
potential diagnostic targets. Ideally, reliable assays for detecting increased concen-
trations of targets in the blood should also be required to reduce invasiveness and
improve simplicity. Ultimately, comprehensive assessments of detection methods
and target genes as well as labor of medical staffs and cost-benefit analysis for
medical economy are needed. Therefore, it is critical to improve our understanding
of the characteristics of metastatic cells that will allow us to detect LNMs.
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Abstract

Lymph node micrometastasis (LNM), including isolated tumor cells (ITC), has
recently been the focus of study for the development of a biological method to
detect lymph node metastasis in various malignant neoplasms. The applicability
of immunohistochemistry (IHC) and reverse transcription-polymerase chain
reactions (RT-PCR) to the detection of LNM in esophageal cancer has already
been reported. However, the clinical significance of LNM currently remains
unclear in patients with esophageal cancer. The presence of LNM is clinically
important in patients without nodal metastasis in a routine histological examina-
tion (pNO) because patients with pNO, but also with LNM already exhibit meta-
static potential. Accurate evaluations need to be performed using the same
antibody or primer as well as the same technique in a large number of patients. A
rapid diagnosis of LNM using IHC and RT-PCR during surgery will be clinically
useful. Minimally invasive treatments such as endoscopic submucosal dissection
and laparoscopic surgery with individualized lymphadenectomy are now being
increasingly performed in consideration of postsurgical quality of life (QOL).
However, it is important to maintain the balance between QOL and curability
when selecting surgical treatments for patients with esophageal cancer. We
reviewed the clinical significance of LNM as an important strategic target in
patients with esophageal cancer.
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9.1 Introduction

One of the characteristics of a malignant tumor is its ability to metastasize. If a
tumor exhibits high malignant potential, metastasis is often detected in a wide range
of areas. The prognosis of esophageal cancer is poor. It frequently metastasizes to
any of a number of lymph nodes, including the cervical, mediastinal, and abdominal
lymph nodes. Lymph node metastasis is one of the most important prognostic fac-
tors in patients with esophageal cancer [1, 2]. Even if complete lymph node dissec-
tion is performed in patients with early cancer, recurrent disease is sometimes
encountered. Therefore, in Japan, radical lymph node dissection, such as extended
three-field lymphadenectomy, is performed on patients with esophageal cancer.
However, this type of surgical procedure in patients with esophageal cancer is asso-
ciated with a higher incidence of postoperative complications and hospital mortality
than surgical treatments for patients with other gastrointestinal tract cancers [3-5].
If it is possible to perform minimally invasive surgery to treat esophageal cancer, the
mortality rate after surgery and postsurgical quality of life (QOL) may be improved.
There are currently several therapeutic strategies in the clinical management of
patients with early esophageal cancer. Regarding surgical treatments, minimally
invasive surgery, such as endoscopic mucosal resection (EMR), endoscopic submu-
cosal dissection (ESD), and blunt dissection, are selected and performed based on
the stages and preoperative conditions of patients [6, 7]. In surgical procedures, the
clinical efficacy of sentinel node navigation surgery (SNNS) has been investigated
in patients preoperatively free of lymph node metastasis (cNO), and many investiga-
tors have reported that SNNS is applicable to patients who are preoperatively diag-
nosed with c¢T1 and cNO esophageal cancer [8—10]. Since patients who undergo
esophagectomy with standard lymphadenectomy have a promising prognosis, onco-
logical curability needs to be secured in patients receiving less-invasive treatments,
such as ESD and SNNS; disease recurrence following less-invasive treatments is
undesirable. Accordingly, the precise assessment of the intraoperative lymph node
status is extremely important in the strategic process when performing less-invasive
treatments.

A histological examination for lymph node metastasis is typically performed
using representative sections from the removed nodes. However, lymph node micro-
metastasis (LNM) may be identified in multiple sections of lymph nodes despite not
being detected by a routine histological examination using hematoxylin and eosin
(HE) staining. Even in early gastric cancer, lymph node metastasis was detected in
10.5% of patients when additional sections of nodes were examined [11]. However,
these procedures are labor-intensive and not cost-effective in active clinical prac-
tice. To date, several investigators have demonstrated the clinical impact of LNM
identified by immunohistochemistry (IHC) [12—14]. Furthermore, real-time reverse
transcription-polymerase chain reactions (RT-PCR) have been reported to detect
LNM better than IHC [15-17]. However, few studies have focused on SN mapping
based on LNM assessed by RT-PCR in patients with esophageal cancer.

This review will focus on the clinical significance of LNM as an important thera-
peutic target in esophageal cancer, including recent advances.
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9.2 Definition of LNM

Historically, several terms for very small metastatic foci have been used, including
occult metastasis, harbored metastasis, tumor microinvolvement, and tumor depos-
its. Micrometastasis (MM) is currently defined according to the criteria of the
tumor—node—metastasis (TNM) classification established by the International Union
Against Cancer (UICC) in 2002 [18] and is completely differentiated from isolated
tumor cells (ITC) by size [19]. ITC represent either single tumor cells or small clus-
ters of cells measuring <0.2 mm at their greatest dimension and are commonly
identified by IHC, but may also be confirmed by routine HE staining. Moreover,
ITC do not basically demonstrate evidence of metastatic activity, such as prolifera-
tion or a stromal reaction, or the penetration of vascular or lymphatic sinus walls.
Patients with ITC in the lymph nodes are staged as pNO (i+). On the other hand,
MM refers to tumor cell clusters measuring >0.2 mm, but <2.0 mm at the greatest
dimension. Patients with MM in the lymph nodes are staged as pN1 (mi).
Furthermore, patients with node positivity diagnosed by non-morphological find-
ings using RT-PCR are staged as pNO (mol+).

9.3 Detection of MM

Many researchers have reported several procedures for the detection of LNM in
patients with esophageal cancer. The development of sensitive IHC techniques and
RT-PCR has led to the detection of LNM that cannot be found in routine histological
examinations. IHC as well as conventional HE staining has been clinically utilized
as a standard tool for detecting LNM in esophageal cancer. Furthermore, due to
advances in molecular biological techniques, RT-PCR is now available for the
detection of LNM. Epithelial markers are commonly used to identify LNM in
IHC. Cytokeratin (CK) is representative of epithelial markers. According to previ-
ous studies, CK AE1/AE3 and CAMS5.2 monoclonal antibodies are often used for
IHC [9, 13, 14, 20-28]. Each technique has specific advantages and disadvantages.
Since IHC is relatively simple and has the capacity to morphologically identify a
single tumor cell or small clusters of tumor cells in lymph nodes, it is a technique
this is available in many institutions. Matsumoto et al. [29] established a rapid IHC
procedure with the ability to diagnose LNM within 30 min, and this procedure has
recently been applied to the detection of LNM during surgery for upper gastrointes-
tinal tract cancer, including esophageal cancer. However, difficulties are associated
with selecting a sufficient number of sections for the detection of LNM. Noura et al.
[30], in a study on 98 patients with colorectal cancer, demonstrated that the diagno-
sis of LNM by immunostaining requires staining of at least five slices and therefore
is expensive, and generates false-negatives.

On the other hand, RT-PCR offers an objective method for estimating LNM. In
RT-PCR assays, several epithelial markers may be used to detect LNM in lymph
nodes; however, one of the key issues is selecting what kind of marker is suitable for
each carcinoma. CK, carcinoembryonic antigen (CEA), and squamous cell
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carcinoma-related antigen (SCC) are typically used for the detection of LNM in
esophageal cancer. CEA, CK, and Mucin 1 (MUC 1) are used as target markers of
LNM [9, 31-34]. CEA is an epithelial-specific antigen that is expressed in most
cancers as well as in normal gastrointestinal tissues [35]. The MUCI1 gene is one of
the specific markers of epithelial tissues that does not appear in normal lymph nodes
[36, 37]. Epithelial markers are generally available for the detection of LNM
because epithelial components are not normally present in the lymph nodes.
Although this approach offers high sensitivity for detecting low numbers of occult
cancer cells in lymph nodes, false-positive results are sometimes obtained as a result
of contamination and the presence of pseudogenes. Moreover, false-negatives may
be obtained due to the heterogeneous expression of a target marker. Therefore, a
detailed assessment using a multiplex RT-PCR assay is currently recommended in
order to decrease the rate of false-negative results [38].

In order for RT-PCR assays to be applied as an intraoperative diagnostic tool for
the detection of LNM, they need to enable rapid analyses during surgery and retain
high sensitivity and specificity. Yanagita et al. reported the clinical availability of
another RT-PCR assay named the SmartCycler system as an intraoperative diagnos-
tic tool for detecting LNM in patients with gastric cancer [39]. The reverse tran-
scription of cDNA from target mRNA and the amplification of cDNA are
automatically performed by one step in this system. Moreover, the SmartCycler
system using a prototype kit may assess the expression of CEA and CK 19 mRNAs
and complete the detection of lymph node metastasis within approximately 40 min.
According to their study on 47 overt metastatic lymph nodes from 8 patients with
advanced gastric cancer and 22 benign lymph nodes from patients without malig-
nant tumors, the sensitivity of the multiplex assay using double markers was 100%.
Since the further development of RT-PCR assays will continue in the future, this
molecular system may be a promising tool for the intraoperative detection of LNM
when performing minimally invasive surgery with personalized lymphadenectomy
on patients with esophageal cancer.

9.4 Incidence of MM in Esophageal Cancer

Several studies have investigated LNM detected by IHC in esophageal cancer
(Table 9.1) [9, 13, 14, 20-28, 40, 41]. Marked differences were noted in the number
of patients and dissected lymph nodes, the depth of tumor invasion, antibodies used
for IHC, and the number of node sections assessed by IHC. LNM is basically
defined as the presence of a single or small clusters of esophageal tumor cells identi-
fied by IHC in pNO lymph nodes assessed by HE staining [9, 14, 20, 21, 23, 25-27,
40]. The incidence of LNM ranged between 8.1 and 55.5% in all studies. Since the
diagnosis of LNM was based on morphology, this discrepancy may be due to the
estimations performed by each author. Shiozaki et al. [23] conducted a multi-
institutional study and the results of LNM were compared between institutional
researchers and pathologists. Among 164 patients with pNO, 51 patients were diag-
nosed as MM-positive by institutional evaluations, whereas pathologists only
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identified 25 patients with MM-positive lymph nodes. Institutional positivity for
MM was negated by these pathologists for the following reasons: (1) lack of nuclei
in CK-positive cells; (2) location of stained cells outside the lymph node structure;
or (3) stained cells with morphologically different appearances from cancer cells or
epithelial cells. If the evaluation of LNM detected by IHC differs between each
institution, the results from different studies will also naturally be different.
Therefore, common criteria for identifying LNM using IHC are necessary. Even
patients with mucosal and submucosal tumors have 10% or more LNM in pNO
esophageal cancer [21, 24]. Tanabe et al. [24], in a study on 46 node-negative
patients with pT1 tumors, such as mucosal and submucosal tumors, reported a high
incidence (26.1%) of LNM by IHC using a CK AE1/AE3 antibody. Furthermore,
patients with deeper tumor invasion showed a slightly higher incidence of LNM
than those with pT1 tumors in pNO esophageal cancer. Matsumoto et al. [14] showed
that LNM was identified by IHC in 1 (4.3%) out of 23 node-negative patients with
pT1 tumors, but in 32 (88.9%) out of 36 node-negative patients with pT2 or pT3
tumors. Similarly, Sato et al. [27] detected LNM by IHC in 13 (54.1%) out of 24
node-negative patients with pT2-pT4a tumors.

Table 9.2 summarizes studies on LNM assessed by RT-PCR in patients with pNO
esophageal cancer. According to these studies, simplex or multiplex RT-PCR assays
using target molecular markers were performed for the detection of LNM in patients
with esophageal cancer [9, 31-34]. Hagihara et al. compared the incidence of LNM
between IHC and RT-PCR assays in 1284 lymph nodes obtained from 50 patients
with pNO esophageal cancer [9]. Lymph nodes were cut into two blocks at the plane
of the largest dimension. Half of each lymph node was then used in an RT-PCR
analysis of CEA and SCC mRNA and sections of the remaining halves were stained
for IHC using CK AE1/AE3 mAb. LNM was identified in 4 out of 50 patients
(8.0%) and in 19 out of 1284 nodes (1.5%) by IHC, whereas RT-PCR assays detected

Table 9.2 RT-PCR studies in patients with esophageal cancer

Prognostic significance | Yes Yes Yes Yes -

P <0.0001 0.0023 0.004 0.0001 -

5-year survival (positive | — - 18.8 vs. 21.7 vs. -

vs. negative) 47.6% 62.7%

No. of patients with 11(36.7) 5(14.7) 32(344) 23(28.1) [4(8.7)

micrometastasis (%)

Markers CEA CK19, MUC1 MUC1 CEA, SCC

TACSTD-1

Method RT-PCR RT-PCR RT-PCR RT-PCR RT-PCR

Histological type SCC,AC | AC SCC SCC SCC, AC

Depth of invasion T1-T3 Tis-T3 T1-T3 T1-T3 T1-T2

Total no. of LNs 387 314 426 501 —

No. of patients 30 34 93 82 46

Study Godfrey Xi et al. Lietal. Sunetal. |Hagihara
et al. et al.

Years 2001 2005 2007 2011 2013




9 Clinical Aspect: Esophageal Cancer 201

LNM in 7 patients (14.0%) and 25 nodes (1.9%) [9]. Only 3 out of the 25 LNM
were detected by RT-PCR [9]. On the other hand, only one LNM was detected by
IHC alone [9]. These findings indicate that an RT-PCR assay is the most sensitive
tool for detecting LNM in patients with esophageal cancer.

9.5 Clinical Significance of MM

A large number of studies have investigated the clinical impact of LNM in various
malignant tumors, such as breast cancer, non-small cell lung cancer, gastric cancer,
colorectal cancer, pancreatic cancer, and biliary cancer [42-49]. Although many
investigators have also demonstrated the clinical significance of LNM in patients
with esophageal cancer, it currently remains controversial [9, 13, 14,20-28, 40, 41].

Shiozaki et al. [23], in a study on 164 esophageal cancer patients with pT1-3NO
tumors, reported that 51 out of 164 patients with pNO were diagnosed as LNM-
positive by institutional evaluations, and LNM based on an institutional diagnosis
did not have a significant impact on survival. Based on diagnoses made by patholo-
gists, LNM, including IHC-positive single cells and clusters, did not have a clinical
impact on survival, whereas metastasis with clusters of IHC-positive cells only had
a significant clinical impact on prognosis, with 5-year overall survival rates of 20%
and 70%, respectively. They indicated a need to correlate MM-IHC-positive cells
with the morphological aspects of stained cells and that only LNs with clusters of
stained cells are prognostically significant in esophageal carcinoma. They suggested
that patients with clusters of positive cells showed worse prognoses if they had
pathologically positive lymph nodes, which suggests that cluster-type-positive cells
in lymph nodes are a biological feature of malignant potential in esophageal carci-
noma. Zingg et al. [41], in a study on 86 esophageal cancer patients (32 with squa-
mous cell carcinoma and 54 with adenocarcinoma), reported that there was no
significant difference in the frequency of LNM between adenocarcinoma and squa-
mous cell carcinoma (11.3% vs. 3.1%, p = n.s.). In this study, the definition of LNM
was as follows: intra-nodal tumor cell infiltrates measuring between 0.2 and 2 mm
were classified as MM, while those measuring less than 0.2 mm were classified as
ITC according to the proposition of Hermanek et al. [50]. Cytokeratin-positive
material devoid of any evidence of vital nuclei was classified as “avital cytokeratin-
positive material” (ACPM). They demonstrated that IHC-negative patients with
squamous cell carcinoma showed significantly better overall survival (p < 0.02) and
disease-free intervals (p < 0.01). No significant differences were observed in adeno-
carcinoma. They identified differences in biological behavior and outcomes, indi-
cating that it is inappropriate to treat adenocarcinoma and squamous cell carcinoma
as one entity. Kinjo et al. [20], in a study on 77 esophageal cancer patients with
pT1-pT4 tumors, classified each esophageal tumor into 1 of 3 categories in accor-
dance with the sixth edition of the Tumor-Node—Metastasis (TNM) Classification
of Malignant Tumors, a cancer staging system developed by the International Union
Against Cancer (UICC), based on the relationship between the initial tumor status
and applicability of upfront RO resection for esophageal cancer. In terms of tumor
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categories, IHC-positive LNM was present in 12 (30%), 11 (52.4%), and 11 (68.8%)
of 40, 21, and 16 Category 1, 2, and 3 patients, respectively. A significant difference
in the frequency of IHC-positive LNM was observed among these three patient
groups (p = 0.019). They also reported that 5-year survival rates in patients with or
without LNM were 42.5% and 61.8%, respectively. However, the survival rates
were not significantly different according to the presence or absence of micrometas-
tasis by immunostaining, although the 5-year survival rate of 27 cases positive for
both lymph node metastasis by HE staining and micrometastasis by immunostain-
ing was 30.6%, significantly different from 65.1% in the remaining 50 cases. In
addition, they identified simultaneous HE-positive lymph node metastasis and IHC-
positive LNM and pT as independent prognostic predictors that correlated with sur-
vival. Matsumoto et al. [14] examined clinicopathological factors in 59 patients
with T1-4 tumors without lymph node metastasis. They reported that the rate of
recurrent disease was significantly higher in patients with than in those without
LNM (94.1% vs. 40.5% respectively). LNM was immunohistochemically detected
in all patients with lymph node recurrence. The 5-year survival rate was signifi-
cantly lower in patients with than in those without LNM (91.0% vs. 44.6%, respec-
tively). They demonstrated that the frequency of micrometastases increases in T2
and 3 tumors. It should be noted that such tumors are associated with micrometas-
tasis, especially, lymph node recurrence. However, since 17 patients with LNM did
not develop recurrence, these patients benefited from lymph node dissection. They
concluded that the presence of LNM positively correlated with disease recurrence
and poor outcomes. Extended lymphadenectomy and postoperative adjuvant ther-
apy may be indicated for patients with esophageal SCC. Koenig et al. [22], in a
study on 33 esophageal cancer patients (18 with squamous cell carcinoma and 15
with adenocarcinoma) with pT1-3NO tumors, reported that 9 patients were diag-
nosed with IHC-positive LNM, and 5-year overall survival probability was 76% in
patients without LNM, but was 30% in patients with LNM (P = 0.009, the Log-rank
test). Further analyses revealed that 5-year overall survival probability in patients
with nodal microinvolvement was similar to that of pN1 patients (the Log-rank test;
P =0.875). They also identified the LNM ratio as the most powerful predictive vari-
able for overall survival in patients with esophageal carcinoma irrespective of the
histological tumor type in a multivariate analysis. They concluded not only that the
global presence or absence of nodal microinvolvement may serve as a tool for dif-
ferentiating high-risk from low-risk patients, but also that the IHC ratio of affected
lymph nodes to the total number of lymph nodes appears to enable improved risk
stratification for esophageal cancer patients.

Hagihara et al. [9] focused on SNs in a study on 57 esophageal cancer patients
with cT1-2NO tumors. They reported that conventional HE staining detected histo-
logical lymph node metastasis in 7 out of 57 patients (12.3%). Lymph node metas-
tasis, including MM, was identified in 11 patients (19.3%) by IHC. In the remaining
46 node-free patients assessed by HE staining and IHC, MM was identified in 4
patients (7.0%) by RT-PCR. They suggested the applicability of RT-PCR to the
detection of a very small number of tumor cells within lymph nodes. Li et al. [31],
in a study on 93 esophageal squamous cell carcinoma patients with pT1-3NO
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tumors, detected MUC1 mRNA in 32 patients, which accounted for 34.4% of all 93
patients. Tumor relapse developed during the follow-up in 61 (65.6%) out of the 93
patients, 26 of whom had LNM while 35 did not. Patients with LNM had a signifi-
cantly shorter disease-free interval than those without LNM (26 vs. 32 months). The
5-year survival rate of patients with LNM was significantly lower than that of those
without LNM (18.8 vs. 47.6%). They also indicated that the T status and LNM were
independent prognostic factors. They concluded that TNM staging needs to involve
LNM, and improved staging may be expected with further information on LNM,
whereby a subgroup of patients who may benefit greatly from adjuvant therapy may
be identified.

Xi et al. [33], in a study on 34 esophageal adenocarcinoma patients with pTis-
3NO tumors, detected CK19/TACSTD-1 mRNA in the nodes of 5 patients.
Quantitative RT-PCR (QRT-PCR)-positive patients had significantly worse disease-
free survival than QRT-PCR-negative patients (P = 0.0023). The ongoing clinical
trial of chemotherapy by the Eastern Cooperative Oncology Group demonstrated
that chemotherapy is effective for patients with trace amounts of residual lesions,
such as micrometastasis. Furthermore, a major benefit of more accurate staging may
be the ability to identify low-risk, truly node-negative patients, thereby avoiding the
potential morbidity of unnecessary chemotherapy for these patients. The RT-PCR
method is more sensitive than IHC for detecting LNM because of the greater quan-
tity of the sample available. However, several issues are still associated with RT-PCR
examinations. Since these epithelial markers are not specific to cancer, the number
of markers needed remains unclear. Furthermore, suitable primers have not yet been
identified. If esophageal cancer-specific markers become available, the results of
RT-PCR examinations will become more reliable.

9.6 Future Possibilities for MM

The existence of LNM indicates that metastasis from the primary tumor has already
begun. According to the findings of this review, a high incidence of LNM > 10%
exists in patients with pNO esophageal cancer. It currently remains unclear whether
all small tumor cells graft and grow in lymph nodes; however, the potential exis-
tence of LNM in patients with pNO needs to be considered. In our study, LNM
already exhibited proliferative activity, even in ITC [51]. If LNM exists in patients
diagnosed as pNO, these patients need to be considered as pN1. Therefore, examina-
tions of LNM are favorable for correct staging, particularly in pNO patients. The
detection of LNM, and subsequently improved patient staging, may have significant
consequences for the treatment of esophageal cancer. Since prognoses differ signifi-
cantly between patients with and without LNM according to several studies, adju-
vant therapy appears to be necessary for patients with LNM. Due to the lack of
systemic adjuvant therapy for esophageal cancer, any correct staging system cur-
rently lacks clinical significance for decision-making in individual patients and is
only of prognostic importance. This may change as soon as advances are achieved
in the field of new adjuvant chemotherapeutic and targeted therapy regimens.
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Prospective randomized controlled studies need to be conducted in order to examine
the effectiveness of adjuvant therapies in patients with LNM.

Surgical approaches and the extent of lymph node dissection may also be selected
based on the lymph node status, with some surgeons advocating extensive lymph
node dissection in node-positive patients. Furthermore, there is strong evidence that
patients with extensive lymph node metastasis have a poor prognosis. Therefore,
curative surgery may be difficult for such patients. These findings indicate that the
revision of the TNM staging system is necessary. The examination of LNM in
patients with pNO assessed by routine HE staining may facilitate screening and vali-
dation of whether they are truly node-negative patients. The former subgroup may
benefit from more extensive nodal dissection, whereas the latter group may achieve
curative resection with less aggressive surgical resection.

An accurate intraoperative diagnosis of the lymph node status, including LNM,
by molecular methods is necessary when performing minimally invasive surgery
with individualized lymphadenectomy. For example, the supraclavicular lymph
nodes are not dissected in patients negative for micrometastasis in the recurrent
neural and cervical paraesophageal lymph nodes [52]. Currently, SNNS is per-
formed for breast cancer and malignant melanoma [53, 54]. We investigated LNM
in all dissected lymph nodes, including the SN, because SN mapping using IHC and
RT- PCR yields good results in patients with esophageal and gastric cancer classi-
fied as clinical T1 and NO [8, 55]. It is reasonable to apply less-invasive procedures
than surgical treatments when intraoperative histological and molecular diagnoses
reveal that SNs in ¢T1NO patients are negative for metastasis. On the other hand,
standard surgery with standard lymph node dissection is currently recommended for
patients with SN metastasis verified by intraoperative diagnostic tools. Furthermore,
ESD with thoracoscopic and laparoscopic SN dissection may serve as the ultimate
esophageal-preserving surgery in the future to avoid lymph node recurrence in
selected patients with extended indications for ESD. Thus, if SNNS based on the
LNM status is clinically developed as a surgical treatment for patients with esopha-
geal cancer, minimally invasive surgery with individualized lymphadenectomy may
be safely performed in the near future and achieve good results for the balance
between postsurgical QOL and curability. Future studies on the biological behavior
of MM tumor cells will greatly contribute to the development of further treatments
for patients with esophageal cancer.

In conclusion, LNM needs to be recognized as the first and important step in the
path to lymphatic metastasis. Minimally invasive surgery may be safely performed
in clinical situations with a correct diagnosis of LNM. New treatment strategies that
apply the diagnosis of LNM are expected for esophageal cancer.
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Abstract

Recent advances in the development of molecular diagnostic tools have improved
the detection of lymph node micrometastasis (LNM) in patients with gastric can-
cer. Isolated or micrometastatic tumor cells are also heterogeneously distributed
in lymph nodes. Since the incidence of LNM in patients with early gastric cancer
(pT1) ranges between 10% and 31.8%, even patients with early gastric cancer are
at a high risk of developing LNM. Moreover, the incidence of LNM is slightly
higher in patients with advanced gastric cancer than in those with early gastric
cancer. A close relationship has been reported between LNM and lymphatic
invasion in primary tumors. The clinical impact of LNM currently remains con-
troversial in patients with gastric cancer. Therefore, it is clinically difficult to
reach concrete conclusions regarding the prognostic significance of
LNM. However, the rate of positivity for Ki-67 in LNM was previously reported
to be between 92.0% and 94.2%. Consequently, tumor cells within LNM exhibit
high proliferative activity. In clinical management, therapeutic strategies for
LNM need to be planned in order to avoid lymph node recurrence. It is consid-
ered important to preserve the balance between quality of life and curability
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when selecting minimally invasive surgery, such as sentinel node navigation _
surgery and endoscopic submucosal dissection, for patients with early gastric
cancer. This chapter will focus on the clinical aspect of LNM in patients with
gastric cancer.
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10.1 Introduction

Lymph node metastasis is one of the most important prognostic factors for patients
with gastric cancer [1, 2]. Accordingly, the Japanese Gastric Cancer Treatment
Guidelines 2010 (ver. 3) recommends D2 lymph node dissection as a standard sur-
gical approach to avoid lymph node recurrence in patients with gastric cancer [3].
However, lymph node recurrence occasionally develops in spite of a node-negative
(pNO) diagnosis based on conventional histological hematoxylin-eosin (HE) stain-
ing. Several studies focused on lymph node micrometastasis (LNM) as a key caus-
ative factor for lymph node recurrence in patients with gastric cancer [4-6].
Difficulties are associated with evaluating the metastatic node status including
LNM using preoperative imaging examinations such as ultrasonography, computed
tomography, and positron emission tomography in preoperative assessments of
patients with gastric cancer [7].

Endoscopic treatments, such as endoscopic mucosal resection (EMR) and endo-
scopic submucosal dissection (ESD), have been widely accepted for selected
patients with early gastric cancer. Moreover, the Japanese Gastric Cancer Treatment
Guidelines 2010 (ver. 3) recommends an expanded indication for ESD, the validity
of which has been verified in clinical studies [3, 8]. Patients receiving endoscopic
treatments have a good prognosis. Although the indication of additional surgery
after non-curative endoscopic resection is reported in these guidelines [3], oncologi-
cal curability without lymph node recurrence needs to be secured for patients
receiving endoscopic treatments. Consequently, the precise evaluation of lymph
node metastasis including LNM is very important for preventing disease recurrence
in the clinical management of patients with gastric cancer. This chapter will focus
on the clinical aspect of LNM in patients with gastric cancer.

10.2 Morphology and Distribution of LNM

Micrometastasis and isolated tumor cells (ITCs) are completely distinguished and
defined based on the criteria of the tumor-node-metastasis (TNM) classification
established by the International Union Against Cancer (UICC) in 2002 [9].
According to the TNM classification, the size of metastatic tumor cells within
lymph nodes is an important indicator for discriminating between micrometastasis
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Fig. 10.1 Representative
immunohistochemical
staining for lymph node
micrometastasis.

(a) Isolated tumor cells.

(b) Micrometastasis.
Original magnification x400

and ITCs [9]. ITCs are single tumor cells or small clusters of cells measuring
<0.2 mm at their greatest dimension and are generally detected using immunohis-
tochemistry (IHC) but may also be confirmed by conventional HE staining
(Fig. 10.1a). On the other hand, micrometastasis refers to tumor cell clusters mea-
suring between 0.2 mm and 2.0 mm at their greatest dimension (Fig. 10.1b). The
criteria of the TNM classification have an impact on the clinical management of
LNM in patients with various malignancies, including gastric cancer.

Yanagita et al. investigated the morphological distribution of isolated or micro-
metastatic tumor cells with IHC using AE1/AE3 monoclonal antibodies (mAb) in
lymph nodes obtained from patients with gastric cancer [10]. The distribution of
metastatic tumor cells within lymph nodes was classified into the following four
groups: marginal sinus (MS), intermediate sinus (IS), parenchymal (PA), and dif-
fuse (DF) types. The incidences of the MS, IS, PA, and DF types in 14 nodes with
micrometastasis were 72%, 7%, 7%, and 14%, respectively. Moreover, the inci-
dences of the MS, IS, PA, and DF types in 16 nodes with ITCs were 69%, 12%,
19%, and 0%, respectively. These findings indicated that more than 50% of micro-
metastasis and ITCs were initially trapped in the MS of lymph nodes.
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Fig. 10.2 Relationship between tumor cells and numbers of sections assessed by
immunohistochemistry

Isozaki et al. examined 3449 lymph nodes dissected from 111 patients with gas-
tric cancer and demonstrated the clinical significance of serial sectioning assess-
ments for lymph node metastasis in dissected lymph nodes [11]. The findings of this
study suggested the heterogeneous distribution of metastatic tumor cells in lymph
nodes. We herein examined one lymph node diagnosed as pNO by IHC in patients
with gastric cancer. The paraffin-embedded tissues of lymph nodes were cut into
3-pum-thick sections. All serial step sections at 30-pm intervals were stained with
IHC using AE1/AE3 mAb. Tumor cells were heterogeneously distributed in lymph
nodes (Fig. 10.2). Consequently, further IHC assessments on serial sections may
result in the highly sensitive detection of LNM in patients with gastric cancer.
However, this processing based on serial sections is clinically laborious for the
intraoperative diagnosis of LNM. In the near future, reverse transcription-polymerase
chain reaction (RT-PCR) assays may be a promising tool to overcome this issue in
the intraoperative diagnosis of LNM.

10.3 Incidence of LNM

Although many investigators have reported the incidence and clinical significance
of LNM in patients with gastric cancer, few studies have assessed LNM based on
the criteria of the TNM classification [4, 12-28]. According to most findings on
LNM, LNM is basically defined as the existence of tumor cells identified by a
molecular approach, such as IHC and RT-PCR, in pNO lymph nodes by HE staining
[4,12-19, 22, 23, 25, 26].

Table 10.1 summarizes studies published between 1996 and 2015 on LNM
assessed by IHC in patients with pNO gastric cancer [4, 12-28]. Marked differences
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were noted in the characteristics of enrolled patients and antibodies used for
IHC. Since cytokeratin (CK) is a representative marker for epithelial cells, CK
CAM 5.2 or AEI/AE3 monoclonal antibodies (mAb) were used in 12 out of 18
studies (66.7%).

Maehara et al. initially reported that the incidence of LNM assessed by IHC
using CAM 5.2 mAb was 23.5% in 34 patients with pT1NO tumors [4]. Similarly,
Morgagni et al. demonstrated the high incidence (10.0%) of LNM in 300 node-
negative patients with pT1 tumors by IHC using MNF 116 mAb [19]. Choi et al.
identified LNM by IHC using 356H11 mAb in 28 (31.8%) out of 88 patients with
pT1bNO tumors [17]. The incidence of LNM in patients with early gastric cancer
(pT1) generally ranges between 10% and 31.8% [4, 12-28]. These findings suggest
that even patients with early gastric cancer are at a high risk of developing LNM. On
the other hand, Fukagawa et al. detected LNM by IHC using AE1/AE3 mAb in 38
(35.5%) out of 107 node-negative patients with pT2-pT3 advanced gastric cancer
[14]. Yasuda et al. showed that the incidence of LNM in 64 node-negative patients
with pT2-pT4a advanced gastric cancer examined by IHC using CAM 5.2 mAb was
31.3% [18]. These findings indicate that the incidence of LNM is slightly higher in
patients with advanced gastric cancer than in those with early gastric cancer.
According to Table 10.1, LNM was assessed in multiple sections for IHC in eight
studies. Nakajo et al. reported that LNM was identified by IHC on a single section
using AEI/AE3 mAbD in 10 (14.9%) out of 67 patients with pT1-pT3NO gastric
cancer [16]. Wang et al., in a study on the same population with pT1-pT3NO gastric
cancer, showed that the incidence of LNM evaluated by IHC on multiple sections
using AE1/AE3 mAb was 28.3% [27]. These findings demonstrate the clinical ben-
efit of IHC based on multiple sections for detecting LNM in patients with gastric
cancer.

Table 10.2 summarizes findings obtained for LNM examined by RT-PCR in
patients with pNO gastric cancer [29-34]. CK and carcinoembryonic antigen (CEA)
are widely used as target markers for mRNA in order to detect LNM. Yanagita et al.
demonstrated the clinical utility of a multiplex RT-PCR assay using several target
markers in patients with gastric cancer [35].

The incidence of LNM assessed by RT-PCR assays ranges between 20% and
41.7% [29-34]. We compared sensitivity between IHC and RT-PCR assays to detect
LNM in 1862 lymph nodes obtained from 80 patients with pNO gastric cancer [31].
The incidences of LNM identified by IHC and RT-PCR were 11.3% (9/80) and
31.3% (25/80), respectively [31]. These findings indicate that the sensitivity of the
RT-PCR assay for detecting LNM is higher than that of IHC.

10.4 Relationship Between Clinicopathological
Factors and LNM

The presence or absence of macrometastasis identified by HE staining is closely
associated with the depth of tumor invasion, tumor size, lymphatic invasion, and
venous invasion [36, 37]. Yonemura et al. reported that LNM detected by IHC in



T. Arigami et al.

216

SaIn3onIs Juade[pe Jo UOISLAUT Y}
10 (Df[) S9INONIS JUOR(PE JO UOISBAUT 9Y) JNOYIIM BSOIDS ) JO uonenauad £ “esorasqns oy} Jo UOISBAUT £ 7 ‘esoonwqns Jo eridoid eurure] oy) Jo UOISBAUT [ ]

(980) ¥ - 02 3D ‘vad CI-TL 4! [€] I8 30 duger €10¢

000 ¢ - 03D - 01 [1€] e 19 np L00T

(€€ 11 01¢ [ 44L ‘T DN IL €€ [0€] 'T& 19 BpPOUOS 900¢

(€1¢) ST 7981 vad €I-TL 08 [62] Te 10 TureSIIY S00T

(0'82) ¥1 413 vad PIL-TL 0S [82] ‘Te 10 orowmSsIRN 00T

€ HOVIN
(L'T¥) 01 Gee ‘02 3D ‘VHD epI-TL ¥C [LT] TR 19 BPRYO 100T
(9) sISeISBIQWOIDIW SNT passasse s1oyIewW Jo5Ie], uoIseAur sjuoned oyny Teox
i sjuaned Jo JoquinN JO Ioqunu [eIo], Jowmny Jo ypdo(q JO IoquINN

Surure)s ursoo-urjAxojeway £q pasouserp ONd s syuaned 1ooued o1nses uo saipnis YDJ-L Z°0L d|qeL



10 Clinical Aspect: Gastric Cancer 217

308 patients with pT1-pT4NO gastric cancer correlated with lymphatic or venous
invasion of the primary tumor site (P < 0.001 and P = 0.018, respectively) [21].
Similarly, Kim et al. showed that the presence or absence of LNM identified by IHC
in 90 patients with pT1NO gastric cancer correlated with lymphatic invasion, venous
invasion, and larger primary tumors (P = 0.012, P = 0.026, and P = 0.003, respec-
tively) [24]. We previously reported that LNM detected by RT-PCR assays corre-
lated with the depth of tumor invasion and lymphatic invasion assessed by HE
staining in 80 patients with pT1-pT3NO gastric cancer (P = 0.0042 and P = 0.015,
respectively) [31]. We also evaluated lymphatic invasion using D2-40 immunohis-
tochemical staining in that study [31]. D2-40 is a specific lymphatic endothelial
marker, and IHC using D2-40 mAb is the most sensitive tool for detecting lym-
phatic invasion in various malignancies including gastric cancer [38]. This study
demonstrated that LNM correlated more closely with D2-40 than with HE staining
(P < 0.0001 vs. P =0.015) (Fig. 10.3a—) [31]. These findings indicate the close
relationship between LNM and the lymphatic invasion of primary tumors. Therefore,
not only macrometastasis but also LNM exhibit the same oncologic properties in
patients with gastric cancer. Consequently, it is important to precisely assess lym-
phatic invasion from the viewpoint of LNM in clinical management.

10.5 Prognostic Impact of LNM

Many investigators have demonstrated the prognostic impact of LNM identified by
IHC in patients with gastric cancer [4, 12-28]. However, few studies have investi-
gated the relationship between prognosis and LNM identified by RT-PCR assays.

Morgagni et al. showed that 5-year survival rates in 300 patients with pTINO
gastric cancer with or without LNM were 94% and 89%, respectively [19].
Additionally, no significant differences were observed in 10-year survival rates
between these groups [19]. These findings suggest the clinical ambiguity of LNM
as a prognostic factor in patients with gastric cancer. They also reported that a host-
related immune surveillance system has a powerful impact on LNM [19]. Fukagawa
et al. demonstrated that 5-year survival rates in 107 patients with pT2NO or pT3NO
gastric cancer with or without LNM were 94% and 89%, respectively, while 10-year
survival rates were 79% and 74%, respectively [14]. Accordingly, they concluded
that LNM did not have a prognostic impact in patients with pT2NO or pT3NO
advanced gastric cancer undergoing standard gastrectomy with D2 lymphadenec-
tomy [14]. These findings suggest that curative gastrectomy with D2 lymphadenec-
tomy prevents disease recurrence associated with lymph node metastasis including
micrometastasis in patients with pT2NO or pT3NO gastric cancer.

On the other hand, Yonemura et al., in a study of 308 patients with pT1-pT4NO
gastric cancer, reported that patients with ITCs had a significantly worse prognosis
than those without ITCs (P = 0.014) [21]. Therefore, they demonstrated that even
ITCs exhibit high proliferative activity for evolving into established lymph node
metastasis [21]. Wang et al. reported that 5-year survival rates in 191 patients with
pT1-pT3NO gastric cancer with or without LNM were 27.8% and 87.1%,
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Fig. 10.3 Assessment of
lymphatic invasion in a
patient with lymph node
micrometastasis. (a)
Routine hematoxylin-eosin
staining. (b) Cytokeratin
(AE1/AE3) staining. (c)
D2-40 staining. Original
magnification x400
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respectively, and a multivariate analysis identified LNM as one of the independent
prognostic factors (P = 0.008) [27]. Li et al., in a meta-analysis of 18 eligible stud-
ies, showed that patients with LNM were more likely to have a poor 5-year survival
rate (HR: 2.81, 95% CI: 1.96-4.02) [39]. They concluded that a close relationship
exists between the presence of LNM and an unfavorable surgical outcome in patients
with pNO gastric cancer [39]. Jo et al. suggested that lymphadenectomy with D1 + 3
or more is necessary for preventing disease recurrence by clearing LNM involving
the N2 station defined by the Japanese classification of gastric carcinoma in patients
with micrometastatic sentinel nodes [40].

10.6 Molecular Behavior of LNM

Few studies have assessed the molecular metastatic potential of isolated or micro-
metastatic tumor cells in gastric cancer. According to the criteria of the TNM classi-
fication established by UICC in 2002, ITCs do not demonstrate the ability to
metastasize, such as proliferation, stromal reactions, and the penetration of vascular
or lymphatic sinus walls [9]. However, recent molecular studies have indicated the
malignant behaviors of LNM including ITCs in patients with gastric cancer [21, 41].

Yanagita et al. investigated the proliferative activity of ITCs and LNM by IHC
using Ki-67 mAb [41]. They reported that the positivity rates of Ki-67 for ITCs and
LNM were 29% and 92%, respectively [41]. Yonemura et al. also performed an IHC
analysis and revealed that the positivity rates of Ki-67 for ITCs with a single cell
and clusters of cells were 48.0% and 94.2%, respectively [21]. These two studies
obtained similar findings for the proliferative activity of LNM and showed high
positivity rates for Ki-67, even in ITCs [21, 41]. Therefore, these findings indicate
that tumor cells within LNM have metastatic potential based on high proliferative
activity.

We previously assessed the relationship between LNM and several molecular
markers, such as the chemokine receptors CCR7 and CXCR4, as well as the vascu-
lar endothelial growth factors (VEGF)-C and VEGF-D in patients with gastric can-
cer [42, 43]. Immunohistochemical analyses demonstrated that CCR7 and CXCR4
expression in primary gastric tumors correlated with the lymph node status includ-
ing LNMM (P = 0.0092 and P = 0.0075, respectively) [42]. This finding indicates
that CCR7 and CXCR4 expressed by gastric tumor cells play a major role in the
mechanisms underlying lymph node metastasis including LNM from primary tumor
cells. We also examined the expression of VEGF-C and VEGF-D by IHC in 80
patients with pT1NO gastric cancer [43]. The findings obtained showed that patients
with the strong expression of VEGF-C and VEGF-D had a significantly higher inci-
dence of LNM than those with their weak expression (P = 0.039 and P = 0.021,
respectively) [43]. The VEGF family members VEGF-C and VEGF-D have been
associated with the lymphatic spread of cancer cells [44, 45]. VEGFR-3, a receptor



220 T. Arigami et al.

for VEGF-C and VEGF-D, is specifically expressed in the cells of the lymphatic
endothelium [46, 47]. Since these signals promote the multiplication, migration,
and luminal formation of lymphatic vessels, the expression of VEGF-C and VEGF-D
induces lymphangiogenesis in patients with malignant neoplasms. Accordingly, this
study demonstrated that lymphangiogenesis via VEGF-C and VEGF-D was closely
associated with the developmental process of lymph node metastasis including
LNM in patients with gastric cancer.

It is clinically difficult to reach concrete conclusions regarding the clinical sig-
nificance of LNM in patients with gastric cancer. However, basic research on the
biological behavior of ITCs and prospective clinical studies on LNM may provide
definitive evidence that will positively influence the clinical management of patients
with gastric cancer.

10.7 Future Perspectives of LNM in Clinical Management

A focus has been placed on minimally invasive surgery with individualized lymph-
adenectomy in consideration of the postsurgical quality of life (QOL) of patients
with early gastric cancer. Sentinel node navigation surgery (SNNS) is a representa-
tive approach for minimally invasive surgery [48, 49]. Since SNNS targets patients
with early gastric cancer rather than those with advanced gastric cancer, lymph node
recurrence may be completely avoided in postsurgical management. Therefore, we
cannot ignore the existence of LNM due to its controversial significance when per-
forming SNNS. Consequently, an intraoperative assessment of lymph node metas-
tasis based on histological and molecular examinations will be helpful for securing
the oncological curability of SNNS. We examined LNM in 61 patients with cT1-
T2NO gastric cancer receiving sentinel node mapping [50]. Sentinel nodes were
identified in all patients (100%) [50]. The incidences of metastasis by HE and IHC
were 8.2% (5/61) and 13.1% (8/61), respectively [50]. LNM undetectable by IHC
was identified in 14 patients (23.0%) using RT-PCR assays [50]. These findings
showed that the sentinel node concept is applicable to early gastric cancer, even
when IHC and RT-PCR confirm the presence of LNM [50]. In the near future, lapa-
roscopic partial or segmental gastrectomy with sentinel node basin dissection will
be widely accepted in future perspectives for SNNS.

Further advances in the development of endoscopic devices have markedly con-
tributed to the spread of endoscopic treatments for selected patients with early gas-
tric cancer. Current endoscopic treatments, such as endoscopic mucosal resection
(EMR) and endoscopic submucosal dissection (ESD), have been extensively per-
formed on selected patients with early gastric cancer. Bok et al., in a study on 13
patients with cT1 (<3 cm) NO early gastric cancer, reported that ESD with SNNS
was a promising minimally invasive procedure that allows en bloc tumor resection
to be achieved while assessing the pathological nodal status [51]. In the future, ESD
with laparoscopic sentinel node basin dissection may be focused on as an ultimate
stomach-preserving surgery for preventing lymph node recurrence in selected
patients with the extended indication of ESD. If SNNS based on LNM is clinically
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established in the near future, patients with early gastric cancer may safely receive
less invasive treatments in consideration of the balance between postsurgical QOL
and curability.
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Abstract

Colorectal cancer (CRC) is one of the most common cancers worldwide.
Currently, postoperative adjuvant chemotherapy is recommended for node-
positive stage III patients, but not for those who are node-negative, with stage II
disease. However, a systematic meta-analysis revealed that the presence of
micrometastases in regional lymph nodes (LNs) was associated with poor sur-
vival in 4087 patients with node-negative CRC. Unfortunately, the majority of
studies used in that meta-analysis were performed retrospectively. In a prospec-
tive clinical trial, we revealed that the micrometastasis volume, as determined by
qRT-PCR of carcinoembryonic antigen (CEA) mRNA, is a useful marker with
which to stratify patients at risk of recurrence of stage II CRC. Furthermore, our
quantitative data illustrated the concept that stage II CRC represents a transi-
tional stage between localized (stage I) and a more expansive (stage III) disease.
At the cellular level, the intermediary stage II disease involves CRC tumors that
continuously “seed” micrometastases in LNs, which then increases the risk of
tumor recurrence.

The one-step nucleic acid amplification (OSNA) assay is a novel and rapid
technique with which to detect cytokeratin (CK) 19 mRNA using reverse tran-
scription loop-mediated isothermal amplification (RT-LAMP). Using OSNA, a
prospective study showed that rates of upstaging in 124 node-negative patients
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(pNO) with pStages I, ITA, IIB, and IIC were 2.0%, 17.7%, 12.5%, and 25%,
respectively. These findings suggest that OSNA may usefully substitute for
RT-PCR of CEA mRNA owing to its ease of use and rapidity.

Keywords
Micrometastasis - CEA - CK19 - OSNA - Colorectal cancer

11.1 Introduction

Colorectal cancer (CRC) is one of the most common cancers worldwide. Disease
prognosis depends on several risk factors related to patient background, their treat-
ment, and tumor characteristics [1]. Of the latter, metastasis to regional lymph nodes
(LNs) is known to be a crucial prognostic factor. This notion is codified in the
tumor-node-metastasis (TNM) staging system of the Union for International Cancer
Control (UICC) used to predict clinical outcomes. LN metastasis is also used to
inform therapeutic decision-making [2, 3].

The MOSAIC (Multicenter International Study of Oxaliplatin/5-Fluorouracil
(5-FU)/Leucovorin (LV) in the Adjuvant Treatment of Colon Cancer) study has
demonstrated the benefit of adding oxaliplatin to infusional 5-FU and LV (FOLFOX
versus FL) in node-positive stage III colon cancer patients having undergone a
curative resection. On the other hand, no survival benefit was reported for node-
negative stage II colon cancer patients [4]. Overall, postoperative adjuvant chemo-
therapy is currently recommended for node-positive stage III patients, diagnosed
by histopathology, but not for node-negative stage II patients. However, it is plau-
sible that a subgroup of at-risk (of recurrence) patients resides within the node-
negative stage II group and that these patients may still benefit from postoperative
adjuvant treatment [5, 6].

While the biology that underlies a high risk of recurrence is incompletely under-
stood in terms of CRC, various risk factors are associated with this outcome. For
example, the current American Society of Clinical Oncology (ASCO) guidelines
define T4 primary disease, inadequately sampled nodes, a poorly differentiated his-
tology, and perforation as high-risk factors for disease relapse in stage II CRC [7].
Moreover, according to the current European Society for Medical Oncology
(ESMO) guidelines, adjuvant chemotherapy is recommended in stage II patients
who have the following tumor characteristics: a pT4 tumor, fewer than 12 LNs
sampled, a poorly differentiated tumor, lymph-vascular invasion, perineural inva-
sion, tumor obstruction, or perforation [8]. However, the use of adjuvant therapy for
these patients remains controversial as we lack robust evidence for any survival
benefit. In this context, a retrospective study by O’Connor and colleagues demon-
strated that while 75% of 24,847 stage II cancers exhibited one or more of these
poor prognostic features (including perforation, T4 stage, poor histology, etc.), no
survival benefit was obtained from postoperative adjuvant chemotherapy (irrespec-
tive of the presence of these poor prognostic factors) [9]. These findings question



11 Clinical Aspects: Colorectal Cancer 227

the utility of these prognostic guides in predicting patient survival following adju-
vant treatment.

Therefore novel, more robust clinical approaches are required that allow us to
more accurately identify those stage II patients who may benefit from adjuvant
chemotherapy.

11.2 A Genetic Diagnosis of Micrometastasis

Patients with CRCs clinically diagnosed as localized resectable tumors without LN
involvement or distant metastases are generally considered to present a low risk for
recurrence. Theoretically, these patients should be cured by surgical resection with-
out the need for adjuvant chemotherapy. However, it was reported that about
30-40% of node-negative stage II patients subsequently develop recurrent disease
despite their low tumor stage [10]. Tumor progression after curative resection of
CRC is primarily driven by the dissemination of tumor cells to LNs, blood, and the
bone marrow, with these tumor cells currently going undetected by standard clinical
staging techniques [11]. Previous studies have suggested the presence of occult can-
cer metastasis (also designated as micrometastasis) in the LNs of CRC patients [5].
The detection of these micrometastases in stage II patients could therefore be of
clinical use in stratifying a patient subgroup at an elevated risk of relapse.

Micrometastases ordinarily escape detection by conventional H&E-stained sec-
tions because so few cells are involved. Thus, a different approach is needed to
detect these events. Ideally, the technique used should be accurate and easy to use in
the clinical context. Candidate techniques include immunohistochemistry (IHC) or
reverse transcription polymerase chain reaction (RT-PCR), with either technique
shown to provide direct evidence of micrometastases in various studies of node-
negative CRCs. Cytokeratin (CK), a specific marker of epithelial cells, has been
widely used for the immunohistochemical examination of micrometastases in CRC
[12—16]. IHC has identified micrometastatic cells at a frequency of 17-39% in his-
tologically negative LNs. However, logistically, this method is limited by the time
and effort required to examine sufficient sections to identify occult metastases in a
lymph node. Alternatively, certain tumor-specific mRNAs, e.g., CK19, carcinoem-
bryonic antigen (CEA), and CK20, have been successfully amplified by RT-PCR in
patients with a variety of malignant tumors, including CRC [17-21]. However,
although this genetic detection method is reported to demonstrate a high sensitivity
[22, 23], issues with false positives can arise.

Ideally, it would be preferable to use both techniques (IHC and nucleic acid
amplification), so as to accommodate for their individual weaknesses. Taking this
approach, Miyake et al. examined 237 LNs from 11 CRC patients who underwent
curative resection (stages [-III) by means of IHC for CK and then RT-PCR for the
CEA and CK20 mRNAs. Conventional histological examination (H&E) was also
used to evaluate the extent of micrometastasis in each case by constructing an ana-
tomical map of the involved LNs [6]. This group reported that histological analyses
identified 20 (of 237) LNs as positive for metastatic cells, all of which were
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subsequently found to be positive by both IHC and RT-PCR. Of the 217 histologi-
cally negative LNs, 14 (6.5%) contained micrometastases by IHC on a single-slice
examination, and 57 (26.2%) were positive for at least one of the two genetic mark-
ers (CEA and CK20) by RT-PCR. Anatomical mapping of the regional LNs for all
patients indicated that micrometastases were dispersed not only at the pericolic
LNs but also (often) at distant LNs. A clinical follow-up study showed that two
patients developed disease recurrence within 1 year of their surgery and that both
exhibited RT-PCR positive micrometastases in not less than 70% of the LNs exam-
ined. In addition, these patients had frequent micrometastases at distant LN, i.e.,
those around the root or along the inferior mesenteric artery. These data suggested
that a genetic diagnosis of micrometastasis using RT-PCR might therefore be of
clinical use.

Rahbari et al. recently reported a systematic meta-analysis of micrometastases
using the regional LNs of 4087 patients with node-negative CRC [24]. In their anal-
ysis of 39 studies, it was revealed that micrometastases in regional LNs were associ-
ated with poor values for overall survival (HR, 2.20; 95% CI: 1.43-3.40),
disease-specific survival (HR, 3.37; 95% CI: 2.31-4.93), and disease-free survival
(HR, 2.24; 95% CI: 1.57-3.20). Subgroup analyses also showed that molecular
tumor cell detection was a significant independent prognostic factor. Although their
designs were consistent, most of these studies were performed retrospectively.
Prospective studies were therefore warranted in order to confirm the results of this
meta-analysis.

11.3 A Novel One-Step Nucleic Acid Amplification (OSNA)-
Based Molecular Technique for the Detection of LN
Micrometastases

A histological diagnosis of postoperative LN metastasis is commonly made by
microscopic examination of H&E-stained specimens using the largest cross-
sectional area of the LN. Using this method, micrometastases are often overlooked
because of their small size and localization. Despite the availability of the previ-
ously mentioned IHC and RT-PCR detection techniques, these have yet to be applied
in clinical practice given that both are labor intensive and complex.

The OSNA assay is a new and rapid technique that employs the reverse transcrip-
tion loop-mediated isothermal amplification of nucleic acids (RT-LAMP). Since
this method can directly analyze the supernatant of a homogenized LN, without the
need to purify mRNAs, it can be completed relatively quickly and easily. The utility
of the OSNA assay has already been proven in breast cancer patients, for whom
OSNA is used to diagnose axillary LN metastases, which saves these patients from
having to undergo a second surgery for axillary clearance [25, 26].

In a multicenter clinical study in Japan, we used OSNA-based genetic diagnosis
for LN micrometastases in CRC [27]. In this study, we evaluated the clinical signifi-
cance of the OSNA assay in precisely diagnosing LN metastases in CRC patients
using cytokeratin 19 (CK19) mRNA as a molecular marker. These data allowed us
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to clarify the diagnostic power achieved by combining pathology with OSNA. The
OSNA assay was performed on 121 LNs dissected from early-stage CRC patients
(pStage 0 or I) or from patients with benign colorectal disease. This group was set
to assess whether the OSNA assay would yield false-positive results for histologi-
cally negative LNs in which no metastatic cells could be detected following exten-
sive (0.1-mm interval) histopathological examination. Moreover, 385 LNs were
collected from 85 CRC patients (any stage) to examine whether the OSNA assay
could match the performance of a 2-mm interval histopathological examination.
Study results revealed that the accuracy of the OSNA assay was comparable to the
2-mm interval histological examination, rendering it more accurate than the more
commonly performed pathological exam. Based on these findings, the OSNA
molecular detection technique was approved as a novel diagnostic kit for LN micro-
metastasis in CRC by the Japanese Ministry of Health, Labor, and Welfare in 2013.

11.4 A Clinical Investigation of Micrometastases in LNs:
Retrospective Studies

It is important to know the distribution of micrometastases in the regional LNs of
CRC patients. Although several studies have shown the existence of micrometasta-
ses in the LNs of CRC patients, comparatively little is known as to their localization
and frequency. This issue is important from the surgical perspective given that sur-
geons should appreciate the invasive potential of cancer cells during surgery, even
when such cells are rare. In this context, Noura et al. assessed the localization and
frequency of micrometastases using IHC with a pan-cytokeratin monoclonal anti-
body (AE1/AE3) in 878 LNs from 98 patients with CRC [28]. In this study, the
anatomical position of LNs was defined as levels 1-3, according to their distance
from the main tumor. This group showed that the frequency with which microme-
tastases could be identified increased as more 4-pm-thick LN sections were exam-
ined (using 1, 2, and 5 slices). When examining five LN slices, micrometastases
were frequently and extensively present in 49.1, 35.7, and 53.3% of histologically
LN-negative patients, LN-positive patients at level 1, and LN-positive patients at
level 2, respectively. This group also assessed the prognostic value of detecting
micrometastases in LN-negative patients and reported no significant impact. While
these data indicated the high frequency with which micrometastasis could be
detected in the LNs of CRC patients, they also ultimately revealed that IHC-based
detection of micrometastases in LN-negative CRC patients was not helpful in pre-
dicting patient outcome.

To assess the possible clinical applications of micrometastasis detection, the pre-
vious discrepant findings between genetic diagnoses and IHC must be resolved.
With this in mind, and because the majority of previous studies had used a single
method rather than side-by-side comparisons of IHC and molecular analyses, Noura
et al. examined the presence of micrometastases in pericolic LNs by means of IHC
and molecular testing. IHC was with an anti-cytokeratin antibody, complemented
with carcinoembryonic antigen (CEA)-specific RT-PCR with (the same) NO CRC
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patients who had undergone curative surgery and whose clinical outcomes were
already known [22]. In this study, 64 CRC patients for whom good quality RNA was
available (from paraffin-embedded LN specimens) were selected from 84 stage 11
patients. Micrometastases were detected in 19 (29.6%) of the 64 patients by RT-PCR
and in 35 (54.7%) of the 64 patients by IHC. By RT-PCR analysis, those patients
that manifested a positive band for CEA mRNA had a significantly worse prognosis
than those who were RT-PCR negative with respect to both disease-free and overall
survival (P =0.027 and 0.015, respectively). However, in IHC analysis, the presence
of micrometastases did not predict patient outcome, neither for disease-free nor
overall survival. By multivariate Cox regression analysis, both micrometastases
detected by RT-PCR and Crohn’s-like lymphoid reactions were independent prog-
nostic factors. These data strongly suggest that micrometastases in LNs detected by
CEA-specific RT-PCR, but not by IHC, might be useful in predicting a high risk for
relapse in stage II CRC patients. A prospective randomized controlled study was
therefore needed to ascertain whether high-risk patients, as identified by RT-PCR,
could benefit from adjuvant therapy.

11.5 The Clinical Impact of the Volume of Micrometastases
in LNs: Prospective Multicenter Studies

The clinical benefit of OSNA in CRC is currently under investigation in several
studies [27, 29, 30]. As mentioned previously, our clinical study based on 385 LN’
demonstrated that the OSNA technique is comparable to a 2-mm interval histo-
pathological examination in terms of its accuracy in detecting LN metastases [27].
Based on those findings, we performed a prospective analysis to examine LN metas-
tases in patients with CRC (n = 204 cases), with an investigation of the migration of
clinical stage when OSNA was used to complement the standard pathological
examination [31]. In this study, it was demonstrated that the agreement between
single-slice H&E examination and the OSNA assay was 95.7% (1842/1925 LNs).
Moreover, sensitivity and specificity values for the OSNA assay were 86.2%
(125/145) and 96.5% (1717/1780), respectively. Among 124 LN-negative patients
(pNO), the respective upstaging rates of pStages I, IIA, 1IB, and IIC were 2.0%
(1/50), 17.7% (11/62), 12.5% (1/8), and 25% (1/4), respectively. Moreover, the
OSNA-positive patients demonstrated a deeper invasion of the colonic wall and
severe lymphatic invasion (P = 0.048 and P = 0.004, respectively). In terms of quan-
titative data, mRNA copies as identified by OSNA were found to increase in line
with the number of involved LNs. For example, 1550 copies/IL were identified for
pNO, 24,050 copies/IL for pN1, and 90,600 copies/IL for pN2. These findings indi-
cate that the sum of CK19 mRNAs, as assessed by OSNA [which indicates the total
tumor load (TTL)], displays a trend compatible to the current pathological diagnos-
tic system. These findings also suggest the future possibility of developing a novel
molecular staging technique using OSNA and metastasis volume (amount of CK19
mRNA), rather than the number of LN metastases. Further, the TTL values of the
cases upstaged using the OSNA method from stage II to stage I1I largely overlapped
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those found for stage III CRCs, suggesting that these upstaged patients were likely
to be at a high risk of disease recurrence.

Currently, the prognostic value of molecular tumor cell detection in patients with
LN-negative CRC has remained uncertain because of a paucity of relevant data
from prospective studies [11, 32-34]. The National Comprehensive Cancer Network
(NCCN) clinical practice guidelines in oncology (version 4, 2013) recommend that
the detection of cancer cells by IHC, or the molecular detection of cancer cells in
regional LNs, should be considered investigational. This recommendation comes
with the caveat that the majority of evidence cited in this guideline is derived from
retrospective studies. To address this issue, we conducted a prospective multicenter
clinical trial to assess the utility of a prognostic marker for patients with LN-negative
stage II CRC [35]. In this study, we employed the molecular detection of CEA
mRNA by qRT-PCR, in addition to conventional qualitative RT-PCR (i.e., the so-
called “a band” method), in order to establish a clinically appropriate threshold (i.e.,
cutoff) for a high risk of disease recurrence. A total of 296 patients with pathologic
stage II CRC were eventually analyzed for their long-term prognosis. Multivariate
Cox regression analyses revealed that a high micrometastasis volume (high MMV;
n = 95) was an independent poor prognostic factor for 5-year disease-free survival
(DFS; P =0.001) and 5-year overall survival (OS; P = 0.016) (Fig. 11.1a, b). This
prospective clinical trial clearly demonstrates that the MMYV, as determined by qRT-
PCR of CEA mRNA, is a useful marker in stratifying patients’ risk of recurrence for
stage II CRC. Furthermore, these data introduce the concept that stage II CRC rep-
resents a transition between localized stage I disease and expanding stage III
disease, with CRC tumors continuously building their MM Vs in LNs and therefore
increasing the risk of tumor recurrence (Fig. 11.2).

a 5-year Disease Free Survival b 5-year Overall Survival
(Proportion) (Proportion)
1.04 1.0+ H
0.8 R\—M 0.8
0.6 0.6+
1 ——— High-MMV (n = 95) 1 —— High-MMV (n = 95)
0.41 Low-MMV (n = 201) 0.47 Low-MMV (n = 201)
0.2 Log-rank test p=0.001* 0.21 Log-rank test p=0.016"
OO T T T T T T T T T T T 1 0-0 * T ¥ T ’ T ¥ T ¥ T . T ¥
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Fig. 11.1 Survival curves stratified by high and low MMYV. Survival analyses indicated that the
high MMV group had a significantly worse 5-year DFS (a) and 5-year OS (b) vs. the low MMV
group (DFES high/low MMV: 74.7% vs. 88.6%, P = 0.001; OS high/low MMV: 89.5% vs. 95.5%,
P = 0.016). There was no difference in the mean follow-up period for the high vs. low MMV
groups (P =0.8471; mean + SD, 86.0 + 25.8 vs. 79.9 + 22.1 months). The median follow-up peri-
ods were 82.9 (12.6-133.2) months and 81.4 (5.3—124.9) months, respectively. DFS, disease-free
survival; OS, overall survival
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Although these findings are not sufficient to determine the efficacy of chemo-
therapy in high MMV patients, such a group may benefit from postoperative adju-
vant chemotherapy. Indeed, LN metastasis in stage III CRC is a well-established
predictive marker of survival benefit by chemotherapy [36, 37]. The current study
also showed that MMV, as determined by qRT-PCR for CK19 mRNA, was of use in
discerning high-risk stage II CRC patients in the same clinical setting [35]. In this
context, OSNA may be able to substitute for CEA targeted RT-PCR owing to its
ease of use and rapidity.

11.6 Future Perspectives

Micrometastases were originally defined as small occult metastases that are present
not only in the LNs but also in the peripheral blood or bone marrow. Recent advances
in immunocytochemical and molecular assays now allow us to detect circulating
tumor cells (CTCs) in the peripheral blood and disseminated cells (DTCs), includ-
ing epithelial cancer cells of various tumor origins that “home” to the bone marrow.
The previous results provide direct evidence that tumor cell dissemination com-
mences early in tumor development and progression. Tumor cells are frequently
detected in the blood and bone marrow of cancer patients with no clinical or even
pathological signs of metastasis. The detection of DTCs and CTCs constitutes
important prognostic data that might help to tailor systemic therapies to individual
needs [38]. Previously, Wikman et al. described the importance of various factors in
controlling tumor cell dissemination in the bone marrow. These included angio-
genic factors (HIFlalpha, VEGF), immunological factors (CD274, HLA class I
antigen), phenotypic characteristics (Ki67, CD44+/CD24-, CK19+/MUCI-), onco-
genes and metastasis suppressor gene activity (MUC, HER2, nm23-H1, KISS1),
growth stimulatory factors (EGFR/uPAR, ERK, and the p38 pathways), and micro-
environment epithelial-stromal cross talk (CXCL12) [39]. However, there has been
no molecular study of the cancer cells that form micrometastases in the LNs of
patients with CRC. We would speculate that recent innovative techniques might
also reveal the significance of these cancer cells in LN micrometastases.
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Recent and accumulating evidence suggests that a diversity of cancer cells, and
therefore intra-tumor heterogeneity, exists within a micrometastasis. Until now,
molecular datasets have been acquired using large numbers of cells. Consequently,
these data represent an average of the molecular diversity within a population [40].
Recently, the focus has shifted to single-cell quantitative analyses (of various mate-
rials and nucleic acids) [41]. At present, it is possible to study the mRNAs in a sin-
gle cell using several technical innovations. Brenner et al. have reported the use of
massively parallel signature sequencing (MPSS) to analyze gene expression by
sequencing a small amount of cDNA without a next-generation sequencer [42].
Islam et al. described single-cell tagged reverse transcription (STRT), a highly mul-
tiplexed method for single-cell RNA sequencing using the Illumina platform [43].
More recently, RNA sequencing (RNA-Seq) in breast cancer has revealed the varied
molecular landscape of the breast transcriptome together with novel regulatory
interactions [44, 45]. As a powerful next-generation sequencing technology, RNA-
Seq can profile a full set of transcripts including mRNAs, small RNAs, and other
non-coding RNAs, both qualitatively and quantitatively, to provide a snapshot of
gene expression patterns and regulatory elements in a single cell, tissue, or organ-
ism. It can also identify novel isoforms and exons, allele-specific expression, muta-
tions, and fusion transcripts [46].

Overall, these recent advances now make it possible to investigate novel bio-
markers of LN micrometastases other than CEA or CK19. In the near future, a
more precise and easier detection of LN micrometastases may allow us to improve
clinical decision-making and to deliver tangible personalized medicines to patients
with CRC.
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Radiation Therapy and Micrometastasis
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Abstract

The significance of lymph node micrometastasis (LNM), including isolated
tumor cells (ITCs), in gastrointestinal (GI) cancers has long been investigated
and discussed. Due to advances in the development of diagnostic tools, the detec-
tion rate of LNM is increasing. However, the clinical significance of LNM in GI
cancers remains controversial, much less than that for chemo- and/or radiation
therapy and LNM. This chapter summarizes the present clinical aspects of
chemo- and/or radiation therapy and LNM in GI cancers from a limited number
of studies. Neoadjuvant therapy may reduce LNM in patients with esophageal
cancer, and LNM has an equal negative impact on prognosis as in node-positive
patients. In gastric cancer, chemotherapy has a marked effect on LNM in regional
lymph nodes independent of whether the effects of chemotherapy are active
against the primary tumor. In patients with colorectal cancer (CRC), neoadjuvant
radiotherapy (NART) or neoadjuvant chemoradiotherapy (NACRT) may reduce
LNM, and LNM after neoadjuvant therapy had a negative impact on the progno-
sis of node-negative cases. These findings suggest that neoadjuvant therapy
effectively reduces LNM; however, the significance of LNM after neoadjuvant
therapy on the prognosis of patients with GI cancer currently remains unclear.
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12.1 Introduction

Lymph node metastasis is one of the most important prognostic factors in patients
with gastrointestinal (GI) cancer including esophageal and gastric cancers as well as
colorectal cancer (CRC) [1-8]. However, a pathological node-negative (pNO) state
at resection confirmed by conventional histological hematoxylin-eosin (HE) stain-
ing does not guarantee long-term survival without recurrence. The existence of
lymph node micrometastasis (LNM), including isolated tumor cells (ITCs), which
are not detected by conventional HE staining, has been attracting attention as a can-
didate for recurrence and/or as a prognostic factor. The LNM status of GI cancer
patients may be evaluated using immunohistochemistry (IHC) and a reverse tran-
scription polymerase chain reaction (RT-PCR). Due to advances in the development
of diagnostic tools, the detection rate of LNM is increasing. The significance of
LNM in GI cancers has long been investigated and discussed but currently remains
unclear. Perioperative treatments are widely used against various cancers.
Neoadjuvant therapy potentially results in the downstaging/downsizing and elimi-
nation of LNM, which contributes to improved resectability and curability rates. On
the other hand, adjuvant therapy is directed toward micrometastases existing at dis-
tant sites and outside of the surgical field and contributes to improvements in the
prognosis of patients with GI cancers. However, since it is impossible to investigate
the therapeutic effects of adjuvant therapy after surgery for LNM, clinical samples
of LN and LNM are examined after neoadjuvant therapy in order to evaluate the
influences of chemo- and/or radiation therapy on LNM. Limited information is
available on the rates and effects of chemo- and/or radiation therapy in clinical
samples of LNM, and the clinical aspects of chemo- and/or radiation therapy and
LNM have not yet been evaluated or discussed. This chapter focuses on the clinical
significance of LNM after chemo- and/or radiation therapy as well as the influences
of chemo- and/or radiation therapy on LNM in carcinomas of the GI tract such as
esophageal and gastric cancers as well as CRC.

12.2 Esophageal Cancer

Esophageal cancer is a difficult malignancy to treat, and lymph node metastasis has
been identified as one of the most important prognostic factors in patients with
esophageal cancer [1-3, 8]. A clinical aspect of LNM [9] and the possibility of the
sentinel lymph node concept [10, 11] have been reported; however, the significance
of LNM has not yet been elucidated in esophageal cancer. Even if complete tumor
resection with lymphadenectomy is performed, the disease is already in an advanced
stage beyond the scope of curative therapy by the time of surgery. Multiple random-
ized trials have established neoadjuvant therapy for the management of esophageal
cancer patients based on improved survival rates over those achieved with upfront
surgery. Neoadjuvant chemotherapy (NACT) or chemoradiotherapy (NACRT) has
been shown to extend postoperative survival, and preoperative therapy followed by
esophagectomy has become the standard treatment worldwide for patients with
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resectable locally advanced esophageal or esophagogastric junctional carcinoma
[12-19]. The potential benefits of neoadjuvant therapy are considered to be the
downstaging/downsizing and elimination of LNM, which contribute to improved
resectability and curability rates. Few studies have focused on the relationship
between NACT and/or NACRT and LNM in esophageal cancer patients, with only
six studies being reported to date [20-25]. Table 12.1 summarizes six studies on the
relationship between neoadjuvant therapy and LNM in esophageal cancer patients.
There were three studies on chemotherapy, two on chemoradiotherapy, and one on
chemo- or chemoradiotherapy. The numbers of patients were relatively small, and
patients with any disease stage were included. In Eastern countries, squamous cell
carcinoma (SCC) was a major histological type, while SCC and adenocarcinoma
are both included in Western countries. The CK antibody (AE1/AE3) was com-
monly used for IHC, except for one study that used CK8/CK18 (CAM 5.2). Single
sections were used in two studies and multiple sections in four studies. Estimations
of the therapeutic effects on LNM varied according to the authors. Three authors
estimated LNM and cytokeratin-positive deposits without nuclei, while another two
estimated reductions in LNM, and one author estimated LNM with or without stro-
mal reactions. Cytokeratin-positive particles, named “cytokeratin deposits” (CDs),
are frequently observed in lymph nodes by IHC staining for cytokeratin. CDs have
been defined as hyalinized denucleated particles and are regarded as the cadavers of
carcinoma cells. CDs are round and eosinophilic and do not include a nucleus in
serial sections and have been observed more frequently in patients treated with
NACT than in those without [25]. Matsuyama et al. [20] evaluated the presence of
CD, other than immunohistochemical LNM, in 75 esophageal squamous cell carci-
noma (ESCC) patients treated with NACT using cisplatin (CDDP), doxorubicin
hydrochloride, and 5-fluorouracil (5-FU) in order to examine the influence of NACT
on LNM. The anti-cytokeratin antibody cocktail, AE1/AE3, was used as the pri-
mary antibody. They reported that successful NACT converted cancer cells from
immunohistochemical LNM to CD and improved the status of ESCC patients from
systemic disease to regional disease, and the disappearance of immunohistochemi-
cal LNM and emergence of CD suggested the eradication of LNM by NACT in
ESCC of the thoracic esophagus. Based on the above findings, they concluded that
the clinical benefit of NACT was apparent for immunohistochemical LNM-negative
and CD-positive patients. Lee et al. evaluated the histological effects of NACT
using 5-FU/CDDP or nedaplatin or NACRT (40 Gy delivered in daily fractions of
2 Gy) on lymph node metastasis in ESCC by performing IHC using the anti-
cytokeratin antibody cocktail, AE1/AE3. A total of 3061 lymph nodes were exam-
ined from 36 and 26 patients who received NACRT and NACT, respectively,
followed by esophagectomy with lymphadenectomy. They also evaluated hyalin-
ized cytokeratin particles (HCP); HCP were defined as cytokeratin deposits without
cellular nuclei, similar to CD. Consistent with previous findings for CD, HCP were
suggested to reflect a degenerative change in cancer cells in lymph nodes and may
predict responses to neoadjuvant therapy [22]. One limitation of these studies is that
they did not prove whether cytokeratin-positive particles, CD and HCP, are truly the
cadavers of cancer cells. However, this hypothesis is strongly supported by the
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following findings on cytokeratin-positive particles: their anatomic distribution was
identical to LNM and pathological node metastases, associated with the pathologi-
cal grade of the primary tumor, and reciprocally associated with LNM in its inci-
dence and influence on prognosis [20, 22]. Furthermore, Matsuyama et al. proved
the biological origin of cytokeratin-positive deposits using IHC, showing that they
were positive for the epithelial marker E-cadherin and negative for the macrophage
marker CD68 [25]. The presence of cytokeratin-positive deposits in lymph nodes
has not been described in other histological types of GI cancers, except for
ESCC. These findings suggest that cytokeratin-positive deposits are immunohisto-
chemically specific to ESCC [25].

We evaluated LNM—LNM was defined as tumor cells in lymph nodes with a
stromal reaction (granulation tissue or desmoplastic connective tissue) and/or tumor
cell micro-involvement (TCM) and tumor cells in lymph nodes without a stromal
reaction immunohistochemically using the anti-cytokeratin antibody cocktail, AE1/
AES3, in 1052 lymph nodes from 20 ESCC patients treated with NACT using CDDP
and 5-FU—and reported that the incidence of LNM and/or TCM in the chemother-
apy group was similar to that in the surgical group of patients with ESCC. However,
chemotherapy may be effective in patients with TCM alone before cancer cells form
clusters with stromal reactions in lymph nodes. Patients with lymph node metastasis
including LNM do not benefit from NACT, and LNM, but not TCM, is prognosti-
cally equivalent to lymph node metastasis and needs be examined using IHC in order
to classify these cases correctly as pathological node-positive (pN1) in ESCC [21].
We also evaluated the usefulness of NACRT for ESCC and reported that fewer meta-
static lymph nodes were present in the NACRT group than in the surgery only group
[26]. Furthermore, we immunohistochemically evaluated LNM and/or TCM using
the anti-cytokeratin antibody cocktail, AE1/AE3, in 663 lymph nodes from 20 ESCC
patients treated with NACRT, a total radiation dose of 40 Gy and concurrent intrave-
nous chemotherapy with CDDP and 5-FU. The extent of lymph node metastasis was
slightly greater in the surgery group than in the NACRT group. However, the inci-
dence of patients with LNM = TCM and TCM alone was significantly higher in the
surgery group than in the NACRT group. NACT may be effective for patients with
TCM alone, whereas NACRT was effective for LNM and TCM. These findings indi-
cate that NACRT is more effective for LNM than NACT in patients with node-posi-
tive ESCC [21]. The presence of pathological lymph node metastasis was identified
as a prognostic predictor in the surgery alone and NACRT groups. Furthermore,
assessments of the simultaneous presence of pathological lymph node metastasis and
LNM may facilitate highly accurate predictions of survival in esophageal cancer
patients undergoing esophagectomy, regardless of whether they have received
NACRT. This finding was consistent with previously reported data from other studies
[4]. Prenzel et al. investigated the influence of NACRT on LNM in 52 esophageal
cancer patients (21 adenocarcinomas and 31 SCC) who received NACRT by per-
forming IHC using the anti-cytokeratin antibody cocktail, AE1/AE3. Intravenous
chemotherapy was performed using CDDP (20 mg/m?/day, short-term infusion) and
5-FU (1000 mg/m*/day, over 24 h) on days 1-5. Radiation was delivered in daily
fractions of 1.8 Gy to a total dose of 36 Gy. They categorized the extent of
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histomorphological regression of the primary tumor into a major (<10%) and minor
response (>10% vital residual tumor cells) and evaluated 1186 lymph nodes that
were diagnosed as negative for metastases in a routine histopathological analysis. In
patients with a major histomorphological response following NACRT, the presence
of LNM was significantly less than that in those with a minor response [23]. Wang
et al. evaluated the influence of NACRT on LNM in 20 ypNO esophageal adenocar-
cinoma (EAC) patients and ypN1 EAC patients who received NACRT followed by
surgery by performing IHC for cytokeratin CK8/CK18 (CAM 5.2) and compared the
impact of NACRT on LNM with 20 surgery-alone EAC patients. Radiation was
delivered in daily fractions of 1.8 Gy to a total dose of 41.4-45 Gy. Concurrent intra-
venous chemotherapy was performed using paclitaxel (50 mg/m?) and carboplatin
(area under the curve = 2). They concluded that a 30% reduction in LNM was
achieved with NACRT from that with surgery alone in ypNO [24]. Based on the six
studies that investigated neoadjuvant therapy and LNM in ESCC and EAC, neoadju-
vant therapy appeared to reduce LNM and had an equal negative impact on prognosis
to that in node-positive patients with esophageal cancer. If the evaluation of LNM
detection and effectiveness of neoadjuvant therapy differ between each institution,
the findings of different studies will naturally vary. Regarding prognostic impacts,
three out of six studies reported that the effectiveness of neoadjuvant therapy against
LNM reflects prognosis. The numbers of patients and nodes examined were not high.
All studies included early and advanced carcinoma. Four studies included only SCC,
one study examined SCC and adenocarcinoma, and one study only investigated ade-
nocarcinoma. Common criteria are needed in order to accurately evaluate the effec-
tiveness of neoadjuvant therapy for LNM.

12.3 Gastric Cancer

Lymph node metastasis is one of the significant prognostic factors for gastric cancer
[5, 27]. Although the prognostic value of LNM remains controversial, its clinical
impact is apparently strong in early and advanced gastric cancer [28]. Surgery in
combination with adjuvant treatments is the globally accepted standard of care for
locally advanced gastric cancer. However, approaches to adjuvant treatment vary
among countries. In Asia, the standard adjuvant treatment for stage II or III gastric
cancer is postoperative chemotherapy with the oral fluoropyrimidine derivative S-1
for 1 year or capecitabine plus oxaliplatin for 6 months after D2 surgery based on
the findings of the ACTS-GC trial or CLASSIC trial [29, 30]. In the USA, surgery
followed by NACRT is the standard protocol for T3 or greater and/or positive-node
gastric cancer based on findings of the INT-0116 trial [31]. In the UK and some
European countries, preoperative and postoperative chemotherapy with epirubicin,
CDDP, and 5-FU is used based on evidence from the MAGIC trial [ 16]. Postoperative
adjuvant chemotherapy is directed toward micrometastases that may exist as resid-
ual disease after surgery. Chemotherapy in the neoadjuvant setting may also be
considered for the downstaging/downsizing and eradication of microscopic disease
prior to surgery, which contributes to improved resectability and curability rates
[32]. The detection rate of LNM is increasing due to advances in the development
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of diagnostic tools, such as IHC and RT-PCR; however, the clinical significance of
LNM in gastric cancer is still controversial, much less than that for chemo- and/or
radiation therapy and LNM. Very few studies have focused on the relationship
between chemotherapy and LNM in gastric cancer, and only three studies on LNM
and chemotherapy have been reported to date. Becker et al. [33] evaluated 622
lymph nodes that were resected from ypNO 17 locally advanced gastric adenocarci-
noma (GAC) patients who received NACT followed by gastrectomy by performing
IHC for cytokeratin (AE1/AE3 and Ber-Ep4) and compared the impact of NACT on
TCM in ypNO 62 surgery-alone GAC patients. Six patients (35%) and 25 out of 622
lymph nodes (4.0%) had TCM, whereas 93% of patients and 21.8% of lymph nodes
had TCM in patients treated with surgery alone. In their previous study on lymph
node micro-involvement in 100 GAC patients after primary surgery, the rates of
TCM in lymph nodes were 90% and 97% in cases classified by routine histology as
pNO and pN1, respectively [34]. Furthermore, this study indicated that the degree of
the pathological responses of primary tumors to NACT correlated with effects on
tumor cells in regional lymph nodes [33]. Yokoyama et al. established an in vivo
lymph node metastasis model using the green fluorescent protein (GFP)-transfected
gastric cancer cell line, GCIY-EGFP, which metastasizes spontaneously to the
inguinal lymph nodes when inoculated subcutaneously into the abdominal wall.
They also demonstrated that ITCs in lymph nodes regressed spontaneously through
natural killer cell-mediated antitumor activity following the resection of primary
subcutaneous tumors, whereas micrometastasis in lymph nodes continued to prolif-
erate and may be effectively eliminated by postoperative chemotherapy using this
model [35]. Using the same model, Eguchi et al. evaluated the effects of periopera-
tive chemotherapy against micrometastasis in gastric cancer. After the inoculation
of GCIY-EGFP into the lower abdominal wall of nude mice, a preoperative treat-
ment with S-1 and docetaxel or postoperative treatment with S-1 was performed in
addition to the resection of primary tumors in order to assess the efficacy of chemo-
therapy on micrometastases, metastatic foci measuring 0.2-2 mm in diameter and
ITCs, and metastatic foci measuring less than 0.2 mm, in the lymph nodes. NACT
was effective against micrometastases and ITCs in the lymph nodes, despite chemo-
therapy not being active against primary tumors [36]. These findings indicated that
chemotherapy has a marked effect on LNM in regional lymph nodes independent of
whether the effects of chemotherapy are active against the primary tumor.

12.4 CRC

Regional lymph node metastasis is a reliable prognostic factor and is used for
clinical decision-making [6, 7]. In Western countries, the standard treatment for
patients with locally advanced rectal cancer is 5-FU-based NACRT followed by
total mesorectal excision (TME) [37]. On the other hand, NACRT is still not a
standard treatment in Japan. The Japanese guidelines for the treatment of CRC
recommend upfront surgery followed by adjuvant chemotherapy [38]. In either
case, the prognostic value of LNM in patients with node-negative CRC has
remained unclear because of a lack of evidence from prospective studies. In a
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meta-analysis by Rahbari et al., the relationship between the molecular detection
of occult disease in regional lymph nodes and an increased risk of disease recur-
rence and poor survival in patients with node-negative CRC was reported, and the
necessity for prospective studies was emphasized [39]. In another systematic
review and meta-analysis, LNM had a worse prognosis than that for patients with-
out occult tumor cells; however, ITC did not have predictive value in patients with
stage I/II CRC [40]. Yamamoto et al. recently reported the findings of a prospec-
tive multicenter clinical trial in terms of the usefulness of the micrometastasis
volume in lymph nodes in 315 patients with node-negative stage II CRC using the
molecular detection of CEA mRNA by quantitative RT-PCR in addition to con-
ventional qualitative RT-PCR [41]. However, few studies have focused on the
relationship between NACT and/or NACRT and LNM in CRC; only three studies
have been reported to date. Table 12.2 summarizes studies on the relationship
between neoadjuvant therapy and LNM in CRC patients [42—44]. Kinoshita et al.
examined the pathological effects of neoadjuvant radiotherapy (NART) on the
intramural spread of tumors and risk factors for local recurrence, including tumor
deposits, the budding growth of primary tumors, and LNM by performing IHC
using the anti-cytokeratin antibody cocktail, AE1/AE3, for lower rectal cancer.
Twenty-five stage-matched patients were enrolled, with 25 patients who received
50 Gy NART and 25 who did not. LNM was significantly smaller in patients who
received NART than in those who did not. These findings suggested the beneficial
effects of NART for LNM in lower rectal cancer [42]. Perez et al. examined 518
lymph nodes that were resected from 56 distal rectal cancer patients who received
NACRT followed by radical surgery by performing IHC using the anti-cytokeratin
antibody cocktail, AEI/AE3, and compared the impact of NACRT on
LNM. Radiation was delivered in daily fractions of 1.8 Gy to a total dose of
50.4 Gy. Intravenous chemotherapy was performed using 5-FU (20 mg/m?/day)
and folinic acid (1000 mg/m?*day, over 24 h) for 3 consecutive days on the first
and last 3 days of radiation therapy. The detection rate of LNM was markedly low
in patients treated with NACRT (7%), even in high-risk patients (T3 and T4
tumors); however, LNM was not associated with decreased overall or disease-free
survival [43]. Sprenger et al. prospectively examined 2412 lymph nodes that were
resected from 81 rectal adenocarcinoma patients who received NACRT followed
by total mesorectal excision. Radiation was delivered in daily fractions of 1.8 Gy
to a total dose of 50.4 Gy. Intravenous chemotherapy was performed using either
the continuous infusion of 5-FU (1000 mg/m? on days 1-5 and 29-33) or a com-
bined regime of 5-FU/oxaliplatin (5-FU, 250 mg/m? on days 1-14 and 22-35, and
oxaliplatin, 50 mg/m? on days 1, 8, 22, and 29). Conventional HE staining was
performed to detect lymph nodes metastases and revealed a markedly high inci-
dence of mesorectal LNM (32.8%) after NACRT. They concluded that residual
LNM did not impair disease-free survival or cancer-specific survival [44]. Based
on the three studies that investigated neoadjuvant therapy and LNM in CRC,
NART or NACRT exhibited the ability to reduce LNM. However, LNM after neo-
adjuvant therapy had a negative impact on the prognosis of patients with node-
negative CRC.
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12.5 Future Perspectives of NACT and/or NACRT and LNM

According to the findings of our previous review, a high incidence of LNM >10%
was found in patients with pNO GI cancer [9]. In our study on gastric cancer, LNM
already exhibited proliferative activity, even in ITCs [45]. If LNM is present in
patients diagnosed with pNO, these patients need to be categorized as pNI.
Prospective randomized controlled studies need to be conducted in order to examine
the effectiveness of adjuvant therapies for patients with LNM. In conclusion, further
studies on the biological behavior of LNM treated with NACT and/or NACRT are
required in order to elucidate the efficacy of NACT and/or NACRT for LNM and
may lead to a better understanding of LNM and the development of further treat-
ments for patients with GI cancers.
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Abstract

Lymph node metastasis has a great significance in the diagnosis and the treat-
ment of esophageal cancer. Esophageal cancer shows more virulent characteris-
tics comparing to gastric or colorectal cancer, and the lymph node dissection
during esophageal cancer surgery has more important meaning than that of other
gastrointestinal cancer surgeries. The frequency of lymph node metastasis in
esophageal cancer is higher than any other gastrointestinal malignancies, and
when the depth of tumor invasion is at the submucosal layer, the frequency of
lymph node metastasis reaches up to 50%. The distribution of lymph node metas-
tasis is also curious in esophageal cancer. The most frequent site of the metasta-
sis is “along the recurrent laryngeal nerve,” and the second most frequent site is
the upper lesser curvature of the stomach; these two sites are far from the primary
cancer. The size of the metastasis in the lymph nodes was small; 63% of the
metastasis was less than 5 mm in diameter. The completely correct preoperative
diagnosis for lymph node metastasis was achieved in only 62.7% of the cases.
We usually perform a three-field lymph node dissection esophagectomy. From
survival analysis, a lymph node dissection achieved its significance when the
pathological number of lymph node metastasis was less than five. However,
when the number of lymph node metastasis exceeded five, the procedure of
lymph node metastasis would begin to lose its meaning. Then, we may say that
the number of lymph node metastasis is a “predictor” AND a “governor.”
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Lymph node metastasis has a great significance in the diagnosis and the treatment
of esophageal cancer. Esophageal cancer shows more virulent characteristics com-
paring to gastric or colorectal cancer, and the lymph node dissection during esopha-
geal cancer surgery has more important meaning than that of other gastrointestinal
cancer surgeries. In this chapter, we describe the reality and clinical significance of
lymph node metastasis in esophageal squamous cell carcinoma.

13.1 Frequency

13.1.1 Frequency of Lymph Node Metastasis
in Esophageal Cancer

The frequency of lymph node metastasis in esophageal cancer is higher than that of
other gastrointestinal cancers. In gastrointestinal cancers, it is well known that the
frequency of lymph node metastasis depends on the depth of tumor invasion. As the
tumor invades deeper, the frequency of lymph node metastasis rises. Here we com-
pare the metastatic rate of lymph node in the same depth of tumor invasion between
the esophagus and stomach in Fig. 13.1. When the tumor invaded up to the submu-
cosal layer, the rate of lymph node metastasis was almost 50% in esophageal cancer
and around 20% in gastric cancer. When the tumor invaded the proper muscle layer,
the rate of lymph node metastasis was almost 70% in esophageal cancer and around

Gastric Cancer Esophageal Cancer
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Fig. 13.1 Frequency of lymph node metastasis according to the tumor depth between esophageal
and gastric cancer
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50% in gastric cancer. From Fig. 13.1, we can realize that the rate of lymph node
metastasis in esophageal cancer corresponded to that of gastric cancer with deeper
tumor invasion. For example, the frequency of lymph node metastasis in submuco-
sal esophageal cancer was around 50%, which was almost the same rate of gastric
cancer with T2 tumor invasion. And the frequency of lymph node metastasis in T2
esophageal cancer was around 70%, which was almost the same rate of gastric can-
cer with T3 and deeper tumor invasion.

Figure 13.2 shows our results of 1470 cases with three-field (neck, mediastinal,
and abdominal) lymph node dissection surgery. The mean number of the harvested
lymph node was 114: 43 in the neck, 38 in the mediastinum, and 33 in the abdomen.
The mean number of the metastatic lymph nodes was 3.9: 0.8 in the neck, 1.8 in the
mediastinum, and 1.3 in the abdomen. Among the 1470 cases, did 69.2% of the
patients have any lymph node metastasis? The positive rate of lymph node metasta-
sis was 27.4% in the neck, 55.6% in the mediastinum, and 41.0% in the abdomen.
In the thoracic esophageal cancer, we experience the lymph node metastasis from a
neck to an abdominal region.

13.1.2 The Frequency of Lymph Node Metastasis in Superficial
Esophageal Cancer

Superficial cancer is defined when the depth of tumor invasion is at the mucosal or
submucosal layer. Mucosal esophageal cancer is expressed as “Tla” and submuco-
sal esophageal cancer is expressed as “T1b” [1]. According to the “Japanese
Classification of Esophageal Cancer” by Japan Esophageal Society [1], mucosal
cancer is classified into three categories. These were M1, M2, and M3 mucosal
cancers. The M1 cancer (T1a-EP) is carcinoma in situ (Tis). In the M2 cancer (T1a-
LPM), a tumor invades lamina propria mucosae (LPM). In the M3 cancer (T1a-MM),
a tumor invades muscularis mucosae (MM). In the M1 and M2 cancer, we have
experienced no lymph node metastasis. However, when the tumor invades muscula-
ris mucosae (MM), around 10% of the cases show lymph node metastasis. Then an
endoscopic resection, such as endoscopic mucosal resection (EMR) or endoscopic
submucosal dissection (ESD), is indicated for the M1 or M2 mucosal cancer. When
the depth of tumor invasion proved to be M3 and deeper from pathologic examina-
tion after endoscopic resection, additional treatment such as chemoradiotherapy or
surgery will be needed.
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And “Japanese Classification of Esophageal Cancer” also classified submucosal
cancer into three categories [1]. Those are T1b-SM1, T1b-SM2, and T1b-SM3. The
definitions are as follows: T1b-SM1, tumor invades the upper third of the submuco-
sal layer; T1b-SM2, tumor invades the middle third of the submucosal layer; and
T1b-SM3, tumor invades the lower third of the submucosal layer. In the submucosal
esophageal cancer, the frequency of lymph node metastasis was around 50%, and
the detailed frequency of lymph node metastasis in SM1, SM2, and SM3 cancer was
around 30%, 45%, and 60%, respectively. The incidence rate of lymph node metas-
tasis according to the subclassified superficial esophageal cancer is summarized in
Fig. 13.3.

From the standpoint of frequency of lymph node metastasis, we can conclude
that surgical treatment should be considered when the depth of tumor invasion
reaches the submucosal layer. As compared to gastric or colorectal cancer, submu-
cosal esophageal cancer should be recognized as “almost advanced cancer” from
high incidence rate of lymph node metastasis. In fact, from the “Japanese
Classification of Esophageal Cancer,” the definition of early esophageal cancer is
limited only to “mucosal cancer” [1]. However, in gastric or colorectal cancer, early
cancer is defined as mucosal or submucosal cancer. Esophageal cancer bears more
malignant characteristics than gastric or colorectal cancer.

13.2 The Distribution

13.2.1 The Distribution of Lymph Node Metastasis
in Esophageal Cancer

Figure 13.4 shows the rate of lymph node metastasis in three fields (neck, mediasti-
num, and abdomen) according to the tumor location (upper thoracic, middle tho-
racic, and lower thoracic). When the tumor is located in upper thoracic, more than
30% of the cases showed lymph node metastasis in the neck and the mediastinum.
However, in 17% of the cases, we experienced lymph node metastasis in the abdo-
men. When the tumor was in the lower thoracic region, we experienced lymph node
metastasis in the mediastinum in almost 50% of the cases and, in the abdomen, in
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Fig. 13.4 Rate of lymph node metastasis in three fields (neck, mediastinum, and abdomen)
according to tumor location

65% of the cases. However, neck lymph node metastasis was also observed in up to
15% of the cases. When the tumor location was in the middle thoracic, we experi-
enced lymph node metastasis in the neck in 32% of the cases, in the mediastinum in
59% of the cases, and in the abdomen in 41% of the cases. From the incidence rate
of lymph node metastasis, we need an abdominal lymph node dissection even when
the tumor was in the upper thoracic, and we need a neck lymph node dissection
when the tumor was in the lower thoracic region. Certainly, three-field lymph node
dissection is indicated in the middle thoracic esophageal cancer. Then three-field
lymph node dissection surgeries will be indicated for thoracic esophageal cancer
irrespective of the tumor location.

In addition to the high incidence rate of lymph node metastasis, the distribution
of lymph node metastasis in esophageal cancer is quite different from other gastro-
intestinal cancers. Generally, when the primary cancer metastasizes to lymph nodes,
metastasis will usually occur at the near site of lymphatic drainage from the primary
cancer. The distance between primary cancer and the first metastatic lymph node is
usually short. However, in esophageal cancer, this regulation will never be adopted.
Figure 13.5 shows the most and the second most frequent sites of lymph node
metastases in thoracic esophageal cancer from the pathologic examinations of our
1470 cases with the three-field (neck, mediastinal, and abdominal) lymph node dis-
section surgery. The most frequent site of lymph node metastasis was “along the
recurrent laryngeal nerve.” In this region 34.4% of the cases showed lymph node
metastasis; this corresponded to one-third of the examined patients. The second
most frequent site of lymph node metastasis was around the upper lesser curvature
of the stomach. In this area 24.6% of the cases showed lymph node metastasis; this
corresponds to one-fourth of the examined patients. These two regions are very
important from the point of lymph node dissection. The lymph node dissection
around the stomach is a relatively simple and easy procedure for the esophageal
surgeons. However, the lymph node dissection along the recurrent laryngeal nerve
is a difficult procedure and will sometimes lead to the incidence of postoperative
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Fig. 13.5 The most and the second most frequent site of lymph node metastasis. (No.106rec,
along the recurrent laryngeal nerve; No.3, along the lesser curvature of the upper stomach, from
the Japanese classification of esophageal cancer)

recurrent laryngeal nerve palsy complication, especially in the left side. The lymph
node dissection is the most important procedure in esophageal cancer surgery from
the point of high incidence rate of lymph node metastasis and the difficulty of the
procedure.

13.2.2 The Distribution of Lymph Node Metastasis in Superficial
Esophageal Cancer

Was the tendency of distant distribution of lymph node metastasis observed in only
advanced esophageal cancer or not? To verify the characteristics of the distribution
of lymph node metastasis in superficial esophageal cancer, we examined 66 cases
with the submucosal esophageal cancer. Figure 13.6a showed the rate of lymph
node metastasis to the three fields in the submucosal esophageal cancer from the
pathologic examination. Even in the submucosal esophageal cancer, lymph node
metastasis was observed in the neck (16.7%), mediastinum (37.9%), and abdomen
(25.8%) in a relatively high incidence rate. And the distribution of lymph node
metastasis was not confined to the near area from the primary esophageal cancer.
Figure 13.6b showed the detailed metastatic sites of lymph node metastasis in the
submucosal esophageal cancer. Interestingly the most frequent site of lymph node
metastasis was also “along the recurrent laryngeal nerve,” and the second most fre-
quent site of metastasis was “the upper lesser curvature of the stomach.” Even in the



13 Esophageal Cancer 255

Abdmen

Fig. 13.6 (a) Rate of lymph node metastasis to three fields in submucosal esophageal cancer.
(b) Detailed metastatic sites of lymph node metastasis in submucosal esophageal cancer

submucosal esophageal cancer, the characteristics of the frequent sites of lymph
node metastasis were quite the same as the whole examined cases including
advanced cases, which were already mentioned above. Again, the important sites of
lymph node dissection were “along the recurrent laryngeal nerve” and “the upper
lesser curvature of the stomach,” irrespective of the depth of tumor invasion in
esophageal cancer.

13.2.3 The Distribution of Lymph Node Metastasis in Esophageal
Cancer with Only One Lymph Node Metastasis

Where is the first site of lymph node metastasis in esophageal cancer? Among the
16 cases with only one lymph node metastasis from postoperative pathologic exam-
ination, we retrospectively analyzed the first site of lymph node metastasis. From
Fig. 13.7 the most frequent site of the first lymph node metastasis was again “along
the recurrent laryngeal nerve,” and the second most frequent site of the first lymph
node metastasis was “along the upper lesser curvature of the stomach.”

These two important sites, “along the recurrent laryngeal nerve” and “along the
upper lesser curvature of the stomach,” were frequent and early metastatic sites in
esophageal cancer, which should be completely dissected during the operation.
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13.2.4 The Distribution of Lymph Node Metastasis in the Neck

Until 2014, we performed three-field (neck, mediastinal, and abdominal) lymph
node dissection surgeries in 1470 cases with the thoracic esophageal cancer. From
the pathologic examination of the dissected neck lymph nodes of these cases, the
distribution of neck lymph node metastases was shown in Fig. 13.8. We subdivided
the neck areas into nine compartments in both sides. For the thoracic esophageal
cancer, we usually dissect five compartments (Fig. dotted areas; those are compart-
ment “1,” “2,” *3,” “5,” and “6”) in both sides. Compartments “4” and “7” are only
dissected when the laryngectomy is performed, and compartments “8” and “9” are
usually dissected for the pharyngeal or laryngeal cancer surgery. From Fig. 13.8, the
most frequent site for lymph node metastasis in the thoracic esophageal cancer was
“along the recurrent laryngeal nerve in the neck” (compartment “1” in Fig. 13.8),
and the metastasis was observed in almost 17% of the cases. The second most fre-
quent site for metastasis was the “medial side of the supraclavicular area” (compart-
ment “2” in Fig. 13.8), and metastasis occurred in around 14% of the cases.
Generally, the middle compartments and lateral compartments in Fig. 13.8 were
quite less frequent metastatic areas than the most and the second most frequent
metastatic areas “along the recurrent laryngeal nerve in the neck” (compartment “1”
in Fig. 13.8) and “medial side of the supraclavicular area” (compartment ‘“2” in
Fig. 13.8). We can conclude that the important areas for the neck lymph node dis-
section are “along the recurrent laryngeal nerve in the neck” and “medial side of the
supraclavicular area.” In other compartments, lymph node metastasis usually occurs
in pharyngeal or laryngeal cancer cases, and the frequency of lymph node metasta-
sis was quite rare in the thoracic esophageal cancer.
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Fig. 13.8 Distribution of neck lymph node metastasis after subclassification of neck field

13.3 The Preoperative Diagnostic Rate for Lymph
Node Metastasis

In esophageal cancer, it is sometimes quite difficult to diagnose lymph node metas-
tases accurately prior to an operation as compared to other gastrointestinal malig-
nancies. From our operative cases with clinically diagnosed as stage II/III, we
compared diagnostic accuracy for lymph node metastasis between preoperative
clinical diagnosis and postoperative pathologic results. The results were shown in
Fig. 13.9. The preoperative diagnostic methods for lymph node metastasis were CT
scan, neck and abdominal ultrasonography, and endoscopic ultrasonography for all
cases. In those who were diagnosed “no lymph node metastasis” preoperatively, up
to 62.5% of the cases proved to have more than one lymph node metastasis by post-
operative pathologic examination. 62.5% of the cases were “false negative” for
lymph node metastasis. In those who were diagnosed “positive for lymph node
metastasis” preoperatively, 32.2% of the cases proved to have no lymph node metas-
tasis by postoperative pathologic examination. These 32.2% of the cases were “false
positive” for lymph node metastasis. And overall correct diagnostic rate for lymph
node metastasis was accomplished in only 62.7% of the cases. From the standpoint
of clinical practice, relatively high false-negative rate was a serious problem. Almost
two-thirds of the cases, who had been diagnosed as “no lymph node metastasis”
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Fig. 13.9 Comparison between preoperative clinical diagnosis and postoperative pathologic
diagnosis for lymph node metastasis

preoperatively, proved to have any lymph node metastasis postoperatively. We
should not trust preoperative diagnosis for “no lymph node metastasis” with too
much confidence. Even during the surgery, it is quite difficult to diagnose lymph
node metastasis precisely by surgeon’s eyes and hands. We must always realize the
possibility and the potential of lymph node metastasis in the esophageal cancer
operation.

13.4 The Size of Lymph Node Metastasis
in Esophageal Cancer

Why was the correct preoperative diagnosis for lymph node metastasis in esopha-
geal cancer so difficult? In 1999, we operated 92 cases of esophageal cancer and
dissected 9254 lymph nodes in total [2]. Out of these nodes, 320 lymph nodes
proved to be positive for metastasis by postoperative pathologic examination. We
measured the actual size of the metastasis in these 320 metastatic lymph nodes
under the microscope. The results are shown in Fig. 13.10. The most frequent size
of the metastasis in lymph nodes was 2-3 mm in diameter. Surprisingly, 63% of the
lymph nodes contained small metastases with under 5 mm in diameter. In only 13%
of the lymph nodes, the size of the metastases was over 10 mm in diameter. Usually
radiologists diagnose lymph node metastasis from its size when the size of the swol-
len lymph node is over 10 mm in diameter. However, we must recognize that small
lymph node metastasis is very common in esophageal cancer, and sometimes it is
very difficult to diagnose lymph node metastasis precisely prior to an operation. For
this reason, quality control in lymph node dissection during the esophageal cancer
surgery becomes very important, and esophageal surgeons must not leave lymph
nodes behind even if the sizes of the lymph nodes are small. High quality in lymph
node dissection will lead to a high survival rate. Figure 13.11 is an example of a
small metastatic lymph node with 3 mm in diameter, which contained partly small
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metastasis (arrow) with 2 mm in diameter in the left side of the figure. Small lymph
nodes with small metastases are common in esophageal cancer.

13.5 The Clinical and Biological Significance of the Number
of Lymph Node Metastasis in Esophageal Cancer

The number of lymph node metastasis is widely recognized as one of the powerful
prognostic factors in gastrointestinal malignancies. Esophageal cancer bears viru-
lent characteristics, and here we analyze the unique meaning of the number of
lymph node metastasis in esophageal cancer from the clinical and biological point
of view.

13.5.1 The Prognostic Factors for Postoperative Esophageal
Cancer Patients from Multivariate Analysis

We analyzed the prognostic factors for the 1470 patients who received esophagec-
tomy with three-field lymph node dissection surgery in our department. The method
of multivariate analysis was Cox regression analysis. The selected covariates for sig-
nificant prognostic factors for overall survival were “age,” “the number of lymph node
metastasis,” and “the presence of intramural metastasis” (Fig. 13.12). In a large-scale
prognostic analysis, such as more than 1000 cases as ours, “age” is generally selected
for significant prognosticator. Another most powerful prognostic factor from our anal-
ysis was “the number of lymph node metastasis” (p = 0.0001) with the relative risk of
1.05. We can conclude that the most significant prognostic factor for esophageal can-

cer patients following esophagectomy was “the number of lymph node metastasis.”

13.5.2 Is“the Number of Lymph Node Metastasis” a “Predictor”
or a“Governor”?

It has long been discussed whether “the number of lymph node metastasis” is a
“governor” or a mere “predictor” for survival benefit. This proposition can be trans-
lated that “whether lymph node dissection in esophageal cancer surgery prolong the
patient’s survival or not.”” After we dissect around 1000 lymph nodes during

Fig.13.12 Significant ~ Cox Regression Analysis ~
prognostic factors
following esophagectomy Covariates ‘ ‘ p-value  Relative Risk

with three-field lymph
node dissection from
multivariate regression

study No. of LNs Met. 0.0001 1.05

Age 0.0001 1.05

Intramural Met. 0.018 2.03
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esophageal cancer surgery, can we prolong the patient’s survival or only predict
survival rate from the number of metastatic lymph nodes without survival benefit?

From the above multivariate prognostic survival analysis with Cox regression for
patients with esophageal cancer who received three-field lymph node dissection
surgery, “the number of metastatic lymph nodes” was still selected for most signifi-
cant prognostic factor. What does this mean? If we suppose the number of lymph
node metastasis is a complete “governor,” the survival of the patients should be
benefited by the surgical lymph node dissection, and the survival rate of the patients
between no lymph node metastasis and with metastases would be the same. Then
the number of lymph node metastasis would not be selected for a significant prog-
nostic factor theoretically. However, the number of lymph node metastasis after
three-field lymph node dissection surgery was still selected for significant prognos-
ticator. This means some limitations of lymph node dissection in esophageal cancer
surgery for survival benefit and means that the number of lymph node metastasis is
not a complete governor.

The next question is whether “the number of lymph node metastasis™ is only a pre-
dictor or not. If we supposed that “the number of lymph node metastasis™ is only a pre-
dictor, the survival benefit following lymph node dissection surgery would be denied.

We compared the mean survival time (MST) in patients with esophageal cancer
who received three-field lymph node dissection surgery according to the number of
lymph node metastasis from postoperative histopathological examination. The
results of MST were shown in Fig. 13.13 (MST was expressed in months). When
the patients bared no lymph node metastasis, MST was 76.8 months. And when the
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Fig. 13.13 Mean survival time following esophagectomy with three-field lymph node dissection
according to the number of pathologic lymph node metastasis
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number of lymph node metastasis was one, two, three, four, and five, the MST was
77.5,70.1, 51.3, 58.4 and 59.3 months, respectively, and the MST reached almost
up to 5 years (60 months). We can conclude that when the pathological number of
lymph node metastasis was five or less, lymph node dissection had certain signifi-
cance. However, the number of lymph node metastasis exceeded five, the MST
declined keenly from 40 to 10 months (Fig. 13.13), and lymph node dissection
procedure may lose its importance.

We can hypothesize that lymph node dissection procedure may be effective and
meaningful when the pathological number of lymph node metastasis is five or less.
Under this condition, “the number of lymph node metastasis” may be a “governor.”
However, when the number of lymph node metastasis surpasses five, “the number
of lymph node metastasis” may become an only “predictor.”

To confirm the above hypothesis, we investigated the overall survival rate in
patients with c-stage II/III who received three-field lymph node dissection esopha-
gectomy among three groups. Three groups were classified from the number of
pathological lymph node metastasis: Groupl, no pathological lymph node metasta-
sis; Group2, the pathological number of lymph node metastasis was one to five; and
Group3, the pathological lymph node metastasis was more than five.

The cumulative survival curve following esophagectomy was expressed in
Fig. 13.14. When no pathological lymph node metastasis was observed, overall
5-year survival rate was 67.1%. When the number of lymph node metastasis was
one to five, the 5-year survival rate was 60.5%, and there was no statistical differ-
ence in survival rate between Group 1 and Group 2 (p = 0.31). However, when the
number of lymph node metastasis surpassed, the 5-year survival rate decreased to
24.8%. From the cumulative survival analysis, the “number of lymph node metasta-
sis” was thought to be a “governor” when the number of lymph node metastasis was
less than five and was thought to be an only “predictor,” when the number of lymph
node metastasis was more than five.
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We may answer the proposition “Is the number of lymph node metastasis a ‘pre-
dictor’ or a ‘governor’?” The answer may be that the number of lymph node metas-
tasis is a “predictor” AND a “governor.”
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Abstract

Lymph node metastasis is the most important prognostic factor in potentially
curable gastric cancer. Since 2010 the TNM classifications and the Japanese clas-
sification have been harmonized in terms of the N-category determined with the
number of metastatic lymph nodes and of the stage grouping.

The D-number to describe the extent of lymph node dissection in gastrectomy
is used to be defined in accordance with lymph node groups based on the primary
tumor location. In the third edition of the Japanese guidelines published in 2010,
the lymph node stations to be dissected in D1, D1+, and D2 were newly defined
for total or distal gastrectomy regardless of the tumor location.

The 15-year follow-up of the Dutch trial demonstrated that the locoregional
recurrence rate was significantly lower in patients treated with D2 than DI,
showing a survival benefit. Today the D2 procedure has been recommended in
most guidelines for patients with resectable advanced gastric cancer. There are
debates on an optimal extent of lymph node dissection in esophagogastric junc-
tion cancer or cancer with duodenal invasion.
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14.1 Prognostic Significance of Lymph Node Metastasis
in Gastric Cancer

14.1.1 History of Gastric Cancer Staging System

The tumor-node-metastasis (TNM) classification has become the principal method
for assessing the extent of malignant disease in most organs. The tumor stage gener-
ated by this system is a strong prognosticator that influences the treatment
selection.

The extent of lymph node metastasis in gastric cancer used to be graded by ana-
tomical location of the metastatic nodes both in the Japanese classifications (JC) by
the Japanese Gastric Cancer Association (JGCA) and the TNM classification by the
Union for International Cancer Control (UICC) and the American Joint Committee
on Cancer (AJCC). In the fourth edition of the UICC/AJCC TNM classification [1],
N1 signified metastasis in the perigastric nodes located within 3 cm from the border
of the primary tumor; N2 were metastasis in the perigastric nodes more than 3 cm
away from the border of the primary tumor or in the extra-perigastric nodes along
the left gastric, hepatic, splenic, or celiac artery.

The JC had more complicated anatomical definitions. The lymph nodes around
the stomach were first given “a station number” according to the anatomical loca-
tion (Table 14.1 and Fig. 14.1) [2]. The nodes in the gastric drainage area were then
grouped into three (Group 1-3) depending on the primary tumor location
(Table 14.2). The grade of nodal metastasis (N1-N3) was defined based on these
Group numbers 1-3: N1 signified metastasis in Group 1 but not in Group 2 or 3; N2
signified metastasis in Group 2 but not in Group 3, etc. The group numbers were
also utilized to define the extent of lymphadenectomy (D1-D3) as will be described
later. Although the definitions of groups were slightly modified in each edition, this
basic rule had been consistent throughout the JC history until the major revision was
made in the 14th edition [3] in 2010.

These anatomical definitions in the TNM and JC were not the same but roughly
comparable, and in fact the treatment results reported from East and West were
compared using the same terms “N” ignoring the differences between them. Then
several studies suggested that the number, not the location, of metastatic nodes had
strong prognostic power [4, 5], and in 1997, the TNM classification totally changed
the N-category of gastric cancer from the anatomical system to the numerical one in
its fifth edition [6]: N1, metastasis in 1-6 regional lymph nodes; N2, 7-15; and N3
more than 15. As the JGCA did not change their anatomical system, the N-category
in the two classifications came to have incomparable, different meanings. This sta-
tus continued until 2010 when the JGCA decided to adopt the numerical system.
The TNM and JC were simultaneously revised (TNM 7th [7], and JC 14th [3])
introducing a new definition of N-category: N1, metastasis in 1-3 regional lymph
nodes; N2, 3—-6; and N3 more than 7. The JGCA abandoned the traditional anatomi-
cal system and instead proposed a new stage grouping based on the Japanese and
Korean databases [8], which was adopted in the TNM. Thus the staging system of
gastric cancer has been harmonized between East and West.
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Table 14.1 Definitions of station numbers of the lymph nodes around the stomach (from Japanese
classification of gastric carcinoma: third English edition [3])

No. Definition

1 Right paracardial LNs, including those along the first branch of the ascending limb of
the left gastric artery

2 Left paracardial LNs including those along the esophagocardiac branch of the left
subphrenic artery

3a Lesser curvature LNs along the branches of the left gastric artery

3b Lesser curvature LNs along the second branch and distal part of the right gastric artery

4sa Left greater curvature LNs along the short gastric arteries (perigastric area)

4sb Left greater curvature LNs along the left gastroepiploic artery (perigastric area)

4d Right greater curvature LNs along the second branch and distal part of the right
gastroepiploic artery

5 Suprapyloric LNs along the first branch and proximal part of the right gastric artery

6 Infrapyloric LNs along the first branch and proximal part of the right gastroepiploic
artery down to the confluence of the right gastroepiploic vein and the anterior superior
pancreaticoduodenal vein

7 LNs along the trunk of left gastric artery between its root and the origin of its
ascending branch

8a Anterosuperior LNs along the common hepatic artery

8p Posterior LNs along the common hepatic artery

9 Celiac artery LNs

10 Splenic hilar LNs including those adjacent to the splenic artery distal to the pancreatic
tail and those on the roots of the short gastric arteries and those along the left
gastroepiploic artery proximal to its first gastric branch

11p Proximal splenic artery LNs from its origin to halfway between its origin and the
pancreatic tail end

11d Distal splenic artery LNs from halfway between its origin and the pancreatic tail end
to the end of the pancreatic tail

12a Hepatoduodenal ligament LNs along the proper hepatic artery, in the caudal half
between the confluence of the right and left hepatic ducts and the upper border of the
pancreas

12b Hepatoduodenal ligament LNs along the bile duct, in the caudal half between the
confluence of the right and left hepatic ducts and the upper border of the pancreas

12p Hepatoduodenal ligament LNs along the portal vein in the caudal half between the
confluence of the right and left hepatic ducts and the upper border of the pancreas

13 LNs on the posterior surface of the pancreatic head cranial to the duodenal papilla

14v LNs along the superior mesenteric vein

15 LNs along the middle colic vessels

16al Para-aortic LNs in the diaphragmatic aortic hiatus

16a2 | Para-aortic LNs between the upper margin of the origin of the celiac artery and the
lower border of the left renal vein

16bl | Para-aortic LNs between the lower border of the left renal vein and the upper border
of the origin of the inferior mesenteric artery

16b2 | Para-aortic LNs between the upper border of the origin of the inferior mesenteric
artery and the aortic bifurcation

17 LNs on the anterior surface of the pancreatic head deep to the pancreatic sheath

18 LNs along the inferior border of the pancreatic body

(continued)
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Table 14.1 (continued)

No. Definition

19 Infradiaphragmatic LNs predominantly along the left subphrenic artery

20 Paraesophageal LN in the diaphragmatic esophageal hiatus

110 Paraesophageal LNs in the lower thorax

111 Supradiaphragmatic LNs separate from the esophagus

112 Posterior mediastinal LNs separate from the esophagus and the esophageal hiatus

ACM
AGB
AGES
AGP
AHC
AJ
APIS
TGC
VCD
VCDA
VCM
VGED
VJ

VL
VMS
VP

VPDSA

A. colica media

Aa. Gastricae breves

A. gastroepiploica sinistra

A. gastrica posterior

A. hepatica communis

A. jejunalis

A. phrenica inferior sinistra

Truncus gastrocolicus

V. colica dextra

V. colica dextra accessoria

V. colica media

A. gastroepiploica dextra

V. jejunalis

V. lienalis

V. mesenterica superior

V. portae

V. pancreaticoduodenalis
superior anterior

Fig. 14.1 Lymph node stations (a) Location of lymph node stations, (b) Location of lymph nodes
in the esophageal hiatus and in the infradiaphragmatic and para-aortic regions [2]
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Table 14.2 Lymph node grouping in the 13th edition of the Japanese classification
LMU/MUL MLU/UML  |LD/L |LM/M/ML | MU/UM

+E

No. 1
No. 2
3

No.

No. 4sa
No. 4sb
No. 4d
No. 5
No. 6
No. 7
No. 8a
No. 8b
No. 9
No. 10
No. 11p
No. 11d
No. 12a
No. 12bp
No. 13
No. 14v
No. 14a
No. 15
No. 16al
No. 16a2, bl
No. 16b2
No. 17
No. 18
No. 19
No. 20
No. 110
No. 111
No. 112
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14.1.2 Anatomical Definition of Regional Lymph Nodes

The number of lymph nodes included in the lymphatic drainage area largely varies
among human organs, and the stomach has the most: a careful lymph node retrieval
after total gastrectomy with D2 lymphadenectomy usually yields 40-60 nodes,
sometimes up to 200 nodes [9]. Japanese surgeons have long believed that this
dense network surrounding the stomach serves as a filter trapping cancer cells and
keeping them localized. They regard lymph node metastasis as local disease that is
still directly connected to the primary tumor, which is thus worth dissecting. The
question is which nodes are considered as “regional” for the stomach.

Metastasis in the regional nodes is the determinant of N-category of the TNM
classification, and metastasis in the non-regional nodes is classified as M 1. In both
JC and TNM, the perigastric lymph nodes (No. 1-6) and those along the main
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branches of the celiac artery (left gastric, hepatic, and splenic arteries; No. 7-12) are
defined as regional nodes. In addition, the para-aortic lymph nodes (PAN, No. 16)
were classified as regional nodes until the 13th edition of JC. However, as survival
benefit of PAN dissection was denied in a Japanese large-scale randomized con-
trolled trial (JCOG9501) [10], they are now classified as non-regional nodes in the
14th edition of JC.

According to the UICC TNM system, if a tumor involves more than one site or
subsite, the regional lymph nodes include those of all involved sites and subsites
[11]. The JGCA decided to follow this rule. In gastric cancers invading the esopha-
gus, the lymph nodes in the esophageal hiatus and lower mediastinum (no. 19, 20,
110, and 111) are regional lymph nodes. The retropancreatic nodes (No. 13) are not
regional nodes of the stomach, but once a gastric cancer invades the duodenum,
metastasis in No. 13 is not M1 but a regional nodal metastasis.

14.2 Surgical Management of Lymph Node Metastasis
in Gastric Cancer

14.2.1 History of Lymphadenectomy

The first edition of JC was established in 1962, having two major purposes: first to
provide common rules to record the disease for future registry and comparative
studies and second to provide guidance for surgeons and pathologists. This showed
a sharp contrast with the TNM classification that provides only classifications to
record the disease without any proposal of treatment.

In the JC, therefore, the extent of lymphadenectomy was always the central sub-
ject. It used to be expressed with R-number such as R1 or R3 but was changed to the
D-number in the 13th edition to avoid confusion with “R, residual disease” of the
TNM classification. The D-number was linked to the group number of the lymph
nodes determined according to the anatomical locations mentioned previously
(Table 14.2). D1 signified complete dissection of the Group 1 nodes; D2, complete
dissection of both Group 1 and 2 nodes, etc. Most randomized controlled trials
(RCTs) of gastric cancer surgery including the Dutch [12], Medical Research
Council (MRC) [13], and Taipei [14] were conducted using the 11th [15] or 12th
edition of JC, in which surgeons obeyed the original definitions of D1 and D2.
However, outside these trials, the terms “D1-3" were not always used with accuracy
in the strict sense. It was generally and mistakenly believed outside Japan that the
perigastric nodes (No. 1-6) were Group 1 and those along the celiac artery and its
branches (No. 7-12) Group 2. The original definitions of N1-3 and D1-3 were not
so simple. For example, the left paracardial lymph nodes (station No. 2) were clas-
sified as Group 1 in a tumor located in the upper third of the stomach, but as Group
3 in a middle or middle/lower tumor, and as M1 (distant metastasis) in a tumor
confined to the lower third of the stomach.

This complicated definition of the nodal groups was established based on the
results of detailed efficacy analysis on dissection of each lymph node station.
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Sasako et al. proposed the concept of a “therapeutic value index” which is calcu-
lated by multiplying the incidence of metastasis in a lymph node station by the
5-year overall survival rate of the patients having metastasis in the station [16].
The nodal groups were defined based on the therapeutic value index for each pri-
mary tumor location in the 13th edition of JC (Table 14.2). Surgeons would have
the best chance to remove the lymph nodes worth dissecting to cure patients as
long as they perform D2 lymphadenectomy strictly obeying this table. However,
the grouping was too complicated to be accurately understood worldwide.
Moreover, the location of the primary tumor (“U,” “M,” “L,” etc.), which is the
basic determinant of nodal grouping, may not be universally categorized by sur-
geons or pathologists.

The anatomical lymph node groups were abandoned in the 14th edition of JC in
2010 and were replaced by the numerical N-category system in harmony with the
seventh TNM as mentioned previously. Accordingly, the D-number lost its original
meaning linked to the group numbers and had to be newly defined. This was real-
ized in the third edition of the Japanese Gastric Cancer Treatment Guidelines [17]
that was simultaneously published with the 14th JC. In this new D-number system,
the extent of lymphadenectomy has been classified as D1, D1+, or D2, and the
lymph node stations to be dissected in each D have been defined according not to
the primary tumor location but to the type of surgery, i.e., total or distal gastrectomy
(Fig. 14.2). D1 or D1+ are recommended for TINO disease and D2 for T2 to T4
disease. D3 is no longer defined because the rationale to recommend this super-
extended surgery was lost by the negative results of the RCT [10]. In the guidelines,
D1 and D1+ were also defined for proximal and pylorus-preserving gastrectomy but
not D2 because these were function-preserving surgery recommended only for
c¢T1INO tumors (Fig. 14.3).

Total gastrectomy Distal gastrectomy
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Fig. 14.2 Lymphadenectomy for standard surgery [40]
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Fig. 14.3 Lymphadenectomy for function-preserving gastrectomy [40]

14.2.2 History of D2 Lymphadenectomy and Its Evidence

Following the first success of gastrectomy by Theodor Billroth in 1881, Jan
Mikulicz-Radecki developed the concept of systematic lymphadenectomy for gas-
tric cancer, which was inherited by his international apprentices. One of them was
Hayari Miyake who brought the concept back to Japan, and it was further developed
and refined by several pioneering surgeons including Tamaki Kajitani. He com-
pleted what we call D2 lymphadenectomy today, which was spread widely in
Eastern Asia. In the West, the Mikulicz’ concept was also expanded to as extensive
as the Appleby’s operation in which the celiac axis was dissected at the route, but
then the extent of surgery was gradually reduced possibly under the influence of
accumulated evidence in favor of conservative surgery in breast cancer.

In the 1990s, two RCTs were conducted in Europe to compare D1 and D2 lymph-
adenectomy for gastric cancer, and they both showed significantly higher operative
morbidity and mortality in D2 than in D1 without any survival benefit by D2 [12,
13]. In these trials, the protocol was written based on the 11th JC [15], and the D2
procedure in principle included pancreatosplenectomy for proximal gastric tumors.
This obviously caused increase in operative morbidity and mortality, offsetting the
possible survival benefits by D2. It was clearly demonstrated that D2 lymphadenec-
tomy in this style was technically complicated and required trained skills.

Although the trial results discouraged Western surgeons from performing D2
lymphadenectomy, some specialists in Europe showed its feasibility and safety [18,
19], especially by avoiding pancreatosplenectomy. Furthermore, additional analy-
ses of the Dutch trial suggested survival advantage of extended lymphadenectomy,
and finally, the 15-year follow-up showed significantly lower rates of locoregional
recurrence and gastric-cancer-related death in D2 than in D1 [20].

In Asia, a single-institutional, small-scale RCT [14] to compare D1 and D2/D3
was conducted by specialized surgeons in Taipei (they used the 12th edition of JC
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in which the definition of “D3” was almost identical to the D2 in the 13th edition;
thus, it is expressed as “D2/D3” here). There was no operative death in this trial, and
the D2/D3 group showed marginally but significantly longer survival than the D1
group. In Japan and Korea where D2 lymphadenectomy is safely performed and is
believed superior to D1, no RCT has ever been planned.

With these results combined, the treatment guidelines today, both in the East and
West, recommend D2 lymphadenectomy without splenectomy for curable, non-
early gastric cancer, on condition in the West that it is performed by experienced
surgeons in high-volume centers [21].

14.2.3 Splenectomy

When a gastric cancer directly invades the spleen or pancreas, splenectomy or pan-
creatosplenectomy is performed to achieve RO resection. Even without such inva-
sion, splenectomy has been performed in Japan, as a part of D2 in total gastrectomy,
aiming at complete lymphadenectomy at the splenic hilum. Embryologically, the
spleen develops in the dorsal mesogastrium and therefore naturally bears gastric
draining lymph nodes in its hilar area. Indeed, 10-20% of proximal gastric cancers
metastasize to the lymph nodes in this area, and complete dissection is technically
difficult without splenectomy. On the other hand, splenectomy was shown to be
associated with high postoperative morbidity and mortality in the European trials
[12, 13] and thus is recommended to be avoided in routine practice [21]. A number
of retrospective studies comparing splenectomy and spleen preservation showed no
survival benefit of splenectomy [22, 23]. However, these studies were heavily biased
in favor of spleen preservation in that splenectomy had been performed in patients
with more advanced disease.

Several RCTs were conducted to evaluate splenectomy in total gastrectomy.
Those in Chile [24] and Korea [25] were rather small scale (187 and 207 patients,
respectively) and thus underpowered and inconclusive. There was another small-
scale, Japanese old RCT [26] (79 patients), and a meta-analysis of these three trials
[27] showed a slightly better 5-year survival with splenectomy, but the difference
was not statistically significant.

A large-scale multi-institutional RCT (JCOGO0110) was conducted in Japan [28].
Proximal gastric adenocarcinoma of T2-4/N0-2/MO not invading the greater curva-
ture of the upper gastric body was eligible. During the operation, surgeons con-
firmed that RO resection was possible with negative lavage cytology, and 505
patients were randomly assigned to either splenectomy or spleen preservation. The
primary endpoint was OS, and the trial was designed to confirm noninferiority of
spleen preservation to splenectomy in OS. Splenectomy was associated with higher
morbidity and larger blood loss, but the operation time was similar. The 5-year OS
were 75.1% and 76.4% in the splenectomy and spleen preservation groups, respec-
tively, and the noninferiority of spleen preservation was confirmed (P = 0.025). The
study concluded that in total gastrectomy for proximal gastric cancer which does
not invade the greater curvature, splenectomy should be avoided as it increases
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operative morbidity without improving survival. However, the clinical question of
whether splenectomy should be avoided for a tumor located at or limited to the
greater curvature was not answered in the trial, because such patients were all
excluded from the trial. Based on the results of this trial, the JGCA decided to
remove No. 10 from the list of lymph nodes to be dissected in D2 total gastrectomy
in the 15th edition of JC.

14.2.4 D2-Plus Lymphadenectomy for Advanced Gastric Cancer

Whether the lymphadenectomy beyond the standard D2 could add survival benefit
is controversial. Two RCTs were conducted in Japan to answer these questions and
were concluded.

The dissection of the para-aortic nodes (PAN) is used to be routinely performed
in specialized centers in Japan, as PAN were regarded as the final part of the regional
lymphatic drainage of the stomach. Although the PAN dissection was associated
with increased operative morbidity, a considerable proportion of patients with posi-
tive metastasis in this area were reported to survive after systematic dissection [29,
30]. The Japan Clinical Oncology Group (JCOG) conducted a large-scale RCT
(JCOGIY501) [10] to show its survival benefit over D2. A total of 523 patients with
subserosa or deeper gastric cancer without apparent PAN involvement were enrolled.
After confirming operative curability including negative peritoneal cytology, the
patient was intraoperatively allocated to either D2 or D2 + PAN dissection by cen-
tral randomization. No adjuvant chemotherapy was given. Although the operative
morbidity rate was slightly higher in D2 + PAN dissection, the mortality was equally
low (0.8% each). Contrary to surgeons’ expectations, the survival curves of the two
groups were completely overlapped showing no benefit of prophylactic PAN
dissection.

In this trial, some paradoxical results were obtained in the subset analyses. It had
been repeatedly demonstrated in retrospective studies that the deeper the tumor
invasion, the higher the PAN involvement. Nevertheless, in this JCOG9501 trial, in
patients with pathologically deep invasive tumor or those with positive nodal metas-
tases (i.e., high possibility of PAN metastasis), D2 alone showed significantly better
survival than D2 + PAN dissection, whereas in those with pT1/T2 tumors or those
without histological nodal metastasis (thus low possibility of PAN metastasis),
D2 + PAN dissection showed significantly better survival than D2 alone. There is no
convincing explanation for these paradoxical results, but it should be noted that
D2 + PAN dissection did worse particularly in those for whom surgeons had
expected its benefit.

Another RCT to evaluate extended lymphadenectomy beyond D2 was JCOG9502
that compared two different approaches to gastric cancer invading the esophagus
[31]. Left thoracoabdominal approach was known to facilitate sufficient lower
mediastinal lymphadenectomy and local tumor control around the cardia. Patients
with gastric cancer invading the esophagus less than 3 cm were preoperatively allo-
cated to either abdominal trans-hiatal approach (AT) or left thoracoabdominal
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approach (LT). Total gastrectomy with D2-plus left upper para-aortic nodal dissec-
tion was performed in both groups. Lower mediastinal dissection was added in the
LT group. The trial was terminated in the interim analysis because the invasive LT
approach showed rather inferior survival and was quite unlikely to be finally supe-
rior to AT.

These two RCTs had a huge impact on the trend toward expansion of lymphade-
nectomy attempted by brave and aggressive surgeons who believed “the more exten-
sive the surgery, the better the survival.” Consequently, today, D2 lymphadenectomy,
not less, not more, stays standard for curable non-early gastric cancer in Japan.

14.2.5 Multidisciplinary Approach to Extensive
Lymph Node Metastasis

Prognosis of patients with extensive lymph node metastasis (ELM) from gastric
cancer is poor even after macroscopic RO resection. In expectation that downstaging
by preoperative intensive chemotherapy may improve surgical outcomes, JCOG
conducted a series of phase II trials to develop multidisciplinary therapy for such
patients. They defined resectable ELM as either bulky nodal metastasis larger than
3 cm in diameter along the celiac artery or its branches (“bulky N2”) or PAN metas-
tasis confined to No.16a2/bl regions [32]. In these trials, staging laparoscopy was
mandatory to confirm absence of peritoneal metastasis (P0/CY0). Following two or
three courses of neoadjuvant chemotherapy (NAC), gastrectomy with D2 + PAN
dissection was performed.

As NAC regimen they first chose CPT-11 and cisplatin (JCOG0001) [32]. The
study was terminated when 55 patients were enrolled (the projected sample size was
60) because three treatment-related deaths were reported. Although the 3-year sur-
vival rate (27%) exceeded prespecified threshold, the pathological response rate
was lower (15%) than expected (Table 14.3). Then, S-1 + cisplatin was selected as
NAC for the same target (JCOG0405) [33]. The toxicity was mild, and the patho-
logical response was high including a case of complete response. The 3- and 5-year
survival rates (59% and 53%, respectively) were far higher than the expected rates.

Table 14.3 Neoadjuvant chemotherapy studies for extensive lymph node metastasis

Trial JCOGO0001 JCOG0405 JCOG1002
Regimen CPT-11+CDDP | S-1+CDDP S-1+4CDDP+DTX
No. of patients 55 53 53

Primary endpoint 3-year OS RO resection rate | Response rate
Response rate 54% 63% 58%

Histological response > Grade 1b | 15% 51% 50%

RO resection rate 66% 82% 85%

TRD 3(5.5%) 0 0

3-year survival 27% 59% 62%

CDDP cisplatin, DTX docetaxel, TRD treatment-related death
Histological response grade: by Japanese classification for gastric carcinoma
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Then, docetaxel was added to S-1 + cisplatin aiming at better response and survival
(JCOG1002) [34], but this toxic regimen did not exceed the results of JCOG0405 in
terms of response rate and survival.

Based on these results, D2-plus PAN dissection after S-1 + cisplatin is regarded
as the tentative standard treatment for potentially curable gastric cancer patients
with ELM. Further evaluations are needed as to whether PAN dissection is manda-
tory in such patients especially after good clinical response to NAC. In addition,
more effective regimens with less toxicity are awaited.

14.2.6 Esophagogastric Junction Cancer

Tumors arising in the esophagogastric junction (EGJ) have been known to have
distinct clinicopathological features. In 1973, Nishi proposed that the area between
2 cm above and 2 cm below the EGJ should be called “EGJ zone” and that carcino-
mas arising in this zone, irrespective of histological type, should be called “EGJ
cancer” [35]. In 1996, Siewert proposed a concept of “adenocarcinoma of the EGJ”
classifying adenocarcinomas arising between 5 cm above and 5 cm below the EGJ
into three types according to the location of its epicenter as follows [36]: type I,
adenocarcinoma of the distal esophagus which usually arises from an area with
specialized intestinal metaplasia of the esophagus (i.e., Barrett’s esophagus) and
which may infiltrate the EGJ from above; type II, true cardia carcinoma arising from
the cardiac epithelium or short segments with intestinal metaplasia at the EGJ,
between 1 cm above and 2 cm below the EGJ, this entity is also often referred to as
“junctional carcinoma”; and type III, subcardial gastric carcinoma which infiltrates
the EGJ and distal esophagus from below. There has been an alarming rise in the
incidence and prevalence of adenocarcinoma at the EGJ in the Western countries.
However, the optimal surgical approach to adenocarcinoma of EGJ, especially
Siewert type II tumors, has not been established.

High metastatic rates from EGJ cancer to the abdominal lymph nodes have been
reported regardless of the histological type or the invasion length toward the stom-
ach. No. 1, 2, 3, and 7 nodes are frequently involved in up to 50%. No. 9 and 11p
nodes are also involved in 10-20%. On the other hand, No. 4sb, 4d, 5, 6, and 10
lymph nodes were rarely involved, and their metastatic rates are reported to be less
than 5% [37, 38].

There are few reports on the incidence of metastasis to mediastinal or para-
aortic nodes around the left renal vein (No. 16a2 lat) from EGJ cancer. The JGCA
and Japan Esophageal Society conducted a nationwide retrospective surveillance
of EGJ cancer smaller than 4 cm in diameter, and the data of 3177 patients treated
between 2001 and 2010 were collected from 273 institutions [39]. An algorithm
in Fig. 14.4 has been proposed in the JGCA guidelines ver. 4 for lymphadenec-
tomy for such tumors [40]. Following this, a prospective multi-institutional study
is active in Japan (UMINO000013205) to determine the metastatic rates of the
lymph nodes both in the mediastinum and the abdomen including No.16a2-lat
from EGJ cancer. The optimal extent of lymphadenectomy will be proposed after
conclusion of this study.
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1) Clinical relevance of dissecting the upper mediastinal lymph nodes is unclear since the incidence of
metastasis is low.

2) Cervical lymph nodes are infrequently dissected and clinical relevance of dissecting these nodes is
unknown. However, it is noteworthy that there are long-term survivors among those with histologically
confirmed metastases among the cervical nodes.

3) For the E=G category, lower mediastinal nodes and hiatal nodes were rarely dissected, and the incidence
of metastasis among those who underwent resection was low.

4) Cervical, upper mediastinal and middle mediastinal nodes are rarely dissected for this category, and data
to discuss on the clinical relevance of dissecting these nodes are lacking.

Fig. 14.4 Algorithm showing the tentative standard in the extent of lymphadenectomy for
junctional cancer based on the tumor location, histology and T-categories [40]

14.2.7 Gastric Cancer with Duodenal Invasion

Gastric cancer located in the antrum sometimes invades the duodenum. The regional
lymph nodes of the duodenum listed by the UICC include the pyloric, hepatic, and
superior mesenteric lymph nodes, whereas those by AJCC include the hepatic, pan-
creaticoduodenal, infrapyloric, gastroduodenal, pyloric, and pericholedochal lymph
nodes. The No. 13 (retropancreatic) nodes are anatomically close to the pylorus and
often bear metastasis from tumors invading the duodenum [41]. The JGCA guide-
lines [40] state that D2-plus No. 13 lymphadenectomy could be an option in cura-
tive gastrectomy for such tumors. No. 12a should be dissected in a standard D2
gastrectomy, while No. 12b or 12p are regarded beyond D2 according to the guide-
lines. Neither previous studies nor the JGCA guidelines discuss the significance of
a D2-plus dissection including No. 12b and No. 12p, although the higher incidence
of “No.12 nodes” involvement has been reported [42]. Future study is required to
clarify the significance of D2-plus gastrectomy.

Lymph nodes along the superior mesenteric vein (No. 14v) are not included in a
D2 gastrectomy in the JGCA guidelines, but it is mentioned that D2-plus No. 14v
dissection may be beneficial in tumors with apparent metastasis to the No. 6 nodes.
For tumors in the distal stomach involving the duodenum, which frequently metas-
tasize to No. 6 nodes, No. 14v dissection could also be an option.
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14.3 Summary

Lymph node metastasis in gastric cancer has long been investigated as potentially
curable local metastasis. Evidence has accumulated based on meticulous registry
and clinical trials, and today D2 lymphadenectomy is considered to be the standard
procedure recommended for non-early resectable gastric cancer. Further evidence
of lymph node metastasis and the value of its dissection are needed in EGJ cancer.
Combination with new chemotherapy will improve patients’ survival, and the opti-
mal extent of lymphadenectomy may change according to the effects of preopera-
tive therapy.
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Abstract

The location of the lymph nodes and the extent of their removal for an optimal
response have been much discussed in the history of surgery, and considerable
research in this field is still being conducted today. If lesions are removed with
too wide margins, unnecessary complications can occur with no additional sur-
vival benefit. In contrast, incomplete lymph node dissection might leave residual
cancer cells, which could cause disease recurrence in lymph nodes or local sites.
For this perspective, the significance of performing complete mesocolic excision
for colon cancer and total mesorectal excision for rectal cancer has been focused
in recent years. Central vascular ligation has also been considered to be impor-
tant in the lymph node dissection for colorectal cancer.

In this chapter, we describe the latest trends in the treatment for lymph node
metastasis from colorectal cancer under four headings: (1) metastasis to mesen-
teric lymph nodes, (2) metastasis to lateral pelvic lymph nodes from rectal can-
cer, (3) metastasis to other distant lymph nodes, and (4) lymph node metastasis
from T1 cancer.
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15.1 Introduction

The presence or absence of lymph node metastasis from colorectal cancer is an
important factor affecting patient prognosis, which is also the case with lymph node
metastasis from other cancers; the cancer stage varies depending on different factors
related to lymph node metastasis. In Japan, systematic lymph node dissection is
well-established and is an important concept in surgical treatment. Meanwhile, in
Europe and the USA, as reported by Cady et al. [1], lymph node metastasis is an
important prognostic factor, and lymph node dissection is performed for local con-
trol and staging rather than treatment.

For a long time, the Japanese Classification of Colorectal Carcinoma (hereinafter
referred to as the “Japanese classification”) has classified metastatic lymph nodes
according to their distance from tumors or their positional relationship with domi-
nant blood vessels; this information has been used to determine the N factor.
However, the TNM classification by the Union for International Cancer Control
(UICC), which is commonly used worldwide, determines the N factor using the
number of metastatic lymph nodes. To ensure consistency, the Japanese classifica-
tion also introduced the number of lymph node metastases into its guidelines in the
seventh edition, published in 2008.

The TNM classification (seventh edition) by the UICC categorizes the N factor
as NO, Nla, N1b, Nlc, N2a, and N2b, according to the number of metastases to the
regional lymph nodes (Table 15.1). The Japanese classification (eighth edition) cat-
egorizes NO, N1, and N2 according to the number of metastases to the intestinal and
intermediate lymph nodes, which is consistent with the TNM classification. The
Japanese criteria also specify that the condition for N3 is main lymph node metas-
tasis, and that of low rectal cancer is lateral lymph node metastases, emphasizing
the importance of main lymph node dissection in surgery and defining N3 as an

Table 15.1 Differences in the definition of N staging between the Japanese Society for Cancer of
the Colon and Rectum (JSCCR) classification and TNM classification

JSCCR

TNM

N1 Three or less metastases to lymph nodes
that are located along the marginal artery and
adjacent to the colon

Nla Metastasis in one regional lymph node
N1b Metastasis in two to three regional lymph
nodes

Nlc Tumor deposit(s) in the subserosa,
mesentery, or nonperitonealized pericolic or
perirectal tissues without regional nodal
metastasis

N2 Four or more metastases to lymph nodes
that are located along the marginal artery and
adjacent to the colon

N2a Metastasis in four to six regional lymph
nodes

N2b Metastasis in seven or more regional
lymph nodes

N3 Metastasis to lymph nodes that are located
around the superior or inferior mesenteric
vessels and/or metastasis to lateral lymph
nodes from rectal cancer
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index to perform dissection (Table 15.1). The cancer staging of Japanese criteria is
simpler than that of TNM. In stage MO cancer, the stage is IIla in cases of N1 cancer
and IIIb in cases of N2 cancer.

In the treatment of lymph node metastasis from colorectal cancer, not only the
presence and the number of metastases but also the presence and the number of
surgically removed lymph nodes are regarded as the prognostic indices [2—5]. This
can be explained by lymph node micrometastases that cannot be detected through
standard pathological examination with hematoxylin and eosin staining [6—8]. It has
also been reported that the metastatic lymph node ratio (LNR), which is calculated
by dividing the number of metastatic lymph nodes by the total number of removed
lymph nodes, has a higher correlation with prognosis than the N factor, which is
defined by the number of metastatic lymph nodes [9-13]. These reports indicate the
importance of lymph node dissection in surgical treatment.

The colonic lymph flows from the intestinal lymph nodes around the colon
toward the intermediate lymph nodes and then on to the lymph nodes at the root of
the dominant blood vessels; colon cancer usually metastasizes to the lymph nodes
in this order. In addition to the tumor metastases that are regularly encountered in
the lymph node, extranodal tumor metastases (EX) are sometimes observed within
the mesentery of the colon. If the EX are not vessel or nerve invasive lesions, tumor
nodules are not detected (ND), and then the lesions should be treated as the meta-
static lymph nodes, as described in the eighth edition of the existing Japanese
classification.

In Japan, lymph node dissection, along with high tie of the dominant blood ves-
sels and resection of the mesocolon, has been the standard treatment for colon can-
cer. Furthermore, since Hohenberger et al. [14] suggested the use of complete
mesocolic excision (CME) and central ligation in 2009, which were previously only
used as the standard surgical procedures in Japan, these procedures have become
widespread in Europe and the USA. The length of colon excision determines the
range of lymph node dissection in the longitudinal direction, and a length of 10 cm
has been used as the standard in colon excision, as described in the Japanese clas-
sification. However, a shorter length could still be potentially satisfactory, and the
optimum length is currently being discussed.

The study of lymph node metastasis from rectal cancer that has attracted the
most attention in recent years is the JCOG0212 study [15]; the study results were
reported by Fujita et al. in the 2016 meeting of the American Society of Clinical
Oncology (ASCO). The authors examined the significance of prophylactic lateral
dissection in advanced low rectal cancer, and their results did not show noninferior-
ity of mesorectal excision alone compared with mesorectal excision with lateral
lymph node dissection for 5-year relapse-free survival, which was the primary end
point. Both methods had nearly identical results for 5-year relapse-free survival,
73.3% in the group receiving mesorectal excision alone compared with 73.4% in the
group receiving mesorectal excision with lateral lymph node dissection. The local
relapse rate in the group with mesorectal excision alone was 12.6%, and that in the
group with the addition of lateral lymph node dissection was 7.4% (p = 0.024),
indicating the relapse rate in the group with additional lateral lymph node dissection
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was significantly lower. Further analytical results are expected to be reported in the
future; however, a full discussion is necessary to better understand the results and
the future direction of treatment.

The clinical significance of lymph node metastasis from colorectal cancer is that
the presence or extent of metastasis strongly affects the prognosis. Although there
would be no objections to the thorough excision of the lymph nodes that are likely
to be metastatic, attention must be paid to the effectiveness of prophylactic dissec-
tion and any associated postoperative functional disorder, particularly when lateral
lymph node dissection is performed for rectal cancer. In this chapter, in addition to
the introduction to the latest findings, the significance of the following items is
explained in detail: (1) metastasis to mesenteric lymph nodes, (2) lateral metastasis,
(3) distant metastasis, and (4) lymph node metastasis from T1 cancer.

15.2 Metastasis to Mesenteric Lymph Nodes

The frequency of metastasis to mesenteric lymph nodes from colorectal cancer is
42.9%, and surgical resection of mesenteric lymph nodes without an excess or
deficit is important [16].

15.2.1 Lymph Node Dissection for Colon Cancer

As recommended in the Japanese classification, in Japan, regional lymph node dis-
section is performed according to the invasion depth of the tumor and the presence
of lymph node metastasis [16]. Meanwhile, in Europe and the USA, it is recom-
mended to perform dissection of at least 12 lymph nodes as well as identification of
the lymph node at the origin of the feeding vessels. However, in Japan, there have
been no such criteria defining the regional lymph nodes and thereby obtaining the
definitive dissection range.

In the UK, West et al. examined 399 colon cancer samples obtained during sur-
gery, in which the degree of mesocolon dissection was classified into four grades
(A-D) and the prognosis of the patients was compared [17]. Their results showed
that the dissections performed were not beyond the extent to which the colon wall
on the mesenteric side was exposed (grade A) in approximately a quarter of the
cases and that the survival rate in cases with stage III cancer was poor.

The significance of performing CME and central vascular ligation (CVL) has
been reported [14, 18]; in these procedures, the mesocolon covered by the visceral
fascia is identified and detached from the retroperitoneum, which prevents the
mesocolon from being torn. The feeding vessels are also separated at their roots,
indicating that the mesocolon and lymph nodes are resected without leaving resid-
ual disease. These methods are similar to D3 dissection performed in Japan [19].
Kotake et al. conducted a study of 10,098 patients with T3 or T4 depth of invasion
who underwent radical resection. A total of 6580 patients who underwent D3 dis-
section were compared with 3518 patients who underwent D2 dissection. Patients
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who underwent D3 dissection had significantly better outcomes. The results con-
firm the importance of the excision of feeding vessels at the disease origin [20].
When the intestinal tract is excised, it is appropriate to secure a length of 5 cm
from the tumor, according to the National Comprehensive Cancer Network (NCCN)
[21]. In contrast, Japanese guidelines require that excision be performed at a dis-
tance of 10 cm from cancers on the oral or anal side [16]. However, since lymph
node metastasis away from the feeding vessels has also been reported, additional
care should be taken. Park et al. reported that the most frequent site of lymph node
metastasis from cecal cancer is in the region of the ileocolic artery; however, 10%
of the metastases are also found in the feeding region of the right colic artery, which
requires attention when performing ileocecal resection for cecal cancer [22]. In
addition, even tumors near the hepatic flexure region had metastasized to the lymph
nodes fed by the ileocolic artery in some cases, although this was observed at a low
rate of 1.4%; thus, right hemicolectomy should be considered in the treatment of
such tumors. Since approximately 10% of the lymph node metastases to the right
colic artery are derived from the transverse colon cancer near the hepatic flexure
region, the excision range of the intestinal tract should be carefully considered.

15.2.2 Lymph Node Dissection for Rectal Cancer

The survival rate of those who undergo rectal cancer surgery is worse than that of
those who undergo colon cancer surgery [16]. A higher incidence of local recur-
rence in post-rectal than in post-colon cancer surgery patients contributes to the
poor treatment outcome. It is therefore critical to reduce the incidence of local
recurrence in the surgical treatment of rectal cancer. In conventional surgery that
had previously been performed in Europe and the USA, rectal excision was con-
ducted with blunt dissection of the region surrounding the rectum, and a high inci-
dence of local recurrence, approximately 20%, was reported. Heald et al. showed
that a causative factor of local recurrence in post-rectal cancer surgery patients was
the existence of residual cancer micrometastases in the mesorectum on the anal
side, that is, micrometastases that originated from tumors that were not excised dur-
ing anterior resection.

Cancer invasion (distal tumor spread [DTS]) in the mesorectum is an important
factor in local recurrence. In order to remove it, total mesorectal excision (TME) to
completely excise the mesorectum is crucial, as stated by Heald [23, 24]. Scott ana-
lyzed the resected specimen of rectal cancer and reported that invasions in the meso-
rectum were noted in 25% of cases [25] at locations 1-3 cm away from the tumors
in the direction of the anus. The combination of TME and preoperative adjuvant
chemotherapy and radiotherapy is widely performed in Europe and the USA, and its
benefit in reducing local recurrence has been shown in numerous studies [26, 27].

TME involves complete resection of the mesorectum when rectal cancer has
spread to the anal side. In the treatment of low rectal cancer, complete excision of
the mesorectum to the region immediately above the anal tube is required. However,
in the treatment of rectal cancer with higher lesions, particularly in that of high
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rectal cancer, it is not considered necessary to extend the excision of the mesorec-
tum to the anal tube. Besides, completely excising and anastomosing the mesorec-
tum in the treatment of high rectal cancer could lead to poor blood circulation in the
rectal wall and increase the risk of suture failure. In these cases, excision of the
mesorectum from the tumor to a point on the anal side (24 cm) is adequate, with
no need to completely excise the mesorectum to the area immediately above the
anal tube. This procedure, in which the mesorectum is completely excised with the
length from the tumor to a point some distance away on the anal side, is referred to
as tumor-specific mesorectal excision (TMSE) and is different from TME [28].
However, in the treatment of low rectal cancer, both TME and TMSE actually fol-
low almost the same procedure.

Before lymph node dissection, it is necessary to determine the dissection range
of the intestinal tract. The NCCN guidelines recommend that mesorectal excision
be performed with a resection margin of 4-5 cm from the anal margin. In rectal
cancers that develop at sites less than 5 cm away from the anal verge (AV), a resec-
tion margin of 1-2 cm is allowed, but the confirmation of negative resection margins
by intraoperative rapid diagnosis is required [21]. In Japan, it is recommended to
secure the following resection margins on the anal side in the treatment of rectal
cancers: 3 cm in excision of the intestinal tract and the mesorectum in the case of
upper rectal cancer and 2 cm in the case of lower rectal cancer [16].

Regarding the removal of lesions on the proximal side, the lymph nodes around
the root of the inferior mesenteric artery (IMA) that feeds the cancer must be
excised. In excising the IMA, the following two methods can be used: the first
method is referred to as the high tie, in which the IMA is cut at a point near the
aorta, a site proximal to the bifurcation of the left colic artery, and the second
method is referred to as the low tie, in which the IMA is cut at a site distal to the
origin of the left colic artery (Fig. 15.1) [29]. Since a low tie preserves the left colic
artery, there is better blood flow compared with cases that underwent a high tie.
However, Rutegard et al. reported that among 818 cases that underwent a high tie,
suture failure was noted in 81 cases (9.9%). This rate was comparable to the 108
patients (9.8%) who had suture failure among 1101 patients who underwent a low
tie [30]. Low tie is potentially insufficient in dissection because the IMA is not cut
at the root; however, by dissecting the lymph nodes around the IMA root while the
blood vessels are preserved, D3 lymph node dissection is possible. D3 lymph node
dissection associated with a low tie requires a longer surgical time, but is not con-
sidered any different from a high tie in terms of treatment outcomes, including
complications [31]. When there are concerns about blood flow at the anastomotic
site, a low tie can be used to manage the blood vessels.

15.2.3 Significance of Lymph Node Metastasis that Remains
After Radiotherapy

In the treatment of locally advanced rectal cancer, preoperative chemoradiotherapy
(CRT) is often performed to reduce local recurrence. In cases where lymph node
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Fig. 15.1 Two types of lymph node dissection around the root of the inferior mesenteric artery
(IMA). “High tie” means dissection of the IMA at the root (a, b), and “low tie” means dissection
of the superior rectal artery after the first blanching of the IMA with dissection of lymph nodes
around the root of the IMA (c, d)

metastases are seen before CRT, those metastases can disappear after CRT. According
to Fernandez et al., in cases in which no lymph node metastases were found in the
resected specimen, about half of the lymph nodes showed signs that metastases had
been present before CRT, in terms of fibrosis or mucus production under pathologi-
cal assessment of resected specimen [32].

In addition, dissection of 12 or more lymph nodes is important in standard sur-
gery for colorectal cancer; however, the number of lymph nodes that need to be
removed is lower after CRT [33, 34]. Since some reports also stated that the number
of lymph nodes removed is not related to the prognosis in cases treated with CRT
[35, 36], the necessary number of lymph nodes to be removed is controversial.

Surgical removal, including lymph node dissection, is generally performed after
tumor shrinkage using CRT, although some medical institutions suggest a “wait and
see” approach [37, 38]. Unlike standard methods, surgery associated with lymph
node dissection is not performed for patients with a clinical complete response
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(cCR); instead, they are first followed up or receive only local excision and then are
carefully followed up. This method achieved a favorable outcome with a 5-year
survival rate of 91%; however, among the 28 patients who had local recurrence, 2
were not able to undergo salvage surgery [39].

Sprenger et al. reported residual lymph node metastases in 25% of cases that
responded to CRT and achieved ypT1/T2, and even in cases with achieved ypTO,
although they were small in number. Therefore, in such patients, local excision with
follow-up observation allowed the cancer to remain [40]. If lymph node metastasis
was identified before surgery, the risk of residual disease would be reduced.
However, accurate preoperative diagnosis of metastasis to the mesorectal lymph
nodes is difficult even with magnetic resonance imaging (MRI) [41]; thus, caution
is needed in performing follow-up observation with local excision in cases that
respond to pretreatment.

15.3 Metastasis to Lateral Pelvic Lymph Nodes

The systematic resection of rectal cancer began with a report by Miles in 1908 on
abdominoperineal resection of the rectum [42]. The lymph flows outside the rectal
wall along the arteries. The main feeding vessels of the rectum are the superior rec-
tal artery, middle rectal artery, and inferior rectal artery, and these arteries form
many anastomoses both inside and outside the rectal tube. Thus, the blood vessels
running along these arteries also form many anastomoses and allow for the organi-
zation of the lymph vessel network. The pathways of lymphatic flow of the rectal
segment are broadly categorized into the ascending, lateral, and descending lymph
vessels (Fig. 15.2) [43].

The currently accepted explanation of lateral lymph flow is given in the study by
Senba et al. on rectal lymph flow using a fetal model [44]. Based on these studies,
dissection was performed after considering the rectal lymph flow. In addition, in the
USA, the expanded dissection of lymph nodes, including those along the lateral
lymph flow, came into use in the 1950s. However, Stearns et al. reported, in 1959,
that although expanded dissection improved the survival rate, it also increased the
incidence of bleeding, complications, and adverse events. Since then, the effective-
ness of lateral dissection has been unclear, and it remains so in both Europe and the
USA [45].

The recurrence rate of rectal cancer is higher than that of colon cancer, and one
of the known factors is the high local recurrence rate after surgery for rectal cancer
[46]. In order to address the issue of local recurrences after rectal surgery, the con-
cept of TME was suggested by Heald et al. in 1982 [23]. They proposed to remove
the rectum and mesorectum without destroying the rectum-specific fascia. In the
late 1980s, first in a Swedish trial and then in large-scale randomized comparative
trials, significantly reduced local recurrence rates were reported in the groups that
received preoperative radiotherapy compared with those that received surgery alone
[26]. A Dutch trial also reported that preoperative irradiation significantly improved
local recurrence rates and showed increased effectiveness when used in
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Fig. 15.2 Lateral lymph node dissection. (a) Schema of lateral pelvic lymph nodes. Nodes in the
internal iliac area are classified as the regional lymph nodes of rectal cancer in the TNM classifica-
tion, and those in the internal iliac and obturator area are classified as regional in the JSCCR clas-
sification. (b) Laparoscopic view after dissection of the lateral pelvic lymph nodes (left side)

combination with TME [47]. In recent years, long-term irradiation has been in
widespread use because it is more effective at tumor shrinkage than short-term irra-
diation and can be expected to improve the anus preservation rate. CRT, i.e., com-
bined radiation therapy and chemotherapy based on fluorouracil, is the current
standard treatment method.

In Japan, reports in the 1970s showed that lateral lymph node dissection signifi-
cantly improved survival rates and reduced local recurrence rates [48, 49]. Nerve-
preserving lateral lymph node dissection was also developed thereafter, and the
effectiveness of this procedure was supported by successive reports; this led to a
unique treatment policy in our country, which is different from the policy in Europe
and the USA. Specifically, the standard procedure for advanced low rectal cancer is
TME or tumor-specific mesorectal excision, to which lateral lymph node dissection
can be added.

The guidelines by the following institutions are widely known: the NCCN in the
USA, the National Institute for Health and Clinical Excellence (NICE) in the UK,
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and the European Society for Medical Oncology (ESMO) in Europe. Every guide-
line employs the TNM classification of the UICC or the American Joint Committee
on Cancer (AJCC) as staging criteria but deals with the lateral lymph nodes in a
manner different from the guidelines in Japan [50]. In the Japanese guidelines, the
internal iliac lymph nodes, and obturator lymph nodes, are described as the regional
lymph nodes of rectal cancer; however, the lesions in the external and common iliac
lymph nodes are described as distant metastases that are classified as M1 [51, 52].

According to data on lateral dissection in Japan, patients with obvious lateral
lymph node metastasis undergo lateral dissection (therapeutic dissection), which
results in a 5-year survival rate of 40% [53]. The efficacy of dissection in patients
with lateral lymph node metastasis has also been reported by Akiyoshi et al. [54].
They conducted a retrospective analysis of survival rates with the data from 5789
patients who underwent lateral dissection. In that study, patients with lateral lymph
node metastasis were divided into two groups, those with metastasis to the internal
iliac lymph nodes and those with metastasis to other lateral lymph nodes, and their
prognoses were analyzed. Metastasis to the internal iliac lymph nodes was noted in
7.1% of patients, and that to the lateral lymph nodes was found in 4.2%. The 5-year
cumulative survival rate in patients with internal iliac lymph node metastasis was
45%, and the rate in those with lateral lymph node metastasis was 29%, signifi-
cantly better outcomes than the rate of 24% seen in the cases of stage IV cancer.
Based on these results, the authors of the study concluded that lateral lymph node
metastasis does not have the same clinical significance as distant metastasis but
should instead be regarded as regional lymph node metastasis.

Meanwhile, the circumstances are different when lateral dissection is performed
in cases with no obvious lateral lymph node metastasis (prophylactic dissection). To
investigate these cases, the JCOG0212 study was conducted by the Japan Clinical
Oncology Group (JCOG) Colorectal Cancer Study Group. This was a randomized
comparative study to investigate mesorectal excision (ME) alone compared with
ME combined with lateral dissection in cases of stage II and III cancers located
below the peritoneal reflection. The results showed that the rate of lateral lymph
node metastasis in the group undergoing lateral dissection was 7.4%. Compared
with the group undergoing ME, the group undergoing lateral dissection had a sig-
nificantly longer surgical time (360 min vs. 254 min, p < 0.0001) and a larger
amount of intraoperative bleeding (576 mL vs. 337 mL, p < 0.0001) [15]. The fre-
quency of postoperative complications of grade 3/4 was 21.7% in the group with
lateral dissection and 16.0% in the group with ME alone, with no significant differ-
ence (p = 0.07). No differences were noted between the groups in the incidence of
sexual dysfunction (79% vs. 68%), early postoperative urinary disorder (59% vs.
58%), or late postoperative urinary disorder (7% vs. 5%). Reports on the long-term
outcomes are urgently needed. Ishihara et al. divided 1238 cases with T2-T4 NO
rectal cancers into two groups according to the presence or absence of lateral dissec-
tion with matched data. They reported that in the analysis of cancer-specific survival
(CSS), an improvement of CSS with lateral dissection was noted in women [55].

In Japan, there are guidelines for the treatment of colorectal cancer [16] in addi-
tion to the Japanese classification [56] for staging. The application of lateral



15 Colorectal Cancer 293

dissection is described as rectal cancers with an inferior border located beyond the
peritoneal reflection reaching the anal area and with invasion through the proper
muscular layer. Because the lateral lymph nodes are classified as regional lymph
nodes in Japan, the aim is to control the disease using systematic dissection, similar
to the upper lymph nodes.

The guidelines also include a description of preoperative CRT, in which preop-
erative CRT is performed to increase the local control rate and improve the survival
rate in rectal cancer, as well as to improve the preservation rate of the anal sphincter
muscle and the rate of curative surgery. No clear conclusion has been drawn about
whether preoperative CRT allows for the omission of lateral dissection. However,
Nagawa et al. conducted a small-scale randomized controlled trial (RCT) and
reported that a comparison of preoperative CRT cases divided into a group with
TME and a group with TME and lateral dissection resulted in a significantly
increased incidence of dysfunction, with no increased oncological improvement in
the group that underwent lateral dissection [57]. It has been more than 50 years
since the first report on the lateral lymph flow of the rectum and lateral dissection.
The approach for lateral dissection in the treatment of advanced low rectal cancer is
different between Western countries and Japan, including multidisciplinary therapy
focusing on preoperative CRT or surgical treatment with lateral dissection in the
center. A solution is required to determine how multidisciplinary therapy should be
combined with lateral dissection, along with further improvements in treatment
outcomes.

15.4 Metastasis to Other Lymph Nodes

Approximately 20% of patients with colorectal cancer already have metastasis
when they are diagnosed [58]. Because of recent advancements in systemic chemo-
therapy, the survival time of patients with stage IV colorectal cancer has been
extended. Furthermore, patients with lung or liver metastasis undergo resection as
first-line treatment if RO resection is possible [16]. Colorectal cancer with metasta-
sis to non-regional lymph nodes has been categorized as stage IV [59, 60]; however,
resection for these cases has demonstrated no obvious beneficial treatment effects
so far [16]. This section describes metastasis to the para-aortic lymph nodes from
colorectal cancer and metastasis to the inguinal lymph nodes from rectal cancer.
Among colorectal cancers, when considering colon cancer, the blood and lymph
vessel networks are relatively simple. On the other hand, when considering rectal
cancer, the following lymph flows exist: the flow in the vertical direction along the
IMA to the para aorta; the flow in the lateral direction into the internal iliac artery;
and, in the case of lesions near the anal tube, the flow from around the anal tube
through the subcutaneous perineal region into the superficial inguinal lymph nodes
[61, 62]. In Japan, the current standard site of dissection is the roots of the feeding
vessels in terms of the effectiveness of dissection and the preservation of function,
except for lateral lymph node metastasis from advanced low rectal cancer [16]. The
major guidelines in Europe and the USA generally recommend to cut the blood and
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lymph vessels at the roots of the feeding vessels [21, 63], and none recommend
performing lymph node dissection at more proximal sites.

In the current guidelines used in Japan and other countries, the para-aortic lymph
nodes in colorectal cancer and the inguinal lymph node in rectal cancer are consid-
ered non-regional lymph nodes, and the significance of their dissection is not
described in detail. Metastases found in these non-regional lymph nodes are thought
to indicate a poor prognosis [61, 64], and referral for systemic chemotherapy is the
standard of care. However, in recent years, where multidisciplinary therapy has
come to be performed, the usefulness of surgical removal has been reported in the
treatment of isolated non-regional lymph node metastases that are not associated
with other organ metastases.

15.4.1 Para-aortic Lymph Nodes

The frequency of para-aortic lymph node metastasis from colorectal cancer is 1-2%
[65]. According to the results of research conducted in the 1980s and 1990s, there is
no improvement in survival rate after para-aortic lymph node dissection, and the
procedure is highly invasive. Under normal circumstances, no prophylactic para-
aortic lymph node dissection is performed today [66, 67]. However, after 2000,
several studies have reported favorable results [65, 68—70].

In a study conducted on patients who underwent surgical removal of synchro-
nous para-aortic lymph node metastases that were not associated with other organ
metastases, in every case, the dissection range was defined as that from below the
renal vein to the bilateral iliac vessels [71-74]. No cases of operative mortality were
reported, and postoperative complications (urinary disorder, ileus, wound infection,
and suture failure) occurred in 7.8—-15% of cases [72, 74]. Preoperative adjuvant
chemotherapy was administered to 19-25% of the patients [71, 73, 74]. The 5-year
overall survival rate was 22.7-33.9%, and the 5-year disease-free survival rate was
17.6-26.5% [71, 72]. The number of para-aortic lymph node metastases was a sig-
nificant prognostic factor for overall survival [73, 74].

A study was conducted on patients undergoing surgical removal of metachronous
para-aortic lymph node metastases that were not associated with other organ metasta-
ses; the results of the study showed that the median disease-free interval was
14-23 months [69, 70]. No deaths resulting from surgery were reported, and 28-33%
of patients experienced postoperative complications. Preoperative adjuvant chemo-
therapy was administered to 20% of the patients [69]. Comparisons between the
patients undergoing surgical removal, chemotherapy, and CRT showed significantly
improved overall survival in those who underwent surgical removal [69, 70]. The
overall survival of the patients undergoing resection was 34—40 months, and that of
the patients not undergoing resection was 3—14 months. After curative surgery for
para-aortic lymph node metastases, 56-80% of the patients experienced another
recurrence. Favorable prognostic factors included a long disease-free interval, a tumor
diameter of less than 5 cm, para-aortic lymph node metastases located below the renal
vein, a well-differentiated primary colorectal tumor, and RO resection [69, 70].
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Another study on cases of CRT for metachronous para-aortic lymph node metas-
tases resulted in a median disease-free survival of 13-30 months [75-77]. The
occurrence of significant adverse events was rare. The evaluation of efficacy accord-
ing to the response evaluation criteria in solid tumors (RECIST) [78] showed that a
complete response (CR) was achieved in 43—100% of the patients, a partial response
(PR) in 27-57%, and stable disease (SD) in 13%. The median overall survival was
37-41 months. After CRT, 60-68% of the patients developed another recurrence.
The favorable prognostic factors included a long disease-free interval, a good
response to treatment, and a small gross tumor volume.

The volume of the evidence is limited, and the majority of previous studies were
retrospective studies with a small number of participants. However, it has been
reported that among patients with para-aortic lymph node metastases, and in com-
parison with patients who received no resection, those receiving R0 resection were
found to have a significantly better prognosis [68—70], with the incidence of postop-
erative complications within an acceptable range. Meanwhile, with a high postop-
erative recurrence rate, the prognosis of patients with para-aortic lymph node
metastases is unfavorable, and thus, chemotherapy after para-aortic lymph node
metastases dissection is essential. Depending on the general condition of the patient,
CRT for para-aortic lymph node metastases could be a useful treatment option.
Improved selection of candidates for para-aortic lymph node metastasis dissection
is a subject for future research.

15.4.2 Inguinal Lymph Nodes

Inguinal lymph node metastasis from colorectal cancer is rare [61]. The development
of inguinal lymph node metastases is thought to occur either because the primary
tumor interrupts the vertical lymphatic channels, resulting in retrograde metastasis,
or because a metastasis develops from recurrent lesions within the pelvis or in the
perineal regions [43]. Inguinal lymph node metastasis usually occurs in association
with other metastases, such as distant metastasis to the liver or lung or recurrent
metastasis within the pelvis, and is indicative of severe systemic disease, as well as
being associated with a poor prognosis [61]. However, some reports have suggested
that isolated inguinal lymph node metastasis that is not associated with other organ
metastases should be considered separately [61, 79, 80]. Although these results were
from case series with a small number of patients, the patients had relatively favorable
prognoses after dissection of the isolated inguinal lymph node metastasis.

In the anal area below the dentate line, lymph flow originates around the anal
tube and passes through the subcutaneous perineal region into the superficial ingui-
nal lymph nodes [61, 62]. When patients with lesions close to the dentate line are
treated, the inguinal lymph nodes can be regarded as local lymph nodes instead of
non-regional lymph nodes, in the same manner as the treatment of those with anal
cancer [79]. In contrast, other studies have reported that, even if the lesion is iso-
lated, the prognosis of patients with inguinal lymph node metastases was unfavor-
able [81]. In a retrospective study of 863 patients with rectal cancer, metachronous
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isolated inguinal lymph node metastases were seen in 5 patients, and they all had
poor prognoses with a mean survival of 14.8 months. However, all of the patients
had para-rectal lymph node metastases, and this was thought to be responsible for
the unfavorable prognosis [79].

Insufficient evidence is available to support the surgical removal of isolated
inguinal lymph node metastases from rectal cancer that are not associated with
other distant metastases; thus, the issue must be studied in the future.

15.5 Lymph Node Metastasis from T1 Colorectal Cancer

As a therapeutic measure for early-stage colorectal cancer, endoscopic resection has
come into widespread use because of the improved safety resulting from advance-
ments in the technique and its less invasive characteristics. Complete resection of
tumors is endoscopically possible; however, concern remains about the possibility
of residual lymph node metastasis. If lesions are associated with lymph node metas-
tasis, removal of the intestinal tract with lymph node dissection is required. This
situation is considerably different from that where treatment can be completed with
endoscopic resection, in terms of the degree of surgical invasion or problems with
postoperative dysfunction. Therefore, it is critical to determine whether the lesion
could be associated with lymph node metastasis, and if it is, what degree of risk is
involved in the condition.

Digestive Endoscopy published two reviews in 2016 about T1 colorectal cancers
that were resected endoscopically [1, 2]. According to these reviews, the frequency
of lymph node metastasis in Tis cancers was 0%, while that of T1 cancers was
6.8-17.8%. These articles also included an analysis of the risk factors for lymph
node metastasis, and accumulation of such literature-based evidence has allowed
relevant guidelines to be prepared in each country and region.

According to the definition used in the Japanese guidelines for the treatment of
colorectal cancer [3], there is almost no risk of lymph node metastasis [4] in patients
with the following clinical findings: intramucosal cancer, pTis cancer, submucosal
cancer invading the submucosal layer to a depth of less than 1000 pm, and pTla
cancer. Endoscopic resection is performed for patients who have these conditions as
well as a tumor that is of a size and location suitable for the procedure. Surgical
resection is thus performed for cancers that have an invasion depth of 1000 pm or
more. When cancer cells are detected in the vertical margin of a resected specimen
collected during endoscopic resection, surgical removal of the intestinal tract is also
performed. The risk factors for regional lymph node metastasis from pT1 cancer are
reported as follows: deep invasion into the submucosal layer [4], histologically
poorly differentiated adenocarcinoma, signet ring cell cancer, mucinous cancer [5],
presence of a differentiated area or mucinous nodule at the invasive front, tumor
budding, and vascular invasion [5, 6]. Therefore, in patients diagnosed with pT1
cancers using endoscopic resection and pathological analysis, removal of the intes-
tinal tract together with lymph node dissection should be considered, if any of the
following factors are found: (1) sm invasion depth > 1000 pm; (2) vascular inva-
sion; (3) histologically poorly differentiated adenocarcinoma, signet ring cell
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cancer, or mucinous cancer; and (4) tumor budding at the invasive front (budding
grade 2/3). However, the rate of lymph node metastasis was 12.5% in the cases with
sm invasion depth of 1000 pm or more, and no metastases were noted in nearly 90%
of cases. Thus, instead of consistently performing additional resection in all of these
cases, the procedure should be fully discussed on an individual basis.

In the definition provided by the ESMO guidelines [7], surgical removal of the
intestinal tract should be considered if a resected colorectal polyp has the following
risk factors: pathological findings of cancer with sm invasion (pT1), vascular inva-
sion, histologic grade 3, level 4 invasion (beyond the intestinal wall at the base of
the polyp into the sm layers), and resection margin positivity.

The NCCN guidelines (ver. 2.2016) recommend colon resection associated with
regional lymph node dissection when a malignant colonic polyp or a polyp with
cancer (pT1) invading the sm layers fits the following criteria: assessment of the
specimens obtained from piecemeal resection or the resection margin is impossible
or unfavorable histologic characteristics are noted (including any of the characteris-
tics of grade 3 or 4, vascular invasion positivity, or resection margin positivity)
(https://www.nccn.org/professionals/physician_gls/pdf/colon.pdf). The guidelines
also recommend transperitoneal rectal resection when a malignant rectal polyp fits
the following criteria: assessment of the specimens obtained from piecemeal resec-
tion or the resection margin is inconclusive or unfavorable histologic characteristics
are noted (polyps of more than 3 cm, histologic grade 3, vascular invasion positivity,
resection margin positivity, or sm 3 invasion) (https://www.nccn.org/professionals/
physician_gls/pdf/rectal.pdf).

Criteria for additional resection including resection margin positivity, histological
type, and vascular invasion positivity are common among the different guidelines.
However, invasion depth and tumor budding are adopted only by the Japanese guide-
lines, which are unique to our country. A multivariate analysis by Debove et al.
included 73 patients who underwent TME for rectal cancer with submucosal inva-
sion and showed that submucosal invasion was a risk factor for lymph node metasta-
sis. Only vascular invasion and severe budding were independent risk factors. The
results of this study suggest that the risk factors for lymph node metastasis might
need to be classified differently for cases of colon and rectal cancers. A report by
Nakadoi et al. also stated that the frequency of lymph node metastasis was as low as
1.2% in cases of T1 colorectal cancer that were not associated with risk factors such
as histological types, vascular invasion, and tumor budding. They added that the low
frequency of lymph node metastasis was not related to submucosal invasion depth,
and it has been suggested that submucosal invasion depth should be excluded from
the risk factors. As described above, new evidence has been reported, and the exist-
ing guidelines need to be continuously modified on the basis of emerging evidence.

15.6 Summary

Distant metastases to the liver or lung are not treated using prophylactic dissection;
they are considered for surgical removal only after confirming the presence of
metastases. In the case of lymph node metastasis, regardless of whether metastasis
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is present, the regional lymph nodes are systematically removed. The location of the
lymph nodes and the extent of their removal for an optimal response have been
much discussed in the history of surgery, and considerable research in this field is
still being conducted today. If lesions are removed with too wide margins, unneces-
sary complications can occur with no additional survival benefit. In contrast, incom-
plete lymph node dissection might leave residual cancer cells, which could cause
disease recurrence in lymph nodes or local sites. Along with progress in imaging
modalities, such as high-resolution MRI, computed tomography (CT), and positron
emission tomography (PET), the accuracy of diagnosing the stage of cancer pro-
gression and detecting the presence of lesions in lymph nodes has been improved. It
is critical that these methods are fully utilized so that surgeons can perform neces-
sary and sufficient lymph node dissection for a true definitive cure of cancer.
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Abstract

Sentinel node (SN) biopsy has been attempted for digestive tract cancers, includ-
ing esophageal, gastric, colon, and rectal cancers. Among these cancers, tailor-
made surgical procedures guided by SN navigation have been planned for gastric
cancer, while ultrastaging by SN biopsy is conducted for colon cancer. SN biopsy
is a complex multistep surgical technique. This technique requires a suitable
limitation of the indication, the selection of an adequate tracer, a proper tracer
injection method, the objective detection of tracer uptake by the nodes, a reliable
biopsy technique for the nodes that showed tracer uptake, and the precise detec-
tion of nodal metastasis. The selection of an adequate tracer for SN mapping has
been an important issue. The advantages of dye methods are low cost, tractable,
no radioactivity, and the direct visualization of the lymphatic canals and primary
lymphatic drainage areas. The disadvantages of dye method are lack of objectiv-
ity, difficulty for digitizing, and quick washing out and deterioration. The advan-
tages of radioactive imaging (RI) methods are high detection ability, objectivity,
ease of digitizing, and possibility of easily distinguishing SN from secondary
nodes. The disadvantages of the RI method are high cost, difficulty in handling,
exposure to radioactivity, difficulty in detection of lymphatic vessels and lym-
phatic basin, and shine-through effect in the surgical field. Therefore, combina-
tion mapping of the dye method and the RI method is recommended because of
its synergistic effect. Surgeons can detect both primary lymphatic canals visually
and the SN objectively.
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16.1 Introduction

In the era of molecular targeting therapy for cancer, the importance of lymph node
metastasis remains the same. The degree of the lymph node metastasis is still the
most important prognostic factor. Micrometastasis of the regional lymph nodes is
also an important prognostic factor in various cancers. At present, the most rational
strategy for estimation of the presence of micrometastasis is narrowing the nodal
choice to the sentinel nodes (SN).

An SN is defined as the node that directly receives lymphatic drainage from a
primary tumor [1]. Therefore, the SN is thought to be the first node that is caught in
the lymph node micrometastasis. The detection and biopsy of SN are thought to be
very important in various cancers.

The SN biopsy is a complex multistep surgical technique [2]. This technique
requires a suitable limitation of the indication, the selection of an adequate tracer, a
proper tracer injection method, the objective detection of tracer uptake by the nodes,
a reliable biopsy technique for the nodes that show tracer uptake, and the precise
detection (micrometastasis level) of nodal metastasis. These six features are essen-
tial to establish the accurate result of SN biopsy.

In this section, we present an overview of the dye and isotope method, which are
most commonly used for SN biopsy.

16.2 The Aim of SN Biopsy for Gastrointestinal Cancer

SN biopsy has been considered to have two main roles in various cancers: ultrastag-
ing and guidance of lymph node dissection omission. In malignant melanoma man-
agement, SN biopsy is primarily used for ultrastaging [1]. It is mainly used to guide
lymph node dissection omission in breast cancer surgery [3].

For gastrointestinal cancer, SN biopsy has been attempted for digestive tract can-
cers, including esophageal [4], gastric [5], colon [6], and rectal cancer [7].
Esophagogastric junction cancer [8], gastric stump cancer, and duodenal cancer are
also candidates for SN biopsy. Among these digestive tract cancers, customized
surgical procedures guided by SN navigation have been planned for gastric cancer
[5, 9-13], and ultrastaging by SN biopsy is conducted for colon cancer [6, 14, 15].
As for esophageal cancer, the omission of neck dissection and the guidance for the
planning of the irradiation field are attempted by SN navigation and ultrastaging
[16, 17]. The omission of lateral pelvic nodal dissection guided by SN biopsy is
attempted in rectal cancer surgery [18]. In esophagogastric junction cancer and gas-
tric stump cancer, SN biopsy is applied for the investigation of lymphatic flow in
establishing adequate lymph node dissection.

Gastric cancer, along with other cancers, is well investigated by many research-
ers trying to determine the validity of the SN concept [5, 9-13]. As it is important to
avoid postgastrectomy symptoms, such research is essential. The standard curative
procedure for early gastric cancers out of indication for endoscopic resection is
gastrectomy with lymph node dissection. However, patients undergoing standard
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gastrectomy with lymph node dissection experience postgastrectomy symptoms
[19], which often pose life-long problems for patients. Thus, lymph node dissection
should be avoided to preserve the stomach, avoid postgastrectomy symptoms, and
improve postoperative quality of life. Many prospective studies have successfully
demonstrated the utility of SN biopsy in gastric cancer [5, 9-13]. The SNNS study
[20], a large-scale multicenter prospective study, provided evidence for the validity
of the SN concept in gastric cancer. In this study, the sensitivity and specificity of
SN biopsy were 93% and 99%, respectively.

SN biopsy for hepatic-pancreatic-biliary tract cancers, than for digestive tract
cancers, has been less studied. The reason for the limited studies in this area is the
technical difficulty of the tracer injection procedure.

16.3 Patient Selection

Careful selection of patients is very important to obtain successful results for SN
biopsy. There are two important points that determine if a case is suitable for SN
biopsy.

The first point is selecting the clinically node-negative cases. The main role of
SN biopsy is the diagnosis of microscopic node-positive cases. Therefore, a suit-
able case for SN biopsy is thought to be one diagnosed as node-negative clinically
otherwise having microscopic nodal metastasis. As for gastrointestinal cancers,
the indication of SN biopsy would be out of indication for endoscopic mucosal
resection (or endoscopic submucosal dissection) and no obvious nodal metastasis
(cNO case).

The second point is considering the characteristics of tracers. The SN needs to be
detectable by the injected tracer. Therefore, the indication of SN biopsy for gastro-
intestinal cancer should be limited to the adequate size and depth of invasion in
consideration of the characteristics of tracers. It is desirable that the size of the
tumor should be limited to within 4-5 cm in diameter, which is within the spreading
limits of the tracer. It is also desirable that the indication should be restricted to
submucosal cancer, because lymphatic vessels are most developed in the
submucosa.

16.4 Selection of Adequate Dye Tracer

In detection of the SN, it is common to use tracers that flow from the injection site
surrounding the primary tumor to the SN through the primary drainage lymphatic
canals. The selection of an adequate tracer for SN mapping has been an important
issue. The ideal tracer is thought to have the following characteristics: no toxicity,
no allergic reaction, low radioactivity, strong selectivity to the lymphatic systems,
rapid and easy flow out from the injection site, easy to visualize the lymphatic
canals, good permeating and strong accumulation in SN, and little flow out from the
SN to secondary nodes. However, such an ideal tracer is not yet in existence.
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There are many types of tracers available for SN biopsy, and they are classified
into categories according to the type of material. They include dye tracers, radioac-
tive colloid tracers, other small particle tracers (superparamagnetic iron oxide [21],
fluoresbrite microspheres [22], nanocrystal beads [23], etc.), X-ray contrast medi-
ums [24], and functional tracers (99mTc tilmanocept [25], etc.).

Dye methods have been most commonly used for SN biopsy in various cancer
surgeries. One of the advantages of dye methods is the visualization of the lym-
phatic canals and primary lymphatic drainage areas directly. Surgeons can distin-
guish SN from secondary nodes by tracing the dyed lymphatic canals. The other
advantages of dye are low cost, easy to obtain, tractable, and no radioactivity. The
disadvantages of the dye method include lack of objectivity, difficulty in digitizing,
quick washout and deterioration, unusual allergic reactions, and, at times, difficulty
in nodal detection at the fatty patient. As dye tracers are not particles, they are easily
washed out from the SN to secondary nodes, to more distant nodes, and finally to
the terminal nodes. The strength of dying reduces quickly, and the detection of SN
becomes gradually more difficult. Based on these characteristics of the dye mate-
rial, the dye method is suitable in early gastric cancer because regional lymph nodes
in gastric cancer are mainly confined to the perigastric and suprapancreatic areas,
where detection of dyed lymph nodes and lymphatic canals is easy, given the thin
fat layer [5, 26]. Figure 16.1 represents an intraoperative picture of SN biopsy for
early gastric cancer. In contrast, dye methods are not suitable for esophageal and
rectal cancers, because these cancers are buried deep in the fat of the mediastinum
or retroperitoneum, and it is difficult to trace all dyed lymphatic vessels.

The frequently used dye tracers are sulphan blue (Patent Blue Violet®), isosulfan
blue (Lymphazurin®), indocyanine green (ICG), charcoal, and indigo carmine.

Fig. 16.1 Dye method of
SN biopsy for early gastric
cancer using 2% Patent
Blue Violet
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Blue dye is the standard dye color for SN biopsy. The representative blue dye is
isosulfan blue or sulphan blue. Blue dye presents good blue-contrasted lymphatic
images against the yellow peritoneal fat [5, 26]. In contrast to blue dye, the strength
of dying and contrast against fat are weak with the use of ICG.

16.5 Selection of Adequate Radioactive Imaging Tracer

Radioactive imaging (RI) colloid tracers are also common in SN biopsy for gastro-
intestinal cancers. One of the advantages of the RI method is the high detection
ability of the SN. The surgeon can detect the SN even with a small amount of radio-
active colloid by using the high-sensitivity gamma probe. The SN located under a
deep fat layer or hidden behind another organ can also be detected. By using lym-
phoscintigraphy, an SN located far from the primary lesion can be detected. Another
advantage is the ability to withstand time deterioration of tracer uptake. This pecu-
liarity works in favor of the time-consuming surgical procedures, such as for esoph-
ageal cancer, rectal cancer, and laparoscopic surgery. The other advantages are as
follows: rare allergic reactions, objectivity, ease of digitizing, and possibility of
easily distinguishing SN from secondary nodes. The disadvantages of the RI method
include the following: high cost, difficulty in handling, exposure to radioactivity, no
visual detection, difficulty in detection of lymphatic vessels and lymphatic basin,
and shine-through effect in the surgical field. Considering these factors, the RI
method is suitable for esophageal cancer and rectal cancer because the SNs of these
cancers are buried deep in the fat or located far from the primary lesion. SN biopsy
with the aim of ultrastaging is also suitable for RI method. In contrast, it seems to
be difficult in conducting the omission of lymph node dissection by using RI method
only, because of the lack of visualization of lymphatic basin and shine-through
effect at the surgical field.

The type of RI colloid is an important issue. The frequently used RI colloid trac-
ers include the following: tin colloid [13, 20], phytate [26], human serum albumin
colloid [27], sulfur colloid [28], and rhenium colloid [29]. All these colloids were
not developed for SN biopsy but have been applied in practical use for SN biopsy.
The sizes of particles of these colloids are 50-1000 nm. For SN biopsy, the particle
size of colloid is thought to be important [30, 31]. If the size is small, the RI colloid
would flow out easily from the injection site and have good permeation into the SN
while easily flowing out from the SN to the secondary node. If the size is large, RI
colloid would accumulate strongly in SN and little will flow out to secondary nodes,
while also little will flow out from injection site, and the amount of RI colloid in SN
would be little.

In this issue, the author introduces here our data for RI mapping for early gastric
cancer.

The localization of the intranodal RI colloid was not precisely known. Previous
researchers suspected that the colloid was phagocyted as a foreign body by intrano-
dal macrophages or trapped at peripheral sinuses. We succeeded in visualization of
the intranodal location of radioactive colloid in the SN using high-resolution
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autoradiography. A frozen section of hot node was made and exposed to the
BAS-TR2025 imaging plate (Fujifilm, Tokyo, Japan) for 24 h. The intranodal radio-
active distribution images were drawn using a BAS-5000 IP reader (Fujifilm) (con-
dition: G 65536 R 25 L5 S30000). The radioactive image was composed of
hematoxylin and eosin picture to get the RI colloid distribution image. The repre-
sentative image was shown in Fig. 16.2. The colloid was thought to be initially
trapped in the cortex near the peripheral sinus of the node.

Therefore, we planned to compare tin colloid and phytate, which are two major
colloids for SN biopsy for gastric cancer, from the viewpoint of the intranodal dis-
tribution. One hundred and eight hot nodes from 18 gastric cancer patients detected
using 99mTc-tin colloid and 115 nodes from 15 patients using 9mTc-phytate were
analyzed. All of these patients underwent SN biopsy using the standard combina-
tion mapping. RI colloids were injected as RI tracer to the four points of submucosal
layer surrounding the primary tumor endoscopically the day before surgery.

Fig. 16.2 The intranodal radioactive distribution image of SN. (a) The picture of the intranodal
location of radioactive colloid in the frozen section of SN using high-resolution autoradiography.
(b) The picture of the same slice of frozen section stained by hematoxylin and eosin. (¢) The intra-
nodal radioactive distribution image was obtained in composing (a) and (b). The colloid was
thought to be initially trapped in the cortex near the peripheral sinus of the node
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The composed intranodal radioactive distribution images were obtained from these
hot nodes.

The images were classified into four categories: radioactivity accumulated in
part of the periphery of the section (type A), radioactivity surrounding the periphery
of the section (type B), radioactivity distributed from part of the periphery to the
hilus of the section (type C), and radioactivity occupying the whole area of the sec-
tion (type D). Figure 16.3 showed these images.

The intranodal distribution images were obtained from 81% of tin group and
78% of phytate group. The median 10-s RI counts obtained using a gamma probe
were 153 in the tin group and 306 in the phytate group, and there was no significant
difference (Fig. 16.4). Table 16.1 shows the ratio of the types of distribution. In the
tin group, type A was common and type C was only 7%. Type C was 21% in the
phytate group, and there was a significant difference. Though the amount of RI col-
loid was almost equal, the pattern of intranodal localization was different between
the two colloids; tin colloid was mainly trapped in the outer cortex, while phytate
tended to flow to the medulla easily. These data would show that the colloid was
thought to be trapped first in the cortex near peripheral sinus of SN; however, in
cases in which a large volume of colloid flows from the primary injection site,
larger-sized colloid like tin colloid might spread to the peripheral sinus of the node;
in contrast, smaller-sized colloid like phytate might readily flow from the periphery
to the medullary sinus and also trapped medulla (Fig. 16.5).

type C type D

Fig. 16.3 The categories of the intranodal radioactive distribution image. Type A: radioactivity
accumulated in part of the periphery of the section. Type B: radioactivity surrounding the periph-
ery of the section. Type C: radioactivity distributed from part of the periphery to the hilus of the
section. Type D: radioactivity occupying the whole area of the section



312 S. Kinami and T. Kosaka

over

2500

2000

1500

count /10 sec.

1000

500

99MT¢ - Tin colloid 99MT( - phytate
153 (13~12100) 306 (18~4493)
n.s.

Fig. 16.4 The comparison of the median 10-s RI counts obtained using a gamma probe between
two groups. There was no significant difference

Table 16.1 The comparison of the types of intranodal radioactive distribution of SN between tin
colloid group and phytate group

PmTe-tin colloid mTc-phytate
Failure to obtain IP image 21 25
Success to obtain IP image 71 90 n.s.
Type A 55 45
Type B 10 8
Type C 6 19
Type D 16 18 p <0.05

In these nodes, there were two nodes involving metastasis and six nodes involv-
ing isolated tumor cells (ITC). The types of metastasis of two metastatic nodes were
both large nodular type, and intranodal activity could be successfully visualized in
one node. The type of the distribution pattern was type D, radioactivity, occupying
the whole area of the section; therefore, the metastatic foci were within the radioac-
tivity area. Similarly, there were five nodes successfully visualized by radioactivity
of six nodes involving ITC, and all ITCs were located within the radioactivity area
regardless of the type of radioactive distribution pattern (Table 16.2).

From these data, 99mTc-tin colloid would be a standard RI tracer for SN biopsy
of gastrointestinal cancer.

As stated previously, the dye method has some disadvantages, such as quick
washout and deterioration and, at times, difficultly in nodal detection in fatty patients.
Additionally, the RI method also has some weak points, such as difficulty in detec-
tion of lymphatic vessels and lymphatic basin and shine-through effect in the surgical
field. Therefore, combination mapping of the dye method and the RI method is rec-
ommended in various cancer surgeries. Combination mapping is thought to be
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Large colloid Small colloid
(Tin colloid) (phytate)

To the secondary nodes

Fig. 16.5 The relationship between each type of the intranodal radioactive distribution in prog-
ress of flow of RI colloid. The particle size of colloid is thought to be important. Tin colloid was
mainly trapped in the outer cortex, while phytate tended to flow to the medulla easily

Table 16.2 The relationship between the metastatic area and the intranodal radioactive distribu-
tion in SN involved metastasis or ITC

Type of |RI Long axis of | Type of Type of Intranodal metastatic

No. | colloid counts | node (mm) metastasis distribution | lesion

1 Tin 85 37 Large nodule |D Inside radioactive area
2 Phytate 69 9 Large nodule | —

3 Tin 86 8 ITC A Inside radioactive area
4 Tin 281 5 ITC B Inside radioactive area
5 Tin 643 6 ITC B Inside radioactive area
6 Tin 118 7 ITC D Inside radioactive area
7 Phytate 14 14 ITC -

8 Phytate | 555 5 ITC A Inside radioactive area
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superior to single tracer mapping because of its synergistic effect [32]. Surgeons can
detect both primary lymphatic canals visually and the SN objectively.

16.6 Proper Tracer Injection Method

The method for tracer injection is important as well as the choice of tracer. For
breast cancer, there are three methods of tracer injection: peritumoral, subdermal,
and subareolar. Similarly, for gastrointestinal cancers, there are two injection meth-
ods: endoscopic submucosal injection into four points surrounding the tumor and
intraoperative subserosal injection into the behind of tumor. In practice, the subse-
rosal injection is difficult for esophageal and rectal cancers, but is otherwise easy for
surgeons in cases of gastric or colon cancer surgeries. Nevertheless, the de facto
standard procedure of tracer injection is now the endoscopic submucosal injection,
without regard to the type of tracers or the location of the tumor. Many studies have
provided recommendations regarding the tracer injection method for SN biopsy in
gastric cancer. In a meta-analysis of SN biopsy for gastric cancer by Wang et al., the
submucosal injection method was found to be associated with a higher SN identifi-
cation rate and sensitivity [33]. In the successful SNNS study by Kitagawa et al.,
endoscopic submucosal injection was adopted [20].

16.7 Objective Detection and Reliable Biopsy
Technique for SN

If the aim of SN biopsy is ultrastaging, it is easy to detect and harvest SNs with the RI
method, because the surgical procedure is the same as the ordinary procedure and the
timing of SN detection is sufficient after harvesting all dissected nodes. It does not
require intraoperative biopsy and omitting the extent of lymph node dissection. In
contrast, if the aim of SN biopsy is the guidance of lymph node dissection omission,
the difficulty of SN biopsy rises, because objective detection and precise biopsy tech-
nique are required. For example, in breast cancer, SNs are usually hidden deep in the
axillary fat, and it is difficult to search for the nodes showing tracer uptake through a
small incision. Therefore, it is necessary to have a thorough learning phase to establish
the accurate result of SN biopsy for breast cancer surgery [34]. With regard to gastro-
intestinal cancer surgery, precise completion of SN biopsy for guidance of lymph
node dissection omission is more important than for breast cancer, because reopera-
tion for additional nodal dissection is rarely performed for gastrointestinal cancers [2].

As for gastric cancer, these issues could be resolved by the adaptation of proper
biopsy technique for SN biopsy. That is the lymphatic basin dissection [26]. The lym-
phatic basin is defined as the lymphatic zone divided by the stream of the dyed lym-
phatic canals in dye mapping; the proximal border is the fatty tissue attached to the
stomach wall, and the distal border is the front of the blue node furthest from the
stomach [26]. The lymphatic basins are thought to be the primary lymphatic drainage
areas in each patient, and patients with gastric cancer often have two or three basins.
All SNs exist within the lymphatic basin. Lymphatic basin dissection is a selective
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lymphadenectomy to dissect lymphatic basins en bloc, collecting lymph nodes and
lymphatic vessels stained with dye. Lymphatic basin dissection is considered a stan-
dard SN biopsy technique for gastric cancer, unlike for other cancers. SNs are retrieved
after lymphatic basin dissection and subjected to intraoperative pathological analysis.
Lymphatic basin dissection is superior to the ordinary pickup method, not only for
minimizing the rate of missed SNs but also in terms of oncological safety as it com-
plements intraoperative pathological diagnosis by serving as a backup dissection.
Kinami et al. reported that there were no recurrent cases, including two false-negative
cases in 190 patients diagnosed as node-negative by SN biopsy intraoperatively and
treated by function-preserving gastrectomy with lymphatic basin dissection [26].

16.8 Precise Detection of Nodal Metastasis

The most important issue in performing SN biopsy for gastrointestinal cancer is the
intraoperative diagnosis of nodal metastasis. Nodal diagnosis demands precise
detection up to a micrometastasis level, especially if the aim of SN biopsy is guid-
ance of lymph node dissection omission. The clinical diagnosis of nodal metastasis
is ordinarily performed by examining the nodes with the largest dimension in one
plane by frozen section with rapid hematoxylin-eosin staining. However, this type
of rapid diagnosis can potentially result in misdiagnosis.

Two large-scale, nationwide, multicenter prospective studies were conducted to
establish the usefulness of SN biopsy in gastric cancer: the JCOG0302 study [35]
and the SNNS study [20]. Unfortunately, the JCOGO0302 trial was terminated
because of the high proportion of false-negative results obtained from intraoperative
histological examinations. This failure demonstrated that the combination of pickup
method for SN biopsy in gastric cancer and intraoperative histological examination
using a single plane is not suitable for clinical applications. However, the SNNS
study provided proof of the SN concept in gastric cancer, where the sensitivity and
specificity of SN biopsy were 93% and 99%, respectively. Metastasis was diag-
nosed using permanent sections; therefore, the intraoperative diagnostic ability of
SN biopsy for nodal metastasis did not influence the results of this study. Indeed, the
sensitivity of intraoperative frozen section diagnosis was 79%. The occurrence of
false-negative results is a serious issue. To solve this issue and establish oncological
safety, molecular methods to diagnose nodal metastasis, such as reverse transcriptase-
polymerase chain reaction and one-step nucleic acid amplification assay, should be
developed for clinical use [36, 37]. Please refer to other chapters of this book.

16.9 About the Leaning Phase for SN Biopsy
in Gastrointestinal Cancer

The SN biopsy is a complex, multistep, surgical technique. It is well known that
there exists a learning phase for SN biopsy. For breast cancer, it takes about 40 cases
to establish correct technique for SN biopsy [34]. Similarly, it has been proposed
that 30 cases are required for adequate for learning for SN biopsy of gastric cancer
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[20]. The results of the JCOGO0302 trial were influenced by intraoperative SN detec-
tion techniques and demonstrated that a learning curve exists in conducting SN
biopsies. In contrast, the learning curve issues did not influence the results of the
SNNS study, because the hospitals that participated in the study were highly skilled
in SN biopsy, with over 30 procedures performed at each institution.

16.10 The Aspect of New Techniques for SN Biopsy

In recent years, ICG fluorescence mapping—a new alternative dye method of SN
biopsy—has been developed. ICG is a widely used diagnostic reagent that is clini-
cally approved for use in the assessment of hepatic function and cardiac output. ICG
was formerly used as a dye tracer for gastric cancer. However, ICG is generally less
visible than blue dye because of its weaker contrast against the background adipose
tissue. Conversely, ICG emits maximal fluorescence at a wavelength of 840 nm
when it binds to plasma proteins. ICG fluorescence imaging was developed after the
recent invention of the camera system known as the photodynamic eye (PDE;
Hamamatsu Photonics Co. Ltd., Hamamatsu, Shizuoka, Japan). Kusano et al. dem-
onstrated the high sensitivity of this ICG fluorescence imaging system for SN map-
ping in gastric cancer [38]. The advantages of ICG fluorescence imaging are as
follows: lower frequency of allergic reactions than that with blue dye, ability to
detect bright nodes under thick adipose tissue, obvious visualization, easier detec-
tion of bright nodes and lymphatic canals than with the naked eye, very high sensi-
tivity to detect minute concentrations of ICG, and signal stability [39-41]. Signal
stability is the most important advantage of ICG fluorescence imaging over dye and
radioisotope-guided methods [41].

At present, laparoscopic gastrectomy is the most commonly used approach for
early gastric cancers in Japan, though laparoscopic gastrectomy merely replicates
standard gastrectomy. It is difficult to perform function-preserving curative gastrec-
tomy using the laparoscopic approach, because of the difficulty of SN mapping
laparoscopically. In the SNNS study, combination mapping with technetium-99m
tin colloid and isosulfan blue was used and has been adopted as a temporary stan-
dard. However, blue dye deteriorates quickly, and radioactive colloids exhibit a
shine-through effect during gamma probe detection of hot nodes in the surgical
field. These limitations increase the difficulty in performing laparoscopic SN biopsy
by impairing lymphatic basin visualization and hot node detection [2]. However, if
ICG fluorescence mapping for early gastric cancer becomes feasible, laparoscopic
function-preserving curative gastrectomy would be a good alternative to the com-
monly used D1+ gastrectomy for patients with node-negative gastric cancer [2,
39-41]. Fortunately, several ICG fluorescence imaging systems have been devel-
oped and are available, including the IMAGE 1 HD system by Karl Storz, the IRI
system by Olympus, the ICG fluorescent laparoscope by Senko Optical, and the
PINPOINT system by Novadagq. The use of these systems would allow avoidance of
the upper abdomen incision and promote widespread proliferation of ICG fluores-
cence imaging and function-preserving curative gastrectomy. However, there are
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disadvantages of ICG fluorescence imaging, which include the subjectivity of SN
evaluation and potential secondary node contamination because of the high sensitiv-
ity of the PDE system [2]. Further investigation is needed to overcome this limita-
tion of ICG fluorescence imaging.

New fluorescence agents have already been developed that have both fluores-
cence and colloid particle characteristics [42—46]. These new agents would only
detect fluorescent SNs and not secondary nodes and, therefore, would be the most
potentially useful for conducting laparoscopic SN biopsy in gastric cancer.
Furthermore, they may potentially be used alone as a standard tracer instead of in
combination with other SN mapping tracers.

16.11 Recommended Procedures

Finally, the typical mapping procedures of SN biopsy for gastric cancer surgery are
introduced. Table 16.3 is the combination mapping using 99mTc-tin colloid and 1%
isosulfan blue—the standard SN mapping procedure for early gastric cancer. This
method was adopted by the SNNS study [20]. In Japan, kit formulation of 9mTc-
tin colloid was commercially available by Nippon Medi-physics Co. Ltd. The stan-
dard technique also adopted Lymphazurin® as dye tracer intraoperatively. In the
SNNS study, intraoperative SN biopsy was not required; therefore, the lymphatic
basin dissection method for detecting and harvesting SN is recommended.

Table 16.3 The standard combination mapping for early gastric cancer using 99mTc-tin colloid
and 1% isosulfan blue

Indications | confirmed clinical TINOMO or T2NOMO adenocarcinoma of the stomach
(UICC TNM classification, sixth edition)

* Single primary lesions below 4 cm

*  Without previous treatment, including endoscopic mucosal resection or
endoscopic submucosal dissection

RImapping | ¢ The day before surgery

* Endoscopic submucosal injection

e 20 mL of technetium 99m tin colloid solution (0.5 mL x 4 points; total
150 MBq; 0.3 mCi at the time of surgery) was injected in four quadrants of
the submucosal layer of the primary lesion by using an endoscopic puncture

needle
Dye e Intraoperatively
mapping * After the gastrocolic ligament was divided to visualize all possible directions

of lymphatic flow from the stomach

e Lymphazurin® was injected via intraoperative endoscopy in exactly the same
manner as the preoperative injection of the radioactive tracer

SN biopsy | Blue nodes were defined as the nodes dyed blue within 15 min

* Simultaneously, a handheld gamma probe was used to locate the radioactive
SN. Lymph nodes with radioactivity over ten times of background activity
were defined as hot nodes

* All hot and/or blue nodes were identified as the SNs
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Table 16.4 The ICG fluorescence SN mapping procedure for gastric cancer, suitable for
laparoscopic surgery

Indications

Histologically confirmed clinical type O (superficial-type) adenocarcinoma
of the stomach (Japanese classification of gastric carcinoma, 14th edition)
Single primary lesions less than 5 cm in diameter

No distant metastasis (cM0) nor evident nodal metastasis (cNO)

Out of indication of endoscopic mucosal resection or endoscopic submucosal
dissection

ICG
mapping

The day before surgery

Endoscopic submucosal injection

Prepare x100 ICG solution (50 pg/mL)

Each 0.5 mL of x100 ICG solution was injected in four quadrants of the
submucosal layer of the primary lesion by using an endoscopic puncture
needle

SN biopsy

PDE or PDE neo was used

For laparoscope-assisted surgery cases, the stomach and perigastric lymph
nodes were pulled up and exposed from a 4-6 cm median upper abdominal
incision, and ICG fluorescence in the lymphatic vessels and lymph nodes was
detected with the PDE or PDE neo

Bright nodes were defined as clearly fluorescent nodes

All bright nodes were identified as the SNs

Patients received function-preserving gastrectomy with lymphatic basin
dissection

Following resection, the bright nodes were detected and harvested at the
surgical field and sent for pathological diagnosis of the intraoperative frozen
section

For bright nodes without metastasis, the surgical team continued the
reconstruction and finished the procedure. For cases with nodal metastasis,
the surgery was converted to a standard D2 gastrectomy

In addition, the ICG fluorescence SN mapping procedure for gastric cancer is
introduced in Table 16.4 as the alternative but suitable for laparoscopic surgery.
The process of establishing this optimal setting was publicized in detail [2]. The
sensitivity and accuracy of ICG fluorescence imaging were reported to be 90.1%
and 98.6%, respectively. It should be noted that this optimal setting was regu-
lated according to the extra-high sensitivity of the PDE system. It may be neces-
sary to reexamine the proper concentration of ICG if other detection devices are

to be used.
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Abstract

Sentinel lymph node (SLN) navigation surgery became the routine clinical pro-
cedure in breast cancer (BC) surgery. SLN navigation has also been introduced
to gastrointestinal cancer but still remains controversial for esophageal cancer,
because the lymphatic network spread widely from the abdomen to the neck
compared with gastric and colon cancer. We developed SLN navigation surgery
using multidetector (MD) computed tomography lymphography (CTLG) with a
water-soluble iodine tracer injection in BC, which predict not only the precise
number and location of the SLNs but also the existence of lymph node metastasis
surrounding detailed anatomy, during a screening CT for metastasis.

During the surgery, indocyanine green (ICG) solution was injected around the
tumor. SLNs were identified using ICG fluorescence imaging (IGFI) navigated
by preoperative CTLG. Lymphatic vessels and SLNs were clearly visualized,
and SLNs were identified and sampled using IGFI referring to CTLG, resulting
in successful SLN navigation.

The results that micrometastases were existed only in the SLNs which were
detected by CTLG navigation authorize the reliability of this method.
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17.1 Introduction

Lymph node (LN) metastasis is very common and widely spread from not only in
the mediastinum but also in the abdomen to the neck transversally and longitudi-
nally even in superficial esophageal cancer.

And the number of affected lymph nodes is the most important prognostic factor
[1]. Therefore, three-field radical lymphadenectomy has improved the prognosis of
esophageal cancer [1-3].

Sentinel lymph node navigation surgery has been introduced in melanoma [4]
and breast cancer (BC) and became a routine clinical procedure [5, 6].

SLN navigation surgery was also introduced in gastrointestinal tract cancer,
especially in gastric cancer [7] and colon cancer [8].

However SLN detection was thought to be difficult in esophageal cancer surgery
due to the following specific characteristics. The esophagus has a multi-directional
lymphatic flow. The lymphatic flows from the primary lesion spread widely and
show random patterns of LN metastasis from the cervix to abdominal areas. Actually,
anatomical skip metastases to the second or third compartment of regional LNs were
found in 50-60% of esophageal cancer. Lymph node metastasis is common even in
the case of superficial cancer. Based on these clinical observations, extended radical
esophagectomy with three-field LN dissection has become recognized as a standard
procedure in Japan, even for clinically node-negative cases [1-3].

The SLN identification was made by blue dye [5] and gamma probe using a
radioisotope [6], and combination of those techniques has been recommended for
correct SLN detection in the guideline [9].

Blue dye method can be used only during operation and cannot visualize LN
well in the mediastinum because of anthracnosis.

Preoperative lymphoscintigraphy using a radioisotope cannot show detailed ana-
tomical information, but this information can be shown when using SPECT/CT [10].

Shine-through phenomenon interferes the detection of small SLN besides the
primary tumor on a radio-scintigraphy, and SLN of the distant area cannot be
detected with dye.

We developed a three-dimensional (3D) computed tomography lymphography
(CTLG) technique with commercially available iodine medium and adopted to pre-
operative evaluation of BC to detect SLN before surgery [11, 12]. CTLG visualized
the correct number and position of SLNs and afferent and efferent lymphatic vessels
connected to SLNs in 3D anatomy. This CTLG was introduced to superficial esoph-
ageal cancer and successfully showed the SLNs [13-15].

17.2 Methods
17.2.1 Endoscopic Medium Injection
Topamidol (Iopamiron 370; Nihon Schering, Osaka, Japan) is a commercially avail-

able water-soluble monometric iodine CT contrast medium for intravenous use,
with a molecular weight of 777.09 Da, and the solute has an iodine concentration of
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370 mg/mL and an osmolality of 780 mOsm/kg, <3 times the osmolality of physi-
ological saline (~300 mOsm/kg), viscosity of 9.1 mPa/s, and pH of 6.5-7.5.
Iopamidol was injected endoscopically into the four submucosal regions around the
tumor tissues at high pressure with a 23-gauge needle. The injection was performed
until swelling was confirmed with every 0.5-mL administration.

17.2.2 3D CTLG

CTLG was performed using a multidetector row helical CT scanner (Siemens
Volume Zoom; Siemens-Asahi Medical Technologies Ltd., Tokyo, Japan). Each
patient was placed in the supine position on the cradle, and 5 min later, multidetec-
tor row CT was performed using 1 mm slices, enabling direct visualization of lym-
phatic drainage pathways from primary tumor sites. Tracing the lymphatic flows,
the LNs taking up iopamidol were defined as SLNs by a monitoring camera. Three-
dimensional images were then constructed to clarify where the SLNs exist in com-
parison to the detailed anatomy of the surrounding structures [13—15].

17.2.3 SLN Biopsy During Surgery

Intraoperative SLN biopsy with ICG fluorescence imaging (IGFI) was performed in
all patients who received the CTLG. ICG binds to plasma proteins, and protein-
bound ICG emits light with a peak wavelength of about 830 nm when illuminated
by near-infrared light [16, 17]. Lymphatic vessels toward the SLN were detected
with an endoscopic fluorescence imaging system (Infrared Endoscopic Camera
System; Olympus, Tokyo, Japan) and fluorescent image (HyperEye Medical
System, Mizuho, Japan). The light source was a light-emitting diode that emitted
light at a wavelength of 760 nm, and the detector was a charge-coupled device
(CCD) camera with a cut filter used to filter out light with wavelengths below
820 nm. ICG binds to plasma proteins, and protein-bound ICG emits light with a
peak wavelength of about 830 nm when illuminated by near-infrared light.
Fluorescence signals were transmitted to a digital video processor displayed on a
TV monitor in real time. This method has already been applied in clinical studies of
esophageal and gastric cancer [18-21].

17.2.4 SLN Sampling and Backup Dissection

Esophagectomy was performed by a thoracoscopic-assisted approach. The esoph-
agus was exposed, and 0.5 mL of ICG solution (Diagnogreen 0.5%; Daiichi
Pharmaceutical, Tokyo, Japan) was injected in two regions around the tumor in a
direction from the adventitia into the submucosa using a 25-gauge butterfly nee-
dle. The lymphatic vessels and SLNs emitting fluorescence were then visualized
clearly in vivo, and the esophagus and fluorescing LNs were dissected. These dis-
sected LNs and surrounding adipose tissues were removed together, placed on the
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experimental table, and observed again using the photodynamic eye. LNs that
were confirmed to fluoresce were diagnosed as SLNs on the basis of the CTLG
findings.

This study was authorized by the Institutional Review Board of the Tokushima
University Hospital. Before entry into the study, each patient was informed about
the investigational nature of the study, and a written informed consent which was
approved by the institutional review board was obtained.

17.2.5 Results

CTLG was safely performed in 20 patients with thoracic superficial esophageal
cancer (all squamous cell carcinoma) and 12 patients with esophagogastric junction
cancer (4 squamous cell carcinoma and 8 adenocarcinoma) in a short time without
any complications. Lymphatic drainage routes were identified in all patients, cor-
responding to the SLNs detected by CTLG and IGF in all patients. LN metastasis
was pathologically confirmed in five patients; four of five metastatic nodes were
involved in the SLNs that had been detected by CTLG and IGFI. Among these four
patients, a small metastatic lesion was observed in three patients. Only one false-
negative finding was found in five metastatic nodes.

Three-dimensional images were then constructed to clarify where the SLN’s exist
in comparison to the detailed anatomy of the surrounding structures [13—15]. The
most widely used 3D imaging techniques to date were maximum intensity projec-
tion (MIP) (left two) and shaded surface display (SSD) (right one). The lymphatic
routes from the tumor occupied the upper middle thoracic esophagus connected to
right recurrent nerve nodes (#106recR). Figure 17.1 shows the ascending lymphatic
routes (white arrows) and two SLNs (#106recR) (gray arrows) with detailed anat-
omy of the surrounding structures. Pathology proved a micrometastasis is involved
in one of two SLNS.

Lymphatic network spread widely in the mediastinum, toward the neck and the
abdomen. The lymphatic routes from the primary tumor showed ascending and
descending exist together. Bronchial node (#107) and paragastric node (#2) are the
SLN in this case. Micrometastasis existed in the paragastric node (Fig. 17.2).

Small SLN (arrow) besides the primary tumor which cannot be detected using
radioisotope because of shine-through phenomenon was detected.

This paraesophageal node showed mottled pattern (scattered defects were
observed); it proved to be metastatic node (Fig. 17.3).

In one patient with Ilc-like esophagogastric junction tumor, CTLG showed the
descending lymphatic routes connected to the paragastric nodes (#1 and #3)
(Fig. 17.4a). During surgery, SLNs were sampled by retrieving with ICG fluores-
cent images using infrared camera system. They could be also checked on the back
table (Fig. 17.4b). Histopathology proved micrometastasis exists in #3 node with
IHC (cytokeratin CAMS.2) (Fig. 17.4b).

In one patient, an unusual lymphatic route and left supraclavicular node (#104L)
were enhanced by CTLG, and an enlarged round right recurrent nerve node
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Fig. 17.1 Three-dimensional (3D) CT lymphography. Five minutes after endoscopic injection of
iodine medium (iopamidol) into the four submucosae around the tumor, CT scan was performed
using 1 mm slices, enabling direct visualization of lymphatic drainage pathways from primary
tumor sites. Tracing the lymphatic flows, the LNs taking up iopamidol were defined as SLNs by a
monitoring camera. Three-dimensional images were then constructed to clarify where the SLNs
(arrow) and afferent lymphatic vessels exist in comparison to the detailed anatomy of the surround-
ing structures [13—15]. The most widely used 3D imaging techniques to date were maximum
intensity projection (MIP) (left two) and shaded surface display (SSD) (right one). The lymphatic
routes from the tumor occupied the upper middle thoracic esophagus connected to right recurrent
nerve nodes (#106recR). The figure shows the ascending lymphatic routes (white arrows) and two
SLNs (#106recR) (gray arrows) with detailed anatomy of the surrounding structures. Pathology
proved a micrometastasis is involved in one of the two SLNs

(#106recR) 10 mm diameter was not enhanced on lymphography but enhanced on
dynamic CT that was performed 5 min after CTLG with intravenous iopamidol
injection. This enlarged node was recognized as metastatic node preoperatively. The
true SLN was occupied by metastatic tumor tissue, and another detoured route with
LN was visualized. Pathologic examination proved that macroscopic metastases
were recognized in two of five dissected #106recR nodes while no metastasis in
#104L (Fig. 17.5).

17.3 Discussion

CTLG is a safe technique allowing SLN navigation for breast [11, 12], esophageal
[13-15], and lung [22, 23] malignancies, with favorable results.

SLNs were detected preoperatively on CT scan with a commercially available
water-soluble iodine contrast medium. This procedure is easy and inexpensive,
requiring only a short time during routine CT to evaluate distant metastases, thus
resulting in successful SLN navigation while saving time and cost.
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Fig. 17.2 Multi-directional lymphatic routes and multiple SLNs. Lymphatic network spread
widely in the mediastinum, toward the neck and the abdomen. The lymphatic routes from the pri-
mary tumor showed ascending and descending exist together. Bronchial node (#107) and paragas-
tric node (#2) are the SLN in this case. Micrometastasis existed in the paragastric node
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Fig.17.3 SLN close to primary tumor can be visualized with its stain pattern. Small SLN (arrow)
besides the primary tumor which cannot be detected because of shine-through phenomenon using
radioisotope was detected. This paraesophageal node showed mottled pattern (scattered defects
were observed), proved to be metastatic node
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Fig. 17.4 (a) CTLG of EC junction tumor. In one patient with Ilc-like esophagogastric junction
tumor, CTLG showed the descending lymphatic routes connected to the paragastric nodes (#1 and
#3). (b) SLN sampling retrieved ICG based on CTLG. During surgery, SLNs were sampled by
retrieving with ICG fluorescent images using infrared camera system. Histopathology proved
micrometastasis exist in #3 node with IHC (cytokeratin CAMS5.2). Pathology: #1 SLN. 0/3; #3
SLN, 1/2; #105, 0/0; #106pre, 0/1; #106recR, 0/2; #107, 0/6; #108, 0/1; #108, 0/3; #109, 0/3; #1
non-SN, 0/2; #3 non-SN, 0/12; #7, 0/2
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Fig. 17.5 CTLG visualized image of metastatic node and detour route to false SLN. In one
patient, an unusual lymphatic route and left supraclavicular node (#104L) were enhanced by
CTLG, and an enlarged round right recurrent nerve node (#106recR) 10 mm diameter was not
enhanced on lymphography but enhanced on dynamic CT that was performed 5 min after CTLG
with intravenous iopamidol injection. This enlarged node was recognized as metastatic node pre-
operatively. The true SLN was occupied by metastatic tumor tissue, and another detoured route
with LN was visualized. Pathologic examination proved that macroscopic metastases were recog-
nized in two of the five dissected #106recR nodes while no metastasis in #104L

Pathologic examination proved successful provability of SLN mapping with
CTLG (Figs. 17.1, 17.2, 17.3, 17.4, and 17.5). CTLG covers a weak point of lym-
phoscintigraphy because of no shine-through phenomenon. The SLN neighboring
the primary tumor is visualized clearly (Fig. 17.3).

A number of stocked data from the patients have proved the accurate percentage
of LN metastases and prognosis after surgery according to the tumor extent. An
accurate diagnosis of tumor invasion and LN metastasis is a key for the choice of an
appropriate treatment. But those are very difficult; especially preoperative lymph
node metastasis is decided by size and shape of the lymph node. It is well known
that LN metastasis is found often in very small-sized LN [24].

Development of the endoscope, MDCT, magnetic resonance imaging system
(MRI), and 18F-fluoro-2-deoxy-p-glucose positron emission tomography (**F-FDG-
PET) has obtained the accurate diagnosis about tumor extent of esophageal cancer.
Patients who were diagnosed by endoscopy and biopsy with no evidence of distant
metastatic disease on CT and FDG-PET were referred for EUS for locoregional
staging. The results of N staging with CT, FDG-PET, and EUS were compared with
surgical pathology or EUS-FNA cytology [24, 25]. Overall accuracy for N staging
was 69% for CT, 56% for FDG-PET, and 81% for EUS [26]. Several investigators
have reported that PET/CT scan has limited sensitivity in detecting subclinical
nodal metastasis, such as micrometastasis in esophageal cancer [27-30].
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The combination of CT plus EUS appears to be accurate for locoregional stag-
ing in esophageal cancer [26]. EUS is also the most accurate technique for preop-
erative locogional staging of esophageal carcinoma, once CT and/or the FDG-PET
scan has excluded the presence of distant metastasis. EUS-guided fine needle
aspiration (EUS-FNA) might help improve diagnostic accuracy in esophageal
cancer LN staging, and the therapeutic decision might be derived from such a
practice [24].

At present, SN biopsy is believed to detect micrometastasis more accurately and
cost-effectively than other imaging procedures in patients with cNO early esopha-
geal cancer [25, 31].

Many reports have indicated that immunohistochemical nodal micrometastasis
is a significant prognostic indicator in patients with cNO esophageal cancer
[32-34].

SLN mapping in esophageal cancer is obviously more invasive than other imag-
ing techniques; nodal micrometastasis in SLN that may affect survival of the patient
cannot be ignored [25]. Our results showed many SLNs involved micrometastasis
only in SLNs which have been detected with CTLG. The results authorize the reli-
ability of this procedure.

CTLG visualized SLNs with afferent lymphatic route clearly in 3D image; there-
fore lymph node metastasis can be diagnosed preoperatively according to the fol-
lowing criteria: an appearance of afferent lymph vessel obstruction due to tumor
embolism and occupied lymph nodes. The tumor occupation resulted in stagnation,
dilation, and detour of the lymph vessels and defect of the lymph node staining.
Partial staining (crab claw-shaped stain, shadow defect, and mottled stain pattern)
of the SLNs, and stagnation, dilation, and detour pattern of the afferent lymphatic
routes are suspicious signs of lymph node metastasis [35, 36].

The afferent lymph vessel and SLN were completely visualized in two right
recurrent nerve nodes (Figs. 17.1, 17.2, 17.4, and 17.5). Lymph vessel was smooth
and completely stained as shown in the figures. Metastatic nodes (true SLN) were
not stained as shown in Fig. 17.5. The lymph flow was detoured to another route,
and another LN adjacent to true SLN was stained like SLN. Those nodes would
diagnose the false negative in histopathology if using the conventional methods like
blue dye and gamma probe.

17.4 Conclusions

CTLG visualized the precise number and position of SLNs in 3D anatomy preop-
eratively during CT scan screening for distant metastasis. SLN biopsy can detect
micrometastasis in SLNs and would make super staging. Existence of many SLNs
sampled under navigation with CTLG involved micrometastasis. Macrometastasis
is also detected by CTLG with the information of obstructed afferent lymphatic
routes and shadow defects due to tumor occupation. These results showed that
CTLG would be a new preoperative strategy for precise information on staging of
esophageal cancer.
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Abstract

If the sentinel node (SN) concept is established for esophageal cancer, SN navi-
gation surgery will be clinically useful. The following personalized treatments
will also be possible: reducing the extent of lymphadenectomy in upper medias-
tinal and cervical regions, targeting radiotherapy for SN, and SN sampling with
endoscopic therapy. Since difficulties are associated with using the dye method
for the detection of SN due to complex lymphatic flow in the esophagus and
anthracosis in the lymph nodes, the radioisotope method is available for esopha-
geal cancer. When SN navigation surgery is introduced in the clinical field, an
accurate diagnosis is essential for nodal metastasis, including micrometastasis.
Only a few studies have been published on the SN concept for esophageal cancer,
and clinical evidence is currently not available. In our experience, the SN con-
cept is applicable to patients with ¢T1 and cNO esophageal cancer; however, the
role of SN navigation surgery for clinical T2 or more remains unclear. Multicenter
trials are needed in the near future in order to establish standard personalized
therapy.
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18.1 Introduction

Esophageal cancer has one of the greatest malignant potentials among gastrointesti-
nal cancers and frequently metastasizes to the lymph nodes, such as the cervical or
abdominal lymph nodes, which are distant from the primary tumor. Since the sites of
lymph node metastases are extensively distributed, difficulties are associated with
focusing on the removal of specific lymph nodes, even in superficial esophageal can-
cer [1]. Therefore, radical lymph node dissection such as extended three-field lymph-
adenectomy has been widely accepted as a treatment for esophageal cancer [2, 3].
Furthermore, esophageal cancer surgery is one of the most invasive types of digestive
surgery [4, 5]. To date, endoscopic submucosal dissection (ESD) and minimally
invasive surgery with thoracoscopy and laparoscopy are performed for early-stage
disease. If minimally invasive surgery is possible for patients with esophageal can-
cer, the mortality rate after surgery and postsurgical quality of life will be improved.

The sentinel node (SN) concept of lymph node metastasis has been established for
melanoma and breast cancer. Recent studies have attempted to verify this concept for
gastrointestinal cancer. If this concept is established for esophageal cancer, it will be
possible to safely reduce the extent of lymphadenectomy. This chapter will focus on
the clinical aspect of SN navigation surgery for patients with esophageal cancer.

18.2 The SN Concept

The SN concept was initially advocated by Morton et al. for patients with melanoma
[6]. According to the definition of this concept, SN is the first lymph node that
receives lymphatic flow from the primary tumor, and lymph node micrometastasis
occurs from this SN; however, this node is not necessarily the nearest lymph node
to the primary tumor site. The SN concept has been clinically applied to melanoma
and breast cancer for minimally invasive surgery. A large number of studies have
demonstrated the utility of the SN concept for patients with early-stage gastric can-
cer. In 2013, the findings of a prospective multicenter trial on SN navigation surgery
were reported by a Japanese group [7]. Three hundred and ninety-seven patients
were enrolled in this study. The detection rate, sensitivity, and accuracy were 97.5%,
93%, and 99%, respectively, and there were only four false-negative cases.
Accordingly, the clinical application of SN navigation surgery for gastric cancer
may be possible.

Several studies demonstrated the utility of the SN concept for patients with
esophageal cancer (Table 18.1) [8—18]. Kitagawa et al. initially indicated its poten-
tial in 2000 [8]. They demonstrated SN mapping using a radioisotope (RI) method
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in 27 patients with esophageal cancer, with detection and accuracy rates of 88% and
92%, respectively. Although identification and accuracy rates were reported to be
90-100% and 78—100%, respectively, most studies included advanced stages, and
the number of patients was small. Many studies have indicated the usefulness of the
SN concept for adenocarcinoma, mainly Barrett’s esophageal cancer (BEC) of the
esophagus in Western countries and squamous cell carcinoma in Eastern countries.
Burian et al. reported detection and accuracy rates of 90% and 85% for BEC,
respectively [16]. The incidence of adenocarcinoma of the esophagogastric junction
(AEG) has recently increased, and this finding has been already described in several
reports in SN [19, 20].

18.3 Identification of SN

RI and/or dye methods are the two main procedures used to detect SN in breast
cancer, melanoma, and gastric cancer. In these cancers, the dye method is advanta-
geous because it allows for the visualization of the lymph nodes and lymphatics
themselves, which are stained blue. Since the esophagus exists in the posterior
mediastinum, it is difficult to identify lymph nodes with blue dye until the medias-
tinal pleura is opened. Furthermore, in many patients with esophageal cancer, medi-
astinal lymph nodes are black due to anthracosis. Therefore, the RI-guided method
is useful for the detection of SN in esophageal cancer, while the dye method alone
may not be suitable.

SN is currently detected using the infrared fluorescence imaging method, with
indocyanine green as a tracer. Kubota et al. described the infrared fluorescence
imaging method using the HyperEye Medical System in esophageal cancer surgery
[21]. A laparoscopic near-infrared imaging system was recently developed by
Novadaq [18]. Fluorescence imaging is clearer than absorbance imaging. On the
other hand, Yuasa et al. reported the utility of preoperative computed tomographic
lymphography (CTLG) with fluorescence imaging [17]. They found that CTLG
clearly visualized the relationship between SLN and lymphatic routes by detecting
obstructions in the lymph vessels and tumor replacement and may be used to diag-
nose lymph node metastasis. Lymph flow from tumors was visualized on a 3D CT
image with the surrounding anatomy during preoperative routine CT examinations
for tumor infiltration and metastasis.

We used the RI method with 99m Technetium-Tin colloid as a tracer (Fig. 18.1).
One day prior to surgery (approximately 18 h), 3mCi 99m Technetium-Tin colloid
(Nihon Medi-physics, Nishinomiya, Japan) is injected endoscopically into the
esophageal submucosa at four sites (0.5 mL each) near a tumor using a 23-gauge
needle.
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Fig. 18.1 One day prior
to surgery, 99m
Technetium-Tin colloid
was injected
endoscopically into the
esophageal submucosa at
four sites around the tumor
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18.4 Clinical Utility of Lymphoscintigraphy for Esophageal
Cancer

Lymphoscintigraphy is performed using planar images (E-CAM Nuclear Gamma
Camera: TOSHIBA, Japan) from the anterior, and right and left lateral views are
obtained 2 h after the radioisotope injection. Lymphoscintigraphy for esophageal
cancer is particularly useful because it has the ability to identify SN distant from the
injection site, such as the cervical, upper mediastinal, or abdominal nodes (Fig. 18.2).
We identify these SNs by performing lymphoscintigraphy before surgery and then
verify our findings using a direct measure of the RI count during surgery. Image
processing by single-photon emission computed tomography (SPECT) is useful for
depicting SN in the vicinity of the RI injection site, and we can identify the posi-
tional relation between main lesions and SN, three-dimensionally (Fig. 18.3a, b).
Tsai et al. demonstrated the utility of hybrid SPECT/CT imaging and concluded that
the preoperative identification of SN with hybrid SPECT/CT imaging after the
endoscopic injection of a radiocolloid has potential for SN mapping in esophageal
cancer [22]. Cooperation with radiologists is important for SPECT and the analysis
of lymphoscintigraphy. However, some SN around RI injection sites cannot be iden-
tified during surgery due to the “shine-through” phenomenon.
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Fig. 18.2 Lymphoscinti-
graphy: SN distant from the i
injection site, such as the Upper mediastinal SN !
cervical, upper mediastinal,
or abdominal nodes, were
detected by lymphoscintigra-
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Fig. 18.3 Image processing by single-photon emission computed tomography (SPECT) is useful
to three-dimensionally identify the positional relation between main lesions and SNs. (a) Right
recurrent nerve and cervical paraesophageal lymph nodes as SNs are found in the coronal view
(arrow). (b) The right recurrent nerve lymph node as SN is found in the transverse view (arrow)

18.5 Intraoperative Identification and Biopsy of SN

Most SN are intraoperatively identified using a gamma probe such as Navigator
GPS (Dilon Diagnostics, USA). During surgery, the uptake of RI by each lymph
node is measured with a gamma probe. Cervical SN is identified from the surface of
a body using a gamma probe, and sampling by a small incision is possible.
Mediastinal SN is identified under thoracoscopy or a small incision (Fig. 18.4a, b).
SN is carefully searched for using a gamma probe because some SNs around the RI
injection sites cannot be identified during surgery due to the “shine-through” phe-
nomenon. Abdominal SNs are identified under laparoscopy (Fig. 18.4c). Some SNs
are identified after checking with the gamma probe. It is important to dissect
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Fig. 18.4 Intraoperative identification and biopsy of SN. (a) Cervical SNs are identified from the
surface of a body using the gamma probe. (b) Upper mediastinal SNs are identified under thora-
coscopy. (¢) Abdominal SN are identified under laparoscopy

peripheral connective and adipose tissues in order to avoid injuring the capsule of
SN because micrometastases are often detected in the marginal sinus under the
lymph node capsule.

After the dissection of SN, the absence of residual radioactivity in the cervix,
mediastinum, and abdomen is confirmed intraoperatively using a gamma probe.
When counts for individual lymph nodes are fivefold greater than background lev-
els, the lymph node is identified as a “hot node” or SN by our criteria.

18.6 SN Mapping

The findings of SN mapping have been reported by several single institutes; however,
less than 50 patients were enrolled in the majority of these studies. Takeuchi et al.
reported the findings of SN mapping in 75 consecutive patients who were preopera-
tively diagnosed with TINOMO or T2NOMO primary esophageal cancer [12]. 99m
Technetium-tin colloid was used as the tracer, and SNs were successfully identified
in 71 (95%) out of 75 patients. The mean number of SN identified per case was 4.7.
Twenty-nine (88%) out of 33 cases with lymph node metastasis showed positive
SLN. Diagnostic accuracy based on the SLN status was 94% (67/71). The
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distribution of SLN identified spread from the cervical to abdominal areas. Lamb
et al. reported the findings of SN mapping in 57 patients, although 17 patients with
gastric cancer were included [11]. 99m Technetium nanocolloid was used as the
tracer, and SNs were detected by a handheld gamma probe. SNs were identified in all
patients; the mean number of SNs identified per case was 2.0, and the accuracy rate
was 96%. Nagaraja et al. reported the findings of a meta-analysis of 23 relevant stud-
ies between 2002 and 2011 [23]. They found that the overall detection rate was 93%,
sensitivity 87%, negative predictive value 77%, and accuracy 88%.

A feasibility study on SN mapping was performed on 134 patients with esopha-
geal cancer who underwent esophagectomy with lymphadenectomy at Kagoshima
University Hospital [15]. RI uptake in all dissected lymph nodes was measured after
esophagectomy with standard lymphadenectomy.

Nineteen tumors were located in the upper third of the esophagus, 73 in the
middle third, and 42 in the lower third. The depth of tumor invasion was clinically
diagnosed before surgery based on gastrointestinal endoscopy, double contrast gas-
trography, and endoscopic ultrasonography. Based on the TNM classification, cT1
tumors were detected in 60 patients, cT2 in 31, and ¢T3 in 32. Apart from these
patients, neoadjuvant chemoradiation therapy (CRT) was administered to 11
patients. Esophagectomy by right thoracotomy was performed on 93 patients, left
thoracotomy on 14, and blunt dissection with lymphadenectomy on 27. The total
number of dissected lymph nodes was 4483, and the number of resected nodes per
patient ranged between 6 and 108, with a median of 30.5 nodes.

SNs were identified in 120 out of 134 cases by measuring all dissected lymph
nodes using Navigator GPS. The detection rates of SN were 93.3% (56/60) in cT1,
100% (31/31) in cT2, and 87.5% (28/32) in cT3. SNs were only identified in five
CRT patients, preoperatively, and the detection rate was 45.5%.

SNs were detected in 45 (40.2%) out of 112 patients by presurgical
lymphoscintigraphy.

The mean number of SNs detected by lymphoscintigraphy was 1.4 (range, 1-3).

The sensitivity and accuracy of SN mapping were 91.7% and 98.2%, respec-
tively, in cT1 patients. Although the false-negative case did not have metastasis or
micrometastasis in SN, this case was clinically diagnosed as N1 because a meta-
static node was preoperatively detected by endoscopic ultrasonography. This meta-
static lymph node was almost completely occupied by cancer cells. However, the
sensitivity and accuracy of SN mapping were 66.7% and 80.6% in cT2 patients and
54.2% and 60.7% in cT3 patients, respectively (Table 18.2). Accordingly, the SN
concept is acceptable for clinical application to cT1 and NO esophageal cancer only

Table 18.2 Our results for sentinel node mapping in each clinical T factor

cT1 cT2 cT3 CRT
Sensitivity 91.7%(11/12) 66.7%(12/18) 54.2%(13/24) 0%(0/3)
False negative 8.3%(1/12) 33.3%(6/18) 45.8%(11/24) 100%(3/3)
NPV 97.8%(44/45) 68.4%(13/19) 26.7%(4/15) 40.0%(2/5)
Accuracy 98.2%(55/56) 80.6%(25/31) 60.7%(17/28) 40.0%(2/5)

NPV negative predictive value
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based on our results. Furthermore, sensitivity was 0 and the accuracy of SN map-
ping was 40.0% in CRT patients. SN navigation surgery is not applicable to patients
who have received neoadjuvant therapy.

18.7 Indication of SN Navigation Surgery for Esophageal
Cancer

It is important to assess the indication of clinical applications based on the SN con-
cept. Previous studies reported that SN biopsy is not feasible for advanced esopha-
geal cancer [24]. Patients with overt lymph node metastasis by preoperative imaging
means need to be excluded from SN navigation surgery. We investigated whether RI
uptake reflects the ratio of the metastatic areas of SN in esophageal and gastric can-
cer, with the aim of decreasing the false-negative rate in the identification of SN. Our
findings showed

that RI uptake was not detectable in lymph nodes with a >60% metastatic area
[25]. Therefore, we consider the SN concept to be applicable to patients with cT1
and cNO esophageal cancer.

18.8 Micrometastasisin SN

The accurate diagnosis of SN during surgery is important for the clinical application
of SN navigation surgery. An intraoperative diagnosis of lymph node metastasis
including micrometastasis is essential for performing SN navigation surgery
because the clinical significance of lymph node micrometastasis is still controver-
sial in patients with esophageal cancer. To date, several studies have demonstrated
the clinical impact of lymph node micrometastasis identified by immunohistochem-
istry (IHC). Furthermore, it has been reported that a real-time reverse transcription-
polymerase chain reaction (RT-PCR) detects lymph node micrometastasis more
accurately than IHC. Due to advances in the field of genetics, the presence of micro-
metastasis in a lymph node may also be assessed; however, the clinical significance
of this metastasis remains controversial in esophageal cancer. We previously
reported that isolated tumor cells exhibited proliferative activity by CK and Ki-67
double staining using IHC [26]. We consider it important to test for lymph node
micrometastasis even if lymph node metastases are negative in routine histological
examinations.

We previously investigated the adequacy of the SN concept based on lymph node
micrometastasis assessed by IHC and RT-PCR in patients with esophageal cancer
[27]. SNs were mapped in 57 patients with cT1-T2 and cNO esophageal cancer. The
incidences of node positivity identified by HE and IHC were 12.3% (7/57) and
19.3% (11/57), respectively. RT-PCR detected micrometastasis in 4 out of 46
patients without nodal metastasis assessed by HE staining and IHC. Non-SN metas-
tases were not found in 42 patients without micrometastasis identified by IHC and
RT-PCR of SN. Accuracy and false-negative rates were 100% (57/57) and 0%
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(0/42), respectively. The SN concept may be acceptable for patients with cT1-T2
and cNO esophageal cancer, even in the presence of micrometastasis identified by
IHC and RT-PCR.

18.9 Future Perspectives of Clinical Applications Based
on the SN Concept

If the SN concept is established for esophageal cancer, SN navigation surgery will
be clinically useful. The following personalized treatments will be possible: reduc-
ing the extent of lymphadenectomy in the upper mediastinal and cervical regions,
targeting radiotherapy for SN, and SN sampling with endoscopic therapy.

The lymph nodes around the recurrent laryngeal nerve are frequent meta-
static sites of esophageal cancer; however, upper mediastinal lymph node dis-
section is associated with the risk of recurrent laryngeal nerve paralysis [28]. If
SN was not identified in upper mediastinal and cervical regions, and all SNs are
confirmed to be pathologically negative in patients with cTINO middle/lower
thoracic esophageal cancer and AEG, cervical lymph node dissection may be
omitted.

Although chemoradiotherapy is a standard treatment, the design of radiation
fields is still controversial [29]. Takeuchi et al. are conducting an ongoing study
involving concurrent chemoradiotherapy for patients with cTINOMO esopha-
geal cancer with minimized radiation fields that contain SN identified by lym-
phoscintigraphy in order to achieve the local control of subclinical metastasis in
SN [30].

ESD is the standard treatment for clinical Tla superficial esophageal cancer.
However, patients with clinical T1b superficial esophageal cancer undergo esopha-
gectomy with lymph node dissection. If the tumor is completely removed by ESD
and all SNs are confirmed to be pathologically negative, it may be unnecessary to
perform esophagectomy and lymph node dissection. A combination of ESD and SN
biopsy will be a new approach for cT1NO esophageal cancer.

18.10 Conclusions

Several studies and our experience of SN mapping indicate relatively good out-
comes. Multicenter trials are needed in the near future in order to establish standard
personalized therapy, and some issues still need to be resolved such as the tracer to
use, the diagnosis of SN including micrometastasis, and a concrete method for clini-
cal application. SN navigation surgery may become the standard of care for esopha-
geal cancer in the near future, particularly in the setting of minimally invasive
surgery.

The SN concept is presently applicable to patients with cT1 and cNO esophageal
cancer; however, the role of SN navigation surgery for clinical T2 or more remains
tentative.
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Abstract

Recent meta-analyses and a prospective multicenter trial of sentinel node (SN)
mapping for early gastric cancer have shown acceptable SN detection rates and
accuracy of determination of lymph node status. A dual-tracer method that
employs radioactive colloids and blue dyes is currently considered the most reli-
able method for the stable detection of SNs for early-stage gastric cancer.
However the new technologies such as indocyanine green infrared or fluores-
cence imaging and molecular detection of occult tumor cells in SN may revolu-
tionize the SN mapping procedures in gastric cancer. For early gastric cancer, the
establishment of individualized, minimally invasive gastrectomy based on SN
concept can retain the patients’ quality of life. The combination of non-exposed
endoscopic wall-inversion surgery with SN mapping and lymphatic basin dissec-
tion is expected to become a promising, ideal minimally invasive, function-
preserving surgery to cure patients with cNO early gastric cancer.
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19.1 Introduction

In Japan, early-stage gastric cancer (cT1) is found in many asymptomatic patients due
to recent advances in endoscopic diagnosis, and the population with this condition
currently reaches in excess of 50% in major institutions [1]. Endoscopic submucosal
dissection (ESD) has already been accepted as the most minimally invasive proce-
dures for the resection of early gastric cancer [1]. Laparoscopic gastrectomy repre-
sents an important intermediate option between ESD and open surgery for patients
with gastric cancer [2]. The technique of laparoscopic gastrectomy has shifted from
partial resection to more radical procedures such as laparoscopy-assisted distal gas-
trectomy (LADG) with D2 lymphadenectomy, which is comparable to conventional
open distal gastrectomy and can be performed in clinical practices [3, 4].

Many patients with early gastric cancer are currently treated with advanced lapa-
roscopic gastrectomy procedures, such as LADG and laparoscopy-assisted total
gastrectomy (LATG) with standard lymph node dissection in Asian countries [1-4].
LADG and LATG contribute to both better esthetics and early postoperative recov-
ery [5]. However, patients’ quality of life (QOL) is mainly affected by late-phase
complications including dumping syndrome and body weight loss resulting from
oral intake disturbance due to large extent of gastric resection. Therefore, both mini-
mal invasiveness for early-phase recovery by laparoscopic surgery and additional
late-phase function-preserving gastrectomy should be carefully considered in
patients indicated for these procedures.

Function-preserving gastrectomy such as partial gastrectomy, segmental gastrec-
tomy, and proximal gastrectomy with limited lymph node dissection is known to
improve postoperative late-phase function. However, a certain incidence of skip metas-
tasis in the second or third compartment of regional lymph nodes remains an obstacle to
the wider application of these procedures. To overcome these issues, the concept of
sentinel node (SN) mapping may become a novel diagnostic tool for the identification
of clinically undetectable lymph node metastasis in early gastric cancer.

SNs are defined as the first draining lymph nodes from the primary tumor site [6,
7], and they are thought to be the first possible site of micrometastasis along the
route of lymphatic drainage from the primary lesion. The pathological status of SNs
can theoretically predict the status of all regional lymph nodes. If SNs are recogniz-
able and negative for cancer metastasis, unnecessary radical lymph node dissection
could be avoided. SN navigation surgery is defined as a novel, minimally invasive
surgery based on SN mapping and the SN-targeted diagnosis of nodal metastasis.
SN navigation surgery can prevent unnecessary lymph node dissection, thus pre-
venting the associated complications and improving the patient’s QOL.

SN mapping and biopsy were firstly applied to melanoma and breast cancer
patients and were subsequently extended to patients with many other solid tumors
[7-9]. The clinical application of SN mapping for early gastric cancer has been
controversial for years. However, single institutional results, including a recent mul-
ticenter trial of SN mapping for early gastric cancer, are considered acceptable in
terms of the SN detection rate and accuracy of determination of lymph node status
[10, 11]. On the basis of these results, we are developing a novel, minimally inva-
sive function-preserving gastrectomy technique combined with SN mapping.
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19.2 Laparoscopic SN Mapping Procedures for Gastric
Cancer

A dual-tracer method that utilizes radioactive colloids and blue or green dyes is cur-
rently considered the most reliable method for the stable detection of SNs in patients
with early gastric cancer [10, 11]. An accumulation of radioactive colloids facili-
tates the identification of SNs even in resected specimens by using a handheld
gamma probe, and the blue dye is effective for intraoperative visualization of lym-
phatic flow, even during laparoscopic surgery. Technetium-99m tin colloid,
technetium-99m sulfur colloid, and technetium-99m antimony sulfur colloid are
preferentially used as radioactive tracers. Isosulfan blue and indocyanine green
(ICG) are the currently preferred choices as dye tracers.

In our institution, patients with clinical T1 tumors, primary lesions less than
4 cm in diameter, and clinical NO gastric cancer undergo SN mapping and biopsy
[10, 11]. In our procedures, 2.0 mL (150 MBq) of technetium-99m tin colloid solu-
tion is injected the day before surgery into four quadrants of the submucosal layer
of the primary tumor site using an endoscopic puncture needle. Endoscopic injec-
tions to the submucosal layer facilitate accurate tracer injection rather than laparo-
scopic injection from the seromuscular site of the gastric wall. Technetium-99m tin
colloid with relatively large particle size accumulates in the SNs after local
administration.

The blue or green dyes are injected into four quadrants of the submucosal layer
of the primary site using an endoscopic puncture needle at the beginning of surgery.
Blue lymphatic vessels and blue-stained nodes can be identified by laparoscopy
within 15 min after the injection of the blue or green dyes. Simultaneously, a hand-
held gamma probe is used to locate the radioactive SN. Intraoperative gamma prob-
ing is feasible in laparoscopic gastrectomy using a special gamma detector
introducible from trocar ports [10, 11].

For intraoperative SN sampling, the pickup method is well established for the
detection of melanoma and breast cancer. However, it is recommended that the
clinical application of intraoperative SN sampling for gastric cancer should
include sentinel lymphatic basin dissection, which is a sort of focused lymph
node dissection involving hot and blue nodes [10, 11]. The gastric lymphatic
basins were considered to be divided in the following five directions along the
main arteries: left gastric artery area, right gastric artery area, left gastroepiploic
artery area, right gastroepiploic artery area, and posterior gastric artery
area [12].

ICG is known to have excitation and fluoresce wavelengths in the near-infrared
range [13]. Till date, some investigators have used infrared ray electronic endoscopy
(IREE) to demonstrate the clinical utility of intraoperative ICG infrared imaging as
a new tracer for laparoscopic SN mapping [13, 14]. IREE might be a useful tool to
improve visualization of ICG-stained lymphatic vessels and SNs even in the fat tis-
sues. More recently, ICG fluorescence imaging has been developed as another
promising novel technique for SN mapping [15, 16]. SN could be clearly visualized
by ICG fluorescence imaging compared to the naked eye. Further studies would be
needed to evaluate the clinical efficacy of ICG infrared or fluorescence imaging and
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to compare those with radio-guided methods in prospective studies. However these
new technologies might revolutionize the SN mapping procedures in early gastric
cancer.

19.3 Results of SN Mapping in Gastric Cancer

To date, more than 100 single institutional studies have demonstrated acceptable out-
comes of SN mapping for early gastric cancer in terms of the SN detection rate (90—
100%) and accuracy (85-100%) of determination of lymph node status; these
outcomes are comparable to those of SN mapping for melanoma and breast cancer
[11]. A recent large-scale meta-analysis, which included 38 relevant SN mapping
studies with 2128 gastric cancer patients, demonstrated that the SN detection rate and
accuracy of prediction of lymph node metastasis based on SN status were 94% and
92%, respectively [17]. They concluded that the SN concept is technically feasible for
gastric cancer, especially patients with early T stage (T1), with the use of combined
tracers and submucosal injection methods during the SN biopsy procedures.

Our group in Japan had conducted a multicenter prospective trial (UMIN ID:
000000476) of SN mapping using a dual-tracer method with a radioactive colloid
and blue dye [10]. In the trial, SN mapping was performed between 2004 and 2008
for 397 patients with early gastric cancer at 12 comprehensive hospitals, including
our institution. Eligibility criteria were that patients had cTINOMO or cT2NOMO
single tumor with diameter of primary lesion less than 4 cm, without any previous
treatments. As results, the SN detection rate was 98% and the accuracy of determi-
nation of metastatic status was 99% [10]. The results of that clinical trial are
expected to provide us with perspectives on the future of SN navigation surgery for
early gastric cancer.

19.4 Clinical Significance of Micrometastasis in SN in Early
Gastric Cancer

Accurate detection of nodal metastasis including micrometastasis during and after
surgery is indispensable for clinical application of SN navigation surgery [18, 19].
Hematoxylin and eosin (H&E) and immunohistochemical (IHC) staining have been
commonly used, in combination with serial sectioning of frozen and paraffin-
embedded specimens, for the detection of micrometastatic disease in the SN [18,
20]. The application of IHC has markedly improved the sensitivity of micrometa-
static disease detection in the SN beyond the capability of routine H&E staining
alone [20]. The antibodies against tumor markers of interest must be highly specific
and sensitive for detection of tumor cells and virtually nonreactive to the adjacent
non-tumor cells in the SN. The most commonly used IHC target for gastric cancer
are the cytokeratins (CK), which are ubiquitously expressed as intermediate fila-
ments in normal eukaryotic epithelial cells [18, 20]. However, the risk of false-
positive and false-negative results with the use of individual anti-CK antibodies and
antibody cocktails has been described [21].
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Moreover, there is another problem regarding the histopathological diagnosis of
lymph node metastases including micrometastases [19]. Although lymph nodes are
three-dimensional structures, histological and IHC investigations are usually per-
formed on planar slices. Metastatic foci located in the center of lymph nodes may
result in a correct positive identification. However, when they are not located in the
hilus of the lymph node, the results might be deemed negative [19]. Isozaki et al.
reported that serial sectioning of lymph nodes for H&E staining results in a more
accurate evaluation of the extent of lymph nodes metastases in gastric cancer
patients [22]. Morita et al. also examined occult metastasis using IHC in the
5-pm-thick serial step sections at 85 pm intervals of whole formalin-fixed paraffin-
embedded tissues of all resected SN [23]. As results, occult metastasis in SN was
detected by serial section examination in 2 (4.4%) of 46 patients with pNO. In gen-
eral, however, the serial sectioning is clinically time- and labor-consuming.
Limitations of histopathological diagnosis of micrometastasis using frozen sections
for intraoperative pathology also have to be considered for clinical application of
SN biopsy [24]. The quality of preservation of tissues and cell morphology in frozen
sections is generally inferior to that in paraffin-embedded permanent specimens,
especially for the diagnosis of isolated tumor cells or micrometastasis of undiffer-
entiated types of gastric cancer cells. More rapid and comprehensive diagnostic
methods are desired for the accurate diagnosis of lymph node metastases, especially
for detecting micrometastases in the SN.

The molecular detection of tumor cells using RNA or DNA markers with various
polymerase chain reaction (PCR) techniques has evolved exponentially in the last
decade [18, 25]. The primary approach of molecular detection of tumor cells has
been focused on the mRNA of tumor markers using reverse transcription (RT)-PCR
assay. Detection of metastatic tumor cells has been clearly demonstrated in LN,
organs, and body fluids. Using RT-PCR, it is now possible to reliably detect one to
ten tumor cells within a background of 10°-107 normal cells [25]. The high sensitiv-
ity of the RT-PCR assay, compared with H&E and IHC, allows the detection of the
occult tumor cells among the lymphoid cells in whole SN. However, molecular-
based techniques require the stringent optimization of sample processing, reagents,
molecular targets, RT and PCR reactions, and PCR ¢cDNA product detection assays
[18]. Meticulous attention to techniques must be adhered to, throughout all stages
of the assay, in order to ensure accurate results and prevent false-positive and false-
negative results.

Quantitative RT-PCR assay is now being used more extensively to not only identify
the presence of target mRNA but also to quantify the number of mRNA copies from
tumor-associated genes [18]. Quantitative RT-PCR analysis permits the rapid molecu-
lar analysis of multiple mRNA targets expressed in tumor cells, and these results can
then be correlated to clinical outcomes in order to study the relationship between gene
expression levels and outcome. Real-time RT-PCR assay, which enables rapid analysis,
is currently being attempted for intraoperative molecular diagnosis.

Arigami et al. [26] reported that 13 of 53 (25%) gastric cancer patients with his-
topathologically negative SNs were upstaged by the RT-PCR assay. They concluded
that the SN concept was applicable to patients with cT1NO gastric cancer, even after
including the molecular diagnosis of micrometastasis. Molecular assessment of SNs



352 H. Takeuchi and Y. Kitagawa

may be a variable tool to complement histological examination for gastrointestinal
cancers. We also established a highly sensitive real-time RT-PCR system to detect
the mRNA of cytokeratin (CK) 19, CK20, and carcinoembryonic antigen [27]. The
results showed that 28 of 103 (27%) patients had negative histopathological but
positive RT-PCR findings. This system generated results within 80 min, which
might be available for intraoperative diagnosis.

Further improvements of the assay including one-step nucleic acid amplification
(OSNA) assay may allow the PCR-based intraoperative diagnosis to be applicable to
gastric cancer surgeries [28]. However, the clinical impact of micrometastasis or iso-
lated tumor cells (ITCs) detected by histopathology and molecular analysis in SNs of
patients with early gastric cancer remains controversial [29-31]. Ishigami et al. [29]
reported that patients with micrometastasis detected by IHC using anti-CK antibodies
had a significantly poorer survival rate than those without micrometastasis. On the
other hand, another group showed that the presence of ITC in the lymph nodes did not
affect the prognosis of gastric cancer patients who have undergone gastrectomy with
D2 lymph node dissection [30]. However, Yanagita et al. [31] reported that not only
gastric cancer cells in macrometastasis but also micrometastasis and even some of
ITCs in the SNs may have the proliferative activity. We need to accumulate sufficient
data to validate the accuracy of the molecular diagnosis and assess the clinical signifi-
cance of molecular micrometastasis in SNs of patients with early gastric cancer. Until
then, molecular-based intraoperative diagnosis might play a supplementary role in the
clinical application of SN mapping and biopsy for gastric cancer.

19.5 Clinical Application of Laparoscopic SN Navigation
Surgery in Early Gastric Cancer

The distribution of sentinel lymphatic basins and the pathological status of SNs
would be useful in deciding on the minimized extent of gastric resection and in
avoiding the universal application of distal or total gastrectomy with D2 dissection.
Appropriate indications for laparoscopic surgeries such as partial (wedge) resection,
segmental gastrectomy, pylorus-preserving gastrectomy, and laparoscopy-assisted
proximal gastrectomy (LAPG) for cT1NO gastric cancer could be individually deter-
mined on the basis of SN status (Figs. 19.1 and 19.2) [32-34]. Earlier recovery after
surgery and preservation of QOL in the late phase can be achieved by laparoscopic
limited gastrectomy with SN navigation. Our study group in Japan has currently been
conducting the multicenter prospective trial (UMIN ID: 000014401) which will eval-
uate the function-preserving gastrectomy with SN mapping in terms of long-term
survival and patients’ QOL as the next step. A Korean group has also been conduct-
ing the multicenter prospective phase II trial to elucidate the oncologic safety includ-
ing long-term survival of laparoscopic stomach-preserving surgery with sentinel
lymphatic basin dissection compared to a standard laparoscopic gastrectomy [35].
A combination of laparoscopic SN biopsy and endoscopic mucosal resection
(EMR)/endoscopic submucosal dissection (ESD) for early gastric cancer is another
attractive option as a novel, whole stomach-preserved, minimally invasive approach.
If all SNs are pathologically negative for cancer metastasis, theoretically, EMR/
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cT1 (<4cm)NOMO gastric cancer

SN mapping

Laparoscopic sentinel lymphatic basin dissection
Intra-operative diagnosis of SN

<

SN metastasis (-) SN metastasis (+)
Laparoscopic function-preserving gastrectomy Laparoscopic
Wedge resection distal/total gastrectomy
Segmental resection with D2 dissection

Pylorus-preserving gastrectomy
Proximal gastrectomy
Endoscopic resection (ESD/EMR)

Fig. 19.1 Individualized function-preserving approaches for cTINOMO gastric cancer based on
sentinel node mapping. ESD endoscopic submucosal dissection, EMR endoscopic mucosal
resection

ESD instead of gastrectomy may be sufficient for the curative resection of cT1 gas-
tric cancer beyond the ESD criteria (Fig. 19.2d) [34, 36]. However, further studies
are required to verify the safety and effectiveness of combined treatments involving
laparoscopic SN biopsy and EMR/ESD.

Nowadays, LADG and LAPG are frequently applied to the patients with early
gastric cancer according to the results of pathological assessment of primary tumor
resected by EMR/ESD in clinical practices. To date, it has not been clarified whether
the SN mapping is feasible even after EMR/ESD. One of the most important issues
is whether lymphatic flow from the primary tumor to the original SNs might change
after EMR/ESD. In our preliminary study, however, at least the sentinel lymphatic
basin is not markedly affected by previous EMR/ESD [34, 36]. Modified gastrec-
tomy according to SN distribution and metastatic status might be feasible even for
the patients who underwent EMR/ESD prior to surgery.

19.6 Non-exposed Endoscopic Wall-Inversion Surgery Plus
SN Mapping

In current function-preserving surgeries such as laparoscopic local resection or seg-
mental gastrectomy, the approach of gastrectomy is only from the outside of the
stomach, in which the demarcation line of the tumor cannot be visualized at the
phase of resection. Therefore, the surgeons cannot avoid a wider resection of the
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stomach than is desired to prevent a positive surgical margin. The recent appearance
of a new technique, referred to as non-exposed endoscopic wall-inversion surgery
(NEWS), is a technique of full-thickness partial resection, which can minimize the
extent of gastric resection using endoscopic and laparoscopic surgery without trans-
luminal access mainly designed to treat gastric cancer. We have been accumulating
cases of NEWS with SN biopsy for early gastric cancer with the risk of lymph node
metastasis in the clinical trial [37, 38].

In brief, after placing mucosal markings, ICG was injected endoscopically into
the submucosa around the lesion to examine SNs (Figs. 19.2e and 19.3) [37]. The SN
basin including hot or stained SNs was dissected, and an intraoperative pathological
diagnosis confirmed that no metastasis had occurred. Subsequently, NEWS was per-
formed for the primary lesion. Serosal markings were placed laparoscopically, sub-
mucosal injection was added endoscopically, and circumferential seromuscular
incision and suturing were performed laparoscopically, with the lesion inverted
toward the inside of the stomach. Finally, the circumferential mucosal incision was
performed endoscopically, and the lesion was retrieved perorally (Fig. 19.3).

a  Partial (wedge) resection b Segmental (pylorus preserving)
gastrectomy

® Primary tumor O Sentinelnode < Sentinel lymphatic basin

C  Proximal gastrectomy d ESD + Sentinel lymphatic
basin dissection

® Primary tumor O Sentinelnode < Sentinel lymphatic basin

Fig. 19.2 Laparoscopic function-preserving gastrectomy with sentinel lymphatic basin dissec-
tion. (a) Partial (wedge) resection, (b) segmental (pylorus-preserving) gastrectomy, (¢) proximal
gastrectomy, (d) sentinel lymphatic basin dissection plus ESD, (e) non-exposed endoscopic wall-
inversion surgery (NEWS) with SN mapping and sentinel lymphatic basin dissection
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Fig. 19.2 (continued) e

NEWS + Sentinel lymphatic
basin dissection

@ Primary tumor O Sentinel node

D Sentinel lymphatic basin dissection

O Non-exposed endoscopic wall-inversion surgery (NEWS)

¥ «—_ Primary
Tumor

AN

Lymphati
™ sn

Sentinel lymphatic ba

Fig. 19.3 Non-exposed endoscopic wall-inversion surgery (NEWS) with SN biopsy and sentinel
lymphatic basin dissection. (a) Indocyanine green (ICG) was endoscopically injected to the gastric
submucosal layer surrounding the primary tumor. (b) Laparoscopic observation of ICG with nor-
mal light. (¢) Observation of ICG with infrared ray electronic endoscopy. Infrared ray electronic
endoscopy can visualize SNs and lymphatics clearly. (d) Resection of sentinel lymphatic basin. (e)
Laparoscopic circumferential seromuscular incision. (f, g) Laparoscopic seromuscular suturing
and inversion of the primary lesion
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Fig. 19.3 (continued)

The NEWS combined with the SN biopsy can minimize not only the area of
lymphadenectomy but also the extent of gastric resection as partial gastrectomy for
patients with SN negative for metastasis [36]. Furthermore, NEWS does not need
intentional perforation, which enables us to apply this technique to cancers without
a risk of iatrogenic dissemination. The combination of NEWS with SN biopsy is
expected to become a promising, ideal minimally invasive, function-preserving sur-
gery to cure cases of cNO early gastric cancer.

19.7 Conclusion

For early-stage gastric cancer, for which a better prognosis can be achieved through
conventional surgical approaches, the establishment of individualized, minimally
invasive treatments that may retain the patients’ QOL should be the next surgical
challenge. Although further studies are needed for careful validation, function-
preserving gastrectomy based on SN navigation could be a promising strategy to
achieve this goal.
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