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Abstract Metastasis to the regional lymph node is the
most important prognostic indicator for the outcomes of
patients with sold cancer. In general, it is well recognized
that cancer development is genetically determined with
progression from the microenvironment of the primary
tumor site, oftentimes via the SLN gateway, to the distant
sites. In about 20 % of the time, the cancer cells may
spread directly through the blood vascular system to the
distant sites. Thus, in general, cancer progression is con-
sistent with Hellman’s spectrum theory in that develop-
ment of nodal and systemic metastasis from a localized
cancer growth is a progressive process. Cancer prolifera-
tion within the tumor microenvironment may give rise to
increased tumor heterogeneity, which is further compli-
cated by its continuous change through its evolution within
the host in a Darwinian sense. It is crucial to understand the
molecular process of lymphangiogenesis and hemangio-
genesis in the tumor microenvironment with respect to the
initial steps of cancer cells entering into the lymphatic and
vascular systems so that rational therapy can be developed
to curb the process of specific routes of metastasis. This
chapter elucidates the role of lymphatics, nodal metastasis
and antitumor immunity. We present novel immune targets
in nodal metastases, the importance of the lymph node as a
pre-metastatic niche, and immune-related proteins as bio-
markers of metastasis.
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Introduction

Squamous cell carcinoma of the head and neck (SCCHN)
frequently metastasizes to the regional lymph nodes and
this is the strongest predictor of disease prognosis and
outcome [1, 2]. Whereas accurate staging of lymph nodes
in the neck is essential for optimal patient management,
current preoperative clinical methods, including newer
radiographic techniques, are suboptimal and misdiagnose
the presence or absence of cervical nodal metastasis in
many patients [3-5]. Therefore, due to the low sensitivity
of detecting nodal metastasis and the poor prognosis when
these metastases are missed, the current management of the
clinically node negative (cNO) neck commonly includes
routine elective neck dissection (END) with pathologic
examination of the removed lymph nodes.

END, or cervical lymphadenectomy done at the time of
primary surgery for SCCHN for a ¢cNO neck, is associated
with a significantly improved regional recurrence-free sur-
vival and lower incidence of distant metastases. Further-
more, when END is not done, patients often present later with
bulky neck metastases and unresectable disease [2]. END not
only provides more accurate staging, it also provides
objective criteria to decide when to give adjuvant therapies,
such as number/levels of cervical lymph nodes involved and
the presence of extracapsular spread (ECS) of tumor. How-
ever, upon END and pathologic analysis of neck dissections,
only 25-30 % of clinically negative necks are found to
harbor pathologic evidence of disease, and 15 % of clinically
positive necks are in fact tumor negative. Consequently,
lymphadenectomy may represent overtreatment of almost
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50 % of patients. Even with END, 7-15 % of patients with
no pathologic evidence of cervical lymph node metastases
(pNO) will nonetheless suffer disease recurrence in the neck,
indicating the limitation of routine pathology for identifying
micrometastasis [4, 6-13].

Because of the need to accurately stage the neck and to
treat only those most likely to benefit from therapy, much
interest has arisen recently to validate the technique of
sentinel lymph node (SLN) mapping for SCCHN. This
technique has the potential to define those cNO patients in
whom neck dissection is most appropriate (i.e., those who
are pathologically node positive), thereby obviating END
and its associated morbidities in node-negative patients
[5, 14]. Numerous single-institution studies have suggested
that SLN mapping in SCCHN accurately predicts the status
of the neck [13], and this finding is currently being eval-
uvated in a large multicenter validation trial sponsored
by the American College of Surgeons Oncology Group
(ACOSOG Z0360 trial). When combined with intraopera-
tive analysis of the SLN(s), this approach could allow for
definitive staging and surgical treatment in a single pro-
cedure. For this goal to be fully realized, however, intra-
operative SLN analysis must be both rapid and accurate.

Unfortunately, although final pathology on fixed tissues
(with immunostaining if necessary in the case of SLNs) is
highly accurate, intraoperative frozen section examination
is notoriously insensitive. In breast cancer, reports on
intraoperative SLN sensitivity range from 47 to 74 % [3]
whereas in melanoma the sensitivity is even worse, with
reports from 38 to 47 %. Consequently, many patients have
to undergo a second surgical procedure to complete lymph
node dissection after definitive pathologic assessment
identifies microscopic metastatic disease not evident on
intraoperative analysis. Our own work, and that reported by
others, suggests that low sensitivity may also be an issue
for intraoperative SLN analysis in SCCHN [15, 16]. Per-
forming a second surgery on the neck is an undesirable
scenario because this would likely increase complications
and morbidity and could delay the use of adjuvant therapy.
This is in addition to the extra cost, discomfort, and
psychological toll on the patient. Such issues may nega-
tively affect the widespread acceptance of SLN biopsy in
SCCHN.

The optimal surgical management of the clinically
negative (cNO) neck in patients with head and neck squa-
mous cell carcinoma (SCC) is still controversial. Current
treatment options include wait-and-see policy with sub-
sequent therapeutic neck dissection in case of clinical
appearance of metastasis, elective neck dissection and
more recently sentinel lymph node biopsy. Each approach
is based on consideration of oncologic efficacy versus neck
morbidity. In this manuscript we present our approach to
surgically stage the cNO neck, based on the application of
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sentinel node identification and intraoperative assessment
with molecular technique of RT-PCR.

Radiographic staging of the clinically negative neck

Although modern imaging techniques become more accu-
rate for the assessment of lymph node metastases in the
neck as criteria and technology evolve, micrometastases
remain occult with any technique. Of clinically negative
necks with occult metastases, 25 % contain only microm-
etastases. Current preoperative staging modalities for NO
neck are therefore unable to exceed a sensitivity of 75 %
without sacrificing specificity. Thus incidence of occult
metastases remains a significant clinical problem, for
which no radiographic modality has sufficient achieved a
negative predictive value (NPV) to permit safe observation
of the tumor negative neck.

Observation of the clinically negative neck

The wait-and-see policy is based on strict follow up and
detection of cervical metastasis at an early stage, when are
curable. Arguments against observation of the clinically nega-
tive neck for early oral cavity carcinoma include decreased
locoregional control (due to later presentation of metastatic
disease), poor rates or surgical salvage (patients lost to follow
up), delayed recognition of advanced stage patients (reducing
early application of adjuvant therapy), and more radial/
debilitating surgical procedures necessary to eradicate larger
or more extensive disease when clinically apparent. Molecular
analysis of the primary tumor is also not yet sufficiently
accurate to permit prediction of metastasis in the patients who
harbor it.

Elective neck dissection as a staging procedure

ECS is an important prognostic indicator of regional and
distant failure and survival [17-22]. The incidence of ECS
correlates with nodal size, and occurs with 12 % of nodes
<5 mm in diameter, 18 % of nodes 5-10 mm, 23 % of
nodes <10 mm, 44 % of nodes 10-20 mm, 53 % of nodes
20-30 mm, and 74 % of nodes >30 mm [23, 24]. Small
metastatic nodes without ECS, if left untreated, will
increase in size and may subsequently manifest ECS.
Elective neck dissection may prevent this progression to
ECS.

Moreover, elective neck dissection should reduce the
risk of distant metastasis by minimizing tumor burden,
restricting the duration of metastasis, and reducing number
of nodes, and has been shown to reduce the likelihood of
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involvement of the lower levels of the neck. Salvage sur-
gical treatment in patients managed by wait-and-see policy
that failed in the neck during follow up range only from 25
to 71 %. Because of high incidence of occult metastases,
the absence of reliable methods of detecting occult
metastases, effectiveness of salvage surgery elective neck
dissection is considered as standard of care in many
institutions.

Selective neck dissection in patients with SCC of the
head and neck with clinically negative neck provides cru-
cial staging information, reduces regional recurrences
rates, and improves regional disease free survival [2, 25].

Although the survival benefit of elective neck dissection
(END), as a opposed to watchful waiting for head and neck
SSC has not been proven in a prospective randomized
studies [26], reported a survival benefit for END in a non-
randomized study of carcinoma of the oral tongue. They
reviewed 156 patients with squamous cell carcinoma of the
oral tongue staged T1/T2NO. The survival and local/
regional control for group of 102 patients with intraoral
glossectomy only was 33 and 50 %, respectively. The
survival and local/regional control for group of 54 patients
with intraoral glossectomy plus neck dissection was 55 and
91 %, respectively.

In another study [27], retrospectively compared the
results of END (33 patients) versus observation (30
patients) in surgical treatment of T1/T2 oral tongue. The
regional recurrence rate was 47 % in the observation group
and 9 % in the END group. Elective neck dissection also
increased 5-year disease-free actuarial survival rate to
86 % compared with 55 % for watchful waiting.

In 2004 [2] in their study analyzed, whether elective
neck dissection improves regional control and survival in
patients with SCC of the oral cavity and oropharynx pre-
senting with T1/T2 node-negative disease. Of the 359
patients included for analyses, 179 patients had excision of
the primary tumor and neck observation and 180 patients
underwent elective neck dissection with primary tumor
excision and observation of the neck. Elective neck dis-
section improved the regional control rate, disease-free
survival, and regional recurrence-free survival. The rate of
regional failure in observation group was 27 %, compared
with 9 % in the END group.

It is recommended, that when the probability of occult
cervical metastasis is greater than 20 %, treatment of the
neck is warranted [28]. The incidence of occult metastases
in patients with head and neck squamous cell carcinoma is
~30 %. However, 70-80 % of these patients have no
benefit from the elective neck dissection, and undergo
unnecessary morbidity. Recently, selective neck dissection
is indicated for elective surgical treatment of the neck, and
its morbidity is less than modified radical neck dissection.

Shortcomings of elective neck dissection

Despite preservation of non-lymphatic structures, morbid-
ity of elective SND still exist, including neck pain, shoul-
der dysfunction, lower lip paresis.

Although routine histopathological examination of
elective neck dissection specimen is considered as the gold
standard in occult metastases diagnosis, even this gold
standard (hematoxylin—eosin staining) underestimate inci-
dence of occult metastases. Regional recurrence rate for
pathologically node negative (pNO) patients vary from 3 to
5 %. Consequently, END is not a 100 % reliable staging
tool in the NO neck with conventional pathologic evalua-
tion (although regional control is effective). Many authors
demonstrated upstaging of patients with pNO neck after
routine hematoxylin—eosin evaluation based on serial or
semiserial sectioning, immunohistochemistry, and molec-
ular analysis. Depending on method, which is used for
detection, the incidence of occult subpathologic metastases
vary from 5 to 40 %. These additional pathologic tech-
niques for evaluation every lymph node within a neck
dissection specimen are very time consuming and expen-
sive [29].

SLNB—progress, staging, second surgery

Sentinel lymph node biopsy (SLNB) may obviate this prob-
lem with overtreatment, morbidity, and accurate regional
staging. This technique has been proposed as minimally
invasive, low morbidity modality able to select patients with
occult metastases who will be benefit from neck dissection,
and to minimize the morbidity and cost of neck treatment in
patients with clinically negative neck. SLNB allows use
additional pathologic techniques to accurate stage the neck
with minimal node sampling.

The sentinel node concept states that tumor will spread
from the primary site to a single node or group nodes, termed
sentinel nodes then allows accurate prediction of the disease
of the rest of the basin. Sentinel lymph node (SLN) is defined
as the first lymph node to receive lymphatic drainage from a
primary tumor. There might be more than one SLN for a
specific tumor. If lymphatic spread occurs, the sentinel
lymph node is the first node involved. Other nodes should be
involved only subsequently.

Results from the First international conference on SLNB
in mucosal head and neck cancer reported Ross et al. in
2002 [29]. Three hundred sixteen clinically NO necks from
22 centers were included. Sentinel nodes were identified in
301 necks (95 %). The overall sensitivity of the procedure
was 90 %. Centers who had performed less than 10 cases
had a lower sensitivity (57 %), in comparison with centers
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that had performed more than 10 cases (94 % sensitivity).
The cumulative results of 22 centers that contributed to first
international conference confirm that there is a role for
SNB in staging the clinically NO neck and that technique
has a similar sensitivity to that of a staging neck dissection.

The first multicenter prospective trial to determine
whether SNB may be used to stage the clinically NO neck
in early T1/T2 SCC of the oral cavity and oropharynx were
conducted in six European centers. Two hundred twenty-
seven patients underwent SNB alone or in combination
with END at six centers. One hundred thirty-four patients
were considered suitable for the study. Seventy-nine
patients had SNB alone, and 55 patients had SNB-assisted
END. SNB was successful in identifying a sentinel nodes
in 125/134 patients (93 %). The identification rate for floor
of mouth (FOM) tumors was 37/43 (86 %), compared with
88/91 (97 %) for other tumors groups. Upstaging of disease
occurred in 42/125 cases (34 %), with hematoxylin—eosin
in 32/125 (26 %) and with additional pathological staging
in 10/93 (11 %). The overall sensitivity of the technique
with a mean follow up of 24 months was 42/45 (93 %).
The sensitivity for FOM tumors was 12/15 (80 %), com-
pared with 30/30 (100 %) for other tumor groups. SNB
alone has similar identifications rate and sensitivities in
comparison with SNB-assisted END.

Currently, there are three accepted indications for SLNB
in early oral/oropharyngeal SCC. 1. staging of the ipsilat-
eral neck in unilateral cT1/T2 cNO tumors, 2. staging of the
ipsilateral and contralateral neck in midline tumors or
tumors crossing the midline (¢cT1/T2 cNO), 3. staging of the
contralateral neck in midline tumors or tumors crossing the
midline (cT1/T2 cN + ipsilateral).

Paleri et al. [30] performed a systemic review and a
diagnostic meta-analysis of all published literature
regarding sentinel node biopsies in head and neck cancer
until December 2003. A total of 301 patients with oral
cavity and 46 patients with oropharyngeal carcinomas were
included for the meta-analysis. The identification rate for
SLN was 97.7 %. Overall sensitivity results using the
random effects model was 0.926 (95 % confidence interval,
0.852-0.964).

The American College of Surgeons Oncology Group
(ACOSOG) conducted a prospective multi-institutional trial
involved 25 institutions over a 3 year period. They validated
sentinel node biopsy (SLNB) pathologically when compared
to completion selective neck dissection for patients with T1
or T2, clinically NO SSC of the oral cavity. Twenty five
institutions registered 161 patients. One hundred and forty
patients were eligible and evaluated, including 95 cancers of
the tongue, 26 of the floor of mouth, and 19 other oral can-
cers. In the 106 SLNB which were found to be pathologi-
cally and clinically node negative by routine hematoxylin—
eosin staining, 100 patients were found to have no other
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pathologically positive nodes, corresponding to a NPV of
94 %. With additional sectioning and immunohistochemis-
try, NPV was improved to 96 %. For T1 lesions, metastases
were correctly identified in 100 %. The NPV in surgeons
who had experience in oral cancer was 100 % vs 95 % for
inexperienced.

Results of clinical application of SNB study reported
Stoeckli et al. in 2007 [31]. Their series of 51 patients with
early stage T1/T2 NO SCC of the oral cavity and oro-
pharynx were evaluated in an observational trial. END was
performed only in case of positive SNB. The sentinel node
detection rate was 98 %. Two patients (6 %) with negative
SNB experienced a neck recurrence during the mean time
follow up of 19 months. The NPV for a negative SNB was
therefore 94 %.

Once the procedure had been modified to a strictly
intraoperative detection method, Werner et al. [32] rec-
ommend identifying one to three sentinel nodes (SN1-—
SN3). Histological results of SN1-SN3 reflected the cor-
rect stage of metastatic disease in 97 %. The evaluation of
the three hottest SLNs to predict a lymph node status of the
patients is supported by subsequent studies.

SLNB for early oral and oropharyngeal SCC has been
demonstrated to be technically feasible and accurate with
high rate of sentinel lymph node detection. The NPV of
negative SLN proves high reliability of this technique. SNB
considerably reduces the number of lymph nodes that must
be investigated compared with END specimen. Thus, more
detailed histopathologic evaluation, including step serial
sectioning and immunohistochemistry, can be employed.
Consequently, this technique allows more accurate patho-
logical staging of the clinically NO neck in comparison to the
routine examination of many nodes from a neck dissection
specimen and can select patients that benefit from END
[31, 33, 34].

A major disadvantage of the SNB is undergoing second
surgical procedure to complete lymph node dissection after
definitive pathologic evaluation if the SLN is positive.
Performing a second surgery on the neck would likely
increase complications and morbidity and could delay to
use of adjuvant therapy. One-stage procedure concept can
reduce cost, discomfort and anxious apprehension for the
patients. A rapid, accurate intraoperative test for the pres-
ence of metastatic disease in SLN may support widespread
acceptance SLNB in SCC of the head and neck [15].

In conclusion, a large multi-institutional pathologic
validation trial has supported previous single institution
studies, establishing that the sentinel node concept applies
to SCCHN, as well as to cutaneous melanoma and breast
cancer. The recently published American College of Sur-
geons Oncology Group (ACOSOG) prospective multi-
center trial of 168 patients demonstrated that the pathologic
status of the SLN correlated highly with the results of
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subsequent, immediate formal lymphadenectomy, yielding
a NPV of 96 % for accurately staging a pNO neck using
SNB [13]. Whereas the ACOSOG Z0360 trial is powered
to validate the multiple single-institution studies that sug-
gest the utility of SLN mapping for staging the cNO neck in
SCCHN, it is unlikely that SLN biopsy will be widely
accepted without a rapid, accurate, and standardized
method of staging the SLN(s). Our development of such an
assay and identification of discriminatory marker genes
provides the pilot data necessary for the incorporation of
QRT-PCR into future clinical studies applying SLN map-
ping to clinical practice for patients with this disease.
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