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      Sentinel Node Biopsy                     

     Oliver     J.     Smith     ,     Lee     W.  T.     Alkureishi     , and     Gary     L.     Ross     

    Abstract  

  The presence of cervical lymph node metastases remains one of the most important 
 prognostic factors for various solid tumours of the head and neck, including melanoma, 
squamous cell carcinoma and Merkel cell carcinoma. In patients with clinically evident 
neck involvement, the regional lymphatics clearly require directed treatment, and this may 
involve therapeutic neck dissection or radiotherapy. However, the decision whether or not 
to electively treat patients with clinically uninvolved cervical lymphatics is usually less 
clear-cut. On the one hand, elective neck dissection simultaneously allows for accurate 
pathologic neck staging and defi nitive surgical management of patients found to harbour 
occult metastatic disease. On the other hand, the majority of patients with clinically nega-
tive necks do not harbour occult disease and would therefore be overtreated by an elective 
neck dissection. The signifi cant morbidity associated with neck dissection means that this 
is a real concern, and efforts to minimise the extent of surgical intervention while maintain-
ing oncologic safety are ongoing. 

 The radical en bloc cervical lymph node dissections introduced at the start of the twen-
tieth century have largely been surpassed by more focused surgical procedures, including 
the modifi ed radical neck dissection (MRND) and, more recently, selective neck dissection 
(SND). The operative morbidity of MRND and SND procedures compares favourably with 
more extensive dissections, though it remains signifi cant. Sentinel lymph node biopsy 
(SLNB) represents an extension of this principle; by super-selecting the small subset of 
lymph nodes most likely to harbour disease, the extent of surgical intervention can be fur-
ther minimised without adversely affecting diagnostic accuracy. The sentinel node concept 
states that tumour spread occurs in a stepwise progression from the primary tumour to the 
fi rst-echelon lymph nodes, before progression to the remainder of the lymphatic basin. 

 These fi rst-echelon lymph nodes, known as the sentinel nodes, can be harvested, examined 
for the presence of tumour and used to predict the disease status of the entire basin. In the 
head and neck region, considerable variability exists in the patterns of lymphatic drainage 
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from each primary tumour site, and the exact location of the sentinel nodes therefore varies 
between patients. In order to accurately locate the SLNs, a number of techniques may be 
employed. Preoperatively, radiolabelled tracer is injected in a peritumoral fashion, travelling 
via the lymphatics to the fi rst-echelon nodes where it may be detected by gamma camera dur-
ing lymphoscintigraphy (LSG). A handheld gamma probe is utilised intraoperatively to afford 
more precise radiolocalisation, and some surgeons choose also to inject peritumoral blue dye, 
easing visual identifi cation of the lymphatics. These comprise the sentinel lymph node biopsy 
technique, which has been applied to a variety of solid tumours including breast cancer, 
malignant melanoma and penile cancer. 

 This chapter describes SLNB as it relates to the management of solid tumours in the 
head and neck region, particularly malignant melanoma, squamous cell carcinoma and 
Merkel cell carcinoma. A brief history of the development of the technique and its reported 
accuracy are presented, and the advantages and disadvantages of this relatively new appli-
cation are discussed. Finally, this chapter will explore the possible roles that SLNB may 
play in the future management of head and neck cancer.  
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15.1       Introduction 

 Head and neck cancers comprise a diverse group of tumours 
arising from the epidermis, with signifi cant differences in 
tumour biology, disease characteristics and prognosis. The 
three most common types of head and neck cancer are malig-
nant melanoma (MM), arising from melanocytes; squamous 
cell carcinoma (SCC), arising from keratinocytes; and 
Merkel cell carcinoma (MCC), a rare aggressive skin tumour 
arising from neuroendocrine cells. 

 Despite their differences in many regards, these cancer 
types share one important characteristic: their prognosis is 
heavily dependent on the presence or absence of lymph node 
metastases. Patients with malignant melanoma and nodal 
involvement demonstrate less than 50 % 5-year survival [ 1 ], 
and similar fi gures have been reported for patients with SCC 
[ 2 ]. In Merkel cell carcinoma, the presence of nodal disease 
has been shown to be the most important prognostic indica-
tor by multivariate analysis [ 3 ], with a further study demon-
strating a drop from 40 months to 13 months median survival 
with nodal involvement [ 4 ]. 

 Virchow [ 5 ] was the fi rst to postulate that lymph nodes act 
as a barrier to particulate matter, and in particular cancer 
cells. The contention that cancer progression followed a 
sequential route from the primary site to the regional lym-
phatics before distant metastasis laid the way for develop-
ment of regional surgical treatments for a variety of cancers: 
fi rst, Halsted’s radical mastectomy for breast cancer [ 6 ] and, 
in the case of the head and neck, the radical neck dissection 
as described by Crile [ 7 ].  

15.2     Anatomy of the Cervical Lymph Node 
Basin 

 The lymphatic anatomy of the head and neck is complex, 
comprising approximately 250–350 lymph nodes and dem-
onstrating great variability in the patterns of lymph fl ow 
observed [ 8 ]. The cervical lymph nodes may be divided into 
superfi cial and deep chains. The superfi cial chain lies 
between the skin and the superfi cial fascia of the face and 
scalp, following the anatomy of the major veins, and eventu-
ally drains into the deep chain. The deep chain lies along the 
course of the internal jugular vein under the sternocleido-
mastoid muscle, draining inferiorly from the base of the 
skull to the brachiocephalic junction, where the lymph is 
returned to the venous system. The most popular system of 
classifi cation for cervical lymphatic anatomy was developed 
at the Memorial Sloan Kettering Cancer Center [ 9 ] and 
forms the basis for describing the various types of neck dis-
section in current usage [ 10 ]. In this system, the cervical 
lymph nodes are divided into levels I through VI. The anat-
omy and classifi cation system are illustrated in Fig.  15.1 .

15.3        Neck Dissection 

 The introduction of the radical neck dissection (RND) in 
1906 [ 7 ] represented an important step for both staging and 
treatment of patients with head and neck cancer. However, 
the morbidity associated with such an extensive dissection 
was considerable. Complications included shoulder  stiffness, 
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  Fig. 15.1    ( a ) Individual lymph node groups in the head and neck. Superfi cial chain is denoted in  yellow ; Deep chain is in  orange . ( b ) Robbins’ 
Classifi cation of cervical lymph node levels       

pain, muscle atrophy, facial swelling and cosmetic defects, 
while the mortality rate following bilateral RND was 
reported as high as 10 % [ 11 ]. A number of “modifi ed radi-
cal” neck dissections were developed as a means of minimis-
ing associated morbidity, being designated MRND I–III 
depending on the structures preserved (accessory nerve, ster-
nocleidomastoid and/or internal jugular vein) [ 12 ]. Studies 
demonstrating the oncologic safety of the MRND led to its 
adoption as the standard of care, and the radical neck dissec-
tion fell out of favour [ 13 ]. 

 The goal of reducing morbidity continues to push the 
development of more conservative surgical management 
techniques, however, and this is particularly true for patients 
with clinically uninvolved necks. Improved understanding of 
the lymphatic anatomy of the head and neck has facilitated 
the development of more selective lymphadenectomies, con-
centrating on the groups of lymph nodes most likely to be 
involved [ 14 – 16 ]. These selective neck dissections (SND) 
require less extensive dissection, leaving more of the normal 
lymphatic anatomy intact, and have been shown to cause less 
morbidity when compared with MRND [ 17 ]. The various 
types of neck dissection are outlined in Table  15.1 .

   Despite these recent advances, neck dissection remains an 
invasive procedure with appreciable morbidity [ 18 ], and, 
while its use in clinically node-positive patients is well 
established, elective neck dissection for patients with clini-
cally negative (cN0) necks remains controversial. 
Traditionally considered the gold standard, END provides 
tissue for accurate pathologic staging while also treating the 
neck by removing lymph nodes at risk for involvement [ 19 ]. 
However, the majority of cN0 patients do not in fact harbour 
occult nodal metastases and may be unnecessarily subjected 
to the morbidity associated with the procedure. 

 As a result, selection of patients who would benefi t most 
from neck dissection becomes increasingly important. 
Clinical staging of the cervical lymph nodes is unreliable, 
with poor reported sensitivities for both palpation and clini-
cal imaging, and it is generally accepted that an occult nodal 
metastasis rate of 20–30 % persists despite meticulous clini-
cal staging [ 20 – 22 ]. For SCC, elective neck dissection is cur-
rently recommended for patients with a greater than 20 % 
risk of occult nodal metastases based on primary tumour 
characteristics such as site and T-stage [ 23 ]. The role of END 
for cN0 head and neck melanoma patients is unclear, with no 
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consistent survival benefi t demonstrated [ 24 ]. It has been 
suggested that END may be most benefi cial for patients with 
primary tumours between 1.5 mm and 3.99 mm in thickness 
[ 25 ].  

15.4     Sentinel Node Biopsy 

 Sentinel node biopsy represents a means of super-selecting 
the group of lymph nodes most at risk for disease involve-
ment, allowing histopathologic staging of the neck while 
minimising the extent of surgical intervention for patients 
without nodal involvement. The sentinel node concept is 
based on the assumption that spread from the primary tumour 
occurs to a single node (or group of nodes) before progress-
ing to the remaining nodal basin and systemic metastasis 
(Fig.  15.2 ). Identifi cation of these sentinel nodes allows for 
selective biopsy and pathologic evaluation of the nodes most 
likely to represent the disease status of the remaining nodal 
basin [ 26 ]. The results of sentinel node biopsy (SNB) can 
then be used to guide further management, with SNB- 
positive patients going on to receive defi nitive (therapeutic) 
neck dissection and/or parotidectomy, while SNB-negative 
patients may be followed clinically. These SNB-negative 
patients may therefore avoid some of the morbidity associ-
ated with neck dissection [ 27 ].

   The potential advantages of sentinel node biopsy over 
neck dissection are manyfold, including its minimally inva-
sive nature, a lower per-patient cost compared with compre-
hensive neck dissection [ 28 ,  29 ] and a drastic reduction in 
the number of lymph nodes submitted for pathologic evalua-
tion. In turn, this allows a more in-depth search for micro-
metastatic deposits utilising techniques such as step-serial 
sectioning and immunohistochemistry [ 30 ,  31 ]. However, 
SNB can be a technically challenging technique with a steep 
learning curve [ 26 ,  32 ], and as such, investigators wishing to 
begin using the technique for SCC are recommended to do so 
within the context of SNB-assisted END [ 33 ]. As with any 
biopsy technique, there exists the potential for sampling 

error, and the reported false-negative rate ranges from 0 to 
10.5 % in most studies for both SCC and melanoma [ 33 – 39 ]. 
Finally, the usefulness of SNB is currently restricted to cN0 
patients, since distortion of the normal lymphatic anatomy 
by extensive tumour infi ltration may lead to unexpected 
drainage patterns and increase the likelihood of false- 
negative results [ 40 ].  

15.5     Development of the Sentinel Node 
Concept 

 The fi rst description of a “sentinel” lymph node dates back to 
1960 with a total parotidectomy reported by Gould et al., 
during which frozen section examination of a single facial 
lymph node was used to guide the decision for neck dissec-
tion [ 41 ]. Subsequently, Cabanas et al. reported direct drain-
age from the penis to the lymph nodes associated with the 
superfi cial epigastric vein in a series of 46 patients with 
penile SCC and described 90 % survival for sentinel node- 
negative patients [ 42 ]. Similarly, Weissbach and Boedefeld 
suggested a limited retroperitoneal lymph node dissection in 
patients with testicular cancer, in order to detect lymphatic 
involvement while minimising operative intervention [ 43 ]. 
Holmes et al. introduced the use of colloidal gold injections 
to demonstrate the actual patterns of lymph drainage for 
ambiguous areas such as the midline [ 44 ] and followed this 
in 1992 with the description of intraoperative vital dye injec-
tion, providing a means of visually tracing dye-stained lym-
phatics to the fi rst-echelon nodes [ 26 ]. In 1993, Alex and 
Krag described the intraoperative use of a handheld gamma 
probe, easing the detection of the sentinel nodes and improv-
ing identifi cation rates [ 45 ]. Since these early studies, SNB 
has gone on to become increasingly important as a staging 
tool for patients with early-stage melanoma [ 46 ], and work is 
underway to fully elucidate its utility in SCC management 
[ 33 ,  47 ]. The role played by SNB in the management of these 
and other head and neck cancers will be described later in 
this chapter.  

   Table 15.1    Neck dissection classifi cation   

 Current neck dissection classifi cation 

 Radical neck dissection 

 Modifi ed radical neck dissection (MRND) 

 Selective neck dissection (based on anatomical locations) 
   Supraomohyoid SND 
   Lateral SND 
   Posterolateral SND 
   Anterior SND 

 Extended neck dissection 

  Based on data from Ref. [ 10 ]  
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  Fig. 15.2    The sentinel node concept       

15.6     Technique of Sentinel Node Biopsy 

 In general, sentinel node biopsy is comprised of three parts: 
preoperative lymphoscintigraphy, intraoperative identifi ca-
tion and harvest and pathologic evaluation of sentinel nodes. 
These components will be described in detail in this section, 
with reference to the minor differences in protocol for each 
of the major head and neck cancer types. 

15.6.1     Preoperative Lymphoscintigraphy 

 The lymphatic anatomy of the head and neck is complex 
and variable, with discordance between predicted and actual 

lymphatic drainage in up to 67 % of patients [ 8 ]. Aberrant 
drainage patterns can lead to inaccurate placement of the  initial 
access incision and may contribute to failure of sentinel node 
identifi cation [ 15 ]. The goal of preoperative lymphoscintigra-
phy is to demonstrate the location of sentinel nodes prior to 
incision. This begins with injection of a radiolabelled colloid 
solution at the site of the primary tumour. The radiocolloid may 
then track along the same afferent lymphatics draining the 
tumour, accumulating in the fi rst-echelon lymph nodes where 
the resultant radioactivity may be detected by gamma camera. 
Lymphoscintigraphy may be carried out up to 24 h before sur-
gery, or on the day of surgery, and this should be coordinated 
between the nuclear medicine physician and the surgeon. 

 The technique of radiocolloid injection varies according 
to the type of cancer being studied. For melanoma and other 
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cutaneous tumours, multiple intradermal injections should 
be employed to completely encircle the tumour or site of pre-
vious excision biopsy. There has been considerable debate 
regarding the accuracy of lymphoscintigraphy, and SNB in 
general, in cases where wide local excision (WLE) has previ-
ously been carried out. While it is strongly preferred that 
SNB be performed prior to excision, there is some evidence 
to suggest that previous WLE is not an absolute contraindi-
cation [ 48 ]. For intraoral lesions, the majority of which are 
SCC, multiple mucosal/submucosal injections should be 
performed around the periphery of the tumour or scar mar-
gin, and deeper injections may be employed according to the 
depth of the lesion [ 49 ]. Ideally, the operating surgeon should 
be present for the injections to ensure consistency with injec-
tion of blue dye if used. The volume injected varies accord-
ing to the location and size of the lesion and ranges from two 
to four aliquots. A mouthwash should be employed follow-
ing intraoral injections, to prevent sumping or swallowing of 
radiotracer. 

 The ideal radiotracer should emit only gamma rays, be 
cleared rapidly from the injection site, have a uniform parti-
cle size and persist in the lymph nodes until imaging can be 
performed [ 50 ,  51 ]. A variety of technetium99m (99Tcm)-
labelled colloids are available, including 99Tcm human 
serum albumin, 99Tcm colloidal albumin, 99Tcm antimony 
sulphur colloid and 99Tcm sulphur colloid, although regional 
licensing issues may restrict the available choices. In Europe 
and parts of the USA, Albures TM  and Nanocoll TM  (Nycomed 
Amersham, Buckinghamshire, UK) are the most commonly 
available colloidal albumin preparations. The larger particle 
size of Albures TM  (500 nm) limits its use to primary tumour 
sites with high lymphatic density, such as the anterior tongue 
or fl oor of the mouth, while the 50 nm particle size of 
Nanocoll TM  allows its use in other sites [ 33 ,  51 ]. For regions 
where human albumin-based colloids have not been 
approved, sulphur colloid preparations are available in both 
unfi ltered (300–340 nm) and fi ltered (<200 nm) forms [ 52 ]. 
There is little consensus on the optimum activity for injec-
tion, which varies from 15 to 120 MBq between studies with 
higher doses or repeat injections being employed for the 
2-day protocol [ 53 – 55 ]. However, it has been suggested that 
much lower doses (0.37–2.2 MBq) may be used in the setting 
of head and neck melanoma [ 56 ]. 

 Planar lymphoscintigraphic imaging may be static or 
dynamic or a combination of the two. The addition of 
dynamic imaging for melanoma patients improves the detec-
tion of “in-transit” nodes, which are reported to occur in 
5–8 % of the population and should also be considered sen-
tinel nodes [ 57 ,  58 ]. To date, there have been no reports of 
in-transit nodes in patients with SCC. There is currently no 
evidence favouring either technique in these patients, and the 
exact timing of static image acquisition varies between cen-
tres. Images should be obtained in two planes: anterior and 

lateral or lateral oblique. A gamma camera fi tted with a 
 low- energy, high-resolution (LEHR) collimator is used to 
image the patient, whose silhouette can be delineated by a 
fl ood source of 57Co or 99mTc placed behind the patient or 
by tracing his/her outline with a 57Co-labelled marker pen. 
At this point, it may be helpful to mark the skin overlying 
visualised sentinel nodes with indelible marker pen [ 33 ,  49 , 
 51 ]. However, this practice has not been universally accepted 
due to concerns that the change in positioning between lym-
phoscintigraphy and surgery may misguide the placement of 
initial access incision [ 59 ]. 

 Recent studies have reported potential improvements in 
preoperative sentinel node identifi cation through the use of 
single-photon emission computed tomography (SPECT/CT) 
imaging [ 60 ,  61 ]. This hybrid anatomical/functional imaging 
modality affords better topographical orientation and separa-
tion of SLNs from adjacent structures, compared with planar 
lymphoscintigraphy alone, allowing the surgeon to see 
3-dimensional images of the nodes. It may also provide more 
consistency in identifi cation of sentinel nodes, as evidenced 
by Uren et al. [ 62 ] who found that different nodes may be 
identifi ed on lymphoscintigraphy performed on the same site 
a day apart. However, this problem may also be found in 
SPECT, and no studies have shown that ~SPECT performed 
on different days always identifi es the same nodes. This 
problem may be addressed intraoperatively with freehand 
SPECT, but studies are required to investigate this. 

 In the melanoma literature, it appears that SPECT/CT can 
lead to more accurate incision placement and improvements 
in SLN detection rates [ 61 ,  63 – 65 ],  and freehand SPECT has 
shown encouraging results for intraoperative imaging  [ 66 ]. 
For SCC there have been promising reports regarding the use 
of SPECT/CT [ 67 ]; however, these have yet to be consis-
tently reproduced [ 68 ]. 

 Bluemel et al. showed that freehand SPECT can  accurately 
predict SLN status intraoperatively in oral/oropharyngeal 
SCC including for fl oor of the mouth tumours where it may 
reduce the shine-through effect. One limitation of freehand 
SPECT is the need for repeated scans due to artefacts.  

15.6.2     Surgical Technique 

 Within 24 h of lymphoscintigraphy, patients may undergo 
the operative portion of SNB. Although SNB of cervical 
lymph nodes under local anaesthesia has been reported [ 69 ], 
most surgeons prefer to employ general anaesthesia for this 
technique. The patient is prepared and draped as for a stan-
dard excision and neck dissection. Preoperative lymphoscin-
tigraphy images should be available for reference in the 
operating suite, in electronic or hard-copy form, and these 
may be used to guide the placement of the initial access inci-
sion. If skin markings have been placed in the nuclear 
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 medicine suite, underlying radioactivity levels should be 
verifi ed using a handheld gamma probe prior to making the 
incision. The orientation of the incision should be such that 
it may be easily excised in the event of a future neck 
dissection. 

 If injection of vital (blue) dye is desired, this may be car-
ried out prior to preparing and draping. Injections should be 
undertaken by the same operator as the radiotracer injection 
in order to ensure consistency, and the pattern and depth of 
injection should mirror that of the radiotracer. The brand of 
dye used varies according to geographical region, with Patent 
Blue V Dye (Laboratoire Guerbet, Aulnay-Sous-Bois, 
France) available in Europe and Lymphazurin TM  (Tyco 
Healthcare Group LP, Norwalk, CT, USA) in the USA. The 
technique of blue dye injection, introduced by Morton et al., 
provides a means of visually identifying the small lymphatic 
vessels intraoperatively, allowing them to be traced to the 
fi rst-echelon nodes [ 26 ]. However, the success rate for iden-
tifi cation of SLNs by blue dye injection is less than that for 
radiolocalisation by gamma probe, and the technique has a 
steeper learning curve [ 70 ]. In a study of 55 patients with 
head and neck melanoma, Wells et al. reported a 67 % 
 identifi cation rate by blue dye mapping and 95 % utilising a 
combined approach [ 38 ]. 

 While most blue dye-stained SLNs are also found to be 
radioactive or “hot”, a small minority of SLNs are “cold”, 
and proponents of blue dye injection report facilitation of 
intraoperative identifi cation [ 33 ,  49 ,  71 ]. The major per-
ceived disadvantages to blue dye are related to persistent 
cutaneous staining and masking of true surgical margins; 
however, rare cases of anaphylactic reactions have also been 
reported [ 72 ]. As a result, the use of blue dye is considered 
optional, though many authors employ a combined approach. 

 Guided by the preoperative lymphoscintigraphy images, 
skin markings (if present) and the handheld gamma probe, a 
small skin incision (2–4 cm) is made and limited skin fl aps 
elevated. Dissection is carried through the superfi cial fascia 
and is guided by the handheld gamma probe. If blue-stained 
lymphatics are visualised, these may be followed to the drain-
ing lymph node(s); if no staining is present (or dye was not 
used), the dissection may be guided solely by the gamma 
probe, which is fi tted with a 14 mm diameter straight colli-
mated probe. The angle of the probe may be gradually altered 
while watching or listening for a change in the counts per sec-
ond (cps). In cases where the primary tumour site lies in close 
proximity to the regional lymph nodes, a particular problem 
for fl oor of the mouth SCCs, radioactive “shine through” from 
the primary tumour site may mask the true position of the sen-
tinel node. In these patients, the use of malleable lead plates 
between the injection site and the nodal basin may address this 
issue [ 26 ,  45 ,  49 ,  51 ]. All radioactive and/or blue-stained 
nodes are clipped and excised, and radioactivity is confi rmed 
 ex vivo . Following excision, the  remaining basin is examined 

with the gamma probe, and no further SLNs are considered 
present when the residual count rate is less than 10 % that of 
the “hottest” excised SLN [ 73 ]. This strategy is somewhat 
arbitrary, as there are no specifi c guidelines on the optimum 
strategy for SLN identifi cation. The 10 % rule has been 
reported to lead to unnecessary removal of non-SLNs [ 74 ], 
and some authors advocate for removal of the “hottest two 
plus blue rule” which potentially reduces operative time and 
number of nodes removed without increasing false-negative 
rates in melanoma [ 75 ]. In SCC it has been shown that remov-
ing the hottest three nodes would be suffi cient to ensure accu-
rate results [ 76 ,  77 ]. Patients undergoing SNB-assisted END 
may then proceed to completion neck dissection.   

15.7     Further Developments in Lymph 
Node Identifi cation 

 Several studies have reported initial successes with near- 
infrared imaging using indocyanine green dye. Benefi ts of 
this include good tissue penetration, direct real-time transcu-
taneous intraoperative visual feedback of draining lymph 
channels and excellent safety profi le. It has poor results 
when used alone particularly as transcutaneous feedback is 
unreliable, but it has excellent results when combined with 
radioisotopes [ 78 – 80 ]. However, due to the small particle 
size and speed of travel through lymphatics, non-sentinel 
lymph nodes may be inappropriately identifi ed and removed, 
and the technique’s usefulness has yet to be clarifi ed by large 
randomised studies [ 79 ]. More studies are required to further 
evaluate the role of indocyanine in SNB.  

15.8     Pathologic Evaluation of Sentinel 
Nodes 

 Detection of metastatic disease in sentinel nodes by patho-
logic examination is intrinsic to the success of the procedure 
and offers a number of advantages over traditional elective 
neck dissection. Principally, the absolute number of lymph 
nodes examined is far fewer during SNB, allowing the 
pathologist to perform a more thorough search for micro-
metastatic deposits.  

15.9     Metastases, Micrometastases 
and Isolated Tumour Cells 

 Previously, the degree of tumour burden identifi ed in lymph 
nodes was classifi ed as metastases, micrometastases or iso-
lated tumour cells (defi ned as tumour size <0.2 mm, single 
cells or small clusters, with no stromal reaction or contact 
with the vessel wall). Isolated tumour cells did not  previously 
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upstage the neck to node positive. However, according to the 
most recent American Joint Committee of Cancer (AJCC) 
guidelines, a single isolated cell detected by IHC defi nes 
positive SLN involvement [ 81 ]. The recent AJCC guidelines 
(shown in Table  15.2 ) state that nodal metastases can be con-
fi rmed using either H&E or IHC to identify at least one mela-
nocyte-specifi c marker.

   In order to compare results across studies, uniform report-
ing standards for pathologic staging are critical. For each of 
the head and neck cancer types, the sequence of pathologic 
examination is broadly similar and involves gross examina-
tion, bivalving of the lymph node, sectioning at predefi ned 
intervals and staining with a variety of histopathologic tech-
niques. However, there are a number of minor differences in 
protocol according to the type of tumour being studied, and 
exact sectioning/staining protocols vary between centres. In 
some cases, additional techniques such as real-time poly-
merase chain reaction (RT-PCR) may also be employed; 
these differences are briefl y outlined below [ 82 ,  83 ].  

15.10     Melanoma 

 The addition of immunohistochemical techniques to stan-
dard H&E examination has been shown to increase mela-
noma detection rates by at least 10 % [ 84 ], and a number of 
sectioning/staining protocols have been described in an 
effort to maximise detection rates while minimising unnec-
essary workload. Some authors have advocated examination 
of only the central portion of the lymph node, based on the 
suggestion by Cochran et al. that the vast majority of micro-
metastases occur centrally [ 85 ], while other suggested proto-
cols have included sectioning of the entire node into 1 mm 
slices [ 86 ], or examination of one half of the SLN using a 
combination of histology and immunohistochemistry, and 
the other half using RT-PCR with a variety of probes [ 87 ]. 

 RT-PCR detection of occult metastatic deposits is an 
attractive technique, potentially reducing the cost and 
labour associated with SLN evaluation. However, disad-
vantages include its destructive nature, inability to distin-
guish benign and malignant cells and positivity rates of up 
to 70 % in some studies [ 88 ]. False positives may be due to 
capsular or trabecular naevus cells, nerves or macrophages. 
In a recent report by Cook et al., utilising an extended step-
wise study of bivalved nodes with immunohistochemistry, 
the discrepancy between detection rates using histology/
IHC and RT-PCR was found to be only 3–5 %. Several 
studies have since shown that RT-PCR can upstage up to 
30 % of patients who were initially found to have negative 
SLNs on H&E or IHC staining [ 89 ,  90 ]. Nevertheless, the 
exact role of RT-PCR remains to be fully elucidated, and 
the authors therefore recommend the routine use of their 
extended histology/IHC protocol, which sections deeper 
into the periphery of the node, until further data become 
available [ 82 ]. 

 The protocol currently recommended by the EORTC is 
illustrated in Fig.  15.3 . Briefl y, the sequence involves bivalv-
ing the formalin-fi xed SLN, embedding in paraffi n and sec-
tioning at 50 μm intervals to a total depth of 250 μm. Several 
sections are taken at each interval and are alternately stained 
with H&E, S100 and/or HMB45 for IHC. Sections found 
positive by IHC are compared with adjacent H&E-stained 
sections in order to confi rm the presence of viable tumour 
cells. The use of this extended sectioning protocol results in 
thorough evaluation of the central 700–800 μm of each SLN 
and is thought to represent the best balance between sensitiv-
ity, cost-effectiveness and pathologist workload [ 82 ]. The 
EORTC protocol outlined above involves more extensive 
processing when compared to techniques used in trials such 
as MSLT-1 suggesting that the false-negative rate reported in 
such trials could potentially be lowered by more thorough 
histopathologic processing.

   Table 15.2    Latest American Joint Committee on Cancer staging of nodal metastases in melanoma   

  N  classifi cation  Number of nodes  Nodal metastatic mass 

 Nx  N/A  Regional nodes cannot be assessed (e.g. previously removed) 

 N0  0  No nodal mets 

 N1  1  (a) Micrometastasis a  

 (b) Macrometastasis b  

 N2  2–3  (a) Micrometastasis 

 (b) Macrometastasis 

 (c) In-transit met(s)/satellite(s)  without  metastatic nodes 

 N3  Four or more  Four or more metastatic nodes,  or  matted nodes,  or  in-transit 
met(s)/satellite(s)  with  metastatic nodes 

   a Micrometastases are diagnosed after sentinel node biopsy and completion lymphadenectomy (if performed) 
  b Macrometastases are defi ned as clinical detectable nodal metastases confi rmed by therapeutic lymphadenectomy or when nodal metastases 
exhibit gross extracapsular extension 
 Adapted from Compton CC, Byrd DR, Garcia-Aguilar J, et al. Melanoma of the skin. In: Compton CC, Byrd DR, Garcia-Aguilar J, et al. (eds). 
AJCC Cancer Staging Atlas. New York, NY: Springer-Verlag; 2010: 385–416. With permission from Springer Verlag  
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  Fig. 15.3    Extended stepwise examination of bivalved 
SLNs with immunohistochemistry using S100 and 
HMB45 stains       
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   False positive may arise as a result of the inability to 
 distinguish between malignant melanoma cells and benign 
intranodal naevi cells. HMB45 is often used to distinguish but 
can still be present in a signifi cant number of nodal naevi 
[ 91 ]. Lee et al. [ 92 ] showed that benign naevi cells retain high 
levels of nuclear staining for the epigenetic hallmark 
5-hydroxymethylcytosine which has the potential to accu-
rately distinguish benign and malignant cells. This was con-
fi rmed in their study with all 18 malignant cases showing 
complete loss of staining and all 10 benign naevus cases 
retaining staining. Chen et al. [ 93 ] also found the nuclear bio-
marker SOX2 to have potential to differentiate benign and 
malignant cells.  

15.11     Squamous Cell Carcinoma 

 For SCC, there remains considerable debate regarding the 
optimal method for sectioning SLNs. Current recommenda-
tions were formulated during the Second International 
Conference on Sentinel Node Biopsy in Mucosal Head and 
Neck Cancer in 2003 and are included in the recent joint 
guideline published by the European Association of Nuclear 
Medicine (EANM) and European Sentinel Node Trial 
(SENT) committee [ 54 ,  83 ]. 

 SLNs less than 2 mm in longest dimension are processed 
whole, while those measuring 2–5 mm should be bivalved 
and both halves processed en face. Nodes greater than 5 mm 
are cut into 2 mm slices, and each slice is processed en face. 
A section from each slice is stained with H&E, and positive 
nodes/slices result in upstaging of the patient. Step-serial 
sectioning (SSS) at fi ner intervals of 150 μm (six sections per 
interval) should be carried out for SLNs found negative after 
initial sectioning, and these are H&E stained and examined 
as before. Finally, SLNs that remain negative are subjected 
to immunohistochemical (IHC) staining with pancytokeratin 
antibody (AE1/AE3 or MNF116). The combination of SSS 
and IHC has previously been shown to detect an additional 
10 % of occult/micrometastatic deposits compared with 
H&E alone [ 33 ]. If no disease is found following H&E and 
IHC staining, the lymph node is considered free of tumour. 
For SLNs with positive IHC staining, the positive section 
must be compared with the immediately adjacent serial sec-
tion in order to avoid false positives due to non-viable tumour 
cells, artefacts and/or inclusion of other cell types [ 54 ]. 

 The use of intraoperative frozen section analysis of SLNs 
offers the potential advantage of avoiding a second anaes-
thetic for SNB-positive patients, but has traditionally been 
avoided due to concerns regarding freezing artefacts and loss 
of tissue. However, several recent studies have shown prom-
ising results with only 10–17 % of SNB-positive patients 
requiring a second procedure [ 35 ,  94 ,  95 ]. The technique has 
not yet gained universal acceptance, and others have 

 questioned the sensitivity of frozen section when compared 
with standard practices [ 34 ] for identifi cation of micrometas-
tases and isolated tumour cells [ 96 ,  97 ]. 

 Novel techniques such as imprint cytology [ 98 ] and intra-
operative real-time genetic evaluation [ 99 ] currently remain 
under investigation. In particular, one-step nucleic acid 
amplifi cation has the potential to allow fast intraoperative 
detection of lymph node metastases, reducing the need for a 
second procedure. Ferris et al. [ 100 ] showed excellent repro-
ducibility and 94.2 % accuracy in 103 lymph nodes with 
their tumour-associated calcium signal transducer 1 and 
pemphigus vulgaris antigen assay. Although in the early 
stages, this technique has exciting potential.  

15.12     Merkel Cell Carcinoma 

 Pathologic evaluation of the sentinel nodes in MCC is simi-
lar to that for melanoma, though no standardised protocol 
has yet been adopted. The differences lie mainly in the type 
of step-serial sectioning, which varies from 2–3 mm slices 
[ 101 ] to 1 mm slices with multiple 200 μm sections per slice 
[ 102 ], and the use of anti-CK-20 staining (Dako Corp, 
Carpinteria, Calif.) in place of S100/HMB-45 for immuno-
histochemistry. CK-20 is well established as the most sensi-
tive and specifi c marker currently available for the detection 
of MCC [ 103 ].  

15.13     The Role of SNB in Current Practice 

15.13.1     Melanoma 

 Following the initial reports of SNB for cutaneous mela-
noma using blue dye only, technical diffi culties and the sig-
nifi cant learning curve associated with the procedure led to 
variable technical success rates ranging from 60 to 80 % 
[ 46 ]. Subsequently, the introduction of radiolabelled tracer 
injection, preoperative lymphoscintigraphy and intraopera-
tive gamma probe guidance led to signifi cant improvements 
in identifi cation rates to greater than 90 %, and the use of 
both blue dye and radiotracers quickly gained acceptance 
[ 36 ,  59 ,  104 ]. Since then, the technique of SNB has been 
demonstrated to accurately predict the disease status of the 
remaining nodal basin in a number of landmark studies of 
cutaneous melanoma (all sites) [ 48 ,  105 ,  106 ]. 

 The presence of metastases within SLNs has been demon-
strated to be the most accurate predictor of outcome in mela-
noma patients without clinical lymph node involvement 
[ 107 ], and its benefi ts as a prognostic tool are universally 
accepted. As a result, SNB is widely regarded as the gold 
standard for staging the lymphatic basins of intermediate- 
thickness melanoma (1–4 mm) patients without clinical 
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 evidence of nodal involvement [ 46 ]. The recently published 
results of the MSLT-1 trial confi rmed that SNB is the most 
effective staging tool for primary melanoma [ 108 ]. Current 
guidelines recommend sentinel lymph node staging in all 
primary melanomas greater than 1 mm Breslow thickness; 
however, there remains debate as to the benefi ts of SLNB in 
patients with thick and thin melanomas, and this will be dis-
cussed further. 

 The greatest area of controversy surrounding SNB in mel-
anoma is whether there is a survival benefi t for therapeutic 
lymphadenectomy in the clinical-negative SNB-positive 
patient group. A small but signifi cant survival benefi t was 
reported in an early report, based on subgroup analysis [ 109 ]. 
However, the fi nal results after 10 years of follow-up of the 
landmark MSLT-1 trial published in 2014 have provided 
more reliable evidence as to the benefi ts of SNB in mela-
noma [ 108 ]. 

 The MSLT-1 trial randomised patients with melanoma 
greater than 1.2 mm Breslow thickness to either wide local 
excision (WLE) of primary tumours plus SNB and lymphad-
enectomy if positive or WLE plus observation and lymphad-
enectomy if nodal disease developed. The study found no 
signifi cant melanoma-specifi c survival advantage for patients 
having SNB compared to those undergoing observation and 
therapeutic lymphadenectomy in intermediate- thickness 
melanoma (1.2–3.5 mm). However, some authors have 
argued that the trial was underpowered and that the data 
showed a trend towards a likely melanoma-specifi c survival 
benefi t as well as demonstrating a signifi cantly improved 
10-year disease-free survival in both intermediate and thick 
melanomas [ 110 ]. 

 Furthermore, the trial did show a statistically signifi cant 
improvement in melanoma-specifi c survival for sentinel 
node-positive patients with intermediate-thickness tumours 
who underwent immediate lymphadenectomy after 
SNB. The overall 10-year melanoma specifi c survival was 
62.1 % in this group compared to 41.5 % in the observation 
arm. This survival benefi t was also shown to remain signifi -
cant even when false-negative cases were included in the 
analysis, confi rming the accuracy of the fi ndings. This group 
of SNB-positive patients constitutes approximately 20 % of 
the overall population, a signifi cant proportion of patients. 

 However, critics argue that this benefi t is only conferred 
upon 20 % of the population despite the morbidity of the pro-
cedure affecting the entire SNB cohort and that the overall 
population did not show a survival advantage even when 
thick tumours, which are most likely to affect survival, were 
excluded from the analysis [ 111 ,  112 ]. They argued that the 
trial was always unlikely to show survival advantage from 
SNB, given that the majority of patients will not develop 
nodal disease and therefore will gain no benefi t from further 
staging after primary resection [ 113 ]. Authors also highlight 
the limitations of the study design with possible  ascertainment 

bias and small population size limiting the value of the con-
clusions [ 114 ]. 

 However, others have argued that the clinically and statis-
tically signifi cant survival benefi t of early treatment to 
patients with positive nodes, even if they only constitute 
20 % of the patient population, is a justifi cation for SNB 
[ 115 ]. They argue this is particularly true as MSLT-1 also 
showed that morbidity from lymphadenectomy was signifi -
cantly reduced when done early after positive SNB com-
pared to when performed later after nodal recurrence, with 
the benefi ts most marked in lymphoedema [ 114 ]. Also, early 
intervention guided by SNB reduces the extent of nodal 
involvement at surgery by half [ 115 ]. Furthermore, similar 
melanoma-specifi c survival has been demonstrated in other 
large studies [ 116 ]. The MSLT-1 trial also showed an 
improvement in recurrence-free survival in both intermedi-
ate and thick tumours. However, some authors have argued 
that this result was inevitable given the fl aw in the study 
design in that the observation arm had an intact nodal basin 
and therefore had a much higher chance of nodal recurrence 
than those with previously treated nodal basins [ 112 ,  117 ]. 
Thomas also argued that a proportion of SNB-positive 
patients were false positive and therefore infl uenced the fi nal 
results [ 117 ]. He argued that because the cumulative inci-
dence of nodal recurrence was not the same even after 
10-year follow-up, then some cases must be false positive. 
However, in response Thompson and colleagues point out 
that the difference in nodal recurrence is beginning to con-
verge after 10 years and that differences are not statistically 
different and therefore are unlikely to skew the results [ 115 ]. 

 Given the continuing controversies surrounding the 
results of MSLT-1, it can only be stated that the results offer 
guidance rather than defi nitive proof of the survival benefi ts 
of SNB in melanoma. 

 The issue of whether SNB should be offered to patients 
with thick melanomas also remains controversial. Current 
NCCN and ASCO guidelines recommend SNB for all 
patients with tumours greater than 1 mm Breslow thickness 
due to its value as prognostic tool [ 118 ,  119 ]. However, 
MSLT-1 showed that SNB offered no benefi t to melanoma- 
specifi c and distant recurrence survival compared to obser-
vation for patients with thick tumours. Moreover, the survival 
benefi ts seen in SNB-positive patients with intermediate- 
thickness tumours are not found in patients with thick 
tumours. In fact overall melanoma-specifi c survival was 
worse in thick tumours compared to the observation arm, 
most likely because the false-negative patients did particu-
larly poorly. This has led some authors to argue that SNB in 
patients with thick tumours is unnecessary given the high 
risk of metastases and lack of survival benefi t of early inter-
vention given that the only benefi t SNB provides is prognos-
tic information [ 114 ]. However, MSLT-1 did fi nd improved 
recurrence-free survival in thick tumours undergoing SNB 
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compared to observation as well as a short time to recurrence 
in patients under observation suggesting that offering early 
intervention with SNB may be justifi able [ 114 ]. 

 The benefi t of SNB in patients with thin tumours is also 
controversial particularly given that a large proportion of 
melanoma patients have tumours <1 mm thick [ 120 ]. 
Guidelines recommend that patients with tumours 0.76–1 mm 
should be considered if there are other high risk factors such 
as high mitotic rate, but there is little proof that the procedure 
provides any benefi t [ 119 ]. Van der Ploeg et al. found no sur-
vival difference for patients undergoing SNB versus obser-
vation with thin tumours [ 121 ]. Bartlett et al. showed that 
patients with thin tumours and no other signifi cant histopath-
ologic features have an extremely low nodal positivity rate of 
0.7 %, but this increases to 3.7 % in patients with mitoses or 
high Clark level [ 122 ]. The NCCN guidelines state that when 
offering patients SNB for tumours 0.76–1 mm, patients must 
be informed of the limited evidence to suggest benefi t and 
low rate of positivity [ 118 ]. 

 An argument for the use of SNB in melanoma is that early 
staging may allow early enrollment into adjuvant trials and 
mutation testing for targeted therapies. There have recently 
been developments in the drug agents available to treat 
patients with advanced melanoma. In particular the BRAF 
signalling molecule inhibitors vemurafenib and dabrafenib 
have shown some survival improvement in melanoma 
patients who have positive BRAF V600 mutations [ 123 , 
 124 ]. Early staging with sentinel node biopsy would allow 
patients to be BRAF tested early and allow them to receive 
drug therapy or start adjuvant trials early. In addition many 
trials stipulate that patients must have been staged via senti-
nel biopsy before being considered for enrolment. Currently, 
the benefi ts of current adjuvant therapies are limited, with 
many patients only showing partial response or developing 
resistance to treatment. As these adjuvant treatment options 
improve, there may be stronger indications for SNB to direct 
early treatment, particularly in thin and thick melanomas, 
and in the long term, this may potentially show an improve-
ment in survival. 

 There is some debate as to whether the results of MSLT-1 
are applicable to head and neck tumours due to the complex 
anatomy and often close proximity of lesions to fi rst-echelon 
nodes [ 125 ,  126 ]. This means that there is less consensus 
amongst surgeons as to the benefi t of SNB in head and neck 
tumours, as illustrated by SEER database analysis which 
reports only 60 % patients of SNB-positive patients undergo-
ing lymphadenectomy in head and neck melanoma [ 127 ]. 

 In the head and neck, the prognostic signifi cance of sen-
tinel node status is less clear, with SLN-negative patients 
demonstrating a 5-year disease-free survival rate of only 

55 % in one report. In their review of the existing head and 
neck melanoma literature, the authors noted false-negative 
rates in excess of 10 % in 12 of 21 studies and suggested 
that this high false-negative rate may contribute to the poor 
survival they observed in their series [ 127 ]. Similar results 
were described in the large Sunbelt Melanoma Trial, where 
false- negative rates were 12 % for the head and neck, com-
pared with 2–3 % for other sites [ 37 ]. However, this view 
has been challenged by Civantos et al., who contended that 
surgeons with a subspecialty focus on the head and neck 
may achieve negative predictive values comparable to the 
98.2 % for cutaneous malignancies and 92 % for oral cancer 
described in their series of 106 patients with head and neck 
malignancy [ 91 ]. Furthermore, a large single centre study 
showed that SNB status was the best prognostic indicator in 
HNM and that its results are comparable to those of other 
nodal basins for false positivity [ 128 ]. Several other studies 
have also illustrated that SNB in HNM is an accurate and 
safe staging technique [ 129 ]. Concluding their review, Tanis 
et al. stated that there is currently no conclusive survival 
advantage for either elective lymph node dissection or SNB 
in patients with intermediate-thickness melanoma of the 
head and neck; however, the benefi ts of SNB may poten-
tially justify its use in this patient population. These benefi ts 
include early prognostic information for patient and physi-
cian, reduced tumour load due to earlier lymphadenectomy 
and the possibility of a survival advantage based on sub-
group analysis [ 127 ]. 

 A variety of micromorphometrical parameters of SN 
tumour deposits have been used in an attempt to determine 
the likelihood of further disease in the remaining nodal basin, 
such as tumour penetrative depth from the central plane, 
location within the node and size. The potential applications 
for these measurements would include guidance of the deci-
sion to proceed with formal lymphadenectomy and predic-
tion of survival. 

 For example, the knowledge that only 10–30 % of patients 
with positive SLNs are found to have additional positive 
“non-SLN” nodes following lymphadenectomy has led some 
authors to suggest that formal lymphadenectomy may not be 
required in patients with SLN deposits <0.1 mm in size 
[ 130 ]. However, despite several studies suggesting that 
patients with low volume disease may be able to avoid 
lymphadenectomy in the head and neck [ 131 – 133 ], these 
results have not been universally reproduced in other studies, 
and as a result the prognostic signifi cance of tumour burden 
in the sentinel nodes has not yet been fully elucidated. In the 
meantime, it is recommended that all patients with detect-
able disease in the sentinel nodes be treated as SN positive 
and offered formal lymphadenectomy [ 46 ,  87 ].   
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15.14     Future Application of SNB 
for Melanoma of the Head and Neck 

 For melanoma, SNB is well established as a staging tool for 
patients with intermediate-thickness primary tumours and for 
selected patients in other groups. The main questions now 
focus on the optimal management of SNB-positive patients, 
and these questions are still unanswered as we await the results 
of the MSLT-2 trial. The MSLT-2 trial is a prospective ran-
domised controlled trial, comparing the outcomes of comple-
tion lymphadenectomy and observation alone for SNB-positive 
patients. The study aims to address whether completion lymph 
node dissection is always required or whether sentinel node-
positive patients can be safely observed. MSLT-1 showed that 
benefi ts of SNB and lymphadenectomy are combined, and 
current guidelines recommend completion lymphadenectomy 
for all positive cases. A study by Kachare et al. showed that 
melanoma- specifi c survival was improved in patients under-
going immediate lymphadenectomy after positive SNB com-
pared to delayed, although this did not reach statistical 
signifi cance due to small population size [ 116 ]. Conversely, 
Wong et al. showed no difference in melanoma-specifi c sur-
vival between immediate lymphadenectomy and observation 
in SNB- positive patients in a study of 298 patients. Similarly 
Gyorki et al. found no difference in the head and neck although 
this was a small study [ 125 ,  134 ]. In addition to the main 
 question, the differences in technical success and false-nega-
tive rates for SNB in the head and neck compared with other 
sites suggest that the results of large-scale prospective RCTs 
reporting all-sites melanoma data may not be immediately 
applicable to the head and neck population. Therefore, similar 
prospective trials tailored specifi cally to this patient group are 
required before defi nitive conclusions regarding optimal man-
agement can be reached.  

15.15     Oral/Oropharyngeal Squamous Cell 
Carcinoma 

 In patients with oral/oropharyngeal SCC, the current gold 
standard staging procedure for the clinically node negative 
neck is elective neck dissection (END). However, this can lead 
to overtreatment in up to 80 % of cases with associated mor-
bidity, as only 20 % cases have occult metastases. Therefore, 
SNB has been extensively investigated as a staging procedure 
for these patients. The vast majority of the tumours studied to 
date are located in the oral cavity or accessible oropharynx, 
and, while some reports do exist of SNB for other locations 
such as the hypopharynx and larynx [ 135 – 137 ], the status of 
the technique should remain  “investigational” in these sites 
until further data becomes available. Furthermore, the use of 
SNB may be limited in patients with larger tumours which 
may be diffi cult to  completely surround with tracer injections 

and which may ultimately require a neck dissection for tumour 
access or reconstruction purposes [ 51 ]. 

 Early validation studies demonstrated that SNB may be 
safely and successfully applied to patients with T1 or T2 dis-
ease and clinically negative necks in oral/oropharyngeal 
tumours [ 33 ,  54 ]. These studies demonstrated a false- 
negative rate of approximately 5 %, comparable to rates with 
melanoma, leading some centres to adopt SNB as the sole 
staging tool for patients with early OSCC with only those 
SNB positive undergoing completion lymphadenectomy [ 33 , 
 35 ]. 

 The applications for SNB in early OSCC include staging 
of the ipsilateral cN0 neck, staging bilateral cN0 necks for 
tumours with ambiguous drainage (i.e. midline) and staging 
the contralateral cN0 neck for a midline tumour with an ipsi-
lateral cN+ neck. Other applications, including the use of 
SNB for patients with recurrent primary tumours or follow-
ing prior treatment to the neck, remain under investigation. 

 In a large prospective study, the European multicentre 
trial included patients from six centres and demonstrated a 
93 % SN identifi cation rate and 91 % sensitivity in cT1/
T2 N0 OSCC at 5-year follow-up. The authors concluded 
that SNB is a safe staging tool in early OSCC but advised 
caution in fl oor-of-mouth tumours due to lower identifi cation 
rates and sensitivity likely because of technically challeng-
ing access to these tumours and close proximity to the fi rst-
echelon lymph nodes [ 33 ]. Stoeckli et al. [ 35 ] reported a 
98 % identifi cation rate and 94 % negative predictive value in 
the largest single centre study at the time of publication. 

 Since these early studies, several authors have reported 
promising results with regard to SNB for OSCC. A meta- 
analysis by Thompson et al. [ 136 ] showed a sensitivity and 
NPV of 94 and 96 % illustrating the technique is both accu-
rate and of value in providing prognostic information and 
allowing selection of patients who would benefi t from fur-
ther neck dissection. The authors also concluded that 
patients with negative SNB can avoid further neck dissec-
tion without compromising recurrence, a fi nding also shown 
in the study by Yuen et al. [ 138 ]. Another study also found 
that patients who were sentinel node negative had improved 
survival rates compared to those undergoing observation 
illustrating the prognostic value of SNB [ 139 ]. The accu-
racy and prognostic value of SNB in OSCC have also been 
validated by several other studies [ 140 ,  141 ]. The ACOSOG 
trial [ 142 ] also found a 96 % NPV in a study that included 
fl oor-of- mouth tumours; however, they did fi nd a higher 
false- negative rate in FOM similar to Alkureishi et al., high-
lighting the caution required in these patients [ 143 ]. The 
ACOSOG trial also found that increased surgical experience 
signifi cantly improved the NPV suggesting that centres and 
surgeons specialising in this procedure are more likely to 
demonstrate benefi t from it. Broglie et al. found that SNB is 
not only accurate in assessing nodal status but also in iden-
tifying unexpected drainage patterns as 12 % of their study 
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population showed aberrant drainage pathways which 
would have led to under- or overtreatment by traditional 
methods [ 77 ]. SNB can be particularly useful in identifying 
unexpected drainage patterns and tailoring dissection in pre-
viously treated necks which are more likely to have aberrant 
drainage pathways [ 144 ]. In addition to the accuracy of 
SNB as a staging procedure, some authors have suggested 
that SNB is both cheaper [ 145 ] and associated with better 
quality of life outcomes compared to immediate END, due 
to reduced surgical morbidity [ 146 ,  147 ]. 

 However, despite its benefi ts as a staging procedure and 
prognostic tool, several trials have failed to demonstrate any 
survival benefi t of SNB versus END [ 147 ,  148 ] and early 
intervention versus observation [ 138 ,  149 ]. Therefore, the 
exact role of SNB in patients with head and neck SCC has 
yet to be fully elucidated, and END remains the gold stan-
dard in most centres. 

 The European Sentinel Node Trial is a large prospective 
multicentre study incorporating data from the previous two 
European trials. In a report of their preliminary results, the 
authors reported that 52 % of additional nodes found on 
completion lymphadenectomy after positive SNB were 
located in the same level as the original positive sentinel 
node and only 4 % were located outside the two adjacent 
neck levels. Therefore, they concluded that it may be reason-
able to limit therapeutic lymphadenectomies following posi-
tive SNB to three levels—one above and one below the 
positive SLN—potentially further reducing the morbidity 
associated with treatment of the neck. Follow-up results of 
this trial have yet to be published, and no further studies have 
ratifi ed their conclusions. 

 There is controversy over which neck levels require dis-
section in oral SCC. Some authors have argued that oral 
SCCs show predictable drainage patterns to ipsilateral levels 
I–III, and these should be targeted [ 148 ]. However, dissec-
tion of level IV nodes may also be required due to the poten-
tial of skip metastases to this level without involvement of 
levels I–III [ 143 ,  150 – 152 ]. Broglie et al. [ 77 ] demonstrated 
that the majority of OSCCs show predictable drainage to lev-
els I–III; however, 12 % showed unexpected drainage pat-
terns. There is no current consensus on the most appropriate 
level of dissection required; however, less radical dissection 
is desirable due to increased morbidity and reduced quality 
of life with more radical surgery [ 150 ,  153 ].  

15.16     Cutaneous SCC of the Head and Neck 

 For patients with cutaneous SCC, the rate of nodal metasta-
sis is much lower, ranging from 0.3 to 16 % [ 154 ,  155 ]. As 
a result, SNB has not been well studied in this patient 
group. As part of a larger series of multiple tumour types, 
Civantos et al. undertook SNB in a series of 10 patients 

with “high- risk” cutaneous SCC and detected occult nodal 
disease in only one patient [ 156 ]. Since this study, a review 
of the literature found that the false-negative rate is approx-
imately 4.76 % similar to that of other regions suggesting 
that SNB is accurate for cutaneous SCC [ 157 ]. Furthermore, 
a study by Takahashi et al. showed that SNB-positive 
patients had a worse survival rate compared with SNB-
negative patients, suggesting SNB may be used as a prog-
nostic indicator [ 158 ]. Several small studies have suggested 
that tumour thickness is the most reliable predictor of nodal 
positivity, with tumours less than 2 mm extremely unlikely 
to be positive and those greater than 6 mm having approxi-
mately a 16 % positivity rate [ 159 ,  160 ]. However, there 
remains a severe lack of evidence as to the value of SNB in 
cutaneous SCC, and larger prospective studies are required 
to determine the most appropriate management.  

15.17     Merkel Cell Carcinoma 

 Merkel cell carcinoma (MCC) is a rare, highly aggressive 
neuroendocrine tumour arising from the Merkel mechanore-
ceptor of the skin. It is associated with the Merkel cell poly-
omavirus [ 161 ] and has an overall 5-year survival of 
30–64 %, with a high incidence of local recurrence, regional 
lymph node involvement and distant metastasis [ 162 ,  163 ]. 

 In part due to the rarity of this tumour, there is no consen-
sus on the current standard of care for management. Excision 
of the primary tumour may require wide margins for elective 
local control [ 164 ] or the addition of adjuvant radiotherapy if 
smaller margins are used [ 165 ]. In some series, radiotherapy 
alone has been shown to achieve similar local control rates to 
primary excision [ 166 ]. Elective treatment of the lymph 
nodes should be strongly considered due to a clinically N0 
neck being a poor indicator of nodal metastases with a high 
occult metastatic rate [ 167 ] and reported nodal recurrence 
rates of up to 76 % of stage I MCC patients in some series 
[ 107 ]. Prophylactic lymph node dissection appears to 
improve regional control, but does not lead to improved sur-
vival [ 168 ]. As a result, there is some disagreement regard-
ing the utility of prophylactic node dissection in this 
population [ 102 ,  169 ]. 

 Similarly, the utility of SNB in patients with early-stage 
MCC is a topic of considerable debate. It is extremely diffi -
cult to predict metastatic risk in MCC with no accurate his-
topathologic risk factors identifi ed, meaning there is no clear 
consensus as to who the procedure would benefi t. 
Furthermore, even with negative risk factors and small pri-
mary tumours, the risk of metastatic disease is high [ 170 –
 172 ]. The lack of consensus is particularly notable in head 
and neck MCC, as highlighted by analysis of the SEER data-
base which found that only 8.6 % patients undergo SNB, 
 signifi cantly less than at other sites [ 173 ]. 

O.J. Smith et al.



293

 Advocates of the technique contend that SNB can help 
identify patients with occult nodal disease, demonstrate 
aberrant drainage patterns and may prevent unnecessary 
neck dissection, parotidectomy and/or irradiation [ 101 ,  102 ]. 
In a review of the literature by Mehrany et al. [ 174 ], the 
authors found that SNB-positive patients were 18.9 times 
more likely to have nodal recurrence than SNB-negative 
patients, although the follow-up was only 7 months. 
Schmalbach et al. [ 101 ] also highlighted only one case of 
false positivity in a study of 10 cases with 34-month follow-
 up. These two studies suggest that SNB is both accurate and 
of prognostic value in MCC. 

 In a meta-analysis by Sadeghi et al., the authors demon-
strated that positive sentinel node status is a strong predictor 
of poor survival and recurrence [ 175 ]. They argued that 
SNB gives a survival benefi t versus nodal observation due to 
early diagnosis of metastases, early surgical intervention 
and commencement of adjuvant therapies. However, all the 
studies analysed had low numbers, short follow-up and het-
erogeneous methodologies which reduces the robustness of 
their conclusions. A large study of 403 cases by Shibayama 
et al. with a positive SNB rate of 31.8 % demonstrated that 
positive SNB was a predictor of distant recurrence, high-
lighting the possible prognostic benefi ts of SNB [ 176 ]. 
However, the study had a high false-negative rate of 12.9 % 
illustrating the unpredictability of MCC and the caution of 
interpreting conclusions with regard to SNB. A large study 
by Paulson et al. [ 177 ] found that patients with negative 
SNB had improved outcomes compared to those undergoing 
a watch and wait policy. In the most recent large study pub-
lished on the subject, Kachare et al. analysed SEER data-
base data and found that SNB does improve survival in 
patients with MCC [ 178 ]. However, their conclusions have 
been questioned by some authors due to possible biases in 
their methodology. In particular, the fact that patients who 
underwent SLNB were more frequently given radiotherapy 
could be partly responsible for the improved outcomes 
[ 179 ]. Several other methodology biases were also high-
lighted including the large number of patients excluded and 
the fact SNB was more likely offered to younger and fi tter 
patients. This may be of particular importance given that 
older age has been shown to be signifi cantly associated with 
SLNB positivity [ 173 ]. 

 Despite the positive fi ndings in some studies, several 
authors have questioned the benefi t of SNB in MCC. Warner 
et al. [ 180 ] found that SLN status is not an accurate predic-
tor of locoregional recurrence, and the authors instead 
advocate the use of local and regional radiotherapy to 
obtain disease control. This is an argument also advocated 
by Shibayama et al. who suggest that the high rate of false 
positivity in their study (12.9 %) justifi es the use of adju-
vant radiotherapy in SNB-negative patients [ 176 ]. Other 
studies have shown false-negative rates of up to 33 % [ 179 , 

 181 – 183 ] leading many authors to question the validity of 
SNB as a prognostic tool. In the largest single centre study 
conducted to date, Fields et al. [ 184 ] did not fi nd SLN sta-
tus to be a predictor of recurrence or survival in MCC. Frisch 
et al. [ 173 ] also concluded that SLN status did not predict 
survival in 173 patients studied. Given the lack of evidence 
for any benefi t, and the high rates of metastases in high-risk 
MCC, some authors advocate that SNB is unlikely to be 
benefi cial in high-risk cases, particularly as radiotherapy 
and chemotherapy provide relatively good outcomes [ 179 ]. 
Some authors also argue that alternative staging modalities 
such as FDG-PET may be a more accurate and less invasive 
method and further studies are warranted to determine their 
suitability [ 185 ]. However, Shnayder concluded that, in this 
patient population with very high rates of occult micromet-
astatic lymph node involvement, the true utility of SNB 
may be in ensuring that all at-risk nodes are adequately 
addressed, even in cases of “aberrant” drainage. 
Furthermore, SNB may allow for accurate staging in 
patients who are reluctant to undergo formal lymphadenec-
tomy [ 102 ]. 

 As with melanoma and SCC, the true prognostic signifi -
cance of submicroscopic lymph node metastases, which are 
reported to occur in up to 100 % of MCC patients, remains 
unclear [ 186 ]. Further study will be required to clarify the 
exact role of SNB in this population. 

 In the USA, the National Comprehensive Cancer Network 
(NCCN) currently recommends SNB for all patients present-
ing with previously untreated, localised stage I disease [ 118 ].  

15.18     Complications of Sentinel Node 
Biopsy 

 The steep learning curve, technical diffi culty and minimally 
invasive approach of SNB may potentially lead to a higher 
risk of complications compared with formal lymphadenec-
tomy, principally damage to the facial or spinal accessory 
nerve. In addition, the requirement for a completion lymph-
adenectomy in SLN-positive patients represents a second 
procedure in an infl amed, recently operated surgical fi eld, 
theoretically contributing to the risk of iatrogenic injury 
[ 91 ]. However, in experienced hands the incidence of com-
plications following SNB is reported to be as low as 1 % [ 37 , 
 187 ], and several large studies have shown that the effect on 
morbidity and quality of life is signifi cantly higher in those 
undergoing lymphadenectomy versus SNB. 

 For nodes located in the parotid gland, high rates of facial 
nerve paresis in selected studies have led some authors to 
recommend superfi cial parotidectomy over biopsy alone. 
However, others have shown that SNB can be safely and 
accurately performed in the parotid gland with continuous 
nerve monitoring and careful dissection [ 188 – 190 ].  
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15.19     Summary 

 Sentinel node biopsy represents a useful tool for staging the 
clinically negative lymphatic basins in patients with selected 
head and neck malignancies. For patients with melanoma, 
SNB is widely accepted as the gold standard staging tool for 
patients with intermediate-thickness tumours. It has also been 
shown to give a survival benefi t to patients with sentinel 
node-positive disease who then undergo immediate lymphad-
enectomy. However, questions remain with regard to the 
overall survival benefi t of SNB, the optimal management of 
SNB-positive patients, its usefulness in thin and thick tumours 
and the prognostic signifi cance of very small tumour depos-
its. For the management of patients with early OSCC, SNB 
has not yet gained universal acceptance as a sole staging tool 
despite encouraging results, and further studies are required 
to clarify its role. Finally, the prognostic value of SNB for 
Merkel cell carcinoma has been questioned, and its utility 
may ultimately be limited to improvements in staging.     
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