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\ Background

Tumor metastasis is one of the most important predictive factorsin most solid
tumors. In head and neck squamous cell carcinoma (HNSCC) survival is strongly
affected by regional lymph node metastases, most commonly in the cervical chain [1, 2].
The treatment of metastatic disease can include surgery (neck dissection) or radiation [3,
4]. There aretwo arguments for treating metastatic lymph node disease surgically. First,
this procedure is done for staging [5]. The number, size, location, and invasive
characteristics of positive nodes all have impact on prognosis and are used to determine
the post-operative treatment regimen [5]. The second argument for neck dissection is that
it improves locoregional control of tumor, though not necessarily long-term survival [6,
7]. Thus, in head and neck cancer, neck dissection is said to serve two purposes.
improved staging and potential therapeutic advantages [8].

Treatment of the clinically node positive (cN+) neck with surgery and/or radiation
isthe standard of care. The real area of controversy is the elective treatment of the
clinically negative neck (cNO). The overall risk of occult metastases or neck recurrence
in the cNO neck with lower stage tumors is significant, estimated at between 10 and 30%,
depending on tumor characteristics [9, 10]. Authors have argued extensively both for and
against elective selective neck dissection in these cNO patients[1, 8, 9, 11]. With the
increased utilization of selective neck dissections, morbidity is even lower, with the most
common post-operative complaints being from nerve damage, particularly the spinal
accessory nerve [8, 12-15].

The strongest arguments for treatment of the cNO neck revolve around the poor
outcome for recurrence in the neck, the low morbidity of the selective procedures, and
improved locoregional control [8]. However, other authors have argued for “watchful
waiting”, which entails careful monitoring of the neck for the appearance of clinical
metastases. This clinical monitoring relies on clinical examination and radiological
surveys such as CT scans, MRI, and ultrasound. In scans, the only variables that
correlate with the presence of carcinoma are the size and the shape of the lymph nodes,
where nodes >1 cm and nodes that are round instead of oval are suspicious [16-18]. Very
advanced metastatic disease may show central necrosis. Newer monitoring has been
described using CT scans paired with PET scanning which appears to improve the
detection rate for metastases and improves the lower limits of the size of detectable
metastases [18].

Despite advances in our understanding of which patients will benefit from neck
dissection, advancesin lowering the morbidity of treating the neck, and advances of
detection of metastatic disease, treatment of the cNO neck remains a controversial issue.
Performance of elective neck dissection or neck irradiation in the cNO neck is over-
treatment for the majority of patients, but undetected and untreated neck metastases are
associated with an unacceptably high failure rates. For these reasons, the sentinel lymph
node procedure has been inviting for the treatment of the cNO neck.



\ Sentinel Lymph Node Procedures

Many tumors are treated with primary surgery for tumor control and
lymphadenectomy of the draining
lymph nodes, which are evident by
the routes of common metastases
(Figure 1). The sentinel lymph
node (SLN) procedureisrealy a
“super-selective’ nodal dissection.
Head and neck surgeons have
dramatically decreased the amount
of tissue removed in nodal neck
dissections, in converting from
radical to selective neck
dissections[7]. In breast
carcinoma and melanoma
treatment, where a
lymphadenectomy used to be
routine, the sentinel lymph node
procedure is now commonly used
as a selective procedure that has a

FIGURE 1: Skin draining lymph nodes

lower morbidity [19]. This procedure was first popularized in the 1977 by Cabanas for
staging of penile carcinoma[20], but was first described in parotid tumorsin 1960 by
Gould [21]. The procedure has now been attempted in nearly every type of tumor, and
reported with varying success rates [22].

The theory behind the use of the
SLN procedure is the assumption that
lymphatic drainage from a particul ar
anatomic site is predictable and
hierarchical in nature. In other words,
lymph from a certain anatomical site
drains to predictable lymph node basins. It
follows that tumor cells from atumor in
that location will gain access to the
lymphatics and will become deposited in
the same consistent regional lymph node
basins (Figure 2). The lymph nodesin this
basin are thought to be connected in series,
meaning that the lymph flows into the first
node in the chain (the sentinel lymph node,
SLN), and then sequentially flows into the
next lymph nodes in the chain (second tier
nodes). The examination of this very first lymph node for metastases is therefore
theoretically predictive of the status of all remaining lymph nodes.
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Figure 2

The procedures utilized for identification of the SLN have involved two types of
models: blue dye and radioactive injectable substances [23]. In both models, the



substance is injected in the peritumoral tissues, where the lymphatics are preserved and
are thought to be draining the tumor region. Both substances have particle sizes that
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enable them to enter into the afferent lymphatics of the lymph node, and become trapped
within the lymph node parenchyma (Figure 3). This enables the detection of the lymph
node with the highest signal, either radioactivity measured by a gamma probe, or visually
as the blue node. The size of the radiocolloid particlesis different in the various
radiocolloid preparations that are commercially available, and smaller particles pass
through to the second tier nodes more easily and rapidly [24]. Many investigators have
supported the use of both detection methods simultaneously, for increased specificity and
sengitivity [23].

M ethods to measure the success of the SLN procedure are variable. In early
studies, patients were consented for an investigational trial and the SLN procedure
followed by atypical lymph node dissection. The detection rate of at |east one or more
sentinel node(s) isthefirst variable that is measured; some patients will not have an SLN
that is detectable using the methods described above. Most studies report high (>90-
95%) detection rates for most tumor types [25]. The predictive power of the SLN should
also be measured. In other words, how well does the SLN predict the status of the entire
regiona lymph node basin? The endpoints of the effect of SLN on survival and regional
recurrence can only be assessed in randomized trial assessing the SLN procedure alone
vs. the full lymph node dissection. In breast cancer and in melanoma, the risk of
regional recurrencein SLN aloneislow (usually <5%) [26-28]. The SLN is often the
only positive node in the majority of the patients [29], and because of this, some studies
have gquestioned the necessity of the completion procedure in patients with a positive
SLN [30, 31]. Importantly, morbidity is reduced when a complete lymph node dissection
isnot performed [19]. Despite all of the literature that suggests the SLN procedure is
safe, beneficial, and decreases morbidity, there are investigators and clinicians who do
not believe that it should be the standard of care and that it was prematurely adopted [19,
22,25, 32-35].

From the pathologist’s perspective, handling of the sentinel node isimportant
because it requires special care. One concern that pathol ogists may have is the safety of
handling the radioactive sentinel lymph node. Some departments require quarantine of
the tissues for a period of time, which makes intraoperative margin assessment by frozen
section impossible. The literature on the safety of handling these specimens
demonstrates that there is negligible risk to the person doing gross examination, except in
the unlikely scenario of very high specimen volume handled all by one person [36].
Therefore, it is probably not necessarily to delay processing or to store the specimensin
any special type of container. Itisrecommended to have radiation safety training for all
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individuals who come into contact with these specimens, from transport staff to the
person performing the gross examination. There is essentially no risk in the histology
laboratory or for other downstream processes.

Therole for intra-operative assessment is unclear. In breast cancer and
melanoma, grossly positive nodes are usually easily diagnosed intra-operatively by
frozen section or imprint cytology [37]. The false negative rate for micrometastases,
however, ishigh [38]. The gross and histological handling of sentinel lymph nodesisfar
from standardized [39]. Itisclear from the vast literature on this subject that the more
sections that are examined and the finer the detail at which they are examined (i.e.,
immunohistochemistry), the more micrometastases will be picked up [27, 40]. And, itis
also clear that missed micro-metastases are responsible for a significant number of
failures of the SLN procedure with recurrence in the lymph node basin [27, 28]. The
important role for IHC in detection of micro-metastases has been clearly established, but
again, no standardized approach has been adopted.



\ Sentinel Lymph Nodesin Head and Neck Cancers

In the head and neck, we arein the initial phases of investigation of the SLN
procedure for treatment of the neck. Multiple small series have been published that have
shown the feasibility of the procedure and initial results were considered to be promising.
Initial studies determined that the SLN was not effective in patients with clinically
positive necks and may not detect grossly positive lymph nodes. Thisis most likely due
to utilization of alternate lymphatic channels when metastases replacing lymph nodes and
tumor plugs in the lymphatic channels block lymphatic flow [41, 42]. Obviously, in this
situation, the blue dye or radio-colloid will not flow through these lymphatic channels
either. Therefore, it has become clear that the SLN in head and neck cancer will be most
useful in clinically NO necks and in patients with relatively small primary tumors (T1 or
T2).

Clearly, the SLN procedure in HNSCC isfeasible. Seventeen studies of SLN
procedures in HNSCC have been summarized in Table 1 and Graph 1. An analysis of all
of the data presented in those studies shows that the sensitivity in picking up at least one
sentingl lymph node in HNSCC of various sites, by various detection methods, is
approximately 93%. Almost all studies found more than 1 SLN per neck examined, with
an overall average of 1.6 nodes SLNs per neck. The SLN harbored metastases in a mean
of 29% of patients. The false negative rate of the SLN in these procedures showed a
mean of 3.2%, with arange of 0-10%.

Graph 1
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Several studies have highlighted the fact that experience in performing the SLN
procedure is critical [43]. One author has recommended that at least 10 SLN with
completion neck dissection before attempting the SLN procedure without subsequent
neck dissection [41, 44]. Other authors have argued that the SLN procedure should only
be performed as part of clinical trials, sinceit isfar too premature for it to become an
acceptable option for routine therapy [45].

Pathologic analysis of sentinel lymph nodesin head and neck cancer isvariable in
the reported studies, from those studies that examine one routine H& E from the nodes, to
those that utilize step sections through the node, to studies that utilize a combination of
step sections and immunohistochemistry. The studies that have utilized step sections and
IHC to detect metastatic disease show an increased number of micro-metastases or
isolated tumor cells that are detected only on these additional studies[46, 47]. In breast
cancer, the definition of isolated tumor cellsis acluster that measures <.2 mm. Though
the significance of micrometastatic disease is not entirely understood, it does appear to
portend aworse prognosis [48-50].



In head and neck cancer, the incidence of micrometastasesis relatively high, with
up to 10% of patients with metastasis having small tumor foci (identified with standard
pathologic analysis). The incidence increases when additional levels and
immunohistochemistry are added to the workup. We do not fully understand the clinical
importance of micrometastatic disease in HNSCC but is likely to have significant
prognostic implications [44].

Problemsin SLN for head and neck cancers

The most significant arguments against using SLN for head and neck cancer have
arisen from the anatomical variation and the inconsistent drainage basinsin the head and
neck. The presence of “skip metastases’ and aberrant drainage patterns has been
regularly described in the literature [51]. This hasled to some concern that the nodal
hierarchy may not be consistent and that the “sentinel” nodes may be falsely negative,
resulting in the skip patterns have been seen infrequently [52].

Interestingly, the argument of inconsistent drainage patternsis used to argue
against SLN, but it could just as easily be used to support the use of SLN. Since the SLN
procedure allows the surgeon to map and identify unusual drainage sites, it may allow for
more extensive dissection in high risk areas that would not usually be sasmpled in a
routine selective neck dissection [44, 53, 54]. Studiesin other organ systems have shown
that there isincreased pick-up of positive nodes when the SLN procedure is used as
opposed to lymph node dissection [55]. In some ways, the argument for using SLN in the
head and neck may become that it will allow directed specialized study of high-risk nodes
in patients who are otherwise at lower risk for occult metastases. Thisisasimilar
argument that has been used for SLN in colon cancer, where the lymph nodes are
removed anyway, but the procedure will allow the pathologist to examine certain nodes
in greater detail [56-58].

Another area of concern in the use of SLN in HNSCC isthe fact that radiated
tissues are not suitable for the procedure since the drainage flow patterns are greatly
atered or even destroyed by the radiation induced tissue damage. Intoday’s era of
treating HNSCC, primary radiation is becoming a main-stay of treatment for some
cancers, and thiswill certainly affect the applicability of SLN procedures[9, 59]. It
appears that prior chemotherapy may also increase the risk of false negative SLN [58,
60]. Interestingly, however, the SLN procedure has been also proposed to be helpful in
identifying unusual patterns of lymphatics in post-radiation patients that are being treated
by salvage surgery [61].

The recurrence of carcinomain the neck with the need for salvage surgery has a
poor prognosis [8, 62]. Therefore, some authors have expressed concern that false
negativesin SLN would be unacceptable. This argument may be counteracted, however,
by the fact that using immunohistochemistry can up-stage lymph nodes significantly,
with one study suggesting detection of metastases in 2/24 patients with H& E increased to
14/24 patients with IHC [63]. Therefore, patients may actually be staged more accurately
by use of the SLN procedure when a specific protocol including IHC is used for
examining the pathology specimens [44, 64].

Finally, several studies have highlighted the fact that floor of mouth cancers have
produced significantly high false negative ratesin using the SLN procedure. The authors
have postulated that the primary tumor signal masks the signal of the SLN [24].



Recommendationsfor practice

SLN procedure for HNSCC will more than likely come into use in some centers,
but is unlikely to become the standard of care within the next five years. Although initial
results are promising, there are still some unresolved problems with the procedure,
including the issues with certain sub-sites, previously treated patients, and most authors
are suggesting caution before making the SLN standard of care [64]. Some authors have
described enhanced procedures that combine the use of SLN localization with the results
of pre-procedure PET scanning or combine SLN with fine needle aspiration [65, 66]

For the pathologist, the question will become how to properly analyze the SLN
for HNSCC. From al of the literature in breast cancer and melanoma on handling SLNSs,
itis clear that specialized assessment for SLNsis needed. The most appropriate handling
will include specialized fresh assessment, grossing, multiple histological sections, and
immuhistochemistry.

The first question is whether the SLN should be assessed in the intra-operative
setting and how. In the breast and melanomalliterature, the intra-operative assessment of
the SLN has been shown to be fraught with error using either touch/imprint cytology or
frozen sections [38, 67, 68]. The low sensitivity and high specificity are thought to be
because of sampling errors, particularly for micrometastases, and also because the
morphology of breast and melanoma cells can be subtle. In HNSCC, sensitivity and
specificity islikely to be somewhat higher, since the morphology of metastatic SCC is
usually not subtle [69]. The risks of inadequate sampling of micro-metastatic lesions will
still remain high.

Grossing and histology of the SLN
, should also be standardized, at least within
[ eomMm{ 1\ Fgured o ingitution. Idealy, the pathologist will
\ ) visualize of as much as the node as possible
(Figure 4). Serially sectioning larger SLNs
ﬂ at cassette-appropriate intervals (i.e., 2.5

mm thickness slices) and submission of the
N entire node are important. If the nodeis
‘ positive on initial H& E section, no further
workup is necessary. If theinitial H&E is
negative, additional H& E sections (step
sections) and intervening
immunohistochemical staining will optimize

< detection of micrometastases. In many
practices with turnaround time concerns,
however, waiting to review the initia

section before obtaining additional levels

HE c HE c HE c ve || and immunohistochemical stains could
result in asignificant delays, and therefore

up front SLN protocols may be

implemented. The optimal number of slides
to be examined and the number of IHC
stains has not been determined, though it is

clear from the literature that the more

sections the pathol ogists sees, smaller and
smaller tumor deposit will not escape detection. If SLN becomes an acceptable




alternative to elective selective neck dissection in HNSCC, discussions between

pathol ogists, surgeons, oncologists and radiation oncologists and close interactions
between these physicians will become critical. All of our clinician colleagues should be
aware of the false negative rate of intraoperative assessment (frozen section and
cytology), because there will be a need for a completion neck dissection as a second
procedure in these intraoperative fal se negative cases.

Despite theinitial promising results in these studies of SLN in HNSCC, it till
remains to be seen with larger clinical trials and randomized studies, whether the SLN
procedure will serve the purpose of adequately staging patients and with no negative
effects on long-term survival [70-72]. Furthermore, standardization of the approach and
protocols, and determination of the optimal pathologic workup should precede
widespread implantation of the SLN procedure in head and neck surgery practices.



Table 1. Studies of SLN in head and neck cancers. The detection methods utilized radiocolloid (RC) with
or without the addition of blue dye (Dye). The number of patients with an identifiable SLN isgiven, asis

the average number of SLNs detected per patient. The number of SLNs that were positive, of the total
number detected in the study and the number of patients who had a negative SLN and another positive node

in the neck dissection are both listed. The type of pathologic analysis, when described, is listed.

Author Y ear Method | Number | Identification | Avg # of | Positive SLN- Pathology

of an SLN in | nodes SLNinpt | (pN+)

the patients
Koch [73] 1998 | RC 5 3/5 2.3 2/3 0/3
Shoaib [74] 2001 | Dye/RC | 40 36/40 2.2 16/36 1/36 One H& E
Alex [75] 2001 | RC 15 14/15 3.1 114 0/14
Taylor [76] 2001 | RC 11 9/11 2.0 4/9 0/9 One H&E
Werner [77] 2001 | RC 48 48/48 NA 10/48 5/48 NA
Ross" [64] 2002 | RC 316 301/316 NA 76/301 8/301 | Variable
Pitman [42] 2002 | RC 20 19/20 2.9 2/19 1/19
lonna [53] 2002 | Dye/RC | 41 39/41 1.1 4/39 0/39
Civantos [66] 2003 | RC 18 18/18 NA 10/18 2/18 OneH&E & IHC
Asthand’ [78] 2003 | Dye 32 30/32 NA 8/32 2/132 H&E
Kontio [47] 2004 Dye/RC | 15 14/15 3.1 3/14 1/14 OneH&E & IHC
Ross [44] 2004 | Dye/RC | 57 43/48 2.4 15/43 1/43* Steps & IHC
Ross* [79] 2004 | Dye/lRC | 134 125/134 2.8 59/125 3/55** | Steps& IHC
Hoft [80] 2004 | RC 50 46/50 3.2 12/46 0/36 Steps & IHC
Alex [24] 2004 | RC 20 20/20 NA 3/20 0/20 NA
Niewuenhuis [81] 2005 | RC 27 22/27 11 8/22 1/22 Steps & IHC
Payoux [82] 2005 | RC 37 36/37 1.8 6/36 1/36 2H&E
Total 886 823/886 1.6 239/823 26/823

(93%) (29%) (3.2%)

*=no neck dissection performed, but patient recurred in the neck

#=Patient sample included both clinically NO and clinically N+ necks
**=neck dissection only performed in subset (55/134) patients
A=Multiple centers participated
NA=Not available

H& E=Hematoxylin and eosin; Steps=step sections; |HC=immunohistochemistry stains
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