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Abstract:

“Cancer”, till date stands rigidly unconquered despite most strenuous effort and relentless
endeavor by the scientists around the world. In global terms head-neck cancer is one of the
most common malignancies and represents one of the greatest management challenges for the
head and neck surgical oncologists. Most of the head-neck cancers arise in mucosal linings of
the oral cavity (90% being squamous cell type) and frequently metastasise to regional lymph
nodes in the neck. The presence of nodal metastases is a determinant of prognosis and clinical
management. The neck is staged by palpation and imaging, but accuracy of these techniques
to detect small metastases is low. In general, 30—40% of patients will have occult nodal
disease and will develop clinically detectable lymph-node metastases when the neck is left
untreated. The choice at present is either elective treatment or careful observation followed by
treatment of the neck in patients who develop manifest metastases. These unsatisfying
therapeutic options have been the subject of debate for decades. Recent developments in
staging of the neck, including expression profiling and sentinel lymph-node biopsy, will allow
more personalized management of the neck. This review presents “step-forward modalities” or
novel diagnostic methods for assessment of the clinically node-negative neck in head-neck
squamous cell carcinoma.
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Introduction:

Head and neck squamous-cell carcinoma
(HNSCC) is a common cancer worldwide.! Risk
factors include tobacco smoking, betel nut
chewing, excessive alcohol consumption, and
human papilloma virus (HPV) infection.?3 Of
all HNSCCs, oral squamous-cell carcinoma
(SCC) has the highest incidence.

Most tumours in oral-cavity subsites have a
comparable high propensity to metastasise to
regional lymph nodes in the neck. Findings of
recent studies seem to refute the traditional

J Dhaka Med Coll. 2012; 21(2) : 218-225.

belief that maxillary SCCs have a lower rate of
metastasis to the neck.*>° The presence of
regional neck metastases is a major
determinant of both prognosis and treatment
decisions in patients with oral SCC.” However,
the low sensitivity of currently available
diagnostic modalities is a problem, because a
fairly high proportion (30-40%) of lymph-node
metastases are left undetected in this
population. These metastases will develop into
overt neck disease during follow-up.

A policy is in place to treat the neck even when
the tumour has been classified clinically as
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node-negative (cNO), indicating no disease is
detectable in the neck.® This strategy prevents
disease in the neck becoming more advanced
once previously occult metastases become
clinically apparent or are detected late during
follow-up. Thus, 60—70% of patients receive
unnecessary treatment, which in the case of
neck dissection encompasses a surgical
procedure potentially causing disfigurement
and associated morbidity.? 10-11 The alternative
approach of watchful waiting entails careful
monitoring of the neck (e.g. by ultrasound-
guided fine-needle aspiration cytology during
follow-up).'?13 Treatment will be given only to
patients who develop manifest metastasis,
which usually arises within 1-2 years. Although
no evidence shows convincingly that one
strategy should be preferred over the other,
consensus—partly based on an often cited but
outdated decision-analysis model—suggests
that elective neck treatment is indicated when
the chance of occult nodal disease exceeds
20%.'*Hence, increased accuracy to ascertain
the metastatic status of the neck will result in
fewer unnecessary elective treatments of the
neck.

Currently, the neck is staged by palpation and
different imaging techniques, including CT,
MRI, PET/CT, and ultrasound, which are more
accurate than palpation alone.!516,17
Morphological and size criteria are the main
determinants of specificity of imaging
techniques, whereas sensitivity is limited by
the detection threshold. Up to a third of nodal
metastases in patients with oral SCC are
smaller than the 3 mm detection threshold that
limits sensitivity of available imaging
techniques,!'® and occult neck disease
therefore remains a relevant issue. In a meta-
analysis of PET/CT for assessment of cervical
lymph-node metastasis,!® sensitivity of PET/
CT was only 50% for patients who were node-
negative on palpation, whereas specificity was
87%. The performance of ultrasound, MRI, and
CT was equally disappointing. Later research
has shown similar results.!?

The limitation of imaging techniques to detect
small metastatic deposits has led to a search
for additional characteristics or biomarkers
assessable on the primary tumour to predict
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nodal disease. Histopathological or molecular
features of the primary tumour can predict the
presence of nodal metastases in the individual
patient, irrespective of the actual size of the
tumour.?? Measures such as perineural
invasion, vascular invasion, tumour border
(infiltrative or pushing), tumour thickness, and
depth of invasion have been studied
extensively for correlations. Only tumour
thickness is associated consistently with the
presence of nodal metastases.?! However,
suggested cutoffs for thickness range from 1-5
mm to 10 mm, and consensus to recommend
elective neck dissection is missing.?!-?4 One
reason could be that definitions and methods
to measure tumour thickness vary in reports.
Moreover, tumour thickness is usually
ascertained on histopathological examination
of the resection specimen, implying a second-
stage surgical procedure when elective neck
dissection is indicated. Measurement of
tumour thickness before surgery, using an
intraoral ultrasound probe, could be more
promising in this respect.?* Besides
histological variables, many single molecular
markers have been studied to predict the
presence of nodal metastasis. In view of the
complexity of the metastatic process, no
consistent and clinically useful correlations
have been noted for any markers.2°

Thus, the dilemma in current clinical
management of the neck is the choice between
possible under treatment of 30-40% of patients
with occult metastases and overtreatment of
the remaining 60-70%. Personalised
management of the clinically node-negative
(cNO) neck, especially in patients with oral
SCCs, would benefit greatly from staging
techniques that add accuracy to assessment
of nodal disease, particularly when these
methods are not or are minimally dependent
on size of the metastasis. Methods are being
developed to diagnose or predict occult
metastases in the neck. In this Review Article,
we restrict ourselves to discussion of the two
most promising techniques, which are
arguably ready for clinical implementation and
have a very different but complementary
nature: (1) gene-expression profiling and (2)
sentinel lymph-node biopsy. We describe
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various aspects of these two approaches and
suggest a new staging algorithm to incorporate
both methods, to optimise management of the
cNO neck in patients with early-stage oral SCC.

Molecular diagnosis and tumour profiling:

Gene-expression profiling with DNA
microarrays and next-generation sequencing
approaches (RNAseq) signal a new era of
tumour classification and prognostication. RNA
isolated from the tumour specimen can be used
to ascertain expression levels of all genes
simultaneously in one experiment. This
process has led to novel classifications of
lymphomas, breast cancer, and
HNSCC.25:26,27 Furthermore, prognostic profiles
have been identified in many tumour types,
including breast cancer and
HNSCC.?829 Roepman and colleagues3® 3! used
gene-expression profiling to stage the clinically
NO neck in HNSCC patients and, using RNA
from the primary tumour specimen, identified
particular profiles that could predict N-stage.
In a multicentre validation study, undertaken
at all head and neck oncological centres in the
Netherlands,3? the expression profile to predict
lymph-node metastasis was transferred to a
diagnostic platform to facilitate clinical
implementation. Subsequently, the profile was
validated with an independent series of 222
samples of oral and oropharyngeal SCC.
Although the array platform was changed, the
profile predicted N-stage as expected. For the
group of cT1-T2NO or early-stage oral SCCs
(n=101), a negative predictive value of 89% was
recorded. For these cases the issue of elective
neck treatment is most relevant, because
early-stage oral SCC is treated by transoral
surgery and, thus, there is no need to enter
the neck for excision of the primary tumour.
Some cancers in the validation series were
HPV-positive, and the profile worked less well
with HPV-positive tumours.3? However, HPV
occurs rarely in tumours of the oral cavity, with
a prevalence estimated at less than
5%.3> 3% Hence, in patients with early-stage
(cT1—T2NO) oral SCC, gene-expression
profiling might reduce greatly the number of
unnecessary elective neck dissections,
allowing more personalised treatment.
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Improvements can still be made. However, N-
status was ascertained by routine
histopathological examination as reference
standard, whereas detection of micro-
metastases (0.2-2 mm) can be increased by
stepped serial sectioning and immuno-
histochemistry of all lymph nodes. Such
extensive immunohistopathological
examination allows detection of 5—58% (mean
20%) of metastases3® that escape routine
histological detection. Recently, we showed that
the predictive power of the profiling approach
rises further when histopathological
assessment of all lymph nodes is scrutinised
(unpublished data). Another improvement of
the gene-expression profiling approach might
be noted with analysis of multiple biopsy
samples. Findings of next-generation
sequencing studies indicate that intratumour
heterogeneity is present in several cancer
types, and this heterogeneity can sometimes
be linked to particular areas of the tumour
specimen.3%-39 Intratumour genetic hetero-
geneity might not necessarily be reflected in
global gene-expression profiles, but further
studies are needed because the predictive
power of gene-expression profiles in early-stage
oral SCC could be affected by genetic
heterogeneity.

Encouragingly, the highest predictive power for
gene-expression profiling was seen in the
clinically relevant group of cT1-T2NO oral SCCs.
Although this association could be related to
the lower prevalence of nodal metastasis in this
group, it seems to also make sense from a
biological perspective. Early lymphatic
dissemination of tumours classified as T1 and
T2 might be the direct result of intrinsic
tumour properties reflected in specific gene-
expression profiles, whereas in advanced
cancers, destruction of anatomical barriers and
invasive growth is likely to become an important
factor associated with lymphatic metastasis as
well.

Gene-expression profiling is best undertaken
on fresh or frozen tumour samples; arguably,
this strategy might restrict applicability,
because biopsy samples or surgical specimens
are routinely formalin-fixed and paraffin-
embedded (FFPE). However, taking an additional
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biopsy sample for gene-expression profiling
would hardly impose a substantial burden.
Moreover, recent developments to extract RNA
from FFPE specimens for gene-expression
profiling could be helpful.2?-40

An alternative option would be to ascertain
genome-wide genetic changes in DNA, using
a comparative genomic hybridisation
microarray or next-generation sequencing
platform. Switching from RNA to DNA profiling
is not an unrealistic idea; the breast cancer
classification ascertained by RNA expression
profiling has been reproduced accurately by
comparative genomic hybridisation microarray
DNA profiling,*! suggesting that differences in
gene-expression profiles between tumours
might be reflected well in the number and type
of DNA changes. Whether or not this idea also
holds true for staging of the cNO neck in
patients with oral SCC remains to be
established.

Gene-expression profiles of tumour biopsy
samples assessed by microarray hybridisation
have proven their potential value for N-staging
of oral SCC. However, although DNA or protein
profiles might be applied likewise, N-stage
predictive profiles have not been published, to
the best of our knowledge, let alone validated
in prospective multicentre studies.

Sentinel lymph-node biopsy:

In an attempt to more reliably select lymph
nodes that potentially contain metastases,
sentinel lymph-node assessment, which is
used extensively in melanoma and breast
cancer, has been introduced. The sentinel
lymph node is likely to be the first lymph node
to harbour metastasis and can be used to
provide information on the rest of the nodal
basin. It is usually identified by peritumoral
injection of radioactive colloid and blue dye.
Preoperative lymphoscintigraphy intrao-
perative visualisation of blue colouration, and
intraoperative radionuclide detection with a
gamma probe allow identification of the
sentinel lymph node. After surgical removal,
this node is studied meticulously by
histopathological examination, using stepped
serial sectioning and immunohistochemistry.
If the sentinel lymph node contains metastatic
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tumour cells, treatment of the neck is
recommended, usually in a second
procedure.*? The sentinel lymph-node
procedure is deemed more precise than
imaging procedures and less invasive than
elective neck dissection. Moreover, it is
associated with significantly less postoperative
morbidity and better shoulder function
compared with elective neck dissection.*3

Current best-practice guidelines for provision
of sentinel lymph-node biopsy to patients with
early-stage oral SCC have been outlined, which
provide a framework for the currently evolving
recommendations for its use.*? To safely avoid
elective treatment of the neck in as many
patients as possible, a high sensitivity and high
negative predictive value are both needed. In
the American College of Surgeons Oncology
Group Z0360 validation study of 140 patients
in 25 institutions, sensitivity was 90% and the
negative predictive value was 96%; these
figures were even better for skilled
surgeons.** However, in this study, standard
histopathological examination of the neck-
dissection specimen was used as the gold
standard. Therefore, occult micrometastasis
might have been missed, contributing to higher
figures for sensitivity and negative predictive
value. In a meta-analysis of 19 pilot studies
with a total of 347 oral and oropharyngeal
cancer patients, a pooled sensitivity of 92:6%
was reported.*S After initial studies to validate
the sentinel lymph-node approach in patients
with early-stage oral SCC, several prospective
observational studies have been reported. In
two large single-centre studies, sensitivities
and negative predictive values of at least 90%
were noted.%% 47 In these studies, neck
dissection was undertaken only when the
sentinel lymph node contained metastasis, and
a watchful-waiting strategy was followed when
the sentinel lymph node was tumour-free.

In a European multicentre study, 33 of 134
patients with cT1/2NO oral SCC, 79 patients
underwent sentinel lymph-node biopsy as the
sole staging method, whereas 55 underwent
sentinel lymph-node biopsy followed by elective
neck dissection. For the two groups together,
using a reference standard of 5 years follow-up
after sentinel lymph-node biopsy staging, a
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sensitivity of 91% and a negative predictive
value of 95% were recorded. The better
performance seen in patients who underwent
both techniques (sensitivity 96%, negative
predictive value 97%) compared with those who
only had sentinel lymph-node biopsy (87%, 94%)
can again be accounted for by use of standard
histopathological examination of the neck
dissection specimen versus 5 years follow-up
as a gold standard for metastasis. Of note, both
the sentinel lymph-node identification rate and
sensitivity were significantly poorer in patients
with floor-of-mouth tumours. Peritumoral
injection sites might overshine the sentinel
lymph node in these patients, resulting in
detection failure by the gamma probes.33 The
observational multicentre European Sentinel
Node Trial (SENT),*® with more than 300
patients enrolled, has completed accrual and
long-term follow-up data are awaited. Overall,
detection rates, sensitivity, and negative
predictive values of sentinel lymph-node biopsy
procedures are generally above 90%.

Some innovations would improve preoperative
imaging of the sentinel lymph node. Hybrid
single-photon emission CT with integrated CT
(SPECT/CT) can augment visualisation of the
relation of sentinel lymph nodes to several vital
vascular and neural structures, thus enabling
safer removal of these nodes. Furthermore,
enhanced topographical orientation and
delineation of sentinel lymph nodes against
surrounding structures might also reduce
surgical time.

Although SPECT/CT has the potential to detect
more sentinel lymph nodes, it still has some
difficulties in visualisation of nodes in close
spatial relation to the injection
site.*9 Promising preclinical results have been
reported of 89Zr-nanocolloidal albumin-based
PET/CT lymphoscintigraphy for sentinel lymph-
node detection in HNSCC.%

Technical innovations to improve
intraoperative localisation of sentinel lymph
nodes include intraoperative real-time
imaging, freehand SPECT, and fluorescence
imaging. Intraoperative real-time imaging with
the portable gamma camera provides an
overview of all radioactive spots and can show
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sentinel lymph nodes near the injection site
by adjustment of its position. Another advantage
might be the certainty it can provide about the
completeness and accuracy of sentinel lymph-
node excision, by showing the remaining
activity.5! Freehand SPECT is designed to
ascertain the position of the detector relative
to the patient, through which three-
dimensional images are generated. These
images provide the surgeon with information
about the direction and depth of the sentinel
lymph node in relation to the probe.>2 The
feasibility of near-infrared fluorescence-guided
sentinel lymph-node detection has been shown
in HNSCC, with indocyanine green as
fluorescent tracer.®3 Other tracers with
enhanced optical properties have been tested
in HNSCC in preclinical settings.®%> 5* The real
clinical additional value of these techniques
has still to be assessed.

Developments in detection of metastasis in the
sentinel lymph-node specimen have been
made. While the biopsy procedure is taking
place, immediate frozen section, imprint
cytology, or molecular techniques can be done
that should reliably show sentinel lymph-node
metastasis.>® Furthermore, a rapid automated
quantitative reverse transcriptase PCR assay
has been described that took about 35 min to
complete and had an accuracy of 94-2% for
identification of positive and negative nodes,
which might be more accurate than
intraoperative pathological analysis.®® Thus,
the surgical procedure—including neck
dissection in case of a positive test for nodal
metastasis—could be restricted to one session
instead of the two currently needed in sentinel-
node procedures. However, this change could
interfere with current surgical planning
efficiency, because complete neck dissection
takes about five times longer to undertake
than does sentinel lymph-node biopsy of the
neck. These technical developments could
raise the rate of sentinel lymph-node detection
further and facilitate the procedure, potentially
resulting in less morbidity for the patient,
reduced operating time, and increased
convenience for the head and neck surgeon.
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Conclusion:

Oral SCC is predominantly treated
surgically,1® therefore, the issue of elective
neck dissection versus watchful waiting is
most relevant for early-stage (cT1—T2NO)
tumours.57 58 In patients with advanced
tumours (cT3—T4), who have a fairly high
probability of cervical lymph-node metastases
and often need neck surgery to access the
primary tumour or to reconstruct the surgical
defect, most head and neck surgeons will opt
for elective neck dissection anyway.57> 58 Our
review does not intend to change this policy.
However currently, physical examination and
imaging techniques are the most widely
accepted and applied methods for assessment
of the neck in oral SCC. Limitations in
accuracy of these modalities have not led to
altered management of the cNO neck in early-
stage disease. Combining gene-expression
profiling and sentinel lymph-node biopsy in
addition to current imaging techniques will
further reduce the rate of occult metastasis.
In view of the accuracy of these techniques,
this rate can be reduced to a level acceptable
to allow a wait-and-see policy for the neck in
patients with oral SCC classified as T1 and T2.
Furthermore, restriction of sentinel lymph-
node biopsy to individuals who are classified
as node-positive on gene-expression profiling
eliminates overtreatment. Prospective clinical
trials implementing this staging algorithm are
needed to investigate whether gene-expression
profiling and sentinel lymph-node biopsy can
be combined and whether oncological and
functional outcomes in patients with oral SCC
will indeed improve.
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