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ABSTRACT

Worldwide, sentinel node (SN) biopsy for accurate
staging is now part of the standard work-up of
patients with melanomas ≥1.0 mm Breslow thick-
ness, as it is for staging patients with breast cancer.
Nuclear medicine imaging and surgical techniques
have evolved to such a degree that a SN can be iden-
tified and removed in virtually every patient. Never-
theless, some opposition to a routine SN biopsy
remains, perhaps due to a failure to appreciate the
serious implications of incomplete or inaccurate
staging. Guided by a critical appraisal of the avail-
able evidence, this review elucidates the definition
of an SN, discusses the sensitivity and specificity of
the information it provides, emphasises that it is a
minor staging procedure that can lead to improved
survival when followed by appropriate therapy, and
explains the necessarily unconventional and com-
plex design of the only randomised trial that
addresses this subject. It also describes other bene-
fits and risks of an SN biopsy and outlines its role in
current melanoma management.
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INTRODUCTION

In most patients a melanoma more than 1 mm in Breslow
thickness is clinically localised when the diagnosis is
established, but one in five such patients has occult meta-
static disease in one or more regional lymph nodes. These
metastases are too small to be found by a physical exami-
nation and they generally elude ultrasound imaging. If left
untreated, such metastases will grow and become evident
later.1 By that time they may have generated metastases at
visceral sites and it is these that are responsible for the
mortality of the disease. In many centres elective regional
lymph node dissection has been the standard management
for several decades until randomised studies demonstrated
that it did not improve survival.2–5 However, improved sur-
vival was observed in patients in whom elective node dis-
section did reveal metastases, as was also demonstrated in
non-randomised studies.6–10 This survival advantage was
particularly apparent in patients with melanomas of inter-
mediate Breslow thickness, because these are thought to
be associated with a considerable risk of nodal metastasis,
while the risk of potentially lethal blood-borne metastasis
to vital organs is still limited. The major textbooks of der-
matology, Rook’s and Fitzpatrick’s, both endorse the role of
sentinel node (SN) biopsy in melanoma management.11,12

In 1992, Morton and Cochran described an SN biopsy as
a minimally invasive diagnostic procedure to identify
lymph node metastases at this early stage, which would
enable regional node dissection to achieve this potential
survival benefit.13 In subsequent years many studies have
been performed to assess various aspects of the procedure.
Most relevant questions have been answered and the pro-
cedure has been widely adopted as part of standard man-
agement at most major melanoma treatment centres
worldwide. Despite this consensus has not been achieved
on every aspect of the SN biopsy.

Abbreviations:

MSLT-1 Multicenter Selective Lymphadenectomy Trial
SN sentinel node
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WHAT IS A SENTINEL NODE?

Morton and colleagues introduced the SN biopsy tech-
nique, based on the concept that malignant cells from a
primary melanoma travel through an afferent lymph vessel
to a lymph node, where they are trapped. This is a ‘sen-
tinel’ node, the first line of defence. A demonstration of the
way the tumour cells may travel in lymphatics can be
accomplished by administering a radiopharmaceutical or a
blue dye at the tumour site. Cancer cells would be
expected to follow the same route as these tracers.13

Identifying the SN requires a concerted effort. The
nuclear medicine physician should perform dynamic lym-
phoscintigraphy to visualise the afferent lymph vessel and
the lymph gland to which it drains, and to distinguish this
node from second-tier nodes (Fig. 1). This is followed by
static imaging at various time points. Single photon emis-
sion tomography combined with computed radiographic
tomography depicts the SN in its anatomical habitat
(Fig. 2) and visualises an SN that may go unnoticed with
conventional scintigraphy.14

Lymphoscintigrams often show multiple nodes and
sometimes it may not be clear whether a lymph node is an
SN or a second-tier node. The surgeon is guided by a
gamma ray detection probe and needs to have the skill
and experience to find and trace the fragile blue lymphatic
duct that will identify the SN. Finding the correct node
requires close cooperation between the nuclear medicine
physician and the surgeon. Using the above approaches,
the SN can be found in close to 100% of cases.1

However, one person’s SN is not necessarily another’s.
In attempts to simplify the procedure, other definitions of
an SN have been proposed, such as ‘the lymph node clos-
est to the primary melanoma’, ‘the first node that is visu-
alised on the lymphoscintigram’, ‘the hottest node’, ‘any
radioactive node’ or ‘any blue node’.15–19 Although these
alternative definitions indicate the nodes directly at risk
most of the time, they are not based on the physiology of

lymphatic drainage or on the biology of the disease
(Fig. 3).20 These alternative definitions may result in a
false negative result.21,22

SENSITIVITY AND SPECIFICITY

The ability of an SN biopsy to identify nodal metastases is
generally considered to be good, but it is often overvalued.
The follow-up duration in many studies is too short for
most nodal recurrences to become evident. In a study with
a mean follow-up duration of 54 months, the mean time
for a nodal recurrence to become evident was 28 months,
with a range of 4.6 months to 9 years.22 Also, the false neg-
ative rate should be calculated for patients with metas-
tases. Instead, it is often calculated for the entire
population of patients or for the subgroup of SN-negative
patients, which overestimates its value.23

Early publications from major institutions and coopera-
tive groups around the world reported false negative rates
ranging from 16 to 38%, when calculated in the standard
fashion.23 In the international Multicenter Selective Lym-
phadenectomy Trial (MSLT-I) all surviving patients were
followed up for 10 years and the false negative rate was
20%.1 In one recent study of 95 patients with a median fol-
low-up period of 65 months, a false negative rate of 38%
was reported.24 The latter means that the correct SN was
not removed in almost two of every five patients. False
negative SN biopsy procedures can be classified as failures
by the nuclear medicine physician, the surgeon or the
pathologist, but in 25–50% of cases no cause can be estab-
lished.22,25 A false negative rate of less than 5% can be
obtained by an experienced multidisciplinary team,

Figure 1 Lymphoscintigram depicting a large hot spot at injec-
tion site on the left thigh, the sentinel node in the groin with affer-
ent lymph vessel and two second-tier nodes.

Figure 2 Single photon emission tomography combined with
computed radiographic tomography image demonstrating the
exact anatomic location of sentinel nodes in the right groin and
obturator fossa.
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adhering to the correct SN definition and using the com-
bined technique recommended above.22

The specificity of an SN biopsy is 100%, as false positive
findings are not really possible, unless pathologists retreat
from their original report that stated that tumour cells
were present, for example, after a slide review by a more
experienced melanoma pathologist. The term ‘prognostic
false positivity’ was introduced as a concept describing an
SN metastasis that is present but irrelevant because it
would never progress to clinically relevant disease. This
phenomenon is common in breast cancer, where effective
adjuvant treatments are usually given, but melanoma
metastases have been shown to generally be progressive.1

Very long follow-up times would be required (>20 years)
to validate the concept of prognostic false positivity in mel-
anoma patients.

A DIAGNOSTIC TEST OR A THERAPEUTIC
INTERVENTION?

An SN biopsy is a diagnostic test and as such it is not
expected to improve survival per se. An SN biopsy can be
compared to a punch biopsy of a large suspected mela-
noma. However, if the metastasis in the SN is the only one,
its removal may cure the patient. Only 12–20% of patients
are found to have further nodal involvement and not all of
them necessarily have distant metastases.26 Published clin-
ical trial data and several non-randomised studies strongly
suggest that the combination of an SN biopsy with comple-
tion node dissection improves the survival of SN-positive
patients over observation alone, with dissection when the
metastases become palpable.1 Whether this is due to the
SN biopsy alone, to the completion node dissection or to
the combination of the two is unknown. One recent study
suggests that a completion node dissection is useful, while
another indicates the opposite.27,28 The MSLT II and the
European Organisation for Research and Treatment of

Cancer Minitub study are also addressing this important
question. The former compares survival rates in SN-posi-
tive patients who underwent node dissection with those
who are being observed with regular ultrasound and
undergo a dissection only if a recurrence is detected. So,
despite being fundamentally a diagnostic procedure,
MSLT-II may show that an SN biopsy alone improves sur-
vival as well.

DOES MSLT-I SHOW A SURVIVAL BENEFIT?

In MSLT-I, 2001 patients with a melanoma at least 1-mm
Breslow thickness or with Clark level IV invasion were
randomised to either an SN biopsy with a subsequent com-
pletion node dissection if a nodal metastasis was found, or
to observation with node dissection if a nodal metastasis
became evident later (Fig. 4). All surviving patients were
followed up for 10 years. The final results of MSLT-1 were
published in 2014.1

Having established that an SN biopsy is fundamentally a
staging procedure, does the procedure change manage-
ment? This is obviously the case in all SN-positive patients
(16% in MSLT-I). The MSLT-I investigators also sought to
determine whether performing an SN biopsy per se would
lead to a 10-year melanoma specific survival benefit.
Although there was a trend (81 vs 78%) in patients with an
intermediate thickness (Breslow thickness 1.2–3.5 mm)
melanoma, a statistically significant difference was not
found. Because the incidence of recurrences was less than
anticipated, the trial lacked the power to properly assess
this end-point.
A prespecified end-point of the trial was whether an SN

biopsy with ensuing completion node dissection in node-
positive patients would improve the survival of those
patients over observation with node dissection when the
metastatic node became palpable. Survival is a usual end-
point in trials of therapeutic interventions, but MSLT-I
investigated the impact of a diagnostic test in combination
the ensuing therapy if the test was positive. This unusual
approach did not lend itself well to the traditional statisti-
cal assessment that is used for therapeutic interventions.
The MSLT I combined staging-therapy approach may not
be directly usable in the conventional approach to produce
evidence-based practice guidelines for therapy per se
either. The results were calculated in various ways that all
showed the expected outcome; namely, that the early
detection and immediate treatment of a microscopic
tumour burden yields a better survival rate than later
detection with treatment of palpable disease.1,29,30 10-year
melanoma specific survival in the target population of
patients with an intermediate thickness melanoma
increased from 42% when a regional node dissection was
performed for palpable nodal disease to 62% when early
dissection was performed on the basis of an involved SN
(P = 0.006). The data are so strong that this treatment-
related difference remained significant when patients with
a false negative SN biopsy were included (10-year mela-
noma-specific survival rate, 56% in the biopsy group vs
42% in the observation group [P = 0.04]). This survival

Figure 3 Lymphoscintigram of a patient with a melanoma on the
right anterior thigh showing two hot spots in the right groin.
Exploration after a Patent Blue dye injection revealed that each
had a separate afferent lymph vessel from the primary lesion site,
so both were sentinel nodes.
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benefit in patients with an intermediate thickness mela-
noma is consistent with previous studies.6–10 There was no
survival difference for node-positive patients with thicker
melanomas, presumably because they are more likely to
have a haematogenous spread of their melanoma. The
number of patients with thin melanomas was insufficient
to warrant a meaningful analysis.

OTHER BENEFITS AND RISKS

An SN biopsy is a staging procedure. The tumour status of
the SN is the strongest prognostic parameter.26,31 This
improved staging led the American Joint Committee on
Cancer and the International Union Against Cancer to
incorporate SN tumour status in the melanoma staging
system.32 The timely detection and treatment of lymph
node metastases markedly diminishes the risk of recur-
rence in the node field, as well as the associated anxiety
and reduced quality of life.33 It is also important to note
that the rates of recurrence in a regional node field range
from 2 to 10% after a formal lymphadenectomy performed
because of a positive SN biopsy, but range from 20 to 50%
among patients who undergo a lymphadenectomy at a
later date for palpable disease.34–37 The technical difficulty
of a neck or groin dissection is often greater in patients
with palpable disease recurrence, resulting in a higher
complication rate, a longer hospital stay and a greater risk
of lymphoedema.38 Eligibility for trials of adjuvant systemic
therapy with the new targeted therapies and immunother-
apies that are effective in the treatment of clinically appar-
ent systemic metastases is a recent additional option for
SN-positive patients. If the trials show improved survival
with acceptable morbidity and these drugs become stan-
dard treatment, SN staging will be even more imperative.39

One study has already shown improved recurrence-free

survival for patients with completely resected high-risk
stage III melanoma.40

The benefits of an SN biopsy need to be weighed against
its disadvantages. Lymphoscintigraphy results in a minor
exposure to ionising radiation. General anaesthesia is
usual. However, in a recent audit at the Melanoma Insti-
tute Australia the postoperative complication rate for an
SN biopsy was found to be only 2%, and the complications
that did occur were generally minor and tended to resolve
quickly and completely.41

CURRENT CLINICAL PRACTICE

Based on currently available evidence, an SN biopsy
should be recommended for patients with a clinically loca-
lised melanoma with a Breslow thickness of 1.2–3.5 mm.
The procedure provides accurate staging and prognostic
information and reduces their risk of nodal recurrence,
and node-positive patients have a 21% absolute improve-
ment in their 10-year survival rate. An SN biopsy can also
be contemplated in patients with thinner or thicker lesions
for staging, for providing prognostic information and for
regional disease control. Most experts will consider per-
forming an SN biopsy in patients with a thin melanoma in
the presence of unfavourable characteristics such as young
age, ulceration, high mitotic rate, microsatellite metastases
or lymphovascular invasion. Patients with thick melano-
mas often have occult metastases to visceral organs and
generally have a poor prognosis. Although early treatment
of their lymph node metastases does not improve their sur-
vival rate it does improve regional disease control. Until
further evidence becomes available, the standard practice
at most leading melanoma treatment centres around the
world is to recommend regional node dissection to all
patients with SN metastases.42

Figure 4 Stratification and randomisation in the Multicenter Selective Lymphadenectomy Trial. SN, sentinel node; SNBX, SN biopsy.
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CONCLUDING REMARKS

The nuclear medicine and surgical techniques used for SN
biopsies have evolved to the level that the SN can be visu-
alised and retrieved in virtually every patient. The proce-
dure accurately stages melanoma patients when performed
by an experienced multidisciplinary team adhering to the
physiology-based definition of the SN and using a meticu-
lous technique. The tumour status of the node is the most
powerful prognostic factor currently available. MSLT-I has
provided evidence that an SN biopsy improves regional dis-
ease control and can identify node-positive patients whose
chance of survival at 10 years improves from 42 to 62% with
an immediate regional node dissection. Such an increase in
survival is exceptional in oncology. Whether an SN biopsy
on its own (i.e. without completion lymph node dissection in
SN-positive patients) can improve survival is currently being
investigated. The demand for SN biopsies will grow even
further with increasing availability of adjuvant systemic
therapies, because the appropriate selection of high-risk
patients based on their sentinel node-positive status will be
of great importance.
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