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1. Introduction

Lymph nodes (LN) represent the most frequent site of metastases for melanoma and the main
purpose of lymphadenectomy (LND) is to provide loco-regional control of disease and
accurate staging as well as to eventually cure patients with AJCC stage III melanoma. Cur‐
rently, lymph node involvement is mostly diagnosed after sentinel lymph node biopsy (SLNB).
However, although SLNB in melanoma patients at risk for lymph node metastasis is routinely
performed almost everywhere, the role of completion lymphadenectomy (CLND) after
positive SLNB remains controversial, as only 15-20% of the patients operated show additional
lymph node metastases in the dissected basin. The MSLT-1 trial, which evaluated the impact
of SLNB and immediate LND versus simple observation and LND after clinical evidence of
metastases only, did not show any survival benefit between the two randomized groups of
patients [1]. Moreover, other studies have shown that some of the patients with positive
sentinel nodes seem at lower risk for additional lymph node metastasis, and will probably
never develop additional non sentinel lymph node metastases. On the other hand, the final
analysis of the MSLT-1 trial confirmed a longer disease free survival and a gain in survival
only in the patients with positive nodes in the CLND group.

Until the results of the two ongoing prospective studies (MSLT-2 and MINITUB) investigating
the role of CLND after SLNB positivity are available, radical lymphadenectomy should be
considered the standard of care in patients with lymph node metastases, as suggested by the
NCCN guidelines, which recommend lymphadenectomy in presence of positivity of SLNB or
histological/cytological confirmed clinical lymph node metastases [2].
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Despite this recommendation, adherence to clinical practice guidelines remains low among
melanoma surgeons. In the USA, 50% of patients with positive SLNB do not undergo com‐
pletion lymphadenectomy [3]. The still evident degree of confusion on the optimal surgical
treatment of AJCC stage III melanoma has been confirmed by a recent international survey on
lymphadenectomy in melanoma patients with positive sentinel nodes (SN), which showed an
extremely heterogeneous approach to the extent of the completion lymph node dissection
(CLND), especially for SN located in the neck or groin [4]. Aside from the indication and the
levels of dissection, no agreement has yet been reached on the criteria to define lymphade‐
nectomy as adequate and, even if the minimum number of lymph nodes that should be excised
achieves a reasonable consensus, other quality assurance (QA) parameters for lymphadenec‐
tomy are far from being accepted.

In this context, a consensus process on indications, technical aspects and QA parameters for
SLNB and, in particular, for lymphadenectomy is desirable among melanoma surgeons and
pathologists. Providing new evidence-based results in these controversial fields might help to
achieve better standards of treatment. The purpose of this chapter is to critically review the
most recent literature on the lymph node surgical treatment in melanoma patients providing,
wherever available, new evidence and contributing to standardize the current management
of this tumor.

2. State of the art on SLNB and lymphadenectomy

2.1. Rationale for indication

Cutaneous melanoma presents an increasing annual incidence worldwide and despite several
advances in understanding the molecular mechanism of tumour progression and the devel‐
opment of more selective therapeutic strategies, a significant proportion of patients remain
incurable. Lymph nodes represent the most frequent site of metastases from melanoma and
the main purposes of lymphadenectomy are to provide loco-regional control of disease,
accurate staging as well as to eventually cure patients with AJCC stage III melanoma. A
significant number of patients with localized melanoma harbor clinical occult metastases in
the regional node basin, which, if left untreated, will lead to palpable metastatic nodes
(macroscopic disease). In the past, the common approach to lymph node in melanoma patients
ranged between two different strategies; observation followed by therapeutic lymph node
dissection (TLND) when clinical disease became evident and elective lymph node dissection
(ELND) at the time of treatment of the primary in absence of macroscopic disease. However,
removing lymph node metastases before they become evident is potentially a better strategy
to prevent local failure and could potentially prevent systemic failure in a significant portion
of patients. The drawback of ELND is that 15 to 20% of patients only have microscopic disease
in the regional lymph nodes; therefore, the majority of patients will have no benefit from
elective surgery and will receive surgical overtreatment. Four randomized controlled trials
(RCT) [5] and one meta-analysis [6] have compared these two treatment strategies with, none
demonstrating a survival advantage. The negative result in survival of ELND can be explained
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by the fact that more than 80% of patients in these trials will never develop lymph nodes
metastases, making the studies underpowered to discover a statistical difference between the
two groups. However, subgroup analysis from the WHO Melanoma Group Trial [7] showed
a significant survival advantage in patients with clinically occult disease who underwent
ELND compared to patients who underwent TLND for positive nodal recurrence (5-years
survival 48.2 versus 26.6, P=0.04 respectively). These data suggest that there may be an
improved survival in patients with occult disease, highlighting the importance of identification
of early nodal disease. The difficulty in showing a survival advantage after ELND, unnecessary
in 80% of patients and frequently associated with a high morbidity rate (including wound
complications, lymphedema and pain), has made it, over the years, unappealing.

The controversy on performing ELND disappeared with the advent of SLNB, which deter‐
mined a consistent paradigm shift in melanoma patients at risk of lymph node metastasis.
After the pioneering studies of Donald Morton, who first hypothesized the role of sentinel
lymph node as the first lymph node receiving lymphatic drainage from the primary tumour,
SLNB emerged as a minimal invasive staging procedure for determining the nodal status in
patients with melanoma [8]. The intra-operative use of a combined technique based on blue
dye and radiotracer has been demonstrated to be feasible and accurate for nodal staging of
patients with melanoma [9]. A recent meta-analysis of 71 studies, which includes 25240
melanoma patients who underwent SLNB in the period 1998-2009, showed that SLNB is highly
accurate in melanoma with a proportion of patients successfully mapped (a least one sentinel
lymph node removed) of 98.1%, a rate which tends to increase with the year of publication and
quality score of the studies, female sex, ulceration and age [10]. The same study reported a
false negative rate of SLNB of 12.5% (i.e. the proportion of patients with nodal recurrence in
un-dissected nodal basins after a negative SLNB over the total positive patients and the false
negative patients), which is inversely associated with the proportion of patients successfully
mapped. The ability of SLNB to predict the negative status of the lymph node basin is expressed
by the post-test probability negative (PTPN, the ratio of patients with negative SNB who
recurred to all patients with negative SLNB). The PTNB in this study is 3.4%, which represents
the proportion of patients with negative SLNB who recur. This risk seems inversely related to
the proportion of patients successfully mapped and positively associated with the length of
follow-up, younger patient age, the proportion of females, the mean Breslow thickness and
the proportion of ulcerated tumours. The overall data analysis showed that, after a negative
SLNB, the chances of nodal recurrence can be estimated to be equal to or lower than 5%
providing reassurance that SLNB is a feasible and reliable method for accurately predicting
the lymph node status of melanoma patients and is now considered a reliable staging proce‐
dure for melanoma.

SLNB status has been identified as the most important prognostic factor for overall survival
in melanoma patients with no clinical evidence of metastatic disease [11] and has been included
in the AJCC TNM staging system since the 6th edition in 2001 [12]. For this reason, a general
consensus on performing SLNB in patients with intermediate thickness melanomas (Breslow
1-4mm)) [13] has been reached, as SLNB gives important prognostic information that can be
used for planning follow-up protocols and adjuvant treatments [14]. Although the use of SLNB
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in thick melanomas remains uncertain, the procedure is recommended in this sub-group of
patients mainly for staging purposes and local control of disease [14]. For thin melanoma
(≤1mm), the role of SLNB is more controversial. It is known that the risk of node positivity in
thin melanoma patients is less than 5%, but we should consider that this group accounts for
the majority of patients with melanoma (about 65%) and therefore a large number of patients
with microscopic disease might be left under staged and possibly undertreated. A sufficient
level of evidence exists to also consider SLNB in patients with thin melanoma, particularly in
presence of ulceration and/or mitotic rate ≥1 (AJCC T1b melanomas) [15]. Several studies have
investigated the optimal cut-off value to consider SLNB cost-effective in thin melanomas. In
patients with Breslow ≤0.50 mm, SLNB positivity is very unlikely, with a reported incidence
of positive nodes of 0% [16]. Between 0.51 and 0.99 mm, the risk tends to increase and in a
subgroup of patients with thin melanoma of at least 0.76 mm in depth and 1 or more mitosis,
a 12.5% incidence of SN metastases has been reported [17].

It has been calculated that only 50-60% of patients with positive SLNB underwent CLND in
USA [3] and Europe [18]. This proportion is probably higher among surgeons normally dealing
with melanoma, as reported by a recent survey [4]. In this study, mainly involving surgeons
working in melanoma or surgical oncology units, 91.8% of responders recommend CLND in
patients with positive SLNB. However, the role of CLND in the presence of positive SLNB,
remains uncertain. The Multicenter Selective Lymphadenectomy (MSTL-1) trial was started
in 1994 and evaluated over 8 years the outcome of 2001 patients with primary cutaneous
melanoma randomly assigned to undergo wide excision and nodal observation (observation
group) or wide excision and SLNB, with immediate lymphadenectomy in presence of nodal
metastases detected on biopsy (biopsy group). The prognostic value of SLNB was overall
confirmed in patients with intermediate-thickness (1.2 to 3.5 mm) melanoma; 10-years
Melanoma-Specific survival was 85.1±1.5 in negative SLNB and 62.1± 4.8 in positive SLNB [1].
Moreover, the MSLT-1 confirms that, among other established prognostic factors (Breslow
thickness and ulceration), SLNB status is the most powerful indicator for disease recurrence
(HR=2.64) and death from melanoma (HR=2.40). Considering survival analysis of patients with
intermediate-thickness melanomas, a better 10-year disease free survival was detected in the
biopsy group (71.3±1.8% versus 64.7±2.3%, HR for recurrence and metastasis=0.76, P=0.01),
even though no difference was detected in the 10-year melanoma-specific survival among the
two arms (81.4±1.5 and 78.3±2.0%, P=0.18). Even if no impact on overall survival has been
observed in the biopsy group, at this level of evidence the present data suggest performing
CLND for all patients with positive SLNB, mainly for achieving better regional control [2, 14].
Furthermore, a complete LND with therapeutical intent is recommended in presence of
clinically evident, cyto/histologically proven lymph node metastasis.

2.2. Surgical techniques

SLNB involves preoperative lymphoscintigraphy, obtained through the injection of human
albumin nanocolloid labelled with technetium 99mTc. The injection is in the intradermal layer,
close to the scar of the removed melanoma or to the tumor if still present, and followed by
scintigraphic scans (early and late) in the likely locations of lymphatic drainage [9]. Once the
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basin and location of the sentinel node has been identified, cutaneous projection area of each
single node is marked on the skin. Immediately prior to surgery, the primary site is further
injected intradermally with 0.5 to 1 mL of a vital dye (patent Blu), to increase the sensitivity of
the method and to facilitate the finding of the lymph node (figure 1). SLNB is performed
through a small skin incision, which should take into consideration the incision necessary for
a subsequent radical lymphadenectomy [14]. Under the guidance of a radioisotope probe and
following the blue lymphatic channels, the sentinel lymph node(s) is identified and removed
(figure 1). Care should be taken not to disrupt or cauterize the lymph node capsule. Each SLN
removed is checked ex vivo for radioactivity and the nodal basin is rescanned. Drains are
seldom required and most patients are operated in one day-surgery regimen. The incidence
of post-operative complications is relatively low, mainly related to wound (dehiscence/
infection or lymphatic collection), although limb lymphedema occurs not so un-frequently as
generally supposed [19].

Figure 1. Surgical technique of SLNB

Radical lymphadenectomy for melanoma involves the “en bloc” excision of lymph nodes with
surrounding fat tissue. In the axilla, a radical lymphadenectomy should include dissection of
levels I, II and III lymph nodes around the axillary vein [20]. A section of the pectoralis minor
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muscle is suggested by some for a better access to level II lymph nodes or in presence of bulky
level II and III nodes. Long thoracic and thoracodorsal nerves should be preserved and
sectioned only if directly involved by the tumor. In case of metastasis to the inguinal lymph
nodes, the standard approach involves the removal of the inguinal, external iliac and obturator
lymph nodes [21]. In the classic description of inguinal dissection, a longitudinal or lazy-S-
shaped skin incision is employed, extending a few centimeters cranially to the superior anterior
iliac spine up to the apex of the femoral triangle (figure 2). The incision should include the
SLNB scar. The cutaneous flaps are created medially and laterally, up to the pubic tubercle,
the anterior margin of the gracilis and abductor muscles and up to the superior anterior iliac
spine and Sartorius muscle, respectively. Deep dissection continues through the fascia lata,
over the underlining muscles and femoral vessels. The saphena magna vein is generally
sectioned at the apex of the femoral triangle and at the level of the saphenofemoral junction.
In case of the risk of femoral vessel exposition after wound dehiscence, transposition of the
sartorious muscle is warranted. Iliac and obturatory dissection is obtained through an extra-
peritoneal approach. After sectioning of the oblique muscles and the inguinal ligament, the
pelvic area is reached and the external iliac and obturatory lymph nodes removed, after
identification of the urether and the obturator nerve.

For cervical lymph node metastastis, clear indications on the thoroughness of dissection are
lacking and all the recommendations are supported by a low level of evidence and are obtained
from opinions of experts in this field [22]. In case of clinically evident cervical lymph node
metastasis, surgery is aimed at the removal of all five levels of lymph nodes (submandibular,
jugular and supraclavicular), preserving sternocleidomastoid muscle, internal giugular vein
and accessory spinal nerve (figure 3). Removal of the superficial part of the parotid is recom‐
mended only if clinically involved, because of the high risk of nerve damage observed.

Although general principles and technical details to perform adequate SLNB and LND are
diffusely reported, surgeons in the clinical setting find many controversial aspects, regarding,
in particular, the extent of given lymphadenectomy [22]. The question on what can be
considered an adequate lymphadenectomy for metastatic melanoma is therefore largely un-
answered. National guidelines are vague in defining this issue and simply suggest describing
the anatomical limits of dissection [2]. This level of indeterminateness affects the attitude of
melanoma surgeons in performing lymph node dissection [4]. A general agreement emerges
in the presence of clinical evident lymph node metastatic disease, where a full regional
lymphadenectomy is considered by most surgeons. More controversial is the thoroughness of
lymphadenectomy in SLNB positive patients, in which, due to the significant risk, the approach
is heterogeneous and controversial. For neck dissection, considering the risk of nerve damage
as well as for the anatomic complexity, a consensus seems to emerge on performing CLND
selectively and to remove the levels likely to be involved, depending on the site of the primary
tumour, the site of the sentinel node and the lymphatic drainage highlighted at lymphoscin‐
tigraphy. Meanwhile, a superficial parotidectomy is associated only in presence of clinically
evident metastasis [22]. For axilla, a general agreement exists on performing, in all cases, a
three level dissection as the risk of lymphedema seems not affected by a more extensive
lymphadenectomy. In fact, despite the risk of metastases of the third level is quite low [23],
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surgical management of recurrent disease in the apex of axilla appears more difficult. More
controversial is the approach to the groin, in particular for CLND after a positive SLNB, where
two distinct lymphatic basin (inguinal and pelvic) are involved. Several national guidelines
suggest combining pelvic dissection out of the inguinal, only in presence of radiological
evidence of pelvic metastases, >3 positive inguinal nodes and metastases to the Cloquet’s
lymph node (so called sentinel lymph node of the pelvis). However, the evidence is low to
sustain this surgical approach and a randomized controlled trial from the Australian and New
Zealand Melanoma Trial Group comparing inguinal and pelvic CLND in SLNB-positive
patients with negative PET/CT pelvic scan is about to start (EAGLE FM Study, ClinicalTri‐
als.gov Identifier, NCT02166788) [24].

3. New evidence-based results

Referring to the most recent literature on SLNB and LND in melanoma patients, new evidence-
based results are now available which can contribute to answer to (and find consensus on) the

Inguinal ligament

Sartorius muscle

Femoral vessels

abductor muscle

Figure 2. Intraoperative view of inguinal LND.
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three main questions still pending: 1) How can we make surgeons more confident with
indications to SLNB and Lymphadenectomy (in SN positive patients)? 2) How can we get them
convinced that completeness of lymphadenectomy is an important issue?, and 3) are new, more
convincing, evidence-based referral values for the minimum number of lymph node to be
excised now available?

3.1. Indication to lymphadenectomy in SLNB positive patients

The role of completion lymphadenectomy (CLND) after positive SLNB remains uncertain as
additional non sentinel nodes (i.e. identified within lymph node dissection after SLNB) have
been identified in 9 to 25% of patients. This rate is probably underestimated because, unlike
the pathologic protocols normally applied for SLNB specimens, those for therapeutic lym‐
phadenectomy are routinely limited to bisecting lymph nodes without any immunohisto‐
chemical stains. Aimed at investigating the prognostic and therapeutic impact of CLND in
sentinel positive nodes two prospective trials have been undertaken: The Multicenter Selective
Lymphadenectomy Trial-2 (MSTL-2) and the MiniTub trial. The MSTL-2 trial randomized
patients with at least one positive SLN to observation or CLND. MSTL-2, whose patient accrual
was completed in 2014, was designed to verify the incidence of nodal recurrence after removal
of positive SLN(s) without CLND, the incidence and predictors of additional lymph nodes in
the SLNB basin after CLND and the survival impact of CLND in SLNB positive patients. The
MiniTub trial is a prospective registry investigating the outcome of patients with a T2-T3
primary melanoma and minimal SN tumour burden treated with CLND or nodal observation.
While waiting for the results of these important studies, other important scientific reports have
recently appeared in the literature, supporting the indication for CLND. For instance, the
strength of the indication for CLND in these patients has been recently increased by the long-
term results of the MSLT-1 trial [1, 25] Despite the lack of survival benefit of performing SLNB
in the whole group, in a sub-group analysis, which excluded the SLNB negative patients, the
node positive patients with intermediate thickness melanoma showed a 21% higher 10-year
survival compared to patients who underwent lymphadenectomy for metastases discovered
during follow-up. Of note is that the mean number of tumour involved nodes was significantly
lower in the biopsy group with respect to the observation group (1.4 versus 3.3, P>0.001) [25].
The therapeutic effect of immediate CLND over lymphadenectomy at the time of clinically
evident disease in patients with microscopic disease is confirmed by an interesting study which
shows that immediate CLND is associated with a 10-year survival of 60% compared to delayed
lymphadenectomy (around 45%), despite patients with early lymphadenectomy presenting
worse adverse prognostic factors [26]. Moreover, a meta-analysis of non randomized studies
encompassing 2633 patients, demonstrates, in patients with clinically undetectable lymph
node metastasis, a 20% survival benefit after with SLNB followed by CLND [27].

Another argument in favour of the appropriateness of CLND comes from the important
observation that patients with <11excised nodes were not adequately staged [28]. Furthermore,
in case of sentinel node positivity, non sentinel lymph node status has an independent
prognostic value in melanoma patients. The value of this observation is re-inforced by a meta-
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analysis suggesting the use of this new and easily reproducible prognostic factor as risk
stratification criteria for clinical trials investigating adjuvant therapies and its inclusion in the
future edition of the AJCC staging system [29]. Thus, not performing CLND in a SL positive
patient today means lack of knowledge about his staging work-up, depriving him of important
clinical information.

Taken together, all this information strongly supports that an early diagnosis of lymph node
metastases (SLNB) and the removal of the affected lymphatic basin (CLND) can more effec‐
tively cure melanoma patients. Likely, some immunological events within the SL environment
precede melanoma sentinel spread, suggesting that melanoma is preparing the sentinel lymph
nodes to receive metastatic melanoma cells [30]. Removing SLNs and non sentinel LNs at an
early stage, when probably the loco-regional immunosuppressive changes are not fully active,
could explain in part the different prognostic impact of sentinel and non sentinel metastatic
lymph node and opens the door to future investigations on the mechanisms of tumor response
and on the immunological role of sentinel lymph nodes in melanoma.

3.2. Adequacy of lymphadenectomy and quality control

Although the extent of each LND is still argued, it has recently been demonstrated in melanoma
patients that the so-called lymph node ratio (i.e. the number of positive lymph nodes over the
total number of excised lymph nodes) is associated with survival [31-33]. Patients with low
ratio present better prognosis independently of the number of the positive nodes, indirectly
confirming the prognostic value of the number of lymph node removed during surgery.
Moreover, a recent multicentric Italian study showed, in the largest caseload so far available,
that patients who had a higher number of excised lymph nodes after lymphadenectomy have
a better prognosis, independently of AJCC T stage, ulceration, LN tumor burden and N stage
[28] (figure 3). A clear and univocal explanation of this data is not available. The association
between the number of lymph nodes and prognosis can find different explanations; 1) more
lymph nodes means a better immunological control of melanoma, 2) a more accurate patient
staging of patients 3) a therapeutic role of more extensive surgery. The latter lends support to
the hypothesis that a thorough lymphadenectomy might have a therapeutic effect in melanoma
patients with lymph node metastases, in particular in those who underwent CLND for a
positive SLNB with intermediate thickness primary tumour.

Once the need of a CLND in melanoma patients with lymph node metastases is accepted and
the anatomical extent of a given procedure is established, how can we provide surgeons with
parameters and referral values for QA? Unfortunately, shared parameters for QA of lymph
node dissections for melanoma are still lacking, with the exception of the minimum number
of retrieved lymph nodes, for which a general consensus seems to exist for its simplicity,
reproducibility and comparability [4]. However, the benchmark values of this quality param‐
eter (minimum number of lymph nodes for each dissected field) and the method to obtain
these benchmark values are still matter of study. The minimum number values proposed in
the literature are quite heterogeneous, reflecting the different method adopted for proposing
it (table 1).
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Minimum number of excised lymph nodes

Reference Method Axilla
Neck Groin

≤3 levels ≥4 levels Inguinal Inguinal and pelvic

Balch et al. [34] Expert opinion 10 20 20 5 5

MSLT-2 [1] Expert opinion 15 30 6 6

Eggermont et al [35] Expert opinion 10 15 15 5 5

Galliot-Repkat et al. [36] Survival analysis 10 10 10 10 10

Xing et al. [33] Survival analysis 8 15 6 6

Billimoira et al. [37] Expert opinion 10 15 15 5 5

Spillane et al. [38, 39] 10th percentile 10 6 20 7 14

Rossi et al. [40] 10th percentile 12 7 14 6 13

Rossi et al. [28] Survival analysis 11 14 9 12

Table 1. Minimum number values of excised lymph node for single lymphatic basin.

The most recently proposed cut-offs to deem a lymph-node dissection adequate are evidence-
based (obtained by the 10th percentile/survival method) and come from two independent

Figure 3. Patient survival according to the number of excised lymph nodes categorized as follow: ≤  10 LNs, 11-20 LNs,
21-30 LNs and > 30 LNs. From IMI (Italian Melanoma Intergroup) caseload.
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caseloads: one from Australia [38, 39] and the other from Italy [28, 40]. As reported in table 1,
the results are similar and should prompt surgeons (and pathologists) to adopt them as referral
standards to measure their own performance, making a through revision of the procedure
necessary when the reported numbers are below these thresholds. Another interesting
evidence-based observation in this field comes from an already cited study which, besides a
correlation between the absolute number of excised lymph nodes and survival, shows that, an
adequate sub-staging of AJCC stage III melanoma patients is not possible below the cut-offs
reported in the table [28] (figure 4).
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Figure 4. Loss of prognostic significance of AJCC TNM N substages according to the number of lymph nodes (< or >
11). From IMI (Italian Melanoma Intergroup) caseload.

The implementation of QA programs at institutional/multi-institutional levels needs to define
other parameters for monitoring quality and the relative benchmark values. Beyond the
minimum number of lymph nodes, complication rates and local recurrence rates have been
suggested as QA parameters for lymphadenectomy in a recent national consensus [22]. In the
near future, standardization and implementation of effective QA programs for major surgical
procedures in melanoma should increase patients’ standard of care as well as the likelihood
of reliable results from clinical trials testing new treatments in the adjuvant setting.

4. Perspectives

4.1. Improving patient selection for SLNB and CLND

Almost 80% of patients who undergo SLNB do not harbor node metastases. Having no benefit
from the procedure, they are considered to receive a surgical over-treatment. Moreover, SLNB
represents a surgical procedure associated with a defined morbidity rate (10%) [41] and
significant cost for the health care system [42]. For these reasons, a series of clinical pathological
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variables associated with SLN status has been widely studied in the literature, but the statistical
predictive power of each single factor on SLNB positivity remains poorly defined (table 2).

Breslow thickness

Ulceration

Mitotic rate

Lymphovascular invasion

Clarke level IV

Young age

Table 2. Factors associated with risk of metastases in sentinel nodes

The development of statistical predictive models which analyse independent variables seems
able to spare an unnecessary SLNB in between 18 to 30% of cases with an estimated error rate
(i.e. patient with sentinel negative prediction even if they are sentinel positive at pathological
examination) of 0.5-2.1% [43]. However, these tools need to be tested and validated in pro‐
spective studies and eventually implemented in the clinical setting. On the other hand, new
markers of biologic behaviour can overcome and define the metastatic phenotype in primary
melanoma and quantify the true risk of nodal metastases, but additional studies are needed
to identify a subgroup of patients (in particular for thin melanomas) with defined clinical-
pathological parameters at risk of SL positivity.

Identification of clinical and pathological parameters predictive of non sentinel nodes posi‐
tivity represents a crucial point to improve selection of patient candidates for CLND, as it is
possible to spare un-necessary CLND in a defined quota of patients [44]. Several predictors of
additional non-sentinel positive LNs have been identified, including those associated with
primary tumor (i.e., melanoma thickness) or sentinel nodes (i.e. metastatic burden) [45, 46].
For instance, in patients with thin melanoma, the risk of additional lymph nodes in CLND is
calculated 0.1% suggesting that the potential benefit of lymph node dissection after SLNB in
this group should be balanced with the morbidity of CLND [47]. Histo-pathological parame‐
ters reflecting the pattern and amount of melanoma involvement in the SNs and the related
risk-assessment systems able to predict the risk of additional non sentinel lymph node
metastases in CLND are reported (table 3).

As well as for predictors of SL positivity, these parameters need to be validated prospectively,
and the ongoing research on new biological markers might predict the pathological status of
the additional nodes, even more precisely in the near future.

4.2. Lowering the false negative rate of SLNB

The false negative rate (FNR) of SLNB probably represents the most important drawback for
this procedure. The values reported in literature are wide ranging between 8.6 and 21% [10].
The main reason for this variability resides in the different methods to calculate this proportion
after SLNB. In the past, many authors have erroneously considered the FNR as the ratio
between the FN cases and the truly negative plus the truly positive instead the of truly positive
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plus false negative and, only recently, a standard definition has been adopted [53]. However,
a recent meta-analysis shows a FNR of 12.5% [10]. This means that considering melanoma
patients harbouring node metastases, approximately one out of ten of these patients has a
negative SLNB. Furthermore, FNR tends to increase with the duration of follow-up and the
quality of the study and is inversely correlated with the identification rate. Reasons for FNR
after SLNB can involve different specialists at different steps of the SLNB procedure; lympho‐
schintigraphy evaluation (nuclear medicine physician), lymph node detection during surgery
(surgeon) and node’s pathological examination (pathologist) [54]. The number of peri-tumoral
injection seems to influence the outcome of lymphoscintigraphy but controlled studies are
needed to confirm the real impact on FNR [9]. Failure in lymphoscintigraphy interpretation
has been demonstrated to lead to in one third of false negative results after SLNB [54]. One
third of cases, a FN result is explained by the failure of surgery to remove all the nodes
identified at pre-operative lymphoscintigraphy, especially in neck and groin lymphatic basin.
It should be noted that the ratio of marked on lymphoscintigraphy and excised sentinel lymph
nodes is equal in only 38% of patients who underwent SLNB and that 20% of patients have
fewer lymph nodes removed then those marked during lymphoscintigraphy [55]. FNR after
SLNB seems higher in head and neck melanomas, confirming a greater complexity of SLNB
in this body district, mainly for the proximity of primary tumor and lymphatic basin, the
complexity of lymphatic drainage of neck and the higher risk of complications [56]. Moreover,
a lack of standardization exists between centres on the threshold beyond which radioactivity
of residual lymph nodes should indicate their excision. The 10 % rule (i.e., SN defined as all
the lymph nodes with >10% radioactivity of the hottest SN removed) was proposed as
standardization criteria and it was demonstrated to be able to reduce the rate of missing
positive nodes, but a clear consensus on this is still lacking and further research is needed in
this field [57, 58].

Pathologists can also contribute to FNR. In fact, the most appropriate pathologic protocol for
SN examinations is still a matter of discussion. The number of sections to be stained and the
optimal distance between them can significantly influence the metastases detection in SNs.

Systems Parameters

Rotterdam system [48] dimension of tumour deposit

Starz classification [49] tumor penetrative depth

Hannover Scoring System (Hannover-II) [50] dimension of the greatest deposit, tumor penetrative depth
involvement of the capsula

Non-Sentinel Node Risk Score (N-SNORE) [51] sex
regression,
proportion of harvested SNs maximum size
perinodal lymphatic invasion

Rotterdam-Dewar Combined criteria (RDC) [52] dimension of tumour deposit
microanatomic location

Table 3. Risk assessment systems of Non-SLN involvement
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Two main protocols have been popularized which seems to reach an acceptable compromise
between diagnostic accuracy and costs [59, 60]. Although some evidence suggests that ultra-
staging with polymerase chain reaction (PCR) of SNs represents an appealing prognostic tool
and seems to improve melanoma cell detection in SNs, the clinical and prognostic value of
molecular biology-based detection of melanoma cells in SNs needs to be further verified and
supported by additional investigation in this field [61]

4.3. Videoscopic approach to lymphadenectomy

Fear of complication often influences surgeons’ and patients’ decision on whether or not to
perform a lymphadenectomy in melanoma patients. Thus, to reduce morbidity is an impor‐
tant issue for surgical oncologists and for this purpose video-assisted surgery has recently been
proposed for lymph node dissection. Considering the principal lymphatic basins, groin is
indubitably associated with the greater incidence of wound complications. Wound infection,
dehiscence/necrosis  and  seroma/lymphocele  after  traditional  lymphadenectomy  ranges
between 15-55, 7-53 and 2-46%, respectively [62]. Videoscopic lymphadenectomy (VL) of the
groin appears to be a promising tool in lowering the incidence of wound complication. Inguinal
and iliac-obturator VL consists of two different surgical times. The inguinal part is performed
using three trocars, placed at a variable distance from the apex of the femoral triangle (figure 5).

Figure 5. Trocar position for inguinal lymphadenectomy VL.

The working space is obtained after a skin incision and blunt dissection of the area under the
Camper fascia. The creation of a working space using high pressure CO2 levels (25 mm/Hg) at
the beginning of the procedure make dissection easier. The saphenous vein is generally
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sectioned with endostaplers or endoclips. Removal of the surgical specimen is performed using
endobag.

For iliac and obturator VL (figure 6), the access is extraperitoneal with the first trocar being
placed infraumbilical and two trocars between the umbilicus and the pubic symphysis.

external iliac femoral and artery

obturator nerve

Figure 6. Intraoperative view of iliac and obturator VL

The greatest advantage of VL is probably the virtual elimination of inguinal incision and (in
case of iliac lymphadenectomy) the avoidance of the parietal abdominal muscles section. This
potentially leads to a significant reduction of the post-operative wound related morbidity and
pain. In one uncontrolled comparative study, the incidence of complications (infection and
wound dehiscence) was significantly lower after VL (47.5% versus 80%, P=0.002) [63]. In
another comparative study, although the incidence of infection and wound dehiscence was
not statistically different after VL compared to open lymphadenectomy, in the open group
wound infections appear more serious, requiring hospital readmission and intravenous
antibiotics in five of the eight patients (62 %) [64]. Although the experiences are limited and
the level of evidence is low, VL for melanoma is technically feasible, seems associated with a
lower post-operative morbidity profile with comparable oncological outcomes (i.e. number of
excised lymph nodes, loco-regional recurrence) (table 4). Before VL becomes suitable for
routine clinical practice, the lower post-operative morbidity and safe oncological profile shown
in retrospective and prospective series needs to be investigated within prospective RCTs.
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Videoscopic
Lymphadenectomy

Procedures
(N)

Conversion
rate
(%)

Wound
complication

rate
(%)

Lymph
node

excised
(N)

Local
recurrence

rate
(%)

Trias M, et al [65] Iliac 12 0 16.7 10.2 Not reported

Schneider C, et al [66] Iliac 31 0 9.7 4.6 9.7

Abbott AM, et al [64] Inguinal 13 7.7 1.8 13 Not reported

Martin BM, et al [63] Inguinal 40 10 15 12.6 2.5

Sommariva, et al.
[unpublished data]

Inguinal and Iliac 24 16.5 4 20.4 0

Table 4. Summary of results on videoscopic groin lymphadenectomy for melanoma

5. Conclusion

Even in the present exciting era of discovering new drugs to cure patients with advanced
melanoma, surgery still represents the most performed and effective treatment for this
potentially lethal disease. Nevertheless, the effort to solve many controversies related to this
important subject has been so far insufficient and the ongoing clinical practice guidelines often
lack clear indications for an adequate clinical approach, in particular dealing with patients at
high risk for or with lymph node metastasis. While waiting for the conclusion of the ongoing
controlled clinical trials (MLST-2 and MiniTub), surgeons should look for new evidence based
results strengthening support for indication of SLNB and lymph node dissection, completeness
of the latter and QA parameters on which the surgical performance should be measured.

Indication to SLNB is accepted almost everywhere as a staging procedure. Moreover, a recent
meta-analysis of retrospective studies and the last report on the long-term results of the
MLST-1 controlled trial reinforce its curative value in patients with positive nodes who
undergo immediate CLND. In perspective, a more precise patient selection, based on valida‐
tion new statistical tools and/or identification of new molecular markers, and lowering its false
negative rate might improve its efficiency and make this procedure even more appealing.

At present, LND represents the most controversial subject in the surgical treatment of mela‐
noma, particularly in SN positive patients. Its indication can be further warranted by, besides
the long-term results of the MLST-1, the demonstration of its essential role as staging proce‐
dure. A recent study shows that below the threshold of 11 excised lymph nodes an accurate
sub-staging is impossible, and another one demonstrates that the status of the additional
lymph nodes is an independent prognostic factor in stage III melanoma patients. These
evidence-based results also prompt for their inclusion in the surgical QA process (the former),
and in the forthcoming melanoma staging system (the latter). Even if the extension of each
lymphadenectomy is still a matter of discussion, further evidence has been recently added to
the need of its completeness, such as the demonstration that the lymph node ratio and the
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absolute number of excised lymph nodes are independently associated with survival. As for
other solid tumours in which LND has an impact on staging and survival, melanoma surgeons
are in search of simple and reproducible parameters to deem the procedure adequate. The
minimum number of lymph nodes to be excised seems to meet this requirement, and the
reproducible numbers provided as benchmark values by the 10th percentile method, for each
type of LND, are likely to make this parameter the most reliable. Looking at the future,
statistical tools and molecular markers for a better patient selection, randomized trials for
devising the LND extent, and the mini-invasive surgical approach to reduce the fear of
complication and improve patients’ quality of life, will probably fulfil the present lack of
knowledge and make surgical treatment of melanoma more standardized and cost-effective.
Nevertheless, since now surgeons can be helped by the new evidence-based results in the
difficult process of building consensus on some important issues in melanoma surgery.

Author details

Antonio Sommariva1, Camilla Cona1,2 and Carlo Riccardo Rossi1,2

1 Melanoma and Sarcoma Unit, Veneto Institute of Oncology IOV-IRCCS, Padova, Italy

2 Department of Surgery, Oncology and Gastroenterology, University of Padova, Padova,
Italy

References

[1] Morton DL, Thompson JF, Cochran AJ, Mozzillo N, Nieweg OE, Roses DF, et al. Fi‐
nal trial report of sentinel-node biopsy versus nodal observation in melanoma. N
Engl J Med. 2014 Feb 13;370(7):599-609.

[2] Coit DG, Andtbacka R, Anker CJ, Bichakjian CK, Carson WE, 3rd, Daud A, et al. Mel‐
anoma, version 2.2013: featured updates to the NCCN guidelines. J Natl Compr Canc
Netw. 2013 Apr 1;11(4):395-407.

[3] Bilimoria KY, Balch CM, Bentrem DJ, Talamonti MS, Ko CY, Lange JR, et al. Com‐
plete lymph node dissection for sentinel node-positive melanoma: assessment of
practice patterns in the United States. Ann Surg Oncol. 2008 Jun;15(6):1566-76.

[4] Pasquali S, Spillane AJ, de Wilt JH, McCaffery K, Rossi CR, Quinn MJ, et al. Sur‐
geons' opinions on lymphadenectomy in melanoma patients with positive sentinel
nodes: a worldwide web-based survey. Ann Surg Oncol. 2012 Dec;19(13):4322-9.

[5] Bedrosian I, Gershenwald JE. Surgical clinical trials in melanoma. Surg Clin North
Am. 2003 Apr;83(2):385-403.

Changing Perceptions of Lymphadenectomy and Sentinel Lymph Node Biopsy in Melanoma
http://dx.doi.org/10.5772/59195

151



[6] Hein DW, Moy RL. Elective lymph node dissection in stage I malignant melanoma: a
meta-analysis. Melanoma Res. 1992 Nov;2(4):273-7.

[7] Cascinelli N, Morabito A, Santinami M, MacKie RM, Belli F. Immediate or delayed
dissection of regional nodes in patients with melanoma of the trunk: a randomised
trial. WHO Melanoma Programme. Lancet. 1998 Mar 14;351(9105):793-6.

[8] Morton DL, Wen DR, Wong JH, Economou JS, Cagle LA, Storm FK, et al. Technical
details of intraoperative lymphatic mapping for early stage melanoma. Arch Surg.
1992 Apr;127(4):392-9.

[9] Rossi CR, De Salvo GL, Trifiro G, Mocellin S, Landi G, Macripo G, et al. The impact
of lymphoscintigraphy technique on the outcome of sentinel node biopsy in 1,313 pa‐
tients with cutaneous melanoma: an Italian Multicentric Study (SOLISM-IMI). J Nucl
Med. 2006 Feb;47(2):234-41.

[10] Valsecchi ME, Silbermins D, de Rosa N, Wong SL, Lyman GH. Lymphatic mapping
and sentinel lymph node biopsy in patients with melanoma: a meta-analysis. J Clin
Oncol. 2011 Apr 10;29(11):1479-87.

[11] Gershenwald JE, Thompson W, Mansfield PF, Lee JE, Colome MI, Tseng CH, et al.
Multi-institutional melanoma lymphatic mapping experience: the prognostic value of
sentinel lymph node status in 612 stage I or II melanoma patients. J Clin Oncol. 1999
Mar;17(3):976-83.

[12] Balch CM, Buzaid AC, Soong SJ, Atkins MB, Cascinelli N, Coit DG, et al. Final ver‐
sion of the American Joint Committee on Cancer staging system for cutaneous mela‐
noma. J Clin Oncol. 2001 Aug 15;19(16):3635-48.

[13] Rousseau DL, Jr., Ross MI, Johnson MM, Prieto VG, Lee JE, Mansfield PF, et al. Re‐
vised American Joint Committee on Cancer staging criteria accurately predict senti‐
nel lymph node positivity in clinically node-negative melanoma patients. Ann Surg
Oncol. 2003 Jun;10(5):569-74.

[14] Wong SL, Balch CM, Hurley P, Agarwala SS, Akhurst TJ, Cochran A, et al. Sentinel
lymph node biopsy for melanoma: american society of clinical oncology and society
of surgical oncology joint clinical practice guideline. J Clin Oncol. 2012 Aug 10;30(23):
2912-8.

[15] Andtbacka RH, Gershenwald JE. Role of sentinel lymph node biopsy in patients with
thin melanoma. J Natl Compr Canc Netw. 2009 Mar;7(3):308-17.

[16] Murali R, Haydu LE, Quinn MJ, Saw RP, Shannon K, Spillane AJ, et al. Sentinel
lymph node biopsy in patients with thin primary cutaneous melanoma. Ann Surg.
2012 Jan;255(1):128-33.

[17] Kesmodel SB, Karakousis GC, Botbyl JD, Canter RJ, Lewis RT, Wahl PM, et al. Mitot‐
ic rate as a predictor of sentinel lymph node positivity in patients with thin melano‐
mas. Ann Surg Oncol. 2005 Jun;12(6):449-58.

Melanoma – Current Clinical Management and Future Therapeutics152



[18] Livingstone E, Windemuth-Kieselbach C, Eigentler TK, Rompel R, Trefzer U, Nashan
D, et al. A first prospective population-based analysis investigating the actual prac‐
tice of melanoma diagnosis, treatment and follow-up. Eur J Cancer. 2011 Sep;47(13):
1977-89.

[19] Hyngstrom JR, Chiang YJ, Cromwell KD, Ross MI, Xing Y, Mungovan KS, et al. Pro‐
spective assessment of lymphedema incidence and lymphedema-associated symp‐
toms following lymph node surgery for melanoma. Melanoma Res. 2013 Aug;23(4):
290-7.

[20] Balch C. Cutaneous Melanoma. Quality Medical Pub; 2009.

[21] Spratt J. Groin dissection. J Surg Oncol. 2000 Apr;73(4):243-62.

[22] Sommariva A, Clemente C, Rossi CR. Standardization and quality control of surgical
treatment of cutaneous melanoma: Looking for consensus of the Italian Melanoma
Intergroup. Eur J Surg Oncol. 2014 Jul 26.

[23] Nessim C, Law C, McConnell Y, Shachar S, McKinnon G, Wright F. How often do
level III nodes bear melanoma metastases and does it affect patient outcomes? Ann
Surg Oncol. 2013 Jun;20(6):2056-64.

[24] Evaluation of Groin Lymphadenectomy Extent For Metastatic Melanoma (EAGLE
FM); http://clinicaltrials.gov/show/NCT02166788.

[25] Morton DL, Thompson JF, Cochran AJ, Mozzillo N, Elashoff R, Essner R, et al. Senti‐
nel-node biopsy or nodal observation in melanoma. N Engl J Med. 2006 Sep
28;355(13):1307-17.

[26] Spillane AJ, Pasquali S, Haydu LE, Thompson JF. Patterns of recurrence and survival
after lymphadenectomy in melanoma patients: clarifying the effects of timing of sur‐
gery and lymph node tumor burden. Ann Surg Oncol. 2014 Jan;21(1):292-9.

[27] Pasquali S, Mocellin S, Campana LG, Bonandini E, Montesco MC, Tregnaghi A, et al.
Early (sentinel lymph node biopsy-guided) versus delayed lymphadenectomy in
melanoma patients with lymph node metastases : personal experience and literature
meta-analysis. Cancer. 2010 Mar 1;116(5):1201-9.

[28] Rossi CR, Mozzillo N, Maurichi A, Pasquali S, Quaglino P, Borgognoni L, et al. The
number of excised lymph nodes is associated with survival of melanoma patients
with lymph node metastasis. Ann Oncol. 2014 Jan;25(1):240-6.

[29] Pasquali S, Mocellin S, Mozzillo N, Maurichi A, Quaglino P, Borgognoni L, et al.
Nonsentinel lymph node status in patients with cutaneous melanoma: results from a
multi-institution prognostic study. J Clin Oncol. 2014 Mar 20;32(9):935-41.

[30] Mansfield AS, Holtan SG, Grotz TE, Allred JB, Jakub JW, Erickson LA, et al. Regional
immunity in melanoma: immunosuppressive changes precede nodal metastasis.
Mod Pathol. 2011 Apr;24(4):487-94.

Changing Perceptions of Lymphadenectomy and Sentinel Lymph Node Biopsy in Melanoma
http://dx.doi.org/10.5772/59195

153



[31] Mocellin S, Pasquali S, Rossi CR, Nitti D. Validation of the prognostic value of lymph
node ratio in patients with cutaneous melanoma: a population-based study of 8,177
cases. Surgery. 2011 Jul;150(1):83-90.

[32] Spillane AJ, Cheung BL, Winstanley J, Thompson JF. Lymph node ratio provides
prognostic information in addition to american joint committee on cancer N stage in
patients with melanoma, even if quality of surgery is standardized. Ann Surg. 2011
Jan;253(1):109-15.

[33] Xing Y, Badgwell BD, Ross MI, Gershenwald JE, Lee JE, Mansfield PF, et al. Lymph
node ratio predicts disease-specific survival in melanoma patients. Cancer. 2009 Jun
1;115(11):2505-13.

[34] Balch CM, Durant JR, Bartolucci AA. The impact of surgical quality control in multi-
institutional group trials involving adjuvant cancer treatments. Ann Surg. 1983 Aug;
198(2):164-7.

[35] Eggermont AM, Suciu S, Santinami M, Testori A, Kruit WH, Marsden J, et al. Adju‐
vant therapy with pegylated interferon alfa-2b versus observation alone in resected
stage III melanoma: final results of EORTC 18991, a randomised phase III trial. Lan‐
cet. 2008 Jul 12;372(9633):117-26.

[36] Galliot-Repkat C, Cailliod R, Trost O, Danino A, Collet E, Lambert D, et al. The prog‐
nostic impact of the extent of lymph node dissection in patients with stage III mela‐
noma. Eur J Surg Oncol. 2006 Sep;32(7):790-4.

[37] Bilimoria KY, Raval MV, Bentrem DJ, Wayne JD, Balch CM, Ko CY. National assess‐
ment of melanoma care using formally developed quality indicators. J Clin Oncol.
2009 Nov 10;27(32):5445-51.

[38] Spillane AJ, Cheung BL, Stretch JR, Scolyer RA, Shannon KF, Quinn MJ, et al. Pro‐
posed quality standards for regional lymph node dissections in patients with mela‐
noma. Ann Surg. 2009 Mar;249(3):473-80.

[39] Spillane AJ, Haydu L, McMillan W, Stretch JR, Thompson JF. Quality assurance pa‐
rameters and predictors of outcome for ilioinguinal and inguinal dissection in a con‐
temporary melanoma patient population. Ann Surg Oncol. 2011 Sep;18(9):2521-8.

[40] Rossi CR, Mozzillo N, Maurichi A, Pasquali S, Macripo G, Borgognoni L, et al. Num‐
ber of excised lymph nodes as a quality assurance measure for lymphadenectomy in
melanoma. JAMA Surg. 2014 Jul 1;149(7):700-6.

[41] Morton DL, Cochran AJ, Thompson JF, Elashoff R, Essner R, Glass EC, et al. Sentinel
node biopsy for early-stage melanoma: accuracy and morbidity in MSLT-I, an inter‐
national multicenter trial. Ann Surg. 2005 Sep;242(3):302-11; discussion 11-3.

[42] Agnese DM, Abdessalam SF, Burak WE, Jr., Magro CM, Pozderac RV, Walker MJ.
Cost-effectiveness of sentinel lymph node biopsy in thin melanomas. Surgery. 2003
Oct;134(4):542-7; discussion 7-8.

Melanoma – Current Clinical Management and Future Therapeutics154



[43] Mocellin S, Thompson JF, Pasquali S, Montesco MC, Pilati P, Nitti D, et al. Sentinel
node status prediction by four statistical models: results from a large bi-institutional
series (n=1132). Ann Surg. 2009 Dec;250(6):964-9.

[44] Nagaraja V, Eslick GD. Is complete lymph node dissection after a positive sentinel
lymph node biopsy for cutaneous melanoma always necessary? A meta-analysis. Eur
J Surg Oncol. 2013 Jul;39(7):669-80.

[45] Gershenwald JE, Andtbacka RH, Prieto VG, Johnson MM, Diwan AH, Lee JE, et al.
Microscopic tumor burden in sentinel lymph nodes predicts synchronous nonsenti‐
nel lymph node involvement in patients with melanoma. J Clin Oncol. 2008 Sep
10;26(26):4296-303.

[46] Govindarajan A, Ghazarian DM, McCready DR, Leong WL. Histological features of
melanoma sentinel lymph node metastases associated with status of the completion
lymphadenectomy and rate of subsequent relapse. Ann Surg Oncol. 2007 Feb;14(2):
906-12.

[47] Warycha MA, Zakrzewski J, Ni Q, Shapiro RL, Berman RS, Pavlick AC, et al. Meta-
analysis of sentinel lymph node positivity in thin melanoma (<or=1 mm). Cancer.
2009 Feb 15;115(4):869-79.

[48] van Akkooi AC, de Wilt JH, Verhoef C, Schmitz PI, van Geel AN, Eggermont AM, et
al. Clinical relevance of melanoma micrometastases (<0.1 mm) in sentinel nodes: are
these nodes to be considered negative? Ann Oncol. 2006 Oct;17(10):1578-85.

[49] Starz H, Siedlecki K, Balda BR. Sentinel lymphonodectomy and s-classification: a suc‐
cessful strategy for better prediction and improvement of outcome of melanoma.
Ann Surg Oncol. 2004 Mar;11(3 Suppl):162S-8S.

[50] Meier A, Satzger I, Volker B, Kapp A, Gutzmer R. Comparison of classification sys‐
tems in melanoma sentinel lymph nodes--an analysis of 697 patients from a single
center. Cancer. 2010 Jul 1;116(13):3178-88.

[51] Murali R, Desilva C, Thompson JF, Scolyer RA. Non-Sentinel Node Risk Score (N-
SNORE): a scoring system for accurately stratifying risk of non-sentinel node positiv‐
ity in patients with cutaneous melanoma with positive sentinel lymph nodes. J Clin
Oncol. 2010 Oct 10;28(29):4441-9.

[52] van der Ploeg AP, van Akkooi AC, Rutkowski P, Nowecki ZI, Michej W, Mitra A, et
al. Prognosis in patients with sentinel node-positive melanoma is accurately defined
by the combined Rotterdam tumor load and Dewar topography criteria. J Clin Oncol.
2011 Jun 1;29(16):2206-14.

[53] Rossi CR, Pasquali S, Mocellin S. Actual false-negative rate prompts the routine use
of ultrasound scan before and after sentinel node biopsy in melanoma. Ann Surg On‐
col. 2008 Oct;15(10):2976-7.

Changing Perceptions of Lymphadenectomy and Sentinel Lymph Node Biopsy in Melanoma
http://dx.doi.org/10.5772/59195

155



[54] Karim RZ, Scolyer RA, Li W, Yee VS, McKinnon JG, Li LX, et al. False negative senti‐
nel lymph node biopsies in melanoma may result from deficiencies in nuclear medi‐
cine, surgery, or pathology. Ann Surg. 2008 Jun;247(6):1003-10.

[55] Richtig E, Komericki P, Trapp M, Ott A, Bisail B, Egger JW, et al. Ratio of marked and
excised sentinel lymph nodes and scintigraphic appearance time in melanoma pa‐
tients with negative sentinel lymph node. Eur J Surg Oncol. 2010 Aug;36(8):783-8.

[56] de Rosa N, Lyman GH, Silbermins D, Valsecchi ME, Pruitt SK, Tyler DM, et al. Senti‐
nel node biopsy for head and neck melanoma: a systematic review. Otolaryngol
Head Neck Surg. 2011 Sep;145(3):375-82.

[57] McMasters KM, Reintgen DS, Ross MI, Wong SL, Gershenwald JE, Krag DN, et al.
Sentinel lymph node biopsy for melanoma: how many radioactive nodes should be
removed? Ann Surg Oncol. 2001 Apr;8(3):192-7.

[58] Liu LC, Parrett BM, Jenkins T, Lee W, Morita E, Treseler P, et al. Selective sentinel
lymph node dissection for melanoma: importance of harvesting nodes with lower ra‐
dioactive counts without the need for blue dye. Ann Surg Oncol. 2011 Oct;18(10):
2919-24.

[59] Cochran AJ. The pathologist's role in sentinel lymph node evaluation. Semin Nucl
Med. 2000 Jan;30(1):11-7.

[60] Cook MG, Green MA, Anderson B, Eggermont AM, Ruiter DJ, Spatz A, et al. The de‐
velopment of optimal pathological assessment of sentinel lymph nodes for melano‐
ma. J Pathol. 2003 Jul;200(3):314-9.

[61] Mocellin S, Hoon DS, Pilati P, Rossi CR, Nitti D. Sentinel lymph node molecular ul‐
trastaging in patients with melanoma: a systematic review and meta-analysis of
prognosis. J Clin Oncol. 2007 Apr 20;25(12):1588-95.

[62] Chang SB, Askew RL, Xing Y, Weaver S, Gershenwald JE, Lee JE, et al. Prospective
assessment of postoperative complications and associated costs following inguinal
lymph node dissection (ILND) in melanoma patients. Ann Surg Oncol. 2010 Oct;
17(10):2764-72.

[63] Martin BM, Etra JW, Russell MC, Rizzo M, Kooby DA, Staley CA, et al. Oncologic
outcomes of patients undergoing videoscopic inguinal lymphadenectomy for meta‐
static melanoma. J Am Coll Surg. 2014 Apr;218(4):620-6.

[64] Abbott AM, Grotz TE, Rueth NM, Hernandez Irizarry RC, Tuttle TM, Jakub JW. Min‐
imally invasive inguinal lymph node dissection (MILND) for melanoma: experience
from two academic centers. Ann Surg Oncol. 2013 Jan;20(1):340-5.

[65] Trias M, Targarona EM, Piulachs J, Balague C, Bombuy E, Espert JJ, et al. Extraperito‐
neal laparoscopically assisted ilioinguinal lymphadenectomy for treatment of malig‐
nant melanoma. Arch Surg. 1998 Mar;133(3):272-4; discussion 5.

Melanoma – Current Clinical Management and Future Therapeutics156



[66] Schneider C, Brodersen JP, Scheuerlein H, Tamme C, Lippert H, Kockerling F. Com‐
bined endoscopic and open inguinal dissection for malignant melanoma. Langen‐
becks Arch Surg. 2003 Mar;388(1):42-7.

Changing Perceptions of Lymphadenectomy and Sentinel Lymph Node Biopsy in Melanoma
http://dx.doi.org/10.5772/59195

157




