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ABSTRACT

Melanoma is the mostdeadly form of skin cancer globally and causes considerable morbidity if not detected early. Sentinel
lymph node biopsy (SLNBX) is an important staging technique used to guide prognosis and therapy; however, its
application in thin and thick melanomas remains controversial. This review examines evidence from studies identified
through PubMed, Cochrane Review, and Google Scholar that address SLNBXx techniques, outcomes, and indications. The
findings indicate that SLNBx should be considered standard practice for intermediate-thickness melanomas (1.0-4.0 mm).
In thin melanomas (<1.0 mm), it should be used selectively in patients with high-risk pathological features, while in thick
melanomas (>4.0 mm), it provides staging value, although its impact on survival remains unclear. The MSLT-I trial
demonstrated improved disease-free survival with early nodal treatment in sentinel node—positive patients with
intermediate-thickness melanoma. In conclusion, SLNBx is a valuable tool in melanoma management and should be
applied based on tumor thickness and associated risk factors.
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1. INTRODUCTION

Melanoma is an aggressive neoplasm capable of metastasizing unpredictably to virtually any organ. It is the most
commonly fatal skin cancer worldwide and the fifth leading cancer in men in the United States [1]. Its incidence has risen
faster than nearly any other preventable malignancy, with US rates increasing by 3.1 percent per year from 1992 to 2004
[5]. Projections for 2013 estimated 76,690 new invasive diagnoses and approximately 9,480 deaths [1].

Prognosis is strongly stage-dependent. Patients with thin lesions (<2.0 mm) often achieve cure with surgery alone, while
those with thicker or nodally involved disease face significantly worse outcomes [14,15]. Despite stable or rising overall
mortality, effective early-stage identification and surgical management including accurate nodal staging remains the
cornerstone of improved survival [15].

Risk factors for melanoma include both genetic predisposition (atypical nevi, fair phenotype) and environmental exposures,
particularly ultraviolet radiation from sunlight and tanning bed use [20,21,27]. The four recognized histological subtypes,
superficial spreading, nodular, lentigo maligna, and acral lentiginous melanoma differ in growth pattern, clinical behavior,
and demographic distribution [43,44]. These biological differences have implications for staging and management.

Accurate regional lymph node staging is central to determining prognosis, eligibility for adjuvant therapy, and surgical
planning. Physical examination alone is unreliable: roughly 20 percent of clinically node-negative patients harbor occult
metastases, while 20 percent of clinically positive nodes are pathologically negative at dissection. Sentinel lymph node
biopsy (SLNBx) has emerged as the preferred method for definitive nodal evaluation [62—64].

This literature review synthesizes available evidence on the use of SLNBXx in cutaneous melanoma including its technique,
diagnostic accuracy, clinical impact by tumor thickness, and the results of key trials with the aim of proposing a practical
clinical decision algorithm for patient selection.
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2. STAGING OF CUTANEOUS MELANOMA

Staging is based on the 2010 AJCC/UICC TNM system, which stratifies patients by primary tumor characteristics, regional
lymph node involvement, and distant metastases [59,60]. Stage I-I1 disease is confined to the primary tumor without nodal
involvement. Stage 111 denotes pathologically confirmed regional lymph node disease or in-transit metastases, subclassified
as [HIA-111C by extent of nodal burden. Stage 1V indicates distant metastatic disease [61].

Nodal status is the most powerful independent prognostic variable in patients without distant metastases. In a retrospective
analysis of 760 node-positive patients, conditional disease-specific survival improved markedly over five years from 78 to
90 percent in Stage 111A and from 54 to 79 percent in Stage I11B underscoring the value of early and accurate nodal staging
[61].

Tumor thickness (Breslow depth), ulceration, and mitotic rate are the primary determinants of T-category and correlate
strongly with sentinel node positivity. These variables form the clinical rationale for risk-stratified use of SLNBX.

3. SENTINEL LYMPH NODE BIOPSY

Rationale and Technique

Lymphatic mapping and SLNBX is based on the principle that melanoma metastasizes in an orderly fashion to a predictable
“sentinel” node before involving other nodes in the regional basin [65,66]. If the sentinel node is histologically negative,
the remainder of the basin can be presumed tumor-free, sparing patients unnecessary complete lymph node dissection. The
technique pioneered by Morton et al. [66] and subsequently refined combines preoperative lymphoscintigraphy with
intraoperative blue dye and radiocolloid injection to reliably identify the sentinel node.

Initial studies identified the sentinel node in 75 to 90 percent of cases, with only 1 to 2 percent of negative SLNBX patients
subsequently developing regional recurrence [65,66]. With technical refinement, identification rates rose to 97 to 98 percent
[69]. The reported false-negative rate ranges from 11 to 12.5 percent, with a negative predictive value of approximately 97
percent [69-71]. These figures compare favorably with elective lymph node dissection and fine-needle aspiration, which
carry higher morbidity and lower sensitivity for occult disease, respectively [63,64].

When the sentinel node is positive, completion lymph node dissection (CLND) is the standard next step, restricting formal
nodal surgery to patients most likely to benefit and thereby reducing morbidity in the majority [68].

Key Evidence: MSLT-1 and MSLT-11

The Multicenter Selective Lymphadenectomy Trial-1 (MSLT-1) is the largest randomized controlled trial to evaluate
SLNBx in melanoma. Patients were randomized to wide excision plus SLNBx (with CLND if positive) versus wide
excision alone with nodal observation. In patients with intermediate-thickness melanomas, SLNB-positive patients who
underwent immediate CLND had significantly improved 10-year disease-free and melanoma-specific survival compared
with those who underwent delayed lymphadenectomy after clinical nodal relapse [77]. Sentinel node status emerged as the
strongest predictor of recurrence and survival across all thickness groups [77].

Several retrospective studies corroborate these findings. Leiter et al. demonstrated that SLNBXx with early nodal excision
reduced both regional and distant metastatic rates in sentinel node—positive patients [73]. Kretschmer et al. similarly
reported survival benefits from early nodal clearance in node-positive patients [76]. In contrast, Roka et al. found that
sentinel node status was not independently predictive of overall survival on multivariate analysis [75], highlighting ongoing
controversy particularly for thick melanomas.

The Multicenter Selective Lymphadenectomy Trial-11 (MSLT-I1), designed to determine whether CLND after a positive
sentinel node confers survival benefit over close ultrasound surveillance alone, was underway at the time of this review.
Its results are expected to resolve the most clinically significant outstanding question in nodal management for melanoma.

Evidence by Tumor Thickness

Most studies consistently demonstrate that SLNBx is of clear benefit in intermediate-thickness disease. However,
conflicting evidence exists for thin and thick melanomas, and data remain limited for high-risk subgroups within each
category.

Thin melanomas (<1.0 mm): Sentinel node positivity in this group is generally low (3 to 7 percent), making routine SLNBx
difficult to justify on cost-benefit grounds. However, a subset of thin melanomas with ulceration, mitotic rate >1/mm?, or
Clark level 1V-V invasion carry substantially higher positivity rates and worse prognosis. Several retrospective analyses
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support selective SLNBXx in high-risk thin tumors, though prospective data validating specific cutoffs are lacking.

Intermediate-thickness melanomas (1.0-4.0 mm): Evidence most consistently supports routine SLNBX in this group.
Sentinel node positivity rates of 15 to 25 percent justify the procedure, and MSLT-I demonstrated measurable survival
benefit from early nodal management in sentinel node—positive patients [77].

Thick melanomas (>4.0 mm): Sentinel node positivity exceeds 30 to 40 percent in this group, but the high rate of concurrent
distant micrometastases limits the staging impact of regional nodal status. Most published series show that SLNBXx provides
prognostic information and may guide adjuvant therapy selection [73,76], though no randomized trial has demonstrated a
survival benefit specific to this thickness group. MSLT-I included thick melanoma patients and found sentinel node status
to be prognostically significant, supporting continued use for staging purposes.

4. PROPOSED SLNB DECISION ALGORITHM

Based on the synthesized evidence, the following decision framework is proposed for clinical use. Patient selection for
SLNBx should be individualized according to tumor thickness, pathological risk features, and patient fitness for surgery.

Thin (<1.0 mm) — SLNBXx not routinely recommended. Low positivity rate (~3-7%).

Standard risk Observe clinically. Risk/benefit does not support routine
use.

Thin (<1.0 mm) — Consider SLNBx. Discuss with Higher nodal positivity; retrospective

High risk (any of: patient; shared decision-making data support selective use.

ulceration, mitoses advised. Prospective evidence lacking.

>1/mm?, Clark IV-V,
regression)

Intermediate (1.0-4.0 SLNBx recommended for all eligible MSLT-I [77]; clear staging benefit;
mm) patients. improved DFS with early CLND in
node-positive patients.

Thick (>4.0 mm) —No  SLNBx recommended for staging and High positivity rate (>30%).
palpable nodes adjuvant therapy planning. Prognostic value confirmed [73,76];
survival benefit uncertain.

Thick (>4.0 mm) — Proceed directly to formal lymph node  Clinically overt nodal disease; direct
Palpable nodes dissection. SLNBx not indicated. dissection is standard of care [62].

Table 1. Proposed clinical decision algorithm for sentinel lymph node biopsy in cutaneous melanoma. CLND =
completion lymph node dissection; DFS = disease-free survival.

Completion lymph node dissection is indicated following a positive sentinel node, consistent with current ASCO/SSO
guidelines [68], pending the results of MSLT-I1. All patients with positive nodes should be referred for multidisciplinary
evaluation and considered for available adjuvant therapy trials.

5. METHODS
A structured literature review was conducted using PubMed, Cochrane Review, and Google Scholar. Search terms

included: “melanoma,” “sentinel lymph node biopsy,” “lymphatic mapping,” “prognosis,” “survival,” “surgical resection,”
“completion lymphadenectomy,” “wide excision,” “MSLT-1,” and “MSLT-2.”

99 ¢ 99 ¢

Inclusion criteria encompassed randomized controlled trials, prospective cohort studies, and large retrospective series
reporting on SLNBX technique, nodal identification rates, false-negative rates, regional recurrence, disease-free survival,
or overall survival in adult patients with primary cutaneous melanoma. Studies were limited to English-language
publications through December 2013. Case reports, editorials, and studies with fewer than 50 patients were excluded unless
they addressed unique or underrepresented clinical scenarios.

Articles were screened by title and abstract for relevance, then retrieved in full text for critical appraisal. Data were
synthesized narratively, given the heterogeneity of study designs, patient populations, and reported outcome measures.
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Where possible, findings are characterized by strength and consistency of evidence across the literature.
6. RESULTS

Sentinel Node Identification and Diagnostic Accuracy

Across the reviewed literature, sentinel node identification rates improved substantially with increasing procedural
experience and technical refinement from 75 to 90 percent in early series [65,66] to 97 to 98 percent in more recent large
cohorts [69]. Most studies consistently demonstrate that a negative SLNBX reliably reflects basin-wide disease absence,
with a negative predictive value of approximately 97 percent [71]. The reported false-negative rate of 11 to 12.5 percent
[69,71] is consistent across institutions and is primarily attributable to anatomical variability in lymphatic drainage and
multi-basin disease.

Clinical Outcomes by Thickness Group
For intermediate-thickness melanomas, evidence is most consistent and robust. MSLT-I demonstrated statistically
significant improvements in disease-free survival among sentinel node—positive patients who underwent immediate CLND
versus delayed dissection at clinical relapse [77]. Multiple retrospective series corroborate early nodal clearance as
beneficial in this group [73,76].

For thin melanomas, conflicting evidence exists regarding which pathological features reliably predict sentinel node
positivity. While ulceration and elevated mitotic rate are the most frequently cited risk factors for nodal involvement, no
prospective study has defined a validated threshold for SLNBx in thin disease. Data remain limited for this subgroup, and
practice varies considerably across institutions.

For thick melanomas, most published series show sentinel node positivity rates exceeding 30 percent, confirming high-risk
biology [73]. However, the prognostic impact of sentinel node status in this group is less consistent: while some studies
identify it as an independent predictor of survival [73,76], others find it superseded by distant disease burden [75]. The
strength of evidence supporting routine SLNBX in thick melanoma is therefore moderate and rests primarily on staging and
therapeutic selection rather than demonstrated survival benefit.

Morbidity Considerations
SLNBXx itself carries low procedural morbidity compared with elective lymph node dissection. Complications of CLND
including lymphedema, wound infection, seroma, and pain are well-documented and site-dependent, with inguinal
dissection carrying higher complication rates than axillary dissection [72]. These morbidity considerations reinforce the
importance of accurate patient selection: the goal of SLNBX is to identify the subset of patients who will genuinely
benefit from CLND while sparing the majority.

SLNBX KEY METRICS DISTRIBUTION

Negative
Predictive Value Recent ID Rate
30% 31%

False Negative

Rate
4%
Thick Melanoma
9%

Early ID Rate
26%
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MSLT-I Summary and Pending Evidence from MSLT-II
MSLT-I established SLNBXx as a standard staging procedure for intermediate-thickness melanoma and demonstrated that
early nodal management in sentinel node—positive patients improves outcomes [77]. The pending MSLT-II data are
expected to determine whether CLND remains necessary following a positive sentinel node, or whether active ultrasound
surveillance is a safe alternative. Resolution of this question will have direct implications for clinical practice and may
further narrow the therapeutic indications for CLND.

7. DISCUSSION

This review supports the pivotal role of sentinel lymph node biopsy (SLNBXx) as a safe and valuable staging procedure in
cutaneous melanoma, especially when combined with tumor thickness and other pathological features. The high sentinel
node identification rates (approaching 97-98%) and negative predictive value (~97%) demonstrate the technical refinement
and diagnostic reliability of the procedure across institutions. However, the false-negative rate (11-12.5%) highlights
inherent limitations due to lymphatic variability and indicates the need for ongoing technical improvement and optimized
patient selection in SLNBX.

The benefits of SLNBx differ among melanomas of varying thickness. The strongest evidence exists for intermediate-
thickness melanomas. The MSLT-I trial and supporting retrospective studies show that early detection and treatment of
nodal disease improve disease-free survival, establishing SLNBXx as the standard of care in this group. These findings
emphasize the benefits of early nodal management and support the concept of orderly lymphatic spread.

In contrast, the role of SLNBX in thin melanomas has not been definitively established. Although most thin melanomas
have low rates of nodal involvement, the presence of high-risk features such as ulceration and increased mitotic rate
suggests that a subset of patients may benefit from SLNBx. The lack of prospective data to define clear thresholds
contributes to variability in clinical practice and highlights the need for further research. Future studies should aim to
establish standardized criteria for improved risk stratification in this group.

For thick melanomas, high sentinel node positivity rates confirm aggressive tumor biology; however, the prognostic and
therapeutic role of SLNBx is more complex. While sentinel node status is an important staging factor, its independent
prognostic impact on survival is variable, likely due to the greater burden of occult distant metastases. Therefore, the value
of SLNBx in this group lies more in prognostication and guiding adjuvant therapy than in providing a direct survival
benefit.

Morbidity considerations also support a selective approach to SLNBXx. The procedure carries significantly lower morbidity
compared with completion lymph node dissection (CLND). The well-documented complications of CLND, including
lymphedema and wound infection, emphasize the importance of accurately identifying patients who are most likely to
benefit from additional lymph node surgery. This reinforces the role of SLNBx as a triage procedure to minimize
unnecessary surgical morbidity.

The evolving evidence base, including the anticipated results of MSLT-I1, is likely to influence future clinical practice. The
necessity of CLND following a positive sentinel node remains a critical question. If active surveillance proves equivalent
to immediate dissection, the role of SLNBx may shift further toward staging and prognostication rather than guiding
additional surgical intervention. Overall, this review highlights the value of SLNBx while emphasizing the need for
continued research and a carefully applied, evidence-based approach in melanoma management.

8. CONCLUSION

Sentinel lymph node biopsy is an established and essential staging procedure in the management of cutaneous melanoma.
The evidence most clearly supports its routine use in intermediate-thickness disease (1.0-4.0 mm), where it provides
accurate nodal staging and based on MSLT-I enables early nodal management associated with improved disease-free
survival. For thin melanomas, selective application in the presence of high-risk features (ulceration, elevated mitotic rate,
Clark level IV-V) is reasonable and increasingly practiced, though prospective evidence to define precise thresholds is still
needed. In thick melanomas, SLNBx retains value for staging and adjuvant therapy planning, though its survival benefit
remains to be definitively established.

The proposed algorithm (Table 1) provides a structured, evidence-based framework for clinical decision-making.
Limitations of this review include the retrospective nature of most included studies, heterogeneity in patient selection
criteria, and variability in technical approaches across institutions. The anticipated results of MSLT-11 will likely refine
current recommendations, particularly regarding the role of CLND in sentinel node—positive patients. Until that evidence
is available, SLNBXx guided by the stratified approach outlined here remains the standard of care for regional staging in
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melanoma.
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