
Therapeutic Value of Sentinel Lymph Node Biopsy
in Patients With Melanoma
A Randomized Clinical Trial
Multicenter Selective Lymphadenectomy Trials Study Group

IMPORTANCE Sentinel lymph node (SLN) biopsy is a standard staging procedure for
cutaneous melanoma. Regional disease control is a clinically important therapeutic goal
of surgical intervention, including nodal surgery.

OBJECTIVE To determine how frequently SLN biopsy without completion lymph node
dissection (CLND) results in long-term regional nodal disease control in patients with SLN
metastases.

DESIGN, SETTING, AND PARTICIPANTS The second Multicenter Selective Lymphadenectomy
Trial (MSLT-II), a prospective multicenter randomized clinical trial, randomized participants
with SLN metastases to either CLND or nodal observation. The current analysis examines
observation patients with regard to regional nodal recurrence. Trial patients were aged 18
to 75 years with melanoma metastatic to SLN(s). Data were collected from December 2004
to April 2019, and data were analyzed from July 2020 to January 2022.

INTERVENTIONS Nodal observation with ultrasonography rather than CLND.

MAIN OUTCOMES AND MEASURES In-basin nodal recurrence.

RESULTS Of 823 included patients, 479 (58.2%) were male, and the mean (SD) age was 52.8
(13.8) years. Among 855 observed basins, at 10 years, 80.2% (actuarial; 95% CI, 77-83) of
basins were free of nodal recurrence. By univariable analysis, freedom from regional nodal
recurrence was associated with age younger than 50 years (hazard ratio [HR], 0.49; 95% CI,
0.34-0.70; P < .001), nonulcerated melanoma (HR, 0.36; 95% CI, 0.36-0.49; P < .001),
thinner primary melanoma (less than 1.5 mm; HR, 0.46; 95% CI, 0.27-0.78; P = .004), axillary
basin (HR, 0.61; 95% CI, 0.44-0.86; P = .005), fewer positive SLNs (1 vs 3 or more; HR, 0.32;
95% CI, 0.14-0.75; P = .008), and SLN tumor burden (measured by diameter less than 1 mm
[HR, 0.39; 95% CI, 0.26-0.60; P = .001] or less than 5% area [HR, 0.36; 95% CI, 0.24-0.54;
P < .001]). By multivariable analysis, younger age (HR, 0.57; 95% CI, 0.39-0.84; P = .004),
thinner primary melanoma (HR, 0.40; 95% CI, 0.22-0.70; P = .002), axillary basin (HR, 0.55;
95% CI, 0.31-0.96; P = .03), SLN metastasis diameter less than 1 mm (HR, 0.52; 95% CI,
0.33-0.81; P = .007), and area less than 5% (HR, 0.58; 95% CI, 0.38-0.88; P = .01) were
associated with basin control. When looking at the identified risk factors of age (50 years
or older), ulceration, Breslow thickness greater than 3.5 mm, nonaxillary basin, and tumor
burden of maximum diameter of 1 mm or greater and/or metastasis area of 5% or greater and
excluding missing value cases, basin disease-free rates at 5 years were 96% (95% CI, 88-100)
for patients with 0 risk factors, 89% (95% CI, 82-96) for 1 risk factor, 86% (95% CI, 80-93)
for 2 risk factors, 80% (95% CI, 71-89) for 3 risk factors, 61% (95% CI, 48-74) for 4 risk
factors, and 54% (95% CI, 36-72) for 5 or 6 risk factors.

CONCLUSIONS AND RELEVANCE This randomized clinical trial was the largest prospective
evaluation of long-term regional basin control in patients with melanoma who had nodal
observation after removal of a positive SLN. SLN biopsy without CLND cleared disease in
the affected nodal basin in most patients, even those with multiple risk factors for in-basin
recurrence. In addition to its well-validated value in staging, SLN biopsy may also be
regarded as therapeutic in some patients.
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A chieving disease control in the regional node basin is
an important therapeutic goal in the care of patients
with clinically node-negative primary cutaneous mela-

noma. For many years, that goal was achieved by elective
lymph node dissection, which was effective but subjected all
patients to the risk of morbidity associated with full dissec-
tion. With the development of lymphatic mapping and senti-
nel lymph node (SLN) biopsy by Donald L. Morton, MD, one
of us (A.J.C.), and colleagues, patients without nodal metas-
tases (the great majority) were spared dissection, while those
with SLN metastases were still afforded excellent in-basin dis-
ease control through the combination of SLN biopsy and im-
mediate completion lymph node dissection (CLND).1,2 This
benefit was observed in the first Multicenter Selective Lymph-
adenectomy Trial (MSLT-I) and in the Sunbelt Melanoma
trial.3,4

In these studies, most patients with SLN metastases did
not have other nodal metastases detected in completion dis-
section specimens. Because of the potential morbidity of the
additional surgery, the value of immediate CLND was ques-
tioned and subsequently evaluated in 2 large multicenter clini-
cal trials: the second Multicenter Selective Lymphadenec-
tomy Trial (MSLT-II)5 and the German Cooperative Oncology
Group Selective Lymphadenectomy Trial (DeCOG-SLT).6 Those
trials provided concordant data demonstrating no improve-
ment in survival or decrease in distant metastases resulting
from immediate CLND. Nodal observation has subsequently
become a standard option in the management of patients with
melanoma with SLN metastases.

The absence of a significant overall survival benefit from
CLND has led to the suggestion that SLN biopsy is merely a stag-
ing procedure, without therapeutic value. Certainly, the ques-
tion of whether there is any overall survival effect of early nodal
surgery remains controversial, but there is little published in-
formation regarding the effect of SLN biopsy alone (ie, with-
out CLND) on the other important therapeutic goal of such sur-
gery: disease control in the regional node basin. We examined
outcomes in patients with SLN metastases who were random-
ized to nodal observation in MSLT-II with regard to rates of in-
basin nodal disease control and factors associated with such
control.

Methods
MSLT-II is an international, multicenter, phase 3 randomized
clinical trial that assessed the utility of CLND in patients with
melanoma sentinel-node metastases. The protocol has been
previously reported5 and can be found in Supplement 1. The
protocol was approved by each institution’s institutional re-
view board or ethics committee, and all participants pro-
vided written informed consent. Briefly, MSLT-II consisted of
a screening phase in which patients enrolled prior to SLN bi-
opsy, and a randomization phase, which enrolled patients who
were found to have SLN metastases. Patients eligible for ran-
domization were aged 18 to 75 years with Eastern Coopera-
tive Oncology Group performance status of 0 to 1 and a non–
melanoma-related life expectancy of at least 10 years. They

were randomly assigned (1:1) to either immediate CLND or to
nodal observation using clinical examination and ultrasonog-
raphy. The primary end point of the trial has been previously
reported.5 A secondary end point of MSLT-II was comparison
of the frequency of same-basin recurrence among patients in
the observation arm with the frequency of non-SLN metasta-
ses in the CLND arm. Another was determination of whether SLN
tumor burden predicted non-SLN metastases or disease recur-
rence. In the current substudy, we examined patients receiv-
ing observation and the outcome of nodal recurrence in the
lymph node basin that was previously found to be the site of
SLN metastasis. Patients whose SLNs were positive only by a
multimarker reverse transcriptase–polymerase chain reaction
assay were included in the randomization phase of the trial but
are not included in the current analysis. Patients in the obser-
vation arm were followed up with every 4 months for the first
2 years, every 6 months in years 3 to 5, and then annually. Ul-
trasonography assessment of the at-risk nodal basin was per-
formed at each visit through 5 years.5,7 Adjuvant therapy was
determined by each site’s standard practice, and only 6.5% of
patients in the trial observation arm received adjuvant therapy,
as previously reported.5 This study followed the Consolidated
Standards of Reporting Trials (CONSORT) reporting guideline.

Patients receiving observation were identified, and data
regarding sex, age, sex, smoking status, primary tumor thick-
ness, primary site, ulceration, number of positive SLNs, nodal
basin site, and SLN tumor burden (measured by maximum di-
ameter of largest metastasis or percentage area of node in-
volved by tumor) were examined. The primary outcome was
nodal recurrence in the basin from which a SLN containing
metastatic melanoma had been removed. The nodal basin re-
lapse-free survival (RFS) was calculated from the time of ran-
domization. Data were summarized with means and SDs as well
as medians and ranges. Cox proportional hazards regression
modeling was used to evaluate the prognostic significance of
clinical and pathological factors. Univariable and multivari-
able testing were performed to identify prognostic factors as-
sociated with nodal recurrence. Patients with incomplete data
were not included in multivariable analyses, except for those
with incomplete nodal tumor measurements (diameter or area).

Key Points
Question How well does sentinel lymph node biopsy alone
provide long-term disease control in the regional basin of patients
with melanoma sentinel lymph node metastases?

Findings In this randomized clinical trial including 823 patients,
among patients with positive sentinel nodes randomized to
nodal basin observation in the second Multicenter Selective
Lymphadenectomy Trial, 80.2% (actuarial) of basins were free
of recurrence at 10 years. Risk factors for in-basin recurrence
included older age, thicker primary tumor, ulceration, and greater
disease burden in the sentinel node.

Meaning In this trial, sentinel lymph node biopsy, a standard
staging procedure for melanoma, provided long-lasting regional
nodal disease control in most patients with sentinel lymph node
metastases.
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For tumor burden variables, a category of missing was in-
cluded in the analysis. Stepwise method was used for vari-
ables selection with .10 significance level for entry and reten-
tion in the model. Differences in nodal RFS were analyzed using
the Kaplan-Meier test and compared using the log-rank test.
SPSS Statistic version 19.0 (IBM), SAS Enterprise Guide ver-
sion 7 (SAS Institute), and Microsoft Excel 2010 (Microsoft)
were used. All P values were 2-tailed, and significance was set
at P < .05.

Results
From December 2004 through March 2014, 823 SLN-positive
patients were randomized to and accepted nodal observation
and had follow-up data for this analysis (eFigure in Supple-
ment 2); 479 (58.2%) were male, and the mean (SD) age was
52.8 (13.8) years. A total of 791 patients had 1 SLN basin with
metastasis and 32 had 2 SLN-positive basins, for a total of 855
node-positive basins examined. Demographic and patho-
logic features of the patient population are shown in Table 1.

Most tumors were of intermediate thickness, with a median
(IQR) Breslow depth of 2.20 (1.40-3.50) mm, and most were
nonulcerated (495 of 823 [60.2%]). The trunk was the most
common primary site (392 [47.6%]).

Characteristics of the 855 SLN-positive basins examined
are described in Table 2. The axilla was the most commonly
involved site (433 [50.6%]), and 699 basins (81.8%) only had
1 positive SLN. Most patients (324 of 538 [60.2%]) had less than
5% nodal area involved with tumor, and the median (IQR)
longest diameter of the largest focus of metastasis was 0.80
(0.20-2.00) mm. There were 148 nodal recurrences (17.3%)
in the 855 basins examined over the 10-year period. Most
nodal recurrences occurred by year 3, with a mean (SE)
3-year RFS rate of 83.2% (1.4%) and a mean (SE) 10-year RFS
of 80.2% (1.5%). SLN basin disease-free survival rates were
90.5% and 80.2% at 5 and 10 years, respectively. To date, no
regional nodal basin recurrences have been seen after year 7
(Figure, A).

Univariable analysis showed that freedom from regional
node basin recurrence was associated with age younger than
50 years (hazard ratio [HR], 0.49; 95% CI, 0.34-0.70; P < .001),

Table 1. Description of Patients

Characteristic No. (%)

Total, No. 823

Sex

Female 344 (41.8)

Male 479 (58.2)

Age, y

Mean (SD) 52.8 (13.8)

Median (IQR) 54.6 (44-63)

Smoking status

Never 451 (56.4)

Quit 201 (25.1)

Smoking 148 (18.5)

Missing, No. 23

Breslow tumor thickness

Mean (SD), mm 2.81 (2.19)

Median (IQR), mm 2.20 (1.40-3.50)

<1.50 mm 212 (25.8)

1.50-3.50 mm 406 (49.3)

>3.50 mm 205 (24.9)

Clark level

II 3 (0.4)

III 128 (16.2)

IV 618 (78.3)

V 40 (5.1)

Missing, No. 34

Primary site

Extremity 350 (42.5)

Head or neck 81 (9.8)

Trunk 392 (47.6)

Ulceration

Present 328 (39.8)

Absent 495 (60.2)

Table 2. Nodal Pathology Characteristics

Characteristic
SLN basin,
No. (%)

Total, No. 855

Basin site

Axilla 433 (50.6)

Epitrochlear 3 (0.4)

Groin 316 (37.0)

Popliteal 9 (1.0)

Neck 94 (11.0)

Positive SLNs, No.

1 699 (81.8)

2 141 (16.5)

≥3 15 (1.7)

SLN tumor burden

Total, No. 538

SLN area involvement, %

Mean (SD) 7.4 (14.6)

Median (IQR) 1.00 (1.00-5.00)

Missing, No. 317

<5% 324 (60.2)

≥5% 214 (39.8)

Max diameter

Total, No. 571

<0.1 mm 76 (13.3)

0.1-1.0 mm 266 (46.6)

>1.0 mm 229 (40.1)

Diameter, mm

Mean (SD) 1.68 (2.88)

Median (IQR) 0.80 (0.20-2.00)

Missing, No. 284

Abbreviation: SLN, sentinel lymph node.
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a nonulcerated primary melanoma (HR, 0.36; 95% CI, 0.36-
0.49; P < .001), lesser tumor thickness (less than 1.5 mm; HR,
0.46; 95% CI, 0.27-0.78; P = .004), axillary basin site (HR, 0.61;
95% CI, 0.44-0.86; P = .005), fewer positive SLNs (1 vs 3 or
more; HR, 0.32; 95% CI, 0.14-0.75; P = .008), and lower SLN
tumor burden (assessed by either diameter less than 1 mm
[HR, 0.39; 95% CI, 0.26-0.60; P < .001] or area less than 5%
[HR, 0.36; 95% CI, 0.24-0.54; P < .001]). Primary tumor site
and smoking status were not significantly associated with nodal
basin recurrence (Table 3). On multivariable analysis, younger
age (HR, 0.57; 95% CI, 0.39-0.84; P = .004), a thinner pri-
mary melanoma (HR, 0.40; 95% CI, 0.22-0.70; P = .002), ax-
illary basin (HR, 0.55; 95% CI, 0.31-0.96; P = .03), and smaller
SLN metastasis diameter (less than 1 mm [HR, 0.52; 95% CI,
0.33-0.81; P = .007] or area less than 5% [HR, 0.58; 95% CI,
0.38-0.88; P = .01]) were independently associated with
basin control (Table 4).

When looking at the identified risk factors of age (50 years
or older), ulceration, Breslow thickness greater than 3.5 mm,
nonaxillary basin, and tumor burden of maximum diameter
of 1 mm or greater and/or metastasis area of 5% or greater and
excluding missing value cases, basin disease-free rates at 5
years were 96% (95% CI, 88-100) for patients with 0 risk fac-
tors, 89% (95% CI, 82-96) for 1 risk factor, 86% (95% CI,
80-93) for 2 risk factors, 80% (95% CI, 71-89) for 3 risk fac-
tors, 61% (95% CI, 48-74) for 4 risk factors, and 54% (95% CI,
36-72) for 5 or 6 risk factors (Figure, B).

Discussion
As a result of MSLT-II5 and DeCOG-SLT,6 treatment guide-
lines changed to allow nodal observation, which has become
standard practice for patients with SLN metastases. This change
has left gaps in our understanding of the clinical course of the
disease, which will require additional study to clarify. Here,

to our knowledge, we report findings from the largest pro-
spective evaluation of long-term nodal basin control after SLN
biopsy alone in patients with SLN metastases. Strikingly, al-
though all of these patients had nodal metastases in their SLN,
more than 80% of them never had an in-basin nodal recur-
rence, confirming that definitive basin disease clearance is
achieved in the great majority of patients with positive SLNs
through the minimally invasive SLN-biopsy procedure itself.
The high rate of nodal control with removal of the SLN in the
current study is consistent with the 16.3% regional lymph node
recurrence rate over the 72-month median follow-up in the ob-
servation arm of the DeCOG-SLT.6 It is also consistent with the
observation that, among patients who do undergo CLND, ad-
ditional nodal metastases are not found in 67% to 90% of dis-
ease specimens.8-11 Of patients in the arm of MSLT-II who un-
derwent CLND, 11.5% had positive non-SLNs.5 Although the
percentage of patients with involved nodes is up to 10% higher
with application of immunohistochemistry to non-SLNs, most
patients still have only normal lymph nodes removed at
dissection.12,13

In MSLT-I, patients were randomized to wide excision
alone or wide excision with SLN biopsy and immediate CLND
if metastasis was found. In that trial, the eventual rate of nodal
recurrence in the observation arm was almost identical to the
rate of SLN metastasis, and on recurrence, most patients un-
derwent complete therapeutic lymph node dissection. It would
appear reasonable to assume that this would have been the case
for the patients in MSLT-II, meaning all would have devel-
oped clinical nodal disease and required full dissection had they
not undergone SLN biopsy. However, as demonstrated by the
results of this study, performance of the SLN biopsy itself elimi-
nated all nodal disease in the great majority of cases and
avoided the need for a significantly more morbid full dissec-
tion. Our data, therefore, support the proposition that SLN bi-
opsy may be considered as therapeutic in this regard, rather
than merely prognostic.

Figure. Sentinel Lymph Node (SLN) Basin Disease-Free Survival
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It has been pointed out that both in MSLT-II and DeCOG-
SLT, a low tumor burden was present in the SLNs of most
of the study patients. This burden was lower than that of
MSLT-I and probably lower than the general population
of patients with positive SLNs. However, both MSLT-II and
DeCOG-SLT included a substantial absolute number of
patients with SLN metastases more than 1 mm in greatest
diameter (total, n = 462; MSLT-II, n = 403; DeCOG-SLT,
n = 59), and in the current study, we have evaluated patients
with high-risk features for nodal recurrence. Even in our
highest risk category, with 5 or 6 high-risk features, most
patients remained free of in-basin recurrences over an
extended period of follow-up, and most of these recurrences
happened within the first 3 years.

Our analysis found associations between freedom from re-
currence and younger age, thinner primary tumors, axillary
basin site, and small SLN tumor burden measured by either
percentage nodal area occupied by tumor or by diameter of
the largest metastasis. These findings are consistent with many
but not all of the prognostic factors found in other studies

to be associated with metastases in non-SLNs after SLN
biopsy.14-19 Some studies have also shown that a combination
of risk factors is associated with a higher probability of non-
SLN metastasis.14,20 We did not include the number of SLNs
removed as a variable, as we believe that number is deter-
mined by the lymphatic drainage anatomy of each patient,
demonstrated by preoperative lymphoscintigraphy1 and con-
sider that suggesting a minimum recommended number of
SLNs may be misleading as a result. Of note, almost all prior
studies predicting non-SLN metastasis used detection of dis-
ease in CLND specimens as the end point. It appears that the
actual rate of non-SLN disease, manifested as nodal basin re-
currence, is higher than that of histologically detected metas-
tases in CLND specimens. In MSLT-II, cumulative non-SLN posi-
tivity rate was 8.4% higher in the observation arm, suggesting
standard pathologic assessment of the completion dissection
specimen, which does not include immunohistochemistry or
step sectioning, misses up to 2 in every 5 non-SLN metastases.5

As a result, using CLND pathology to predict non-SLN metas-
tases may not yield the most clinically useful models.

Table 3. Univariable Analysis Among 823 Patients With Sentinel Lymph Node (SLN) Metastases

Factor HR (95% CI)a P valuea
Factor effect,
P value

Male vs female sex 1.14 (0.82-1.58) .43 NA

Age

≥50 y vs <50 y 2.05 (1.42-2.96) <.001
NA

Continuous 1.03 (1.01-1.04) <.001

Primary tumor site

Extremity vs trunk 1.25 (0.89-1.76) .21

.16Head or neck vs trunk 1.61 (0.95-2.72) .08

Extremity vs head or neck 0.78 (0.46-1.31) .34

Ulceration present vs absent 2.80 (2.02-3.89) <.001 NA

Breslow tumor thickness, mm

<1.50 vs 1.50-3.50 0.46 (0.28-0.78) .004

<.001<1.50 vs >3.50 0.20 (0.12-0.34) <.001

1.50-3.50 vs >3.50 0.44 (0.31-0.62) <.001

Nodal basin site

Axilla vs groin 0.61 (0.44-0.86) .005

.01Axilla vs neck 0.64 (0.38-1.08) .10

Groin vs neck 1.05 (0.62-1.76) .86

Positive SLN, No.

1 vs 2 0.71 (0.47-1.06) .09

.011 vs ≥3 0.32 (0.14-0.75) .008

2 vs ≥3 0.46 (0.19-1.12) .09

Maximum SLN tumor diameter, mmb

<1 vs ≥1 0.36 (0.24-0.54) <.001

<.001
<0.1 vs 0.1-1.0 0.66 (0.28-1.57) .35

<0.1 vs >1 0.26 (0.11-0.60) .002

0.1-1.0 vs >1 0.39 (0.26-0.60) <.001

SLN area involvement <5% vs ≥5%c 0.36 (0.24-0.54) <.001 NA

Smoking statusd

Never vs quit 0.84 (0.57-1.23) .37

.65Never vs smoking 0.99 (0.64-1.53) .97

Quit vs smoking 1.18 (0.73-1.91) .50

Abbreviations: HR, hazard ratio;
NA, not applicable.
a Wald test.
b A total of 284 missing.
c A total of 317 missing.
d A total of 24 missing.
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Our study helps continue the process of adapting clinical
care to nodal observation after SLN metastasis and raises new
questions for management. Are there patients (eg, those with
0 or 1 risk factor) who could safely be recommended for less fre-
quent follow-up? Because nodal recurrence is uncommon af-
ter 3 years, could nodal follow-up after 3 years be curtailed? Are
there patients whose risk of nodal recurrence is high enough to
justify more aggressive follow-up or even advance consider-
ation of immediate CLND? Further exploration and potential
validation of these findings using other data sets will be impor-
tant for validation. Because MSLT-II preceded the widespread
availability of effective adjuvant systemic therapies, only 6.5%
of observation patients in the study received adjuvant
treatment.5 Since early 2014, when patient accrual to MSLT-II
was completed, multiple effective and relatively well-
tolerated adjuvant systemic regimens have become widely avail-
able. These therapies are expected to reduce the risk of nodal
recurrence among observed basins even further than what we
reported here. Specific reporting of regional node recurrence in
adjuvant therapy studies in the post–MSLT-II and post–DeCOG-
SLT era will be important to allow evaluation of this issue.

Limitations
This study has limitations. This report is limited as a single clini-
cal trial, and confirmation of these findings in other data sets

would be desirable. In addition, surgical practice in the con-
text of a clinical trial at high-volume melanoma centers may
not completely reflect practice for patients receiving surgery
as part of standard of care outside of the trial. For example, trial
patients may have had more complete removal of SLNs than
might be found in general practice. This might also be inves-
tigated in future studies of real-world outcomes.

Conclusions
This study provides data on the largest prospectively moni-
tored study group of patients managed with nodal observa-
tion after SLN metastasis. The findings strongly support a
therapeutic effect of SLN biopsy in providing long-term
regional node basin disease control in more than 80% of
patients with SLN metastases. As clinicians consider alterna-
tive prognostic models through gene expression profiling of
the primary melanoma, it is important to understand that
the SLN excision provides excellent nodal control in addition
to prognostic information. Age, primary tumor thickness,
ulceration status, basin location, and SLN tumor burden
were all independently associated with non-SLN status and,
if validated, could be used to guide follow-up intensity and
duration in the future.
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