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Abstract: The objective of this study was to analyze different types of

nodal basin recurrence after sentinel lymph node biopsy (SLNB) for

melanoma.

Patients and Methods: Kaplan–Meier estimates and the Cox pro-

portional hazards model were used to study 2653 patients from 3

German melanoma centers retrospectively.

The estimated 5-year negative predictive value of SLNB was 96.4%.

The estimated false-negative (FN) rates after 1, 2, 3, 5, and 10 years were

2.5%, 4.6%, 6.4%, 8.7%, and 12.6%, respectively. Independent factors

associated with false negativity were older age, fewer SLNs excised, and

head or neck location of the primary tumor. Compared with SLN-positive

patients, the FNs had a significantly lower survival. In SLN-positive

patients undergoing completion lymphadenectomy (CLND), the 5-year

nodal basin recurrence rate was 18.3%. The recurrence rates for axilla,

groin, and neck were 17.2%, 15.5%, and 44.1%, respectively. Significant

factors predicting local relapse after CLND were older age, head, or neck

location of the primary tumor, ulceration, deeper penetration of the

metastasis into the SLN, tumor-positive CLND, and >2 lymph node

metastases. All kinds of nodal relapse were associated with a higher

prevalence of in-transit metastases.

The FN rate after SLNB steadily increases over the observation

period and should, therefore, be estimated by the Kaplan–Meier method.

False-negativity is associated with fewer SLNs excised. The beneficial

effect of CLND on nodal basin disease control varies considerably across

different risk groups. This should be kept in mind about SLN-positive
ward Völker, MD, Schön, MD,
d Hans Starz, MD

Abbreviations: 95% CI = 95% confidence interval, CLND =

complete lymph node dissection, FN = false-negative, RR =

relative risk, SLN = sentinel lymph node, SLNB = sentinel lymph

node biopsy, TPD = tumor penetrative depth into the sentinel

lymph node, vs = versus.

INTRODUCTION

L ymph node excision in melanoma pursues 3 goals: staging,
regional disease control, and cure. Before the introduction of

sentinel lymph node (SLN) biopsy (SLNB), a so-called delayed
lymph node dissection was the clinical standard in many
European countries. We performed this type of therapeutic
lymphadenectomy on patients with initially unsuspicious lymph
nodes who developed clinically enlarged lymph node metas-
tases in the later course of their disease. The advantage of this
‘‘wait and watch’’ strategy was that only those patients with
lymphatic metastasis were exposed to the risk of significant
morbidity after radical lymphadenectomy.1 However, nodal
basin recurrence was a frequent complication at the time.2–6

In one study, lymph nodes larger than 6 cm led to a failure rate
of 80%, compared to 42% for nodes 3 to 6 cm and 24% for nodes
smaller than 3 cm.7 Cutaneous ulceration, lymph edema, dis-
figurement, or pains are typical symptoms of nodal basin
recurrence that may considerably impair the quality of life of
the affected individuals.

Nowadays, owing to the SLN procedure, lymphatic mel-
anoma metastases can be excised early when the nodal tumor
burden is low. Two types of nodal basin recurrence are of
interest after SLNB: (1) local recurrence after tumor-negative
SLNB, which concerns the false-negative (FN) rate and the
sensitivity of SLNB as a staging procedure and (2) local
recurrence after positive SLNB plus subsequent completion
lymph node dissection (CLND), which determines the chances
of local disease control in patients with nodal metastases.
Improved nodal basin control rates after positive SLNBþ
CLND might be an important argument in favor of the SLN
procedure. Indeed, in a meta-analysis, only 7.5% of the patients
undergoing SLNBþCLND experienced recurrences in the
same nodal basin.8 Unfortunately, however, most of the studies
included were limited by their exclusive analysis of percentages
of recurrence. In the present retrospective study, we con-
sequently applied the Kaplan–Meier method. This allowed
us to provide the cumulative proportion of false-negativity after
SLNB for the first time. This approach was predicted to improve
the comparability with other studies and to allow for further
sing the appropriate statistical methods,
ts and the Cox proportional hazards
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PATIENTS AND METHODS

Patients and Clinical Procedures
From 1998 to 2010, a total of 2653 melanoma patients

received a successful SLNB at the tertiary-care dermatological
clinics of Augsburg, Göttingen, and Hannover, Germany. Clinical
and histological data of the patients were collected, using
electronic databases. Concerning lymphatic mapping and SLNB,
details of our technical approaches and histological methods used
have been published elsewhere.9,10 In accordance with the recent
American Joint Committee on Cancer classification, in this paper
the term ‘‘SLN metastasis’’ refers to the presence of melanoma
cells in an SLN irrespective of their number and distribution.11

We routinely registered the maximum distance of intranodal
melanoma cells from the interior margin of the nodal capsule
(tumor penetrative depth (TPD)). The underlying S-classifica-
tion categorizes the TPD into �0.30 mm, 0.31 to 1.00 mm,
and> 1.00 mm (s1–s3).9 Patients with pathologically positive
SLNs were offered a CLND, which was carried out according to
established standard techniques. In patients with neck metastases,
either modified radical neck dissection or different types of
selective neck dissection were performed. Axillary dissection
comprised dissection of levels I to III. In patients with groin
metastases, either an inguinal dissection or the more extended
ilioinguinal dissection was performed.

Lymph node recurrence in the same basin after initially
negative SLNB was counted as FN result. We recorded both
isolated nodal recurrences and nodal recurrences occurring after
other kinds of recurrence. Local recurrence after tumor-positive
SLNB and subsequent CLND (SLNBþCLND) was defined as
any nodal or nonnodal recurrence within the surgical bed of the
nodal dissection. The patients were routinely monitored accord-
ing to national guidelines.12 The institutional review board in
Göttingen approved this retrospective study.

Statistics
We recorded the following variables related to patient

demographics and tumor parameters: age at the time of primary
diagnosis, gender, location of the primary melanoma, Breslow
thickness, ulceration of the primary melanoma, pathologic
status of the SLN, the TPD into the SLN, the number of

Kretschmer et al
mor-involved lymph nodes, and the pathologic status of the
LND. The outcome variables for which data were collected
ere melanoma-specific overall survival, time to recurrence in

CLNDs, 116 (25.3%) were tumor-positive. In patients under-
going SLNBþCLND, the mean number of excised lymph node
metastases was 1.9� 1.6. The estimated 5-year survival rates

ABLE 1. Clinical and Histological Characteristics of the Study Population, According to the SLN Status

eature
SLN True-Negative

(N¼ 1885)
SLN-Positive

(N¼ 691)
SLN False-Negative

(N¼ 77)
P (SLN-Positive

Versus False-Negative)

reslow thickness 1.99� 1.82 3.16� 2.5 3.0� 2.66 0.34
lceration 15.5% (N¼ 285) 32.9% (N¼ 220) 33.7% (N¼ 26) 0.95
ocation
Head and Neck 11,2% 9.7 % 14.3% 0.13
Trunk 38.5% 38.8% 35.1%
Extremities 50.3% 51.5% 50.6%
ean number of excised SLNs 1.93� 1.19 2.04� 1.29 1.75� 1.05 0.02

-year probability of in-transit metastases 5.38% 19.8% 43.3% 0.000002
ge/years 58.2� 16.3 56.9� 17.3 61.5� 12.4 0.002
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Sex male 50.05%
Follow-up (mean�SD /months) 53.4� 35.8 4

SLN¼ sentinel lymph node, SD¼ standard deviation.
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the regional nodal basin, and time to in-transit metastases. The
negative predictive value of the sentinel node biopsy and the FN
rate were calculated according to their mathematical defi-
nitions. Moreover, we provided an ‘‘estimated negative pre-
dictive value’’ and an ‘‘estimated FN rate’’, as calculated by the
Kaplan–Meier method. The estimated FN rate was calculated as
follows: we created the outcome variable including the time to
nodal basin recurrence for the FNs (uncensored observations)
and the overall survival time for the SLN-positives (censored
observations, event ‘‘FN’’ did not occur). This way, the cumu-
lative proportion of patients with lymph node metastasis diag-
nosed by SLNB can be estimated using the Kaplan–Meier
approach. The ‘‘estimated FN rate’’ was obtained by subtracting
this proportion from 100%. Nodal basin recurrence rates among
different risk groups were analyzed using the log-rank test and
Cox proportional hazards regression models. Individual model
covariates were characterized by the adjusted relative risk
(RR) and by 95% confidence intervals (95% CI) on the hazard
ratio scale. For analysis of metric data comparing two inde-
pendent groups, the t test (for normally distributed variables) or
the nonparametric Mann–Whitney test were used. We per-
formed the Mann–Whitney test for ordinal variables. The
Kruskal–Wallis Test was used to compare �3 independent
groups of sampled data. The significance level was set to
a¼ 5% (2-sided). Survival analyses and descriptive statistics
were calculated using the software ‘‘Statistica’’ (version 10.0,
StatSoft).

RESULTS

Risk Profile of the Studied Population
Of the 2653 patients included, 289 (11%) had a primary

melanoma on the head or neck, 1021 patients (38%) had truncal
melanomas, and 1343 patients (51%) had extremity-located
primary tumors. There was a relatively equal distribution of
the sexes (51.5% male). The median age was 60.8 years (range
6–93 years); the median Breslow thickness was 1.6 mm (range
0.3 mm–20 mm, mean 2.32� 2.1 mm). Of the 2048 patients
with available information on ulceration, 25.9% were ulcerated.
After the SLN procedure, 691 patients (26%) were assessed as
SLN-positive. Of these, 458 (66%) received a CLND. Of the
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55.2% 53.2% 0.98
9.9� 32.5 55.1� 29.0 0.07
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for SLN-negative and SLN-positive patients were 91.8% and
73.8%, respectively (P< 0.001).

Estimated Negative Predictive Value
Clinical and histological characteristics of the study popu-

lation are shown in Table 1, according to the SLN Status. After
SLNB, 1965 patients were declared SLN-negative. After a
mean follow-up of 52.5� 34.8 months, 77 patients had devel-
oped clinically evident node metastases in a nodal basin initially
determined as SLN-negative. Of these, 49 displayed the
enlarged lymph node metastasis as first recurrence. Considering
all 77 nodal recurrences, the negative predictive value was
95.9% and the estimated 5-year local control rate was 94.6%
(Figure 1, blue curve). Upon exclusion of the 28 patients who
developed nodal recurrence after other types of melanoma
recurrence, the negative predictive value was 97.7% and the
‘‘estimated 5-year negative predictive value’’ as determined by
the Kaplan–Meier method was 96.4%.

Probability of Diagnosis of Nodal Metastasis by
SLNB and Estimated False-Negative Rate

At the time of this analysis, a total of 768 patients had
lymph node metastases in a nodal basin explored by SLNB (691
true-positives and 77 FNs including 49 FNs displaying the nodal
metastasis as the first recurrence). According to the mathemat-
ical definition, the FN rate was 10%, if all nodal recurrences
were considered, and 6.4% if only nodal recurrences appearing
as the first recurrence were taken into account. Using Kaplan–

Medicine � Volume 94, Number 36, September 2015
Meier estimates, the estimated FN rates after 1, 2, 3, 5, and 10
years were 3.6%, 6.5%, 8.9%, 13.9%, and 17.5%, respectively.
If only the isolated nodal recurrences were considered, these

FIGURE 1. Local control rates after SLN biopsy according to the type o
nodal recurrences in the same nodal basin after initially negative SLN
10 years. The green and the magenta curves demonstrate the probabi
with pathologically negative or positive CLND, respectively. The SLN-
because it includes, on the one hand, patients who refused radical sur
and, on the other hand, patients showing a relatively low noda
SLN¼ sentinel lymph node, SLNB¼ sentinel lymph node biopsy.

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.
figures decreased to 2.5%, 4.6%, 6.4%, 8.7%, and 12.6%,
respectively (Figure 2A).

In univariate Cox regression analysis, the probability of
being FN increased with age (P¼ 0.005) and with a lower
number of SLNs excised (P¼ 0.004). The estimated 5-year FN
rate was 14% in patients with only 1 SLN, compared to 6.4% in
patients with �2 SLNs excised. Older age and head or neck
location were also associated with a higher FN rate (Figure 2).
The estimated FN rate did not significantly depend on the
partaking institution, the Breslow index, ulceration, or sex.

In a multifactorial Cox model, we included those factors
that reached significance level in univariate analysis. Although
the patients’ age attained borderline significance (adjusted RR
1.02 / year (95% CI: 0.998–1.034; P¼ 0.07)), head or neck
location of the primary tumor (adjusted RR 2.2 (95% CI: 1.004–
4.799; P¼ 0.48)) and a decreasing number of excised SLNs
(adjusted RR 0.60 per SLN (95% CI: 0.417–0.874; P¼ 0.007))
turned out to be independent factors predicting false-negative
results of SLNB.

Importantly, the FN cases that appeared as a first recur-
rence displayed a significantly lower 5-year overall survival rate
than the SLN-positive patients (46.9% versus 73.5%,
P< 0.001). As shown in Table 1, the FNs displayed a signifi-
cantly increased probability of developing in-transit metastases
during the course of the disease.

Probability of Nodal Basin Recurrence After
Initially Tumor-Positive SLNB

Nodal Basin Recurrence in Melanoma
The 5-year nodal basin recurrence rates for SLN-positive
patients without CLND, with tumor-negative CLND, and with
tumor-positive CLND were 15.8%, 14.5%, and 28.5%,

f lymph node surgery performed. The blue curve (including all 77
B) depicts the ‘‘estimated negative predictive value of SLNB’’ >

lity of a tumor-free nodal basin in the SLN-positive subpopulations
positive patient group without CLND (red curve) is clearly biased,
gery, elderly patients or patients with increased general morbidity
l tumor burden. CLND¼ completion lymph node dissections,
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FIGURE 2. Proportion of node-positive patients diagnosed by sentinel lymph node biopsy (true-positives). During follow-up, the
rec
f th
lts,
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respectively (Figure 1). One additional observation worthy of
note was that patients who developed in-transit recurrences had
a nodal basin failure rate of 52%, compared with a local failure
rate after CLND of only 10.6% (P< 0.001) in patients who did
not develop in-transit metastases during follow-up. In turn, the
overall probability of in-transit metastases was 58.8% for
patients with local recurrences after CLND and 13.9% for
patients who did not experience a local recurrence (P< 0.001).

Nodal Recurrence After SLNB R CLND
Overall, the 5-year local recurrence rate after

SLNBþCLND was 18.5%. We estimated 5-year local-failure
rates for axilla, groin, and neck as 17.2%, 15.5%, and 44.1%,
respectively. The higher nodal basin recurrence rate after neck-
dissection was significant (P< 0.001). The probability of nodal
basin recurrence increased with Breslow thickness (P¼ 0.007)
and with age (P¼ 0.009). The nodal basin recurrence rate was
also increased in patients with ulcerated primary tumors
(P< 0.001). With respect to the SLN-related factors, deeper
penetration of the metastasis into the SLN predicted the recur-

sensitivity of SLNB steadily declines due to the occurrence of nodal
age (B), the excision of only 1 SLN (C) and head or neck location o
SLNB and a higher FN rate, respectively. FNs¼ false-negative resu
rence after positive SLNBþCLND (P¼ 0.006, Table 2,
Figure 3). Tumor involvement of >2 SLNs (recurrence prob-
ability 32.2%, P¼ 0.009) and pathologically positive CLND

4 | www.md-journal.com
(recurrence probability 28.5%, P¼ 0.005, Figure 2) also pre-
dicted local failure after positive SLNBþCLND. Clinical
institution and gender were nonsignificant. Local recurrence
rates after SLNBþCLND and the respective positivity rates of
CLND for clinically relevant subgroups are displayed in
Table 1.

Using multivariate analysis, we showed that age, ulcera-
tion, head or neck location of the primary tumor, and the tumor
penetration depth into the SLN were significant independent
risk factors of nodal basin recurrence (Table 3). Instead of the
tumor penetration depth, we successively included 2 other nodal
risk factors in the Cox model. In these models, metastatic
involvement of >2 SLNs (adjusted RR 1.7 (95% CI: 1.1–
2.8; P¼ 0.03)) and a tumor-positive CLND (adjusted RR 1.8
(95%CI: 1.1–2.9; P¼ 0.02)) were also significant predictors
of local recurrence following CLND. Clinical institution,
gender, and Breslow thickness were nonsignificant in these
models.

DISCUSSION

urrences in patients with an initially negative SLNB (FNs, A). Older
e primary melanoma (D) are associated with a lower sensitivity of
SLN¼ sentinel lymph node, SLNB¼ sentinel lymph node biopsy.
In their fundamental work, Morton et al13 established the
basis for SLNB in melanoma. Using confirmative, immediate
CLND as a gold standard, they found a negative predictive

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.



TABLE 2. Patient Groups According to Their Probabilities of Pathologically Positive Non-SLNs and of Local Recurrence after
Completion Lymph Node Dissection

Patient Groups with High Risk of Nodal Basin Recurrence after CLND

Factor
Number of

Patients
Proportion with

Positive Non-SLNs
5-year Nodal Basin

Recurrence Rate after CLND

Head or neck location of the primary melanoma 37 21.6% 44.1%
Age> 60 years 203 26.6% 25.1%
Breslow Thickness>4 mm 135 32.5% 29.9%
Ulceration present 139 34.5% 29.3%
Tumor penetration depth into the SLN of>1 mm 237 39.0% 27.6%

Patient Groups with Low Risk of Nodal Basin Recurrence after CLND

Factor
Number of

Patients
Proportion with

Positive Non-SLNs
5-year Local Failure

Rate after CLND

Age< 40 years 105 24.8% 11.3%
Breslow Thickness<1 mm 41 19.5% 5.3%
Ulceration absent 304 20.1% 14.4%
Tumor penetration depth into the SLN of �0.3 mm 85 9.3% 15.4%

nod

Medicine � Volume 94, Number 36, September 2015 Nodal Basin Recurrence in Melanoma
value of 99% and an FN rate of 4.7%. This led to the abandon-
ment of confirmative CLND in SLN-negative patients. Since
then, many authors have identified the FN cases through

CLND¼ completion lymph node dissection, SLNs¼ sentinel lymph
observation of recurrences after negative SLNB and high
negative predictive values between 94.2% and 98.5% have
been reported.8 Using the Kaplan–Meier method, Nowecki

FIGURE 3. Proportion of definitive local tumor control in the bed of co
lymph node. With respect to the s-category, the proportions of tumor
were 9.3%, 11.0% and 39.0%, respectively (P<0.001). CLND¼ com

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.
et al14 determined an estimated 5-year ‘‘nodal basin control
rate’’ of 91.5%. We observed a 5-year nodal basin control rate
of 96.4%, supporting the high negative predictive value of the

es.
SLN procedure after long-term follow-up. Related to the
initially SLN-negative subpopulation, the probability of nodal
recurrence depended on Breslow thickness and ulceration of the

mpletion lymph node dissection according to TPD into the sentinel
-positive CLNDs for patients with SLNs categorized as s1, s2, or s3
pletion lymph node dissections, TPD¼ tumor penetration depth.

www.md-journal.com | 5



TABLE 3. Multivariate Analysis of the Time to Local Recurrence after Completion Lymph Node Dissection (437 Cases with
Complete Data, Stepwise Variable Selection)

Factor Category
Adjusted

Relative Risk
95% Confidence

Interval P

Age / year 1.021 1.005–1.036 0.006
Tumor penetration depth into the SLN / mm 1.09 1.042–1.136 0.0001
Primary melanoma location 1—Extremity & Trunk 3.467 1.989–6.041 0.00003

2—Head and Neck
Ulceration 1 No 1.94 1.215–3.10 0.005

2 Yes

SLNs¼ sentinel lymph nodes.
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primary tumor, that is, on the same risk factors that predict SLN
metastasis. Jones et al15 demonstrated that the male sex is an
additional risk factor of nodal recurrence after initially
negative SLNB.

As counterpart to the sensitivity of SLNB, the FN rate is
defined as the proportion of node-positive patients who had a
tumor-negative SLNB.16 The reported FN rates vary widely,
namely between 0% and 34%.8 Obviously, defining the FN
rate as a simple fraction makes it difficult to compare the
results from different studies. To improve upon this, we
introduce the statistically preferable Kaplan–Meier method
for estimating the cumulative proportion of node-positive
patients diagnosed by SLNB. This allows for an estimation
of the false-negativity over time, even when patients drop out
or are studied for different lengths of time. A large meta-
analysis demonstrated higher FN rates in studies with a higher
average quality score.8 Our study delivers a possible expla-
nation for this paradoxical finding showing that the FN rate
steadily increases over time. Some authors have claimed
decreasing FN rates with greater experience.17,18 Such state-
ments have to be handled with caution because the patients
treated first have been followed for the longest period of time.
This alone increases the probability of being FN. FN results
after SLNB have been explained by technical factors and by
the biology of the disease.19 Errors in lymphoscintigraphy,
surgery, or pathology have been demonstrated and intensely
discussed.20–24 This is the first study showing that the FNs
have a lower number of SLNs excised when correctly com-
pared with the SLN-positive patients. Using hybrid single-
photon emission computed tomography-computed tomogra-
phy (SPECT-CT), Stoffels et al25 demonstrated an increase of
the number of excised SLNs. This might be especially useful
to improve the FN rates in the head and neck area. The
association of false-negativity with age, head, or neck location
and with in-transit metastases has already been described by
means of univariate analyses.23,26–28 Using multivariate
analysis, we identified 3 independent predictors of the FN
rate: the number of SLNs, head, or neck location of the
primary melanoma, and older age.

We observed a relatively low 5-year FN rate of 8.6%,
which corresponds with an SLN-positivity rate of 26%. In a
new study from the National Cancer Data Base including
33,639 SLNB patients, surgery at hospitals with lower-than-

expected SLNB positivity rates was associated with
decreased survival.29 The impact of false-negativity on over-
all survival remains controversial. In our study, the FNs did

6 | www.md-journal.com
not significantly differ from the SLN-positive patients with
respect to Breslow thickness, ulceration, or gender. In agree-
ment with one previous study,20 but in contrast to other
studies,14,23,30 we observed a significantly lower overall
survival of the FN patients, compared with SLN-positive
patients.

Studies comparing SLNBþCLND with delayed lymph
node excision have demonstrated a survival benefit of early over
delayed lymph node excision in the subgroup of patients with
nodal metastases.31 However, a significant contribution to the
improved outcome resulting from the prophylactic CLND has
not been proven yet. Therefore, the capacity of a CLND to
provide definitive tumor control in the bed of a lymph node
dissection is of prime importance. In a meta-analysis of studies
providing percentages of recurrences, only 7.5% of the patients
developed nodal recurrences after positive SLNBþCLND.
Using Kaplan–Meier estimates, we obtained a 5-year nodal
basin recurrence rate of 18.5%. Studies dealing with therapeutic
lymphadenectomy dissection of clinically enlarged lymph node
metastases demonstrated nodal basin recurrence rates varying
between 25% and 52%.2–7,32 Thus, the nodal basin recurrence
probabilities after SLNBþCLND seem to be better than those
reported after therapeutic lymphadenectomy for enlarged node
metastases. However, even after SLNBþCLND, some sub-
groups of patients displayed a high probability of nodal basin
recurrence (Table 2). In the actual target group of CLND, that is,
patients with positive non-SLNs, the goal of definitive local
disease control was not achieved in 28.5% of cases. The number
of lymph node metastases was positively associated with nodal
basin relapse. Using multivariate analysis, we estimated a 3.5-
fold increased relative risk of nodal recurrence for patients with
neck dissections (recurrence rate 44%). Guggenheim et al33

observed neck recurrences in 33% of cases. In view of the
diversity of the lymphoscintigraphic results in the neck region,
the appropriateness of the commonly performed types of neck
dissections requires further research. In multivariate analysis,
older age, ulceration, and increasing tumor penetration depth
into the SLN turned out as additional risk factors of local
recurrence after SLNBþCLND (Table 3). In this context,
the tumor penetration depth is an outstanding feature, because
it is the only SLN-related factor that allows predicting the risk of
non-SLN metastases as well as the nodal basin recurrence
probability already before a CLND. Importantly, young patients

and patients with thin primary tumors had a relatively favorable
ratio of tumor-positive CLND to nodal basin recurrence
after CLND.

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.



With 768 node-positive patients analyzed statistically,
we present one of the largest studies dealing with nodal basin
recurrences after SLNB. Some limitations have to be con-
sidered: the study has a retrospective design. The extent of
neck and groin dissection depended on the personal experi-
ence of the treating surgeons and we were not able to
differentiate between different types of CLND in these
regions. In-transit metastasis as a possible cause of nodal
basin recurrence must be questioned, because any melanoma
recurrence probably increases the risk of other types
of recurrence.

CONCLUSIONS
We show that false-negativity after SLNB increases over

time, indicating that this parameter should be estimated by the
Kaplan–Meier method. It is well known that the risk of any
nodal basin recurrence depends on the biology of a given tumor
and on technical or individual factors. This study adds the
observation that the number of SLNs excised is inversely
associated with the FN rate. The beneficial effect of CLND
on nodal basin disease control varies considerably across
different risk groups. This should be kept in mind when
individual decisions for or against CLND are taken. From a
historical perspective, it appears that the long-term local control
rates are superior to the respective results that have been
reported after therapeutic lymph node dissection for clinically
enlarged lymph node metastases. This assumption is supported
by our data showing a significant association between nodal
tumor burden and nodal basin recurrence after positive
SLNBþCLND.
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