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ABSTRACT

Background. Factors that predict melanoma recurrence
after a negative sentinel lymph node biopsy (SLNB) are not
well-defined. We evaluated melanoma recurrence patterns,
factors prognostic for recurrence, and the impact of
recurrence on outcomes after a negative SLNB.

Methods. The Sentinel Lymph Node Working Group
database was evaluated from 1996 to 2016 for negative
SLNB melanoma patients. Clinicopathologic characteris-
tics were correlated with recurrence, overall survival (OS),
and melanoma-specific survival (MSS).

Results. Median follow-up was 32.1 months. Recurrences
developed in 558 of 5351 negative SLN patients (10.4%).
First-site of recurrence included a local or in-transit
recurrence (LITR) in 221 cases (4.1%), nodal recurrence
(NR) in 109 cases (2%), and distant recurrence (DR) in 220
cases (4.1%). On multivariable analysis, age, thickness,
head/neck or lower extremity primary, and
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microsatellitosis significantly predicted for an LITR as
first-site. Having an LITR as first-site significantly pre-
dicted for a subsequent NR and DR, and significantly
predicted for worse OS and MSS. Furthermore, thickness
and head/neck or lower extremity primary significantly
predicted for an NR as first-site, while a prior LITR sig-
nificantly predicted for a subsequent NR. Factors
significantly predictive for a DR included thickness,
head/neck or trunk primary, ulceration, and lymphovascu-
lar invasion. Patients with any type of locoregional
recurrence were at higher risk for a DR.

Conclusions. Recurrences occur in 10.4% of negative
SLN patients, with LITR and DR being the most common
types. Importantly, having an LITR significantly predicts
for a subsequent NR and DR, and is prognostic for worse
survival after a negative SLNB.

Sentinel lymph node biopsy (SLNB) provides prognos-
tic data in patients with localized disease. ' Overall,
15-20% of melanoma patients will have nodal metastasis,
and SLN status is the strongest prognostic marker for
recurrence and melanoma-related death.”™ Specifically,
positive SLN patients are at higher risk for recurrence and
have worse 5-year survival, ranging from 59 to 78%.*

In contrast, negative SLN patients have more favorable
outcomes, yet a proportion of negative SLN patients will
experience disease recurrence.® Up to 8.9-16.0% of nega-
tive SLN cases will develop a recurrence, with DRs
representing the most common type.>™ Importantly, neg-
ative SLN patients represent the large majority of patients
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who undergo nodal staging (80-85%), and therefore the
absolute number of patients who experience a recurrence is
greatest in the negative SLNB population.

The literature describing predictors for recurrences after
a negative SLNB is relatively limited, and many studies
focus on nodal recurrences (NRs) or false-negative
SLNB.®!'!"!" Fyrthermore, the impact of the type of
recurrence that develops after a negative SLNB has not
been well-defined. This study aimed to describe patterns of
melanoma recurrence after a negative SLNB in order to
identify clinicopathologic factors prognostic for disease
recurrence. Moreover, we sought to evaluate the impact of
disease recurrence and the type of recurrence on survival
for negative SLN patients.

METHODS

Retrospective review of the multi-institutional Sentinel
Lymph Node Working Group (SLNWG) [electronic sup-
plementary Table 1] database identified all melanoma
patients who underwent SLNB from 1996 to 2016. All
contributing  SLNWG members obtained Institutional
Review Board approval, and each participating institution
submitted data through an encrypted, password protected
website. Patients < 18 years of age or with missing SLNB
data were excluded from the study.

SLNB was performed according to the techniques
reported in the literature, and the selection of patients for
SLNB was in accordance with national guidelines.'*™"*
Patients who were clinically node-negative and deemed
medically fit for general anesthesia were treated with
SLNB for cases with a thickness > mm. Patients with
melanomas between 0.75 and 1 mm were offered SLNB.
For cases with melanomas < 0.75 mm in thickness, SLNB
was utilized when one or more of the following factors was
present: ulceration, higher mitotic rate, lymphovascular
invasion (LVI), inadequate staging of the primary site (e.g.
positive deep biopsy margin), and younger age. Evaluation
of pathology specimens was performed according to
pathology guidelines from each individual participating
institution.

Age was stratified in 15-year increments, with the
median age included in the 50-64 year age reference
group. Thickness was grouped in 1 mm increments, with
cases > 3 mm combined and median thickness included in
the 1.01-2.0 mm reference group. Multiple thickness cut-
points and groupings were evaluated, and only thickness
groups < 1 mm, 2.01-3.0 mm, and anything > 3 mm
demonstrated significant findings in the various analyses.
The category >3 mm was chosen as the last cut-point
since significant differences were seen from >3 mm
onward, and this was the lowest thickness grouping in

which differences became statistically significant in some
analyses. Furthermore, there was a lower number of thick
melanoma patients overall in the study (9%), which rela-
tively limited the number of thick cases and recurrence
events in some comparison groups. By using a > 3 mm
cut-point, this allowed for more robust multivariable
analyses between the various comparison groups to assess
for predictors of recurrence. Because of these reasons,
thickness groups < I mm, 2.01-3.0 mm, and > 3 mm
were chosen as comparison groups.

Recurrences were stratified by location: (1) local or in-
transit recurrence (LITR); (2) NR; and (3) DR. Local and
in-transit recurrences were combined due to the inability to
clearly distinguish a primary tumor recurrence from an in-
transit recurrence. For cases that had concurrent recur-
rences, each recurrence was counted and categorized in the
appropriate recurrence type. Recurrence outcomes were
examined in two manners: (1) first-site of recurrence; and
(2) overall recurrence (except for overall LITRs due to the
small difference in the number of cases between first-site
and overall LITR). A false-negative SLNB was recorded if
a patient had a negative SLNB and subsequently developed
an NR as first-site, specifically in the previous SLNB basin.

Descriptive statistics were reported for both baseline
variables and recurrence type. The false-negative rate
(FNR) for SLNB was calculated using the following: #
false-negative SLNB/(# positive SLNB + # false-negative
SLNB)*100. For negative SLN patients, univariable anal-
ysis was performed using Pearson’s Chi square test. For
each recurrence type, multivariable logistic regression was
used to examine the association of covariates and the first-
site of a specific recurrence, and was reported as odds ratio
(OR) with 95% confidence interval (CI). Multivariable
analyses were also performed for each recurrence type for
overall recurrence. Overall survival (OS) and melanoma-
specific survival (MSS) were analyzed using the Kaplan—
Meier method, and using the log-rank test to compare
survival differences. The follow-up period began at the
date of SLNB. Patients with < 1 month of follow-up or
with incomplete data on SLNB date and date of death or
last follow-up were excluded from the survival analyses.
Multivariable Cox proportional hazard regression models
were created to estimate the hazard ratio (HR) for death
and to identify clinicopathologic factors associated with
survival, with a significance of < 0.20 used for inclusion
into the models. Backward selection was used for multi-
variable models, and a p-value < 0.05 was considered
statistically significant in all analyses. Statistical analyses
were performed using SAS version 9.4 (SAS Institute,
Cary, NC, USA).
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RESULTS
Overall Patients

Overall, 6305 patients were included in this study.
SLNB was positive in 954 (15.1%) patients and negative in
5351 (84.9%) patients (electronic supplemental Fig. 1).
The positive SLN rate in the head/neck was 10.8%, and
10.4% for upper extremity cases, 12.8% for truncal cases,
and 25.6% for lower extremity cases. Overall median fol-
low-up was 32.1 months. In total, 873 (13.9%) patients
developed recurrences, with 558/5351 (10.4%) negative
SLN patients and 315/954 (33.0%) positive SLN patients
experiencing recurrences.

Clinicopathologic Characteristics of Negative Sentinel
Lymph Node Biopsy (SLNB) Patients

For negative SLN patients, overall median age was
57 years, while overall median thickness was 1.3 mm. The
majority of patients were male (56.8%), and the most
common tumor location was the trunk (35.5%). Ulceration,
LVI, and microsatellitosis (MS) were seen in 18.8, 3.5, and
1.5% of cases, respectively.

The median age of patients who had a recurrence
(60 years) was older than those who did not recur (median
56 years, p < 0.01), and the recurrence rate increased
significantly with increasing age group (p < 0.01)
[Table 1]. A recurrence was seen in 11.7% of men, which
was significantly higher than the recurrence rate seen in
women (8.8%, p < 0.01). A significantly higher recurrence
rate was also seen in patients who had tumors of the
head/neck (15.1%) compared with other sites (p < 0.01).

Recurrent cases had thicker tumors (median 2.1 mm)
compared with non-recurrent cases (median 1.2 mm,
p < 0.01), and the recurrence rate significantly increased
with increasing thickness group (p < 0.01). Recurrence
rates for patients with ulceration (15.8%), LVI (22.3%), or
MS (32.1%) were significantly higher compared with
patients without ulceration (8.6%), LVI (9.8%), or MS
(10.8%), respectively (all p < 0.01).

Recurrence After Negative SLNB

Among the 5351 negative SLN patients, first-site of
recurrence included an LITR in 221 cases (4.1%), NR in
109 cases (2%), DR in 220 cases (4.1%), and an unknown
site in 8 cases (0.2%). Overall, 225 cases (4.2%) developed
an LITR, while 133 cases (2.5%) and 279 cases (5.2%)
developed an NR and DR, respectively. Of the 558 recur-
rent cases, LITR was the most common first-site (39.6%),
followed by DR (39.4%). The median times to an LITR as

first-site, NR as first-site, and DR as first-site were
16.7 months, 18.6 months, and 31.2 months, respectively.

Predictors of Local or In-Transit Recurrence as First-
Site Multivariable analysis revealed that age > 80 years,
head/neck or lower extremity primaries, thickness > 3 mm,
and MS significantly predicted developing an LITR as first-
site (all p < 0.05) [Table 2], with MS conferring the
greatest risk (OR 3.8, 95% CI 1.9-7.8).

Predictors of Nodal Recurrence Multivariable analysis
demonstrated that head/neck or lower extremity primaries,
and thickness >2 mm were significant predictors of
developing an NR as first-site (all p < 0.05) [Table 2],
with head/neck location giving the greatest risk (OR 2.9,
95% CI 1.5-5.5). In contrast, thickness < 1 mm was
associated with a lower risk for an NR as first-site (OR 0.2,
95% CI 0.1-0.5; p < 0.05). The FNR for SLNB was
10.3%. Three false-negative SLNB cases subsequently
developed in-transit disease. In comparing false-negative
SLNB cases with true positive SLNB cases, multivariable
analysis showed that only head/neck location predicted for
a false-negative SLNB.

Multivariable analysis revealed the same independent
predictors for overall NR as was seen for NR as first-site
(Table 2), however having a prior LITR (OR 3.6, 95% CI
2.0-5.5) also significantly predicted a subsequent NR.

Predictors of Distant Recurrence Significant predictors
of DR as first-site on multivariable analysis included
head/neck or truncal locations, thickness > 2 mm,
ulceration, and LVI (all p < 0.05) [Table 2], with LVI
showing the greatest risk (OR 2.3, 95% CI 1.3-3.8,
p < 0.05). Thickness < 1 mm was correlated with a lower
risk for a DR as first-site (OR 0.5, 95% CI 0.3-0.8;
p < 0.01).

Significant predictors of overall DR on multivariable
analysis included head/neck or truncal primaries, thickness,
ulceration, and LVI (all p < 0.05) [Table 2]. In addition,
having a prior LITR (OR 3.1, 95% CI 2.1-4.7) or prior NR
(OR 3.6, 95% CI 2.2-6.0) significantly predicted for
developing a subsequent DR (all p < 0.05).

Survival After Negative SLNB

Overall, 4059 negative SLN patients with at least
1 month of follow-up and with complete data on SLNB
date and date of death or last follow up were included in
the survival analyses. Of these, 472 (11.6%) patients died,
with 201 (5.0%) deaths due to melanoma. Five-year OS
and MSS for all negative SLNB patients was 86.9% and
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TABLE 1 .Clinicop athologic. No recurrence [N = 4793] Recurrence [N = 558] p-value
characteristics by recurrence in
negative SLNB patients N % N %
[N = 5351]
Age, years < 0.01
18-34 447 94.9 24 5.1
35-49 1121 91.8 100 8.2
50-64 1601 90.4 171 9.7
65-80 1298 86.5 202 13.5
> 80 326 84.2 61 15.8
Sex < 0.01
Female 2107 91.2 203 8.8
Male 2686 88.3 355 11.7
Location < 0.01
Head/neck 905 84.9 161 15.1
Trunk 1723 88.8 177 11.2
Lower extremity 1043 90.7 131 9.3
Upper extremity 1113 92.6 89 7.4
Unknown 9 100.0 0 0.0
Thickness, mm < 0.01
0.1-1.0 1757 95.9 76 4.2
1.01-2.0 1751 90.5 184 9.5
2.01-3.0 588 83.5 116 16.5
>3.0 609 78.9 163 21.1
Unknown 88 82.2 19 17.8
Ulceration < 0.01
No 3157 91.4 298 8.6
Yes 847 84.2 159 15.8
Unknown 789 88.7 101 11.4
LVI < 0.01
No 2325 90.2 252 9.8
Yes 146 71.7 42 223
Unknown 2322 89.8 264 10.2
Regression 0.14
No 1890 88.9 236 11.1
Yes 570 91.6 52 8.4
Unknown 2333 89.6 270 104
Microsatellitosis < 0.01
No 2402 89.2 290 10.8
Yes 53 68.0 25 32.1
Unknown 2338 90.6 243 9.4

SLNB sentinel lymph node biopsy, LVI lymphovascular invasion

93.3%, respectively; median OS and MSS were not
reached.

OS after a negative SLNB was significantly worse for
patients who had an LITR or NR as first-site compared
with patients who did not have a recurrence (p < 0.01)
[Fig. 1a]. MSS after a negative SLNB was also signifi-
cantly worse for patients who had an LITR or NR as first-
site compared with patients who did not have a recurrence
(p < 0.01) [Fig. 2a].

Five-year OS for patients who had an LITR as first-site
versus patients with no LITR was 74.5% and 87.7%,
respectively (p < 0.01) [Fig. 1b]. Five-year OS for patients
who had an NR as first-site versus patients with no NR
were 64.2% and 87.7%, respectively (p < 0.01) [Fig. 1c].
Five-year OS for patients who had a DR as first-site versus
patients with no DR were 49.4% and 90.3%, respectively
(p < 0.01) [Fig. 1d].
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TABLE 2 Multivariable predictors of first-site of recurrence and overall recurrence at each site after a negative SLNB

OR 95% CI p-value OR 95% C1 p-value
LITR as first-site
Age, years 50-64 Ref
> 80 2.3 1.54.1 < 0.01
Location Upper extremity Ref
Head/neck 1.8 1.2-2.7 < 0.01
Lower extremity 2 1.3-3.0 < 0.01
Thickness, mm 1.01-2.0 Ref
>3 2.1 1.5-2.9 < 0.01
No microsatellitosis Ref
Microsatellitosis 3.8 1.9-7.8 < 0.01
NR as first-site Overall NR
Location Upper extremity Ref Upper extremity Ref
Head/neck 2.9 1.5-5.5 < 0.01 Head/neck 2.3 1.3-4.1 < 0.01
Lower extremity 22 1.1-4.2 0.02 Lower extremity 1.8 1.04-3.2 0.04
Thickness, mm 0.1-1.0 0.2 0.1-0.5 < 0.01 0.1-1.0 0.3 0.1-0.6 < 0.01
1.01-2.0 Ref 1.01-2.0 Ref
2.01-3.0 2.3 1.4-3.8 < 0.01 2.01-3.0 23 1.5-3.7 < 0.01
>3 2.3 1.4-3.7 < 0.01 >3 22 1.4-3.5 < 0.01
No LITR Ref
LITR as first-site 3.6 2.0-5.5 < 0.01
DR as first-site Overall DR
Location Upper extremity Ref Upper extremity Ref
Head/neck 2.0 1.1-3.6 0.02 Head/neck 1.5 1.04-2.2 0.04
Trunk 1.8 1.2-2.7 < 0.01 Trunk 1.6 1.2-2.3 < 0.01
Thickness, mm 0.1-1.0 0.5 0.3-0.8 < 0.01 0.1-1.0 0.5 0.3-0.7 < 0.01
1.01-2.0 Ref 1.01-2.0 Ref
2.01-3.0 1.7 1.2-2.5 < 0.01 2.01-3.0 1.7 1.3-2.5 < 0.01
>3 1.8 1.2-2.6 < 0.01 >3 1.8 1.3-2.5 < 0.01
No ulceration Ref No ulceration Ref
Ulceration 1.6 1.1-2.2 < 0.01 Ulceration 1.5 1.1-2.0 0.01
No LVI Ref No LVI Ref
LVI 2.3 1.3-3.8 < 0.01 LVI 1.9 1.1-3.1 0.02
No LITR Ref
LITR as first-site 3.1 2.1-4.7 < 0.01
No NR Ref
NR as first-site 3.6 2.2-6.0 < 0.01

SLNB sentinel lymph node biopsy, OR odds ratio, CI confidence interval, Ref reference group, LITR local or in-transit recurrence, NR nodal

recurrence, DR distant recurrence, LVI lymphovascular invasion

Five-year MSS for patients who had an LITR as first-site
was 82.4% compared with 94.0% for patients with no
LITR (p < 0.01) [Fig. 2b]. Five-year MSS for patients who
had an NR as first-site versus patients with no NR was
73.7% and 93.9%, respectively (p < 0.01) [Fig. 2c]. Five-
year MSS for patients who had a DR as first-site versus
patients with no DR was 55.2% and 96.6%, respectively
(p < 0.01) [Fig. 2d].

On multivariable analysis, older age (> 65 years),
thickness > 3 mm, ulceration, LITR, NR, and DR were
significantly correlated with worse OS (all p < 0.05)
[Table 3]. In contrast, female sex and thickness < 1 mm
were significantly correlated with improved OS (both
p < 0.05). Multivariable analysis also showed that thick-
ness 3 mm, LITR, NR, and DR were significantly
correlated with worse MSS (all p < 0.05) [Table 3].
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FIG. 1 a OS as stratified by recurrence type compared with patients
who had no recurrence. b OS of patients who had an LITR as first-site
compared with patients who had no LITR. ¢ OS of patients who had
an NR as first-site compared with patients who had no NR. d OS of

DISCUSSION

SLN status is the strongest predictor for melanoma
recurrence and melanoma-related death.’ However, a pro-
portion of negative SLN patients will still experience
disease recurrence. Recurrence rates in negative SLN
patients range from 7.7 to 16%, with DRs being the most
common type at 4.6-11%."">""7 Our results are consis-
tent since 10.4% of negative SLN patients had disease
recurrence, and LITR and DR were the most common types
(4.1%). In addition, the FNR of SLNB in this study was
10.3%, which is consistent with a meta-analysis reporting a
weighted FNR summary estimate of 12.5%.>'%!?

Certain factors were prognostic for each recurrence type
after a negative SLNB. Our results demonstrated that
thicker tumors were associated with all sites of recurrence,
and this finding is consistent with prior studies evaluating
factors associated with recurrence.”, 10:15:17:18:20-22 gy,
thermore, thickness is a validated prognostic marker for
survival in melanoma patients, and the current study also
shows that thickness independently predicts for MSS and
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patients who had a DR as first-site compared with patients who had no
DR. OS overall survival, LITR local or in-transit recurrence, NR nodal
recurrence, DR distant recurrence

OS in negative SLN patients. However, it is important to
note that recurrences were still seen in 4.2% of thin mel-
anoma patients who had a negative SLNB.****

MS was found to significantly predict for only LITR in
this negative SLNB population, supporting studies that
show that MS appears to predict locoregional recurrence
but not DR.*>*® A significantly higher rate of LITR was
also seen for lower extremity and head/neck tumors, and
these locations are associated with the development of in-
transit disease. In addition, older age was significantly
associated with LITR in the current study. Although
increasing age has been associated with overall recurrence,
it has not been correlated with LITR alone.'”’ One pos-
sible explanation may be that given the higher risk for
wound issues in the lower extremity or in older patients, a
higher percentage of these cases may have been treated
with narrower margins, particularly for tumors 1-2 mm
thick. However, the margins utilized for wide local exci-
sion (WLE) was not recorded in the SLNWG database, and
we were unable to evaluate this variable. However, given
the lack of consensus for resection margins in this group,
and the fact that recurrences still develop despite utilizing
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FIG.2 a MSS as stratified by recurrence type compared with
patients who had no recurrence. b MSS of patients who had an LITR
as first-site compared with patients who had no LITR. ¢ MSS of
patients who had an NR as first-site compared with patients who had

recommended margins, it is likely that LITR is affected
more by tumor biology rather than margins utilized. In
addition, sun damage may also damage lymphatic vessels,
thereby potentially increasing the risk for LITR while
decreasing the risk for nodal metastasis.*®

Multivariable analyses found that head/neck primaries
were independently predictive of all sites of recurrence,
while a truncal primary significantly predicted a DR, which
confirms previously described findings.®”*>* Of note, in
comparing false negative with true positive SLN cases, the
only significant factor on multivariable analysis was a
head/neck tumor location, a finding that has been previ-
ously reported.*” It is possible that the correlation between
a false-negative result and a head/neck location may be
related to a lower positive SLN rate for head/neck cases
(10.8%), such that a missed SLN with micrometastatic
disease develops into a later NR. Although the upper
extremity had a comparable positive SLN rate (10.4%) but
did not significantly predict for a false negative result, the
upper extremity was used as the reference group in the
multivariable analyses, and head/neck location remained as

no NR. d MSS of patients who had a DR as first-site compared with
patients who had no DR. MSS melanoma-specific survival, LITR local
or in-transit recurrence, NR nodal recurrence, DR distant recurrence

a significant predictor for an NR after a negative SLNB.
Interestingly, having a tumor on the lower extremities was
also associated with an NR, in contrast to prior studies that
have found no significant association. While the mecha-
nisms behind the association between head/neck, truncal or
lower extremity melanomas and disease recurrence are
unclear, it may in part be a result of the complex and
varying lymphatic drainage patterns in these regions,
potentially more aggressive tumor biology in these loca-
tions, and more technically difficult nodal dissections in
these basins.®?!

Additional factors predictive of recurrence included
ulceration and LVI, both of which predicted a DR in
negative SLN patients. Ulceration is a well-validated
prognostic marker in melanoma, and other studies have
reported that LVI is associated with recurrence.” However,
there is very little data reported on the risks for developing
subsequent metastases after an LITR. We found that
developing an LITR significantly increased the risks for
developing a subsequent NR and DR.
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TABLE 3 Multivariable predictors of overall and melanoma-
specific survival in negative SLNB patients

HR 95% CI p-value

Overall survival
Age, years

35-49 0.7 0.4-0.9 0.01

50-64 Ref

65-80 1.8 14-2.2 < 0.01

> 80 5.0 3.7-6.6 < 0.01
Sex

Male Ref

Female 0.8 0.6-0.9 < 0.01
Thickness, mm

0.1-1.0 0.6 0.5-0.9 < 0.01

1.01-2.0 Ref

>3 1.5 1.2-19 < 0.01
No ulceration Ref
Ulceration 1.5 1.2-1.9 < 0.01
No LITR Ref
LITR as first-site 2.4 1.9-33 < 0.01
No NR Ref
NR as first-site 39 2.7-5.5 < 0.01
No DR Ref
DR as first-site 6.6 5.3-8.3 < 0.01
Melanoma-specific survival
Thickness, mm

1.01-2.0 Ref

>3 1.9 1.4-2.7 < 0.01
No LITR Ref
LITR as first-site 15.0 9.5-23.8 < 0.01
No NR Ref
NR as first-site 18.4 10.8-31.3 < 0.01
No DR Ref
DR as first-site 422 28.5-62.5 < 0.01

SLNB sentinel lymph node biopsy, HR hazard ratio, CI confidence
interval, Ref reference group, LITR local or in-transit recurrence, NR
nodal recurrence, DR distant recurrence

Negative SLN patients who developed a DR had a
5-year MSS of only 55.2%, while those with an NR had an
MSS of 73.7%. Importantly, this study also showed the
significantly negative impact of LITR on survival. In-
transit disease has been correlated with worse survival,
however the impact of a local recurrence (LR) by itself is
not well-defined. The Intergroup trial, which assessed
margin width in melanoma WLE, showed that patients who
had an LR had significantly worse survival compared with
patients who did not have an LR.** The current study

shows that patients who had either a local or in-transit
recurrence had significantly worse OS and MSS compared
with patients with no LITR, with a 5-year MSS of 82.4%.

This study has several limitations. The high proportion
of missing values for some variables, such as for histologic
subtype of melanoma, limits the interpretation of these
data. Furthermore, institutional variations in pathology
evaluation may impact the results of this study, particularly
in the assessment and reporting of tumor characteristics
such as regression.”” In addition, the high proportion of
missing data on the type of treatments utilized following a
melanoma recurrence prevented analysis of the impact of
these specific treatments on OS and MSS. Finally, the
median follow-up period was relatively short at
32.1 months, which may have limited the number of
recurrences captured.

CONCLUSIONS

This large study demonstrates that recurrences after a
negative SLNB occur in 10.4% of patients after a median
follow-up of 32.1 months. LITR and DR are the most
common recurrence types, and the FNR for SLNB is
10.3%. Specific factors are prognostic for the development
of an LITR, NR, and DR, which may allow for stratifica-
tion of patients who are at greater risk for recurrence after a
negative SLNB. Importantly, our data show that having an
LITR significantly predicts for a subsequent NR and DR,
and that the development of an LITR is associated with
worse survival.
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