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Background: Sentinel lymph node biopsy (SLNB) specimens are often obtained from patients for further
staging after these patients have undergone melanoma excision. Limited data regarding predictors of SLNB
positivity in thin melanoma are available.
Objective: We sought to evaluate predictors of SLNB positivity in thin melanoma.
Methods: Patients with cutaneous melanoma with a Breslow thickness #1.00 mm who received a SLNB
were identified from the National Cancer Database between 2004 and 2014 (n = 9186). Predictors of SLNB
positivity were analyzed using logistic regression.
Results: In a multivariate analysis, patients \60 years of age (P \ .001) and Breslow thickness
[0.8 mm (P = .03) were at increased risk for positive sentinel lymph node (SLN). Moreover, on
multivariate analysis, the presence of dermal mitoses increased the odds of SLN positivity by 95% (odds
ratio [OR] 1.95 [95% confidence interval {CI} 1.53-2.5], P\ .001), ulceration by 63% (OR 1.63 [95% CI 1.21-
2.18], P\.001), and Clark level IV to V by 48% (OR 1.48 [95% CI 1.19-1.85]). Patients without ulceration but
with dermal mitoses had 92% (OR 1.92 [95% CI 1.5-2.48], P\ .001) increased SLN positivity.
Limitations: Limited survival data are available.
Conclusions: Younger age, a Breslow thickness[0.8 mm, the presence of dermal mitoses, ulceration, and
Clark level IV to V are positive predictors of positive SLN. While the new American Joint Committee on
Cancer system has removed dermal mitotic rate from staging, continued evaluation of dermal mitotic rate
could be valuable for guiding surgical decision making about SLNB. ( J Am Acad Dermatol 2019;80:441-7.)
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M
elanoma is the thirdmost common cancer
and the most deadly skin cancer.1 The
incidence rate of melanoma has

increased 15-fold in the last 40 years, more than
any other cancer.1,2 Within melanoma, the highest
rate of rise is seen in thin melanomas (#1 mm),
which account for approximately 70% of new
tments of Dermatology and Plastic Surgery,a

d Hematology and Oncology,c Cleveland Clinic.

None.

st: None disclosed.

lication August 29, 2018.

Brian R. Gastman, MD, Surgical Director of the

ic Melanoma Program, Associate Professor of

eland Clinic Lerner College of Medicine,
melanoma cases in the United States.3-5 Sentinel
lymph node (SLN) positivity in patients with thin
melanoma is approximately 5%.5-7

The current National Comprehensive Cancer
Network (NCCN) guidelines based on American
Joint Committee on Cancer (AJCC) 8th edition stag-
ing state that for melanomas\0.8 mm in thickness
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without ulceration, wide local excision alone is
recommended. For melanomas \0.8 mm with ul-
ceration or between 0.8 mm and 1 mm in thickness
with or without ulceration, consideration of a SLNB is
recommended.8 In addition, the AJCC 8th edition
melanoma staging manual recently removed dermal
mitoses entirely; however, the AJCC acknowledges
CAPSULE SUMMARY

d The presence of dermal mitoses and
invasion to Clark level IV to V are
important factors in predicting sentinel
lymph node positivity, even when
accounting for ulceration and Breslow
thickness.

d Continued evaluation of possible
predictors of sentinel lymph node
positivity is necessary to establish clear
guidelines when to proceed with
obtaining a sentinel lymph node biopsy
specimen in patients with thin
melanomas.
the prognostic value of
dermal mitoses and recom-
mends continuing to report
them. Under the new guide-
lines, stage T1a now consists
of tumors \0.8 mm without
ulceration, and T1b consists
of tumors\0.8 mm with ul-
ceration or $0.8 to 1.0 mm
regardless of ulceration.9

A meta-analysis and
various studies attempted to
evaluate the numerous pre-
dictors of SLNB positivity in
thin melanoma; however,
these studies are largely
single-institution and retro-
spective in nature. Some
have focused on clinical

characteristics like age and sex, while others focused
on histopathologic characteristics, including ulcera-
tion, dermal mitotic rate, Clark level, and regression.
Therefore, the criteria for SLNB in thin melanomas
remain in question. To this end, the National Cancer
Database (NCDB) was reviewed to evaluate the
importance of dermal mitotic rate, Clark level, and
other factors as predictors of SLN positivity in thin
melanomas.

METHODS AND MATERIALS
The NCDB is a joint, facility-based, clinical

oncology database established by the Commission
on Cancer and the American Cancer Society. This
database contains patients $18 years of age who
received all or part of their first course therapy at a
reported cancer program, covering approximately
48.4% of all US melanoma cases.10 The authors
received these data from the NCDB in a deidentified
file following previous approval from the Cleveland
Clinic Institutional Review Board.11

Patients with a diagnosis of malignant melanoma
from 2012 to 2014 were identified using
International Classification of Diseases codes
(Fig 1). Patients were excluded if the form of SLNB
was nodal aspiration, if regional lymph nodes were
removed but SLNB was not performed, or if no data
on SLN outcome were available, leaving a cohort of
9186 patients.
Statistical methods
The main outcome was SLN status classified as

positive or negative. Covariates included in the
analysis were age, gender, Charlson/Deyo comor-
bidity score, tumor site, laterality, Breslow thickness,
Clark level, histologic type, dermal mitotic rate,
ulceration, and regression. A subgroup analysis
was performed on patients
with SLNB without ulcera-
tion. Age at diagnosis was
categorized into \30, 30
to 39, 40 to 49, 50 to 59, 60
to 69, and $70 years. The
Charlson/Deyo comorbidity
score was designated as 0 if
patients had no comorbid-
ities, 1 if there was 1 comor-
bidity, and 2 if there were$2
comorbidities with comor-
bidities defined as previously
published.12 Tumor site was
designated as head and neck,
upper extremities, trunk,
lower extremities, or not
specified. Tumor laterality
was left, right, midline, or
unknown. Breslow thickness was categorized into
\0.75 mm and $0.75 mm. According to the new
AJCC guidelines, Breslow thickness will be rounded
to the tenth of a millimeter, meaning that patients
with a $0.75-mm thickness are now be in the
0.8-mm category. Clark level was grouped into I to
III, IV to V, and unknown. Ulceration, regression,
and dermal mitoses were classified as present,
absent, or unknown.

Categorical variables are presented as frequencies
and percentages, while continuous variables are
presented as medians and interquartile ranges. Chi-
square and t tests were used for inferential statistics.
Analysis for the probability of SLN positivity was
performed using multivariate logistic regression. The
data were analyzed using R software (v 3.4.1, avail-
able at: http://www.R-project.org/).

RESULTS
Cohort characteristics

In total, 9186 patients with cutaneous melanoma
who met the study criteria were identified. Of these,
457 (5%) had positive SLNB specimens and 8729
(95%) had negative SLNB specimens (Table I).
Patients who were younger were more likely to
have positive SLNB specimens, with a median age at
diagnosis for positive SLN of 54 years (interquartile
range 39-53 years) while for those with negative SLN
the median was 57 years (range 44-67 years;

http://www.R-project.org/


Abbreviations used:

AJCC: American Joint Commission on Cancer
CI: confidence interval
NCCN: National Comprehensive Cancer Network
NCDB: National Cancer Database
OR: odds ratio
SLN: sentinel lymph node
SLNB: sentinel lymph node biopsy
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P = .002). In the patients who received SLNB, highest
SLN positivity was found in lower extremity mela-
noma (6.1%) followed by truncal melanoma (5.4%).
No differences were found regarding gender
(P = .35) or comorbidities (P = .23).

Predictors of SLN positivity
In amultivariate analysis, patients 40 to 49 years of

age had 36% (OR 0.63 [95% CI 0.43-0.96], P = .03)
lower odds of positive SLN compared with those
\30 years of age, while those 50 to 59 years of age
had 37% (OR 0.63 [95% CI 0.43-0.92], P = .02) lower
odds, 60- to 69-year-olds had 48% (OR 0.52 [95% CI
0.35-0.77], P\.001) lower odds, and those$70 years
of age had 44% (OR 0.56 [95% CI 0.38-0.84], P = .005)
lower odds.

Male sex (OR 1.32 [95% CI 1.07-1.63], P\.001), a
Breslow thickness between 0.8 and 1.0 mm (OR 1.24
[95% CI 1.04-1.81], P = .03), and Clark levels IV to V
(OR 1.47 [95% CI 1.19-1.85], P\ .001) were associ-
ated with higher odds of SLN positivity (Table II). In
addition, the presence of ulceration increased the
odds of SLN positivity by 63% (OR 1.63 [95% CI 1.21-
2.18], P \ .001). Finally, the presence of dermal
mitoses increased SLN positivity by 95% (OR 1.95
Fig 1. Cohort selection. SLN, Sentinel lymph n
[95% CI 1.53-2.5], P\ .001). The number of comor-
bidities, location of tumor, laterality, and histologic
type did not impact SLN positivity. In addition, we
attempted to study predictors of SLN positivity
among patients with eyelid melanoma; however,
there were not enough cases for statistical analysis.

Predictors of SLN positivity in patients without
ulceration

Next, we explored predictors of SLN positivity in
patients without ulceration (n = 8207, 89%) in an
effort to determine if there were any ‘‘high-risk’’
patient characteristics among this subgroup. There
were 387 (4.7%) patients with positive SLN. Ages 50
to 59 (OR 0.65 [95% CI 0.44-0.98], P = .04), 60 to 69
(OR 0.54 [95% CI 0.35-0.82], P = .004), and $70 (OR
0.63 [95% CI 0.41-0.98], P = .04) were associated with
reduced odds of SLN positivity. Breslow thickness
between 0.8 and 1.0 mm and Clark levels IV to V
were associated with a 34% increased odds of pos-
itive SLN (OR 1.34 [95% CI 1.09-1.65], P\.01 and OR
1.34 [95% CI 1.06-1.7], P = .01, respectively), while
dermal mitoses increased the odds of SLN positivity
by 92% (OR 1.92 [95% CI 1.5- 2.48]). Male sex,
location of tumor, laterality, and histologic type did
not impact SLN positivity. Wewere unable to identify
a specific cut point at which SLN positivity increased
or decreased in melanoma \0.8 mm thick, likely
because of a low SLN positivity rate in melanomas of
this thickness.

DISCUSSION
In this cohort, we found that men and patients

\60 years of age with thin melanomas were more
likely to have a positive SLN on multivariate analysis.
ode; SLNB, sentinel lymph node biopsy.



Table I. Demographic and tumor characteristics of
patients based on sentinel lymph node status

Sentinel lymph node status

Negative

(n = 8729)

Positive

(n = 457) P value

Age, y, n (%) .022
\30 562 (92.9) 43 (7.1)
30-39 1129 (93.9) 73 (6.1)
40-49 1183 (94.9) 63 (5.1)
50-59 2004 (95.0) 105 (5.0)
60-69 2116 (95.9) 91 (4.1)
$70 1735 (95.5) 82 (4.5)

Male sex, n (%) 4572 (94.8) 250 (5.2) .356
Charlson/Deyo

comorbidity (%)
.234

0 7712 (95.0) 410 (5.0)
1 881 (96.0) 37 (4.0)
2 136 (93.2) 10 (6.8)

Primary site, n (%) .006
Head and neck 1397 (95.9) 60 (4.1)
Upper extremities 2510 (95.9) 107 (4.1)
Trunk 2955 (94.6) 168 (5.4)
Lower extremities 1829 (93.9) 118 (6.1)
Not specified 38 (90.5) 4 (9.5)

Laterality, n (%) .545
Left 3978 (94.7) 221 (5.3)
Midline 1025 (95.5) 48 (4.5)
Right 3623 (95.2) 181 (4.8)
Unknown 103 (93.6) 7 (6.4)

Histologic type, n (%) .005
Acral lentiginous 91 (93.8) 6 (6.2)
Lentigo maligna 361 (98.4) 6 (1.6)
Nodular melanoma 271 (91.6) 25 (8.4)
Other 203 (95.8) 9 (4.2)
Superficial spreading 4022 (95.0) 210 (5.0)
Unspecified 3781 (95.0) 201 (5.0)

Breslow thickness
0.8-1.0 mm, n (%)

3807 (94.2) 235 (5.8) .001

Clark level, n (%) \.001
I-III 3774 (96.2) 149 (3.8)
IV-V 3362 (93.9) 217 (6.1)
Unknown 1593 (94.6) 91 (5.4)

Ulceration, n (%) .001
Absent 7820 (95.3) 387 (4.7)
Present 671 (92.0) 58 (8.0)
Unknown 238 (95.2) 12 (4.8)

Dermal mitoses, n (%) \.001
Absent 2986 (97.0) 92 (3.0)
Present 4946 (93.8) 325 (6.2)
Unknown 797 (95.2) 40 (4.8)

Regression, n (%) .518
Absent 5700 (95.1) 294 (4.9)
Present 1241 (95.4) 60 (4.6)
Unknown 1788 (94.6) 103 (5.4)
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Interestingly, the presence of dermal mitoses
increased the odds of positive SLN by 95%, ulceration
increased odds by 63%, and Clark level IV to V
increased the odds by 47% when accounting for age
and sex. In addition, patients without ulceration but
with dermal mitoses had 92% increased odds for SLN
positivity in multivariate analysis.

Our finding that patients\60 years of age with
thin melanomas are more likely to have positive
SLN are in accordance with a recent study evalu-
ating regional lymph nodes in patients from the
NCDB.13 Several other studies have also found an
inverse correlation between patient age and SLN
positivity.14-18

Male sex was associated with a higher risk of SLN
positivity among the NCDB cohort and some previ-
ous studies. Contrasting findings were found in
several smaller studies.18,19 Interestingly, the nega-
tive prognostic effects of male sex were not present
in the subgroup of patients with ulceration. This
finding could be related to the lower number of male
patients without ulceration; having a larger cohort of
males without ulceration could change these
findings.

Clark level is historically considered an important
prognostic factor in melanoma.20 While the effects of
Clark level are generally smaller than both ulceration
and dermal mitoses, it may still have value for the
decision-making process. A meta-analysis found that
patients with Clark levels IV to V were at 84%
increased odds of positive SLN (unadjusted OR 1.84
[95% CI 1.3-2.59]).6 In addition, Bartlett et al5 found
an 8.2% rate of SLN positivity in thin melanomas
among those with Clark level IV to V and a dermal
mitotic rate $1.0 per mm2. In contrast, Wong et al19

and Mozzillo et al21 found no association between
Clark level and SLN positivity.

It is well known that dermal mitoses increase the
risk of positive SLNB in thicker melanomas, but
because of the prognostic value of Breslow thick-
ness, management of these patients is not changed.22

However, the importance of the dermal mitotic rate
for the staging and prognosis of thin melanomas has
been a point of contention, particularly because of
the risks and costs involved with obtaining an SLNB
specimen.5,23

In the NCDB cohort, dermal mitotic rate was an
important predictive factor for SLNB positivity in thin
melanomas. Several studies are in agreement with
ours.5,6,21,24-30 Across 5 unadjusted studies contain-
ing 1764 participants (OR 3.04 [95% CI 1.37-6.75])



Table II. Predictors of sentinel lymph node
positivity*

Variable OR (95%CI)

Age, y, n (%)
\30 Reference
30-39 0.82 (0.56-1.22)
40-49 0.64 (0.43-0.96)
50-59 0.63 (0.43-0.92)
60-69 0.52 (0.35-0.77)
$70 0.56 (0.38-0.84)

Sex
Female Reference
Male 1.32 (1.07-1.63)

Charlson/Deyo comorbidity
0 Reference
1 0.85 (0.59-1.2)
2 1.66 (0.8-3.07)

Primary site
Head and neck Reference
Lower extremities 1.36 (0.94-1.98)
Not specified 2.79 (0.8-7.58)
Trunk 1.19 (0.86-1.67)
Upper extremities 0.89 (0.62-1.28)

Laterality
Left Reference
Midline 0.84 (0.57-1.2)
Right 0.89 (0.73-1.09)
Unknown 1.06 (0.44-2.2)

Histologic type
Superficial spreading Reference
Lentigo maligna 0.39 (0.15-0.82)
Acral lentiginous 1.41 (0.54-3.05)
Nodular melanoma 1.49 (0.94-2.28)
Other 0.83 (0.39-1.55)
Unspecified 1.03 (0.84-1.27)

Breslow thickness, mm
\0.8 Reference
0.8-1.0 1.24 (1.02-1.51)

Clark level
I-III Reference
IV-V 1.48 (1.19-1.85)
Unknown 1.38 (1.04-1.81)

Ulceration
Absent Reference
Present 1.64 (1.21-2.18)
Unknown 0.94 (0.47-1.72)

Dermal mitoses
Absent Reference
Present 1.95 (1.54-2.49)
Unknown 1.47 (0.96-2.2)

Regression
Absent Reference
Present 1.01 (0.75-1.34)
Unknown 1.15 (0.9-1.46)

CI, Confidence interval; OR, odds ratio.

*Model is adjusted for age, sex, Charlson/Deyo comorbidity,

primary site, laterality, histologic type, Breslow thickness, Clark

level, ulceration, dermal mitoses, and regression.
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and 2 adjusted studies consisting of 1190 participants
(OR 6.64 [95% CI 2.77-15.9]), dermal mitotic rate$1/
mm2 was associated with a higher rate of SLN
positivity.6 Most recently, a study using multivariate
analysis to examine the relationship between dermal
mitotic rate and nodal positivity with NCDB data also
confirmed our findings; however, this study did not
focus on SLN.31 In addition, an analysis of dermal
mitotic rate #2/mm2, 3-5/mm2, and $6/mm2

demonstrated that those with thin melanomas and
a higher dermal mitotic rate are at increased risk for
positive SLN; however, we were unable to confirm
these findings because of the limited availability of
continuous dermal mitotic rate data in the NCDB.25

However, some studies conflict with ours.6,16-19,32-36

Among the largest studies is Han et al,33 which
concluded that mitotic rate was not predictive of SLN
positivity in a cohort of 1250 patients with thin
melanomas after adjusting for Breslow thickness,
ulceration, Clark level, and regression. Similarly,
Speijers et al18 reported that in a cohort of 453 patients,
dermalmitotic ratewas not an independent prognostic
factor for SLNpositivity inmelanoma after adjusting for
age, Breslow thickness, and ulceration. More recently,
in a cohort of 512 patients, Durham et al17 found that
presence of mitoses was not associated with higher
rates of SLN positivity after adjusting for age, Breslow
thickness, and ulceration. Furthermore, Wat et al32

concluded that dermal mitotic rate was not associated
with positive SLN in thin melanomas, and that as
Breslow thickness decreases so does the effect of
dermal mitotic rate on SLN positivity. However, it is
important to note that the majority of studies both
confirming and conflicting with our findings had a
smaller sample size, and were retrospective, single-
institution studies, withmany reporting only univariate
analysis.

This study is not without limitations. First, because
it is a cancer registry, there are potential problems
with underreporting and the miscoding of variables
that could affect the accuracy of these findings.
Indeed, SLNB was underreported before 2012, lead-
ing to exclusion of these data from the dataset.11

Next, NCDB is hospital-based rather than
population-based, potentially biasing the data to-
ward people who are more likely to receive care at
larger clinical centers, which may impact the deci-
sion to proceed with SLNB. In addition, it is possible
that patients whose melanomas lack high-risk fea-
tures (ie, dermal mitoses and ulceration) were not
seen at Commission on Cancer reporting facilities.
Lastly, the database contains only 3 years of overall
survival data, limiting our ability to examine the
impact of positive SLNB on survival among this
cohort.
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From a dermatopathology standpoint, interob-
server variability for histopathologic predictors is
important. Firstly, Spatz et al37 demonstrated that
interobserver reproducibility for ulceration was
poor; however, later studies demonstrated excellent
concordance and interobserver reliability.38,39 These
findings are potentially related to a learning curve to
distinguish traumatic from tumoral ulceration as
ulceration became part of the AJCC staging system
only 3 years before the publication of Spatz et al.37

Next, Clark level demonstrates good concordance
and moderate reproducibility, with levels IV to V
having better reproducibility.38,39 Finally, there is an
excellent interobserver reliability and concordance
for tumor mitotic rate, with discordance more likely
in ulcerated melanomas.39

Most newly diagnosed melanomas are thin, mak-
ing it critical to understand which clinical and histo-
pathologic factors predispose to a positive SLN.
Various studies have explored predictors of positive
SLN in thin melanoma; however, because of the
relative rarity of positive SLNs in this group and small
sample sizes, these studies have yielded inconsistent
results. While the new AJCC guidelines have
removed dermal mitoses from the staging of thin
melanoma, our data indicate that the presence of
dermal mitoses increases the chance for a positive
SLNB. In addition, a recent article by Mandala et al40

shows that dermal mitotic rate is not only important
for SLN positivity in thin melanomas, but for any
melanoma with a Breslow thickness[1.0 mm.

In conclusion, we found that male sex, age
\60 years, ulceration, Clark level IV to V, the
presence of dermal mitoses, and Breslow thickness
between 0.8 to 1.00 mm are significant predictors for
SLN positivity in thin melanomas. Because the NCDB
began releasing SLNB data in 2012, there are only
about 3 years of follow-up data available, making it
difficult to form conclusions about the effects of
mitoses and Clark level on survival data when
adjusting for SLN positivity in this cohort. We
routinely perform SLNB for thin and thick mela-
nomas according to the criteria set by the NCCN.
While the new AJCC guidelines no longer include
dermal mitoses in staging, we recommend taking it
into consideration when deciding whether to pro-
ceed with SLNB. In addition, Clark level IV to V
should also be taken into consideration when
deciding to pursue SLNB. We recommend that
dermatopathologists continue to evaluate and report
dermal mitotic rate and Clark level because they may
be critical to establishing clear recommendations for
SLNB in thin melanoma. Finally, guidelines for
performance of SLNB in more unusual sites such as
eyelids are lacking, and future multi-institutional and
population studies are necessary.41

We thank Katherine Glass for assistance with accessing
data.
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