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Abstract

Introduction—Sentinel lymph node (SLN) biopsy is recommended for all patients with 

intermediate thickness melanomas. We sought to identify such patients at low risk of SLN 

positivity.

Methods—All patients with intermediate thickness melanomas (1.01–4 mm) undergoing SLN 

biopsy at a single institution from 1995–2011 were included in this retrospective cohort study. 

Univariate and multivariate logistic regression determined factors associated with a low risk of 

SLN positivity. Classification and regression tree (CART) analysis was used to stratify groups 

based on risk of positivity.

Results—Of the 952 study patients, 157 (16.5%) had a positive SLN. In the multivariate 

analysis, thickness <1.5 mm (OR= 0.29), age ≥60 (OR=0.69), present tumor infiltrating 

lymphocytes (TIL) (OR=0.60), absent lymphovascular invasion (LVI) (OR=0.46), and absent 

satellitosis (OR=0.44) were significantly associated with a low risk of SLN positivity. CART 

analysis identified thickness of 1.5 mm as being the primary cut point for risk of SLN metastasis. 

Patients with a thickness of <1.5 mm represented 36% of the total cohort and had a SLN positivity 

rate of 6.6% (95% CI=3.8–9.4%). In patients with melanomas <1.5 mm in thickness, the presence 
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of additional low risk factors identified 257 patients (75% of patients with <1.5 mm melanomas) 

in which the rate of SLN positivity was <5%.

Discussion—Despite a SLN positivity rate of 16.5% overall, substantial heterogeneity of risk 

exists among patients with intermediate thickness melanoma. Most patients with melanoma 

between 1.01–1.5 mm have a risk of SLN positivity similar to that in patients with thin 

melanomas.

Introduction

Regional nodal metastasis in melanoma represents the single strongest prognostic factor for 

patients with localized disease.1–4 Sentinel lymph node (SLN) biopsy is well established as 

the standard method to assess the nodal status of patients in the absence of clinically 

palpable lymph node metastases. Although this technique has dramatically reduced the 

morbidity associated with lymph node staging, the precise indications for the procedure 

continue to be the subject of debate.

The current National Comprehensive Cancer Network (NCCN) guidelines recommend that 

all patients with melanoma greater than 1 mm in thickness be offered SLN biopsy.5 The 

utility of the procedure in patients with thick melanoma (>4 mm) has been cause for some 

debate, as the risk of distant metastases in these patients is high, regardless of nodal 

status.6,7 More contentious have been the indications for SLN biopsy in patients with thin 

melanoma (≤1 mm in thickness).4,8–11 In thin melanoma the overall SLN positivity rate is 

approximately 5%.10–13 This rate is often considered the minimum threshold to justify the 

performance of SLN biopsy, given that it approximates both the complication rate and the 

false negative rate of the procedure.14 Currently, it is recommended that SLN biopsy be at 

least discussed with patients who have thin melanoma >0.75 mm and offered to those at 

increased risk based upon the presence of mitoses or ulceration.5

Little debate has arisen on the role for SLN biopsy in patients with intermediate thickness 

melanoma. The overall SLN positivity rate in this group is 15–20%, and the prognostic 

value of the procedure is firmly established.2 We hypothesized that considerable 

heterogeneity exists among patients with intermediate thickness melanoma with regard to 

risk of SLN positivity and that “low risk” tumor characteristics are associated with a rate of 

SLN positivity of <5%. In the appropriate clinical scenario patients with such characteristics 

might be spared the SLN biopsy procedure.

Methods

Utilizing our institutional database of patients undergoing SLNB from 1995–2011, all 

patients with intermediate thickness (>1 mm up to and including 4 mm) melanomas were 

identified. As previously described, maximal thickness was determined upon completion of 

wide local excision.8 Thus, patients with a positive deep margin on biopsy were 

appropriately upstaged after careful pathologic review and excluded if total thickness >4 

mm was found after definitive resection. At our institution, SLNB is routinely performed for 

patients with melanomas >1 mm in thickness.
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The analyzed patient variables included age and sex. Primary tumor characteristics included 

anatomic site, tumor thickness, Clark level, mitoses, tumor infiltrating lymphocytes (TIL), 

regression, ulceration, lymphovascular invasion (LVI) evident in H&E sections, and 

microsatellitosis. Pathologic variables were defined as previously reported.15 For lesions in 

which an individual characteristic was not recorded on the pathology report, the missing 

data was recorded as unknown.

SLNB was performed using the standard technique as previously described.16 All SLN 

specimens were reviewed by specialized surgical pathologists or dermatopathologists at the 

Hospital of the University of Pennsylvania. Lymph node specimens were stained for S100 

and HMB45 as previously described.16

Descriptive and univariate statistics using chi-square were performed with SAS (SAS 

Institute Inc., Cary, NC) or Stata 12.0/IC statistical software (StataCorp LP, College Station, 

TX, USA). Factors associated with SLN positivity were determined using univariate and 

multivariate logistic regression analyses. A forward stepwise multivariate analysis was 

utilized, including all factors with a p-value < 0.10 in the univariate analyses. A 

classification tree analysis was performed using a recursive portioning algorithm (Salford 

Systems, San Diego, CA) to risk-stratify patients for SLN positivity.17 Only patients with 

complete data were included in the classification tree analyses. For all analyses, a p-value of 

less than 0.05 was considered significant. This study was approved by the University of 

Pennsylvania Institutional Review Board.

Results

Study Demographics

Overall, 952 patients undergoing SLN biopsy for intermediate thickness melanoma were 

included in the study. Their mean age was 55 years and the majority were male (58%). 

Thirty-six percent of the cohort had a thickness of less than 1.5 mm. The distribution of the 

remaining clinicopathologic characteristics is shown in Table 1. At least one positive SLN 

was identified in 157 patients for a SLN positivity rate of 16.5%. Twenty-nine patients (3%) 

subsequently developed a nodal recurrence following a falsely negative SLN biopsy; these 

patients were not included as part of the SLN positive cohort in the study. The lowest 

absolute risk of a positive SLN biopsy was observed in patients with thickness <1.5 mm 

(7.3%) and patients with absent mitoses (7.6%). LVI (n=64, 7%) and microsatellitosis 

(n=56, 6%) were unusual findings but were the individual factors associated with the highest 

rate of SLN positivity, 35.9% and 35.7% respectively.

Factors Associated with a Decreased Rate of SLN Positivity

Univariate analysis was used to identify clinicopathologic factors associated with low risk of 

SLN positivity. Thickness <1.5 mm (OR=0.28), absent mitoses (OR=0.40), present TIL 

(OR=0.61), absent ulceration (OR=0.62), absent (OR=0.30) or unknown (OR=0.48) LVI, 

and absent (OR=0.31) or unknown (OR=0.45) satellitosis were all associated with decreased 

odds of SLN positivity. Table 2.
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A forward stepwise multivariate analysis was then performed. Thickness <1.5 mm 

demonstrated the strongest association with a decreased risk of SLN positivity (OR= 0.29). 

Additional factors associated with a decreased risk included age ≥60 (OR=0.69), present 

TIL (OR=0.60), absent LVI (OR=0.46), and absent satellitosis (OR=0.44). Table 2. To 

determine if the unknown data influenced the results, the univariate and multivariate 

analysis was additionally performed including only patients with complete data (n=814). 

The results remained unchanged, except that older age did not demonstrate a significant 

association with decreased SLN positivity in the multivariate analysis (OR=0.72, p=0.116, 

data not shown).

Risk of SLN Positivity Stratified via Classification and Regression Tree Analysis

To better define the factors that could best differentiate patients at high or low risk for SLN 

positivity, a classification and regression tree (CART) was developed using patients in 

whom complete data were available (n=814). Figure 1. The CART algorithm identified 

thickness of 1.5 mm as the primary cut point for risk of SLN metastasis. Patients whose 

tumor thickness was <1.5 mm represented 37% of the total cohort. Regardless of other 

factors, this group had a risk of SLN positivity of 6.6% (95% CI=3.8–9.4%). Patients whose 

tumor thickness was ≥1.5 mm could be further risk stratified by the presence or absence of 

LVI. Those with LVI present were at particularly high risk of SLN positivity (40.8%, 95% 

CI=27–54.6%). Those without LVI could be further stratified into a low and high risk group. 

Patients with thickness ≥1.5 mm, absent LVI, and present mitoses represented the largest 

subgroup of patients in the regression tree and had a SLN positivity rate of 20.2% (95% CI = 

16.4–24%). In the small number of patients with thickness ≥1.5 mm, absent LVI and absent 

mitoses (n=34, 4.2%), the SLN positivity rate was low (5.9%, 95% CI= 0–13.8%).

Identification of Groups with a SLN Positivity Rate of Less Than 5%

In an exploratory analysis the two low risk groups identified by classification and regression 

tree analysis were further examined using descriptive statistics. Table 3. The first group 

included patients with melanomas <1.5 mm in thickness. Within this cohort, in the absence 

of mitoses, or in the presence of TIL with absent regression, the SLN positivity rate was 

2.6% and 4.3%, respectively. Additionally, the subgroup of patients age 60 years and over 

who had one additional low risk factor demonstrated SLN positivity rates of 2.5–4.8%. In 

all, 257 patients with melanomas <1.5 mm were classified in these low risk groups, 

representing 75% of patients with <1.5 mm thick tumors and 27% of all patients with 

intermediate thickness melanoma. Of note, the SLN positivity rate in the 88 patients with 

melanomas <1.5 mm who did not fall into one of these low risk groups was 13.8%.

The second group included patients with tumors ≥1.5 mm in thickness. Only patients with 

absent LVI, absent mitoses, and either absent regression or age of 60 and over had a SLN 

positivity rate of <5% (n=32, 5% of patients ≥1.5 mm in thickness). Overall, 289 patients 

(30% of all patients with intermediate thickness melanoma) were classified in a group with a 

less than 5% risk of SLN positivity.
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Discussion

We present our institutional experience with SLN biopsy in patients with intermediate 

thickness melanoma. Consistent with prior reports, we found an overall SLN positivity rate 

of 16.5% in this cohort. We furthermore identified factors associated with SLN positivity 

that are congruent with prior reports, including younger age, greater thickness, absent TIL, 

and present LVI or microsatellitosis.8,9,16,18–20 In this study, we use the absence of these 

risk factors to identify patients at particularly low risk for SLN positivity despite having a 

melanoma over 1 mm in thickness.

Although the overall risk of SLN positivity in patients with intermediate thickness 

melanoma is moderate, a substantial proportion (up to 30%) of all patients can be classified 

into groups with a risk of SLN positivity of <5%. Here we identify thickness, within the 

intermediate thickness group, as the dominant determinant of risk of SLN positivity. 

Thickness <1.5 mm was associated with the smallest odds ratio (OR=0.28) of any risk factor 

and was the primary cut point in the classification tree analysis.

Patients with a thickness between 1.01–1.5 mm represented a substantial proportion (36%) 

of the study population. Without any additional stratification, this group had a low risk of 

SLN positivity (6.6%). Further, 75% of patients with a thickness of <1.5 mm could be 

classified into a group with a risk of SLN positivity <5%. The majority (89%) of patients 

that could be identified as having a <5% risk of SLN positivity had a thickness of <1.5 mm.

The finding that present TIL and absent regression define a low risk group is intriguing. The 

interaction between present TIL and absent regression may be indicative of an effective 

immune response and has previously been associated with longer disease-specific survival in 

patients with thick melanomas.21 That TIL in the absence of regression is also associated 

with a low risk of nodal metastasis in intermediate melanoma supports the concept that the 

interaction of these factors is relevant to patient prognosis.

The factors identifying low risk groups are similar to those found by Mays et al., who 

identified a low risk cohort of patients with melanoma between 1–2 mm in thickness from 

the Sunbelt Melanoma Trial cohort.19 That study identified thickness less than 1.6 mm, 

absent LVI, and older age as the primary factors to stratify risk of SLN positivity. It is of 

note that the Sunbelt Melanoma Trial did not collect data on mitoses which have 

subsequently been incorporated into the staging system for thin melanomas.22 Because 

mitoses associate with the risk of SLN positivity in thin melanoma, we expected that it 

would have predictive value in lesions between 1–1.5 mm. However, in the multivariate 

model mitogenic status was not an independent predictor of risk of SLN positivity.

The use of a 5% risk of SLN positivity as the cut off to define “low risk” is somewhat 

arbitrary, although frequently employed. For the purposes of this study, the 5% risk 

approximates the risk of SLN positivity in patients with thin melanoma. In thin melanoma 

the NCCN guidelines only recommend SLN biopsy in select high risk groups, and in other 

moderate risk groups recommend that the decision be individualized in discussion with the 

patient.5 Taken together, our findings and those of Mays et al., suggest that the decision for 

SLN biopsy in patients with melanomas from 0.76–1.5 mm in thickness can be 
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individualized based upon other risk factors and patient preferences. The current SLN 

biopsy guidelines have the convenience of overlapping with the staging system by 

employing a thickness cutoff of 1 mm and addressing only those other factors (mitoses/

ulceration) that are also included among staging criteria. However, the risk factors for SLN 

metastasis, while similar, are not necessarily equivalent to risk factors for overall prognosis. 

Thus, while patients with a 1.01–1.5 mm lesion may be at increased risk of death from 

melanoma, the majority of these patients remain at quite low risk for SLN metastases, 

similar to patients with thin melanoma.

The heterogeneous risk of SLN metastasis among patients with intermediate thickness 

melanoma lends itself to the development of nomograms, and indeed these have previously 

been described.23 It appears, however, that thickness alone as a single variable offers 

significant risk stratification among patients with intermediate melanoma. In patients with 

melanomas <1.5 mm in thickness, nomograms may be of substantial utility given the 

numerous factors that contribute to the risk of SLN metastasis.

Our study has limitations. As a single institution-based, retrospective study of patients 

undergoing SLN biopsy, there may be selection bias in the group of patients in whom the 

procedure was performed. The practice at our institution has been to offer SLN biopsy to all 

patients with intermediate thickness melanomas, which may mitigate this bias. Indeed, our 

overall SLN positivity rate of 16.5% is similar to the 16.0% positivity rate observed in the 

population of the MSLT-1 trial.2 Furthermore, data missingness was modest. It reduced the 

sample size available for CART analysis by 15%, and unknowns were included in the 

multivariate analysis to determine if any were independently significant, and none were 

identified as such.

In conclusion, we find an overall SLN positivity rate of 16.5% in patients with intermediate 

thickness melanomas. However, there is substantial heterogeneity of risk within this group. 

As such, subsets of patients, particularly those with thickness between 1–1.5 mm have a risk 

of SLN positivity similar to that observed in patients with thin melanoma. For these patients, 

recommending the procedure based solely on a tumor thickness >1 mm may be too 

simplistic. A nuanced discussion regarding the risks and benefits of SLN biopsy may be 

warranted as part of shared decision making.
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Synopsis

Among patients with intermediate thickness melanomas, thickness <1.5 mm is the 

primary determinant of low risk for SLN positivity. Seventy-five percent of patients with 

lesional thickness between 1.01–1.5 mm can be classified into groups with a <5% rate of 

SLN positivity.
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Figure 1. 
Classification and Regression Tree Risk Stratification for SLN Positivity in Patients with 

Intermediate Thickness Melanoma. Blue boxes indicate groups at low risk of SLN 

positivity. Orange represents intermediate risk. Red indicates particularly increased risk.

Bartlett et al. Page 9

Ann Surg Oncol. Author manuscript; available in PMC 2017 January 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Bartlett et al. Page 10

T
ab

le
 1

C
lin

ic
op

at
ho

lo
gi

c 
C

ha
ra

ct
er

is
tic

s 
of

 P
at

ie
nt

s 
w

ith
 I

nt
er

m
ed

ia
te

 T
hi

ck
ne

ss
 M

el
an

om
a 

U
nd

er
go

in
g 

SL
N

 B
io

ps
y 

(n
=

95
2)

F
ac

to
r

O
ve

ra
ll 

N
 (

%
)

SL
N

 N
eg

at
iv

e
SL

N
 P

os
it

iv
e

P
os

it
iv

it
y 

R
at

e
p-

va
lu

e

O
ve

ra
ll

95
2 

(1
00

)
79

5
15

7
16

.5
%

--

A
ge

<
60

56
7 

(6
0)

46
6

10
1

17
.8

%
0.

18
2

≥6
0

38
5 

(4
0)

32
9

56
14

.5
%

G
en

de
r

Fe
m

al
e

39
7 

(4
2)

33
1

66
16

.6
%

0.
92

5

M
al

e
55

5 
(5

8)
46

4
91

16
.4

%

C
la

rk
 L

ev
el

II
/I

II
15

3 
(1

6)
13

3
20

13
.1

%
0.

44
7

IV
/V

77
3 

(8
1)

64
0

13
3

17
.2

%

U
nk

no
w

n
26

 (
3)

22
4

15
.4

%

T
hi

ck
ne

ss
1.

01
–1

.4
9

34
4 

(3
6)

31
9

25
7.

3%
<

0.
00

1

1.
50

–4
.0

0
60

8 
(6

4)
47

6
13

2
21

.7
%

M
ito

si
s

A
bs

en
t

79
 (

8)
73

6
7.

6%
0.

07
1

Pr
es

en
t

82
9 

(8
7)

68
7

14
2

17
.1

%

U
nk

no
w

n
44

 (
5)

35
9

20
.5

%

T
IL

A
bs

en
t

19
5 

(2
0)

15
2

43
22

.1
%

0.
04

3

Pr
es

en
t

69
4 

(7
3)

59
2

10
2

14
.7

%

U
nk

no
w

n
63

 (
7)

51
12

19
.0

%

R
eg

re
ss

io
n

A
bs

en
t

69
3 

(7
3)

58
2

11
1

16
.0

%
0.

63
7

Pr
es

en
t

16
9 

(1
8)

13
7

32
18

.9
%

U
nk

no
w

n
90

 (
9)

76
14

15
.6

%

U
lc

er
at

io
n

A
bs

en
t

69
5 

(7
3)

59
5

10
0

14
.4

%
0.

01
4

Pr
es

en
t

18
7 

(2
0)

14
7

40
21

.4
%

U
nk

no
w

n
70

 (
7)

53
17

24
.3

%

L
V

I
A

bs
en

t
79

3 
(8

3)
67

9
11

4
14

.4
%

<
0.

00
1

Pr
es

en
t

64
 (

7)
41

23
35

.9
%

Ann Surg Oncol. Author manuscript; available in PMC 2017 January 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Bartlett et al. Page 11

F
ac

to
r

O
ve

ra
ll 

N
 (

%
)

SL
N

 N
eg

at
iv

e
SL

N
 P

os
it

iv
e

P
os

it
iv

it
y 

R
at

e
p-

va
lu

e

U
nk

no
w

n
95

 (
10

)
75

20
21

.1
%

Sa
te

lli
te

s
A

bs
en

t
78

1 
(8

2)
66

7
11

4
14

.6
%

<
0.

00
1

Pr
es

en
t

56
 (

6)
36

20
35

.7
%

U
nk

no
w

n
11

5 
(1

2)
92

23
20

.0
%

Ann Surg Oncol. Author manuscript; available in PMC 2017 January 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Bartlett et al. Page 12

T
ab

le
 2

T
he

 A
ss

oc
ia

tio
n 

of
 F

ac
to

rs
 w

ith
 S

L
N

 P
os

iti
vi

ty
 b

y 
U

ni
va

ri
at

e 
an

d 
M

ul
tiv

ar
ia

te
 R

eg
re

ss
io

n 
(n

=
95

2)

U
ni

va
ri

at
e 

A
na

ly
si

s
M

ul
ti

va
ri

at
e 

M
od

el

O
R

p-
va

lu
e

O
R

p-
va

lu
e

A
ge

<
60

--
--

--
--

≥6
0

0.
79

0.
18

3
0.

69
0.

04
7

G
en

de
r

Fe
m

al
e

--
--

--
--

M
al

e
0.

98
0.

92
5

--
--

C
la

rk
 L

ev
el

II
/I

II
0.

72
0.

21
0

--
--

IV
/V

--
--

--
--

U
nk

no
w

n
0.

87
0.

80
9

--
--

T
hi

ck
ne

ss
1.

01
–1

.4
9

0.
28

<
0.

00
1

0.
29

<
0.

00
1

1.
50

–4
.0

0
--

--
--

--

M
ito

si
s

Pr
es

en
t

--
--

--
--

A
bs

en
t

0.
40

0.
03

4
0.

47
0.

09
3

U
nk

no
w

n
1.

24
0.

57
0

1.
26

0.
65

6

T
IL

Pr
es

en
t

0.
61

0.
01

5
0.

60
0.

01
8

A
bs

en
t

--
--

--
--

U
nk

no
w

n
0.

83
0.

61
3

0.
51

0.
18

8

R
eg

re
ss

io
n

Pr
es

en
t

--
--

--
--

A
bs

en
t

0.
82

0.
36

1
--

--

U
nk

no
w

n
0.

79
0.

49
9

--
--

U
lc

er
at

io
n

Pr
es

en
t

--
--

--
--

A
bs

en
t

0.
62

0.
02

1
--

--

U
nk

no
w

n
1.

18
0.

61
9

--
--

L
V

I
Pr

es
en

t
--

--
--

--

A
bs

en
t

0.
30

<
0.

00
1

0.
46

0.
01

0

Ann Surg Oncol. Author manuscript; available in PMC 2017 January 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Bartlett et al. Page 13

U
ni

va
ri

at
e 

A
na

ly
si

s
M

ul
ti

va
ri

at
e 

M
od

el

O
R

p-
va

lu
e

O
R

p-
va

lu
e

U
nk

no
w

n
0.

48
0.

04
0

0.
94

0.
91

6

Sa
te

lli
te

s
Pr

es
en

t
--

--
--

--

A
bs

en
t

0.
31

<
0.

00
1

0.
44

0.
01

0

U
nk

no
w

n
0.

45
0.

02
8

0.
33

0.
05

6

Ann Surg Oncol. Author manuscript; available in PMC 2017 January 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Bartlett et al. Page 14

Table 3

Low Risk Groups Among Patients with Intermediate Thickness Melanoma

Factors Number of Patients* Positive SLN SLN+ Rate

<1.5 mm Thickness and:

 No Mitoses 38 1 2.6%

 No Regression and Present TIL 188 8 4.3%

<1.5 mm Thickness, Age ≥60 and:

 No Regression 79 2 2.5%

 Present TIL 86 4 4.7%

 No Ulceration 96 4 4.2%

 No LVI 106 5 4.7%

 No Satellitosis 104 5 4.8%

≥1.5 mm Thickness, Absent LVI, Absent Mitoses and:

 ≥60 21 0 0%

 No Regression 28 0 0%

*
There is substantial overlap among groups of patients. Overall, 257 of the 344 patients with <1.5 mm melanoma and 32 of the 608 patients with 

1.5–4 mm melanoma fall into at least one low risk group.
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