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Abstract
BACKGROUND—Lymphatic invasion (LI) identified by immunohistochemical staining is
common in primary cutaneous melanoma, and LI has been shown to be an independent prognostic
factor in melanoma. Its prognostic significance in melanocytic tumors of uncertain malignant
potential (MELTUMP) has not been well characterized.

METHODS—This study included 32 patients with provisional diagnoses of MELTUMP. Lesions
were evaluated for tumor thickness, the presence of ulceration, mitotic figures, mitotic figures at
the base, tumor infiltrating lymphocytes (TILs), as well as peritumoral and intratumoral lymphatic
density. Dual immunohistochemical staining was used to microscopically detect lymphatic
endothelium (podoplanin) containing melanoma cells (S-100), with the aid of multispectral
imaging in select cases. Univariate analysis was performed to identify associations between
clinical and pathologic variables and melanoma related events.
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RESULTS—The 32 patients had a median of 111 months follow-up. Two patients subsequently
died of melanoma-related disease, one died of unknown causes, five developed nodal metastases,
and the remainder showed no evidence of progressive disease. LI was identified in 8/32 cases
(25%) by dual immunohistochemical stains, including both cases in which patients died of
melanoma-related disease, one patient with bulky nodal metastasis, one of four patients with
microscopic nodal metastases, and in four patients who showed no evidence of progressive
disease. The presence of lymphatic invasion was associated with melanoma metastases or
melanoma related death (p= 0.05).

CONCLUSION—The presence of lymphatic invasion by dual immunohistochemistry in
MELTUMPs is associated with a poorer prognosis, specifically with melanoma metastasis and
may therefore serve as a useful prognostic factor for risk stratifying patients with these
diagnostically challenging lesions.

Introduction
A subset of bulky melanocytic lesions obscure the boundary between benign nevus and
malignant melanoma and have long perplexed dermatopathologists due to their morphology
and biologic behavior, often eluding consensus in their diagnosis as well as their
nomenclature 1–3. While characterized as “borderline melanomas,” “minimal deviation
melanoma,” “dermal-based borderline melanocytic tumor,” 4–6 and “atypical” counterparts
to conventional nevi such as Spitz, blue, or deep penetrating nevi (in addition to many
others), our preferred term for these lesions is “melanocytic tumors of uncertain malignant
potential” (MELTUMP), as it aptly captures the diagnostic and prognostic challenge they
represent 2,7–10. MELTUMP is a provisional diagnosis; although one may favor a benign or
malignant characterization, a definitive diagnosis is not always possible at initial
presentation, and long term (or perhaps life-long) clinical follow up remains the only true
evidence of biologic behavior. These lesions often require expert consultation and frequently
prompt aggressive management that would accompany a melanoma diagnosis.

Melanoma has a well-known propensity for lymph node metastasis 11,12.
Lymphangiogenesis and lymphatic invasion (LI, defined as the presence of melanoma
cell(s) within a lymphatic vessel) have been under increasing investigation in melanoma
given the recent availability of antibodies specific for lymphatic endothelial cells 13,14. We
and others have shown that LI detected by immunohistochemistry in primary melanomas is
common, ranging from 16% to 47% 13,15, whereas blood vascular invasion is uncommon,
ranging from 1% to 3% 16,17. We recently presented evidence of lymphangiogenesis in areas
with regression in the radial growth phase adjacent to vertical growth phase (VGP) lesions,
and the presence of LI in the area of radial growth phase regression may, at least in part,
explain the association of regression with poorer prognosis 18. More recently, we showed
that lymphatic invasion is an independent adverse prognostic factor and significantly
increases the risk of metastasis in melanoma 19. We sought to determine the presence of LI
by immunohistochemistry in MELTUMPs, with the hypothesis that the presence of LI may
serve as a negative prognostic marker of disease in these patients. Additionally, lymphatic
density (LD), both peritumorally and intratumorally, was assessed to study whether the
extent of lymphangiogenesis in these lesions was associated with prognosis.

Materials and Methods
Twenty-three cases with a provisional diagnosis of MELTUMP were identified from one of
the co-author’s consult cases (DEE). Diagnostic criteria for MELTUMP were discussed
previously7,9,10. Nine additional cases with available residual tumor tissues were provided
by another co-author (LC)2. All cases were reviewed by two pathologists (XX, RMA) and
were confirmed to be MELTUMP lesions at initial presentation. Cases were also
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subcategorized as “Spitzoid” (with morphology resembling Spitz tumor), “DPN-like”
(resembling a deep penetrating nevus), or “nevoid” (resembling a banal or dysplastic nevus).
No “blue-nevus like” lesions were present in this cohort. Clinical follow up was obtained via
consultant physicians and patients through a protocol approved by the Institutional Review
Board of the University of Pennsylvania. Lesions were evaluated for tumor thickness and
the presence of ulceration, mitotic figures, mitotic figures at the base, and tumor infiltrating
lymphocytes (TILs). Dual immunohistochemical staining was used to detect lymphatic
endothelium (podoplanin, D2-40) and melanoma cells (S-100 protein). The presence of LI
was analyzed microscopically, with the aid of multispectral imaging (MSI) (27). Lymphatic
invasion was defined as S-100 protein-positive cells with melanoma cytology within a
podoplanin-positive lymphatic space. Peritumoral and intratumoral lymphatic density were
also assessed. Peritumoral lymphatic density (LD) was defined as the number of lymphatic
spaces in a “hotspot” in five high-power (400x) fields within 2 mm of the tumor edge.
Intratumoral LD was defined as the number of lymphatic spaces in a “hotspot” in five high-
power fields within the tumor.

Immunohistochemical assays were performed on 5 μm formalin-fixed, paraffin-embedded
tissue sections and staining was done on a DakoCytomation Autostainer using the EnVision
+ HRP DAB system (DakoCytomation) according to manufacturer’s recommendations. The
D2-40 antibody (mouse monoclonal, 1:25 dilution; Signet Laboratories) that specifically
detects a fixation resistant epitope on podoplanin was used to decorate lymphatic
endothelium. Melanocytes were identified using S-100 protein antibody (rabbit polyclonal,
1:50; DakoCytomation). The antibody to lymphatic endothelium was visualized with the
brown chromogen DAB (3, 3-diaminobenzidine; DakoCytomation) and antibodies to
melanoma cells with the red chromogen Nova Red (Vector Laboratories). IHC-stained slides
cut from unstained slides or tissue blocks were reviewed by 2 pathologists (RMA, XX), who
were blinded to clinical outcome. LI (present or absent) was defined as the presence
anywhere within the primary tumor of S-100 positive cell(s) with morphologic features of
melanocytic tumor in lumens highlighted by podoplanin staining. Questionable instances
were confirmed or refuted by use of MSI. Disagreements were resolved by consensus
reading.

For MSI analysis, slides were examined using a Leica DMRA2 microscope (Leica
Microsystems Inc.) equipped with planapochromatic lenses. Potential foci of LI were
imaged at 200× through a liquid crystal filter using the Nuance Multispectral Imaging
System (Cambridge Research and Instrumentation Inc.). Spectral data were acquired from
420 to 720 nm, and spectral unmixing was accomplished by Nuance software v1.42 and
pure spectral libraries of individual chromogens (slides stained with only DAB, Nova red, or
hematoxylin). Nonspecific background staining was subtracted from each image
individually. To visualize several spectral markers simultaneously, images were then
evaluated using unmixed images generated by the Nuance system.

Statistical analyses were performed using GraphPad Prism 5 (GraphPad Software Inc.).
Unpaired t-tests were used to evaluate correlations between LI and the tumor characteristics.
The following cutoffs or distinctions were used for log-rank survival analysis: LI absent or
present, male of female gender, thickness of >2 mm, brisk or non-brisk/absent TILs, mitoses
at base present or absent, peritumoral LD median (>7), and intratumoral LD median (>5).
Multivariate analysis was also performed.

Results
The median age of 32 patients was 31.5 (range 2–67), there were 16 males and 16 females,
and the average tumor thickness was 2.46 mm (Table 2). 22 lesions were categorized as
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“Spitzoid,” 9 as “nevoid,” and 1 as “DPN-like.” Clinical follow up ranged from 4 to 276
months, with a median of 111 months. Of the 32, two patients subsequently died of
melanoma-related disease, one died of unknown causes, five developed nodal metastases
(one with bulky disease), and the remainder showed no evidence of progressive disease.
Lymphatic invasion was not recognized in any of the cases except through the use of double
immunohistochemical staining. Lymphatic invasion by our staining method was found in
8/32 cases (25%), including both cases in which patients died of melanoma-related disease
(2/2, 100%), one patient with bulky nodal metastasis (1/1, 100%), one of four patients with
microscopic nodal metastases (1/4), and in four patients who showed no evidence of
progressive disease (Figures 1–3). The presence of lymphatic invasion correlated with more
aggressive clinical outcomes, defined as either developing nodal metastases, distant
metastases, or melanoma-related death by unpaired t-test (p= 0.047). The incidence of a
melanoma related metastasis or death in the LI group was 57% (4/7) versus 16% (4/25) in
the no LI group. LI was also associated with a significant melanoma-specific survival
difference by log-rank analysis (p=0.03). None of the other parameters evaluated (age,
tumor thickness, mitoses, mitoses at the base, ulceration, TILs, intratumoral, or peritumoral
LD) demonstrated a statistically significant correlation with outcome or significant survival
difference by unpaired t-test or log-rank analyses (Table 2). Multivariate statistical analyses
were performed; however none of the results were statistically significant. No significant
correlation could be made between histologic subtype of MELTUMP and lymphatic
invasion, age, or other tumor characteristics.

Discussion
The purpose of this study was an attempt to validate the use of evaluating lymphatic
invasion by dual immunohistochemisty as a useful tool in ambiguous melanocytic lesions
with vertical growth phase (MELTUMPs). Additionally, we assessed lymphatic density to
see if this property correlated with outcome or other tumor characteristics. This particular
subset of melanocytic lesions is fraught with controversy as well as minimal diagnostic
reproducibility and agreement among dermatopathologists. There is some question whether
the concept of “uncertainty” or “ambiguity” in melanocytic lesions is valid and can coexist
with the pathologist’s burden to make definitive diagnoses 20,21. However, it is in these
present authors’ collective opinion that there are particular lesions where one cannot make a
definitive diagnosis based on accepted histopathologic criteria, and thus it is uncertain as to
how a lesion will progress clinically. In a tutorial held at the XXIX Symposium of the
International Society of Dermatopathology in Graz, Austria, Cerroni and colleagues
(including MCM and DEE) looked at 57 ambiguous melanocytic lesions to both assess the
diagnostic reproducibility of these lesions as well potential features that may help in the
categorization of these tumors. Diagnostic consensus was found to be relatively uncommon,
even among a group of international experts in melanocytic tumors, as 15.8% of the cases
were either classified by the majority of the panelists as uncertain or the diagnoses were split
equally between benign and malignant 2. Additionally, among the several histopathologic
criteria examined in this exercise, only three were found statistically different in the two
groups with favorable and unfavorable behavior based on clinical follow up: presence of
mitoses, mitoses near the base, and inflammatory infiltrate. Our study evaluated these three
criteria to test if we could reproduce the same correlations with outcome; however we failed
to find statistically significant associations. Our cohort had fewer cases with clinical follow
up and fewer with unfavorable outcomes or aggressive behavior, as Dr. Cerroni’s cohort
comprised 57 cases with clinical follow up, and several patients with bulky nodal
metastases, visceral metastases, and melanoma related death. Nine cases from that cohort are
also part of our study; however, no tumor characteristics were factored into the analysis of
our cohort other than LI and LD, age, and sex. The difference between the studies is likely
due to the number of cases and heterogeneous nature of MELTUMP cases.
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Our statistically significant findings include an association between lymphatic invasion by
our method and “aggressive behavior,” as defined by nodal metastases and melanoma-
specific death. Another interesting statistically significant correlation is the presence of TILs
with increased levels of lymphatic density. This phenomenon appears to link lymphocytic
infiltrate with lymphangiogenesis in melanoma. This finding parallels our previous finding
of the presence of lymphangiogenesis in the area of radial growth phase regression,
suggesting that lymphocytes or other inflammatory cells may secrete cytokines inducing
lymphangiogenesis. Nevertheless, the underlying mechanism of the phenomenon is still
unclear and we are currently investigating this in our research laboratory.

Lymphatic invasion was present in both cases of melanoma-related death, suggesting high
sensitivity of LI in MELTUMPs to detect unequivocal malignant behavior. In both cases,
lymphatic vessels were difficult to appreciate on standard H and E staining. Lymphatic
invasion was also present in one case with bulky nodal metastasis (1/1, 100%), and in one of
four patients with microscopic nodal metastases (1/4, 25%). The significance of tumor
deposits in lymph nodes is also a controversial matter in MELTUMPs. Unfortunately, since
the cases were received in consultation from different regions, treatment of these lesions was
not consistent; some patients received local wide-excision and never returned to the
dermatologist whereas others underwent sentinel lymph node biopsy and subsequent
lymphadenectomy. While sentinel lymph node (SLN) biopsy was performed in several of
these cases, and is a useful prognostic tool in the management of those with melanoma, the
role of (SLN) biopsy in MELTUMPs has not yet been established. Recent studies have
looked at concurrent tumor deposits in lymph nodes of MELTUMPs, mostly of atypical
Spitzoid lesions, and show that these lesions rarely progress to overt malignancy. A study of
atypical spitzoid tumors at one institution showed that roughly half of 67 cases contained
tumor deposits in lymph nodes while only one patient of the subset died of progressive
disease 22. Other studies have presented similar findings 15,22–25. It appears that lymph node
involvement in MELTUMP-like lesions occurs frequently and is perhaps indicative of low
malignant potential, and the incidence of subsequent deadly disease is low. Nevertheless,
most of these studies have relatively short follow-up time. The fact remains that melanoma
can afflict both young and old, and appear nevoid, spitzoid, DPN-like or resemble any other
benign counterpart, and metastasis could manifest several decades later in life 26,27. For a
young child, one to two decades of disease-free follow up does not necessarily preclude the
potential for disease progression into adulthood. What lymphatic invasion by dual
immunohistochemistry may offer is definitive evidence of lymphovascular invasion, which
excludes the possibility of a mechanical migration or colonization of a lymph node by a
benign nevus, which may hold more prognostic relevance based on our data. Furthermore,
since SLN biopsy is not currently standard of care in these lesions and can potentially cause
morbidity especially with completion lymphadenectomy, our LI assay could potentially
provide a surrogate marker for sentinel lymph node positivity. Further study would be
needed to validate these assertions.

Finally, the study illustrates the difficulty in categorizing a subset of lesions which are
heterogeneous but share a common diagnostic uncertainty due to histopathologic features
that straddle benign and malignant characterizations. As molecular technology, currently
array-CGH and FISH (and perhaps later next generation sequencing modalities), may
provide useful supplemental data, currently no one histopathologic or ancillary criterion can
establish a diagnosis. Unfortunately the only reliable indicator of malignancy in melanocytic
lesions is the development of clinical or distant metastases. Based on our findings, our
method of lymphatic invasion by dual immunohistochemistry may provide a relatively
cheap, non-invasive, prognostic adjunct in determining which lesions are capable of distant
metastasis and fatal outcomes.
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Fig. 1. Case 13
(A) A polypoid, exophytic lesion is seen. (B) Spitzoid morphology is present with prominent
cytologic atypia and mitotic activity (arrow). (C) and (D) Double immunohistochemical
staining shows the absence of lymphatic invasion. This patient is alive and well at follow-up
with no evidence of progressive disease.
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Fig. 2. Case 2
(A) Large nodular lesion composed of large fascicles of tumor cells. (B) Evidence of
maturation seen at the base of the lesion. (C) Higher power shows hyperchromatic spindled
and epithelioid tumor cells with readily identifiable mitotic figures (black arrow). (D)
Double staining shows the presence of S100-positive tumor cells within D240-positive
endothelium consistent with lymphatic invasion. (E) Presence of LI confirmed by
multispectral imaging. This patient developed visceral melanoma metastases and expired
two years after presentation.
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Fig. 3. Case 31
(A) Double staining shows S100-positive tumor cells extending into the deep dermis. A
collection of tumor cells present within lymphatic endothelium is present (black rectangle).
(B) Higher magnification of area within black rectangle depicting lymphatic invasion. This
patient developed bulky lymph node metastases.

Abraham et al. Page 10

Am J Surg Pathol. Author manuscript; available in PMC 2014 May 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Abraham et al. Page 11

Ta
bl

e 
1

Pa
tie

nt
 d

em
og

ra
ph

ic
s 

an
d 

tu
m

or
 c

ha
ra

ct
er

is
tic

s

C
as

e
A

ge
/S

ex
Si

te
Su

bt
yp

e
L

I
In

tr
at

um
or

al
 L

D
P

er
it

um
or

al
 L

D
M

it
os

es
 (

pe
r 

1m
m

2 )
M

it
os

es
 a

t 
ba

se
T

hi
ck

ne
ss

 (
m

m
)

T
IL

s
U

lc
er

at
io

n
C

lin
ic

al
 S

ta
tu

s
F

ol
lo

w
up

 (
m

o)

1
53

 F
B

ac
k

N
N

o
7

8
1

N
o

2.
6

B
ri

sk
N

o
N

E
D

14
4

2
58

 F
V

ul
va

S
Y

es
12

C
an

no
t a

ss
es

s
4

Y
es

17
N

on
e

N
o

D
M

60

3
20

 M
R

ig
ht

 u
pp

er
 b

ac
k

S
N

o
35

14
0

N
o

0.
6

B
ri

sk
N

o
N

E
D

11
2

4
56

 M
B

ac
k

S
N

o
0

1
0

N
o

0.
8

N
on

e
N

o
N

E
D

10
8

5
67

 M
E

ye
lid

N
Y

es
0

4
0

N
o

0.
7

B
ri

sk
Y

es
D

M
74

6
53

 M
L

ef
t u

pp
er

 e
ye

lid
N

N
o

4
C

an
no

t a
ss

es
s

0
N

o
0.

7
N

on
e

N
o

N
E

D
94

7
37

 F
R

ig
ht

 m
ed

ia
l c

al
f

S
N

o
5

1
0

N
o

1.
2

N
on

e
N

o
N

E
D

10
7

8
2 

M
R

ig
ht

 c
he

ek
S

N
o

0
1

2
N

o
1.

8
N

on
e

N
o

N
E

D
14

4

9
56

 F
C

he
ek

N
N

o
0

2
1

N
o

2
N

on
-b

ri
sk

N
o

N
E

D
11

4

10
51

 M
R

ig
ht

 b
ac

k
S

N
o

2
2

0
N

o
0.

6
N

on
-b

ri
sk

N
o

D
U

C
94

11
17

 M
B

ac
k

N
N

o
13

C
an

no
t a

ss
es

s
2

N
o

3.
5

N
on

e
N

o
N

E
D

11
1

12
38

 F
R

ig
ht

 S
hi

n
N

Y
es

15
11

0
N

o
1.

5
N

on
-b

ri
sk

N
o

N
E

D
15

0

13
2M

R
ig

ht
 c

he
ek

S
N

o
9

27
0

N
o

2.
2

N
on

-b
ri

sk
N

o
N

E
D

12
2

14
12

 F
L

ef
t a

nt
er

io
r 

th
ig

h
S

N
o

5
C

an
no

t a
ss

es
s

0
N

o
1.

6
N

on
-b

ri
sk

N
o

N
E

D
11

4

15
7 

M
L

ef
t s

ho
ul

de
r

S
Y

es
17

C
an

no
t a

ss
es

s
9

Y
es

2.
2

B
ri

sk
N

o
N

E
D

94

16
23

 F
R

ig
ht

 la
te

ra
l s

ca
lp

S
Y

es
16

15
1

N
o

2.
2

N
on

-b
ri

sk
N

o
A

N
M

14

17
37

 F
B

ac
k

S
N

o
32

13
0

N
o

1.
9

B
ri

sk
N

o
A

N
M

13

18
59

 M
R

ig
ht

 f
or

ea
rm

D
N

o
0

1
2

Y
es

2
N

on
-b

ri
sk

N
o

N
E

D
20

2

19
8 

M
R

ig
ht

 f
or

ea
rm

N
N

o
17

C
an

no
t a

ss
es

s
0

N
o

1.
5

N
on

-b
ri

sk
N

o
N

E
D

12
0

21
7 

M
Sc

al
p

S
N

o
5

7
0

N
o

4.
3

B
ri

sk
N

o
N

E
D

10
7

22
41

 F
L

ef
t l

ow
er

 le
g

S
N

o
22

C
an

no
t a

ss
es

s
1

N
o

1.
4

N
on

-b
ri

sk
N

o
N

E
D

10
9

23
52

 F
L

ef
t m

ed
ia

l s
hi

n
S

N
o

8
12

0
N

o
0.

6
N

on
-b

ri
sk

N
o

N
E

D
11

1

24
10

 F
Sh

ou
ld

er
S

Y
es

9
25

*
*

4.
2

*
N

o
N

E
D

16
8

25
56

 M
A

rm
S

N
o

5
3

*
*

4
*

N
o

N
E

D
20

4

26
21

 M
A

rm
S

N
o

7
3

*
*

1.
1

*
N

o
N

E
D

12
0

27
28

 F
T

ru
nk

S
N

o
26

17
*

*
4.

3
*

N
o

N
E

D
84

28
34

 F
Sh

ou
ld

er
S

N
o

4
C

an
no

t a
ss

es
s

*
*

3.
6

*
N

o
N

E
D

12
0

29
58

 M
E

ar
N

N
o

0
15

*
*

5.
4

*
N

o
N

E
D

27
6

30
28

 F
L

eg
N

N
o

6
8

*
*

1.
6

*
Y

es
A

N
M

96

Am J Surg Pathol. Author manuscript; available in PMC 2014 May 01.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Abraham et al. Page 12

C
as

e
A

ge
/S

ex
Si

te
Su

bt
yp

e
L

I
In

tr
at

um
or

al
 L

D
P

er
it

um
or

al
 L

D
M

it
os

es
 (

pe
r 

1m
m

2 )
M

it
os

es
 a

t 
ba

se
T

hi
ck

ne
ss

 (
m

m
)

T
IL

s
U

lc
er

at
io

n
C

lin
ic

al
 S

ta
tu

s
F

ol
lo

w
up

 (
m

o)

31
18

 F
T

ru
nk

S
Y

es
8

10
*

*
6.

4
*

N
o

A
N

M
29

32
19

 M
L

eg
S

N
o

10
6

*
*

5.
4

*
N

o
A

N
M

4

K
E

Y

S-
Sp

itz
oi

d

N
-N

ev
oi

d

D
-D

PN
-l

ik
e

N
E

D
-N

o 
ev

id
en

ce
 o

f 
di

se
as

e

A
N

M
-A

liv
e 

w
ith

 n
od

al
 m

et
as

ta
si

s

D
M

-D
ie

d 
of

 m
el

an
om

a

D
U

C
-D

ie
d 

of
 u

nk
no

w
n 

ca
us

e

* ca
se

s 
co

nt
ri

bu
te

d 
by

 L
C

-d
at

a 
no

t a
va

ila
bl

e 
fo

r 
an

al
ys

is

Am J Surg Pathol. Author manuscript; available in PMC 2014 May 01.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Abraham et al. Page 13

Table 2

Tumor characteristics (including lymphatic invasion (LI) and lymphatic density (LD)) and Correlation with
Metastasis and Melanoma-specific death (MSD)

Tumor Characteristic Frequency Percentage Metastasis and MSD P value

Presence of LI 0.05

Present 8 25

Absent 24 75

Age 0.64

0–25 14 44

25–50 7 22

>50 11 34

Gender 0.23

Male 16 50

Female 16 50

Thickness (> 2mm) 0.48

0–1 mm 6 19

1–4 mm 18 56

>4 mm 8 25

Presence of Mitotic Figures (per 1mm2) 0.86

0 13 57

1 4 17

>1 6 26

Presence of Mitoses at Base of Lesion 0.69

Present 4 17

Absent 19 83

Presence of TILs 0.32

None 6 26

Non-brisk 11 48

Brisk 6 26

Peritumoral LD (>7) 0.89

Intratumoral LD (>7) 0.52
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