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Background: Assessment of sentinel lymph node metastasis (LNM) is commonly performed for
cutaneous melanomas. However, there are no definite guidelines for thin melanomas with Breslow’s
tumor thickness <1.0 mm, in part because thin melanomas are relatively infrequently positive for
LNM.

Methods: We analyzed the clinico-pathologic relationship among tumor thickness, mitotic rate,
tumor infiltrating lymphocytes (TILs), tumor size, regional LNM, and prognosis in 66 Japanese
patients with thin melanomas. Immunohistochemical evaluations for TILs were also performed.
Results: Thirty-one of the 66 melanomas were Clark’s level I without LNM (0/31, 0%). In tumors of
Clark’s level 11 or higher (35/66), there were five (14%) regional LNMs. Melanomas with two or
more mitoses in 1 mm’ per high-power fields showed higher frequencies of LNM (2/3, 67%),
compared to those with fewer than two mitoses (3/32, 9%). Tumors with intensive TILs that partially
or completely surrounded the tumor revealed higher frequencies of LNM (5/28, 18%), compared to
those with none or slight TILs (0/7, 0%). The main components of TILs were CD8-positive
T-lymphocytes. No metastasized tumors were under 2.0 cm’.

Conclusions: The presence of mitotic activity, large tumor size and an intense lymphocytic infiltrate

should prompt sentinel lymph node biopsy in thin melanomas.
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Introduction

Sentinel lymph node biopsy (SLNB) for cutaneous melanomas of intermediate Breslow’s tumor
thickness (1.0-4.0 mm) has been widely accepted as a useful technique to determine the possibility
of further metastasis and predict the prognosis.'* However, there are no clearly defined indications
for thin melanomas (tumor thickness <1.0 mm), because nodal metastasis in this category is
relatively uncommon.*® The incidence of positive sentinel lymph node (SLN) metastasis in
melanomas of less than 1.0 mm thickness has been reported to range from 0% to nearly 8%.' Several
reports showed that melanomas of less than 0.75 mm tumor thickness exhibited less positivity for
SLN metastasis than those of 0.75-1.00 mm thickness. For thin melanomas with atypical features
such as ulceration, regression and mitoses, SLNB is indicated."** The 7th edition of the American
Joint Committee on Cancer (AJCC) melanoma staging system has recently declared that thin
melanomas with mitotic activity are associated with a higher frequency of SLN metastasis; this
statement is largely based on melanoma data in patient populations that are predominantly Caucasian.
No similar evaluation has been performed in populations of Asian patients with thin melanoma.
Therefore, the probability of SLN metastasis and the validity of SLNB for thin melanomas in Asian
people remain controversial, because the prevalence and the predominant primary sites of
melanomas differ between Asians and Caucasians. We studied Japanese thin melanoma cases to
clarify the correlations among the histopathological findings, the rate of lymph node (LN) metastasis,

and the prognosis and to discuss the validity of SLNB for thin melanoma.

Materials and methods

Patients

A database prospectively maintained at the Department of Dermatology of Nagoya University
Hospital was queried for all patients with thin melanoma. A total of 66 patients, 28 males (28/66,
42%) and 38 females (38/66, 58%), with thin melanomas (<1.0 mm thickness) including in situ
melanomas (Clark's level 1, 31 cases) were identified from 1998 to 2008, as shown in Tables 1 (in
situ) and 2 (invasive). SLNB was performed in 21 cases (32%). The average age of the patients was
61 years old. The average observation period for the patients’ progress was 55 months. Tumor size
was computed by multiplying the major axis and the minor axis of the tumor plane.

There were seven cases that had SLNB even in Clark’s level I, treated before 2007. In Japan, SLNB
used to be carried out in suspicious cases of LN metastasis, including Clark’s level I, because the
indication of SLNB has not been clearly defined in acral lentiginous melanoma (ALM), the
dominant melanomas in Japanese patients.

Sentinel lymph node biopsy

Until 2002, patients received only an SLNB procedure with blue dye injection. Since April 2002,

preoperative lymphoscintigraphy, intraoperative blue dye, and a handheld gamma probe have been
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used for all patients. In the SLNB procedure, *"Tc-Fytate colloid was injected into the dermis
surrounding the primary melanoma 2—6 hours before the operation, and the location of the SLNs was
determined by lymphoscintigrams 10 and 30 minutes after the injection. In the operating room,
patients received a cutaneous injection of 2% patent blue around the tumor, and the SLNs stained
with blue dye and with high concentration of the radioisotope colloid were easily identified
intraoperatively by visual inspection and the handheld gamma probe, respectively. The removed
SLNs were fixed in 10% formalin for pathological evaluation.’’® In each case, the pathological
evaluation of the SLNs was performed using one H&E-stained slide of the maximum tumor slice
and immunohistochemical staining of HMB45, S-100 and MART-1.

Microscopical analyses

The mitotic rate was defined as the number of mitoses in 1 mm’, observed in the high-power field
(HPF) of a light microscope. After counting the mitoses in the area with the most mitoses, the count
is extended to adjacent fields until an area corresponding to 1 mm’ is assessed. If no area can be
clearly identified as having the most mitoses, and mitoses are sparse and randomly scattered
throughout the lesion, then a representative mitosis is chosen; beginning with that field, the count is
then extended to adjacent fields until an area corresponding to 1 mm’ is assessed. In practice, the
evaluation was performed as recommended in the 7th edition of AJCC melanoma staging system.'2

Tumor infiltrating lymphocytes (TILs) are usually evaluated in the vertical growth phase (VGP) of
melanoma using the terms “brisk”, “non-brisk” and “absent”. Because the degree of lymphocytic
infiltrate was evaluated in the radial growth phase (RGP) in most cases, we used the following
terminology: “intensely infiltrated type”, or 2+, indicating lymphocytes infiltrating all around the
tumor; “non-intensely infiltrated type”, 1+, indicating lymphocytes infiltrating in a portion of the
tumor; and —, indicating no or slight lymphocyte infiltration.

Histopathological regression was determined if a tumor had an area of epidermis without
recognizable tumor in or adjacent to areas of obvious melanoma. Deep beneath the tumor-free
epidermis, the papillary dermis is also free of tumor and usually widened because of delicate fibrous
tissue with increased vascularity and scattered lymphocytes and melanophages.”

Immunostaining

In 16 of 35 cases in which the Clark's level was II or higher, immunohistochemical staining of CD3,
CD4, CD5, CD8, CD20, CD56, TIA-1, Perforin, and FOXP3 was performed. TILs stained
immunochistochemically with every marker were classified as 2+, +, or —, indicating that the
percentage of positively stained cells was >60%, 30-60%, or <30%, respectively. These percentages
were each compared with the non-stained control. All histopathologic evaluations were made by Dr.
M.M. and Dr. M.S.

Statistical analyses

The relationship between each factor and LN metastasis was examined by Fisher’s exact test (age,
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sex, tumor site, melanoma subtype, Clark’s level, mitoses, ulceration and TILs), by logistic
regression analysis (tumor thickness) and by Wilcoxon signed-rank test (tumor size). All P values
were considered statistically significant if the p value was less than 0.05. All statistical analyses were

performed by using the SPSS software package (SPSS Inc, Chicago, IL).

Results

Tumor subtypes and metastasis

The numbers of patients with melanoma subtypes of acral lentiginous melanoma (ALM), superficial
spreading melanoma (SSM), and lentigo maligna melanoma (LMM) were 39 (59%), 18 (27%) and
nine (14%), respectively.

ALM, SSM and LMM with Clark’s level II or higher revealed metastasis in two of 16 cases (13%),
three of 16 cases (19%), and none of three cases (0%), respectively (Table 2). There was no
statistical difference among the three subtypes (P > 0.05).

Tumor invasion and metastasis

In terms of the various histopathological levels of tumor invasion, at Clark’s level I (in situ), 11, III
and 1V, there were 31 (47%), 23 (35%, mean thickness 0.40 mm), nine (14%, mean thickness 0.77
mm) and three cases (5%, mean thickness 0.77 mm), respectively.

Ulceration is a microscopic attribute that has been correlated with the development of metastasis.
Among all 66 tumors in this study, ulcer formation was observed in only one case (No. 66), which
had no metastasis. We observed no cases of histopathological regression.

Five of the 35 patients with invasive melanoma developed metastatic melanoma. Four were
diagnosed with clinically evident regional lymph node metastases shortly after diagnosis, and
underwent complete therapeutic lymph node dissection rather than SLNB. One of the 14 patients
with invasive melanoma who received SLNB had SLN metastasis (Figs. 1, 2). The patient with
positive SLNB had a primary tumeor thickness of 0.6 mm,; the other four had thicknesses of 0.25, 0.3,
0.6 and 0.9 mm. All five primary tumors had 1-2+ lymphoid infiltrate. Mitoses were not identified
in the primary tumors of the two patients who died (Table 2).

Tumor mitosis and metastasis

In patients with Clark’s level II or higher, two (No. 33 and 35) out of 27 patients (2/27, 7%) with 0
mitosis/mm’ showed LN metastasis. In cases with 1 mitosis/mm”, one (No. 36) of five patients (1/5,
20%) exhibited metastasis. In cases with >2 mitoses/mm?, two (No. 32 and 34) of three patients (2/3,
67%) exhibited metastasis. These data are summarized in Table 2. There was a significant difference
in the metastasis rate between patients with <2 mitoses/mm’ and those with >2 mitoses/mm’ (P <
0.01).

Lymphocyte infiltration and metastasis

There were seven cases classified as TILs(-), out of 35 cases in which no LN metastasis was
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recognized. On the other hand, two (No. 32 and 36) of 13 cases (2/13, 15%) classified as
TILs(+)(non-intensely infiltrated type) had LN metastasis. In TILs(2+) cases (intensely infiltrated
type), three (No. 33, 34 and 35) of 15 cases (3/15, 20%) had LN metastasis and two of them died of
the disease (Table 2). There was a significant difference in the rate of metastasis between patients
classified as TILs negative(—) and TILs positive(+ and 2+) (P <0.01).

Variable factors and metastasis

The presence of intense TILs was associated with Clark’s level (level II, P=0.01; level IV, borderline
at P=0.07), with tumor thickness (P=9x% 10'6), and with mitotic rate (borderline, P=0.07).

In Table 3, we report P values of the relationship between each factor and LN metastasis, which
were analyzed by Fisher’s exact test (age, sex, tumor site, melanoma subtype, Clark’s level, mitoses,
ulceration and TILs), by logistic regression analysis (tumor thickness), and by Wilcoxon signed-rank
test (tumor size). These findings demonstrate that mitotic rate and tumor size are more strongly
associated with LN metastasis than TILs are. Tumor thickness and tumor site (trunk) showed
borderline significance. Other factors (age, sex, melanoma subtypes, Clark’s levels and ulceration)
showed no statistically significant relationship with LN metastasis.

Immunostaining

Immunohistochemical staining for CD3, CD4, CD5, CD8, CD20, CD56, TIA-1, Perforin, and
FOXP3 was further performed for TILs in 16 cases (Table 4). As shown in Table 5, the rate of
positivity for T-cell markers CD3, CD35, and CD8 was dominant in both the LN metastasis positive
case (No. 36) and negative cases.

TIA-1, which is expressed in the intracytoplasmic microsomes of cytotoxic T cells (CTL), was also
dominantly stained in both groups (Tables 4, 5). Thus, no apparent statistical difference was
recognized in TILs by immunohistochemical staining between cases with and without LN metastasis

(P> 0.05).

Discussion

It is well known that melanomas in Asian and Caucasian populations differ in prevalence and other
characteristics; in Asian patients, melanomas are relatively rare and highly ALM dominant.

In 2010 AJCC melanoma staging system, mitotic rate replaced level of invasion as a primary
criterion for defining Tlb melanomas. Balch et al." reported that in patients with localized
melanoma, tumor thickness, mitotic rate (histopathologically defined as mitoses/mm®), and
ulceration were the most dominant prognostic factors. Nevertheless, these factors have been
established from data derived from predominantly Caucasian populations. In this study, we evaluated
these factors in thin melanomas in Japanese subjects, yielding results that could have greater
practical importance for the treatment of early melanomas in Asian people.

Several studies have reported recurrences and fatal outcomes at various rates in patients with
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melanomas <0.75 mm in thickness."’* In 2002, AJCC revised the 6th edition of the melanoma
staging system, with the definition of “thin melanoma” changing from lesions <0.75 mm to lesions
<1.00 mm.? As we described in the results (Table 3), there were only borderline statistical differences
between tumor thickness and LN metastasis in thin melanoma. This is likely because the precision of
measuring tumor thicknesses less than 1.0 mm is limited by practical considerations. Therefore, it
would be difficult to clearly determine that patients with thin melanoma of 1 mm or less in thickness
would not require SLNB.

SLN metastasis at Clark’s level II (<1.0 mm) or higher occurred in one case among all SLNBs
performed, a rate of 7% (1/14). This rate of LN metastasis positivity was almost the same as that
reported by Wong et al.”” in 2006.

On the contrary, mitotic activity was well correlated with LN metastasis (Table 3). When many
mitoses are observed it is better to perform SLNB even in thin melanoma cases (<1.0 mm). Several

18-20, an d

past studies reported that a high mitotic rate was an independent predictor of SLN metastasis
our results support those of previous studies.’* In addition, high mitotic activity is associated with
an increased rate of melanoma recurrence.”” Moreover, Scolyer et al.”* and Gimotty et al”’
emphasized that dermal or VGP mitotic rate was an important factor in localized primary cutaneous
melanomas.

The five patients with LN metastasis in our study showed no ulcers. Thus, we cannot confirm the
previous report that ulcer formation was a risk factor for metastasis in this time.

In this study, we could evaluate the factors of primary tumor site, tumor size and TILs in thin
melanomas that would affect the prognosis of thin melanomas. Primary melanomas in the trunk
showed higher association with LN metastasis than those in the finger, arm and toe (Table 3);
however, there were no significant differences in this study. We expect that a larger study would help
to reveal any relationship between tumor site and LN metastasis.

The median tumor size in non-metastatic tumors was 1.5 cm?, vs. that in metastatic tumors, 9.0 cm’.
There were no metastasized tumors under 2.0 cm’. Tumor size exhibited a stronger relationship with
LN metastasis (Table 3). We expect that clinicians may be able to use these outcomes to decide about
performing SLNB.

As shown in Table 2, all cases with LN metastasis had positive TILs in their primary tumors. The
intensely infiltrated type with infiltration of TILs all around the tumor showed a little higher rate of
LN metastasis (3/15, 20%) compared to the non-intensely infiltrated type (2/13, 15%).

The presence of intense TILs was significantly associated with Clark’s level (level II is P=0.01) and
tumor thickness (P=9X10_6). In our results, TILs were not statistically independent and seem to
provide an overlapping prognostic factor.

In the original concept of TILs in invasive melanomas, when there is a brisk lymphocytic response®,

TILs are present throughout the VGP or are present across the entire base of the VGP. When there is
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a non-brisk lymphocytic response’®, TILs are present in one or more foci of the VGP. Based on the
concept of briskness, brisk-type TILs should be present at VGP. VGP tended to be recognized when
tumor thickness was >0.76 mm, according to a report by Clark et al."* In our study, >0.76 mm thick
invasive melanomas appeared in only seven cases. Because we rarely observed VGP in invasive thin
melanoma, we referred to invasive thin melanomas with lymphocytes infiltrated all around the tumor
as “intensely infiltrated type”. Interestingly, patients with the intensely infiltrated type in the RGP in
our study showed the highest rate of LN metastasis and death, although Clemente et al.”® reported
that patients with the brisk type in the VGP of advanced melanoma had the highest five-year survival
rate. Our results suggest that TILs play different roles for the prognosis between RGP and VGP in
invasive melanoma.

Our immunochistochemical staining of the specimens from 16 cases showed that the main cells in
TILs were cytotoxic CD8(+) T lymphocytes (Tables 4, 5). We could not clarify further by comparing
T-cell subtype in TILs between cases with and without LN metastasis, because we only had
paraffin-embedded tumor specimen from one patient with LN metastasis. Immunohistochemical
staining of TILs has rarely been employed in previous studies of thin melanoma, but further studies
can be expected to clarify the role of TILs.

The population of melanoma subtypes in this study was clearly different from those in previous
studies of thin melanomas in Caucasians, because ALM was predominant in Japanese thin
melanomas. To date, evaluation of thin melanoma in Asian patients has rarely been performed.
Therefore, we report here our preliminary study showing a significant association between mitotic
rates and LN metastasis. These findings support the 2010 AJCC melanoma staging system.

In this study, both patients who died also had intense RGP infiltrates, and neither of these patients
had undergone SLNB.

In conclusion, the presence of mitotic activity, large tumor size and an intense lymphocytic infiltrate

in the RGP should prompt the consideration of SLNB in Japanese patients with thin melanomas.
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Table 1. Summary of 31 patients with in situ (Clark’s level ) melanomas.

melanoma

No sex age tumor site mitosis SLNB SLNM F/U

subtype

1T M 46 trunk SSM o No 107
2 F 54 face LMM (o] No 129
3 M 52 finger ALM 0 No 84
4 M 67 evyelid LMM 0 No 2
S M 71 toenail ALM (o] Yes - 59
6 M 66 sole AlLM (o] No 80
7 F 66 fingernail ALM (o] No 24
8 F 77 sole ALM 0 Yes - 27
9 F 69 finger ALM (o] No 69
10 M 72 toenail ALM (¢] No 61
11 F 28 fingernail ALM (o] No 60
12 F 66 lip LMM 0 No 58
13 F 80 fingernail ALM 1 No 58
14 F 47 palm ALM (o] No 48
15 F 51 face LMM (o] No 11
16 F 65 sole ALM [¢] No 53
17 F 68 wvulva LMM o] No 66
18 F 66 sole ALM 1 Yes - 29
19 M 67 toe ALM 0 Yes - 62
20 M 67 sole ALM 0 No 58
21 M 56 sole ALM 0 Yes - 36
22 F 35 fingernail ALM 0 No 36
23 M 57 trunk SSM o] No 41
24 M 24 sole ALM [0} No 46
25 M 79 sole ALM 0 No 25
26 M 63 sole ALM 0 No 24
27 F 60 face LMM 0 No 23
28 F 89 toenail ALM (o} Yes - 22
29 F 58 fingernail ALM (o] No 22
30 F 44 toenail ALM 0 Yes - 21
31 F 71 sole ALM 0 No 18

SSM, superficial spreading melanoma; ALM, acral lentiginous melanoma;
LMM, lentigo maligna melanoma; mitosis, number of mitoses in 1mm?2;
SLNB, sentinel lymph node biopsy; SLNM, sentinel lymph node metastasis;
F/U, follow-up period (months).
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Table 2. Summary of the 35 patients with invasive (Clark' level II to IV) melanomas.

melanoma

No sex age tumor site subtype level thick mitosis TILs * SLNB SLNM RiLM DISM F/U status tumor size (cnf)
322 M 76 finger ALM 2 06 22 + No + 41 alive 225(15% 15)
33 M 48 am SSM 2 025 0 2+ No + + 7 DOD 625(25 x 2.5)
34 F 55 tunk SSM 3 06 22 2+ Yes + 39 alive 20.0(5.0 % 40)
35 F 53 tunk SSM 4 09 0 2+ No + + 5 DOD 9.0(3.0 % 3.0
3® M 63 toe ALM 2 03 1 + No + 122 alive 9.0(30 % 3.0)
Dead:cerebral 0413(0.75 x 0.
37 F 60 neck  SSM 2 02 0 2+ No 3 pead nha:e" 0_25(38“,’5150‘5?55)'
38 M 69 sole ALM 2 025 0 2+ Yes - 82 alive 40(20% 20)
38 F 83 leg SSM 2 03 0 No 94 alive 225(15x%1.5)
4 F 56 arm SSM 2 03 0 No 56 alive 0.96(1.2 X 0.8)
41 M 69 eyelid LMM 2 04 0 No 82 alive 30(20x1.5)
42 F 58 leg SSM 2 04 0 2+ No 79 alive 40(20%20)
43 F 80 face SSM 2 04 0 + No 61 alive 0.16(0.4 X 0.4)
44 F 62 sole ALM 2 045 1 - Yes - 109 alive 15(15%10)
45 F 44 leg SSM 2 05 0 2+ No 120 alive 30(20% 15)
48 M 71 head SSM 2 05 0 + Yes - 56 alive 1.0(1.0% 10)
47 M 41 am SSM 4 05 0 2+ No 117 alive 1.0(10% 1.0)
48 F 55 trunk SSM 3 06 0 2+ No 88 alive 225(15% 15)
49 F 43 leg SSM 3 08 1 2+ No 118 alive 1.0(10% 1.0)
50 M 35 arm SSM 3 08 0 2+ No 25 alive 144012 x12)
51 F 49 arm SSM 4 09 0 2+ No 118 alive 18(12% 15}
52 M 65 finger  ALM 2 025 0 + Yes - 69 alive 20020 % 1.0)
52 F 53 sole ALM 2 03 o + No 15 Deadilung  o530%30)
cancer
54 M 69 sole ALM 2 035 0 2+ Yes - 107 alive 6.25(2.5 X 2.5)
56 M 61 sole ALM 2 03 0 - Yes - 70 alive 10.88(34 % 3.2)
56 F 74 sole ALM 2 04 0 + Yes - 24 alive 05(1.0% 05)
57 M 56 trunk SSM 2 04 0 + Yes - 22 alive 30(20x15)
58 F 75 sole ALM 2 05 0 - Yes - 67 alive 50025 x 2.0)
59 F 66 face LMM 2 055 0 - No 51 alive 0.6(1.0% 0.6)
60 M 66 finger  ALM 2 06 22 + No 27 alive 352(22% 1.6)
61 M 57 face LMM 3 065 O - No 38 alive 10(1.0% 1.0)
62 F 74 sole ALM 3 07 0 + Yes - 22 alive 10.0(5.0 x 2.0)
63 F 60 fingenail ALM 2 075 1 - No 93 alive 04(0.8x05)
64 F 49 sole ALM 3 08 1 2+ Yes - 62 alive 0.72(06 % 1.2)
65 M 72 toenail ALM 3 095 0 - Yes - 33 alive 10(1.0% 1.0)
66 F 84 sole ALM 3 1 0 2+ Yes - 51 alive 15(10x 15)

SSM, superficial spreading melanoma; ALM, acral lentiginous melanoma;

LMM, lentigo maligna melanoma; level, Clark’s pathological level in primary tumor;
thick, Breslow’s tumor thickness (mm); mitosis, number of mitoses in 1mm?2.

* TILs, tumor infiltrating lymphocytes; 2+, intensely infiltrated type (lymphocytes
infiltrate all around the tumor.); +, non-intensely infiltrated type (lymphocytes infiltrate

in a portion of the tumor.); -, none or slight lymphocytes.

SLNB, sentinel lymph node biopsy; SLNM, sentinel lymph node metastasis;
RLM, regional lymph node metastasis; DISM, distant metastasis;
F/U, follow-up period (months); DOD, dead of disease.
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Table 3. Statistical relationships between various factors and lymph node metastasis.

Factors P value
Age 0.86
Sex

Male 0.64

Female 0.64
Tumor site

Finger 0.33

Arm 0.33

Trunk 0.06

Toe 0.14
Melanoma subtype

ALM 0.39

SSM 0.12

LMM 1
Clark's level

I 0.33

m 0.53

v 0.21
Mitoses 0.005
Ulceration 1
TILs 0.01
Tumor thickness 0.07
Tumor size <0.001

ALM, acral lentiginous melanoma; SSM, superficial spreading melanoma;

LMM, lentigo maligna melanoma; TILs, tumor infiltrating lymphocytes.
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