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INTRODUCTION

Malignant melanoma is the most aggressive skin cancer and has 
a high potential for early metastasis. Therefore, accurate staging 

and appropriate management are essential for increasing the 
survival rate. The most crucial factors in evaluating the progno-
sis of malignant melanoma are the thickness of the lesion and 
local lymph node metastasis [1-4]. In the past, elective lymph 
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node dissection (LND) was performed to confirm local lymph 
node metastasis. However, after Morton et al. [5] reported the 
use of sentinel lymph node biopsy (SLNB), SLNB has been 
widely performed due to its relative simplicity and accurate re-
sults. In the treatment of malignant melanoma, SLNB is indicat-
ed for patients with melanomas > 1 mm in thickness and pa-
tients with thin melanomas ( ≤ 1 mm in thickness) that demon-
strate high-risk features, including ulceration and/or a high mi-
totic rate [6-8].

In Asian countries, including Korea, the prevalence of malig-
nant melanoma is lower than in Western countries, and the 
most common subtype is the acral lentiginous type, which is 
known to have a relatively poor prognosis [9-12]. Furthermore, 
many studies on sentinel lymph node status and patient survival 
outcomes have been published in Western countries, but stud-
ies published in Asian countries are rare; thus, more studies on 
sentinel lymph node status in Asian countries are needed.

SLNB was first introduced in the sixth edition of the American 
Joint Committee on Cancer Staging Manual, which was pub-
lished in 2002, and information regarding the indications for 
SLNB was included starting with the seventh edition, published 
in 2009. Therefore, until 2009, SLNB and LND were common-
ly used together to confirm local lymph node metastasis. The 
authors similarly used a combination of SLNB and LND to 
confirm local lymph node metastasis before 2009; thereafter, a 
gradual transition was made towards SLNB. Therefore, patients 
treated by the authors in the past constituted a mixed group of 
patients who underwent SLNB, LND, or neither procedure. In 
light of this fact, the authors aimed to confirm the adequacy of 
the current indication criteria for SLNB by applying these crite-
ria to this mixed group of patients.

METHODS

Participants
Approval from the ethics committee of our institution (H-1909-
010-083) was obtained prior to conducting this study. At the 
start of this retrospective study, 110 consecutive patients who 
were diagnosed with malignant melanoma and underwent sur-
gical treatment at Pusan National University Hospital between 
September 2000 and August 2015 were screened. Among these 
patients, 14 patients with head and neck melanoma were ex-
cluded due to difficulty locating a sentinel lymph node.

Procedures
In this study, wide local excision margins were adopted, with 
margins determined based on the Breslow thickness. The surgi-
cal margin was 0.5 cm for in situ melanoma, 1 cm for lesions ≤ 1 

mm in thickness, 2 cm for lesions 1.01–2.00 mm in thickness, 
and 3 cm for lesions > 2.00 mm in thickness.

The surgical margins of subungual melanomas were deter-
mined largely using the Breslow thickness, as described above. 
For subungual melanomas of the fingers, if the determined sur-
gical margins were confined to the distal interphalangeal (DIP) 
joint level, DIP joint-level amputation was performed. If the 
surgical margins exceeded the DIP joint level but were confined 
to the proximal interphalangeal (PIP) joint level, PIP joint-level 
amputation was performed. Similarly, for subungual melanomas 
of the toes, amputation was performed at either the level of the 
PIP joints or the metatarsophalangeal joints. Melanomas of the 
foot (except the toes), forearm, and leg were generally treated 
with a wide excision margin. Surgical wounds were covered 
with skin grafts or local flaps. To facilitate weight-bearing, free 
flaps were used for reconstruction of the sole.

Primary melanomas of the trunk were generally excised with 
more liberal margins. The resulting surgical wounds were cov-
ered with skin grafts or, in some areas, closed with wide under-
mining and a large advancement flap.

On either the day before or the morning of the operation, pa-
tients underwent lymphoscintigraphy at the nuclear medicine 
department to determine the location of the sentinel nodes. Pa-
tients with malignant melanomas were injected with 0.2 mL of 
99mTc phytate. In the operating room, a gamma probe (Neo-
probe GDS; Devicor Medical Products, Inc., Cincinnati, OH, 
USA) was used to detect radioactivity in the sentinel lymph 
nodes. The sentinel lymph nodes were removed and sent to the 
pathology department.

The authors first examined the histopathological results and 
lesion thickness of 77 patients, then assessed regional lymph 
node metastasis or distant metastasis using imaging, including 
regional computed tomography, lymphoscintigraphy, and posi-
tron emission tomography-computed tomography. Based on 
the collected information, patients were classified according to 
whether the current indication criteria for SLNB were applica-
ble. Patients for whom SLNB was indicated according to the 
current criteria were classified according to whether SLNB had 
been performed and, if the results of SLNB were positive, 
whether LND was performed. Patients for whom SLNB was 
not indicated were also classified according to whether SLNB 
had been performed. Finally, the outpatient records of these pa-
tients were reviewed with regard to recurrence, metastasis, and 
prognosis.

Statistical analysis 
Statistical analysis of the data collected was performed using 
SPSS version 22.0 (IBM Corp., Armonk, NY, USA). The chi-
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square test was used to assess the associations between categori-
cal data and mortality. When the expected frequency was less 
than 5, the Fisher exact test was used. A P-value of less than 0.05 
was considered to indicate statistical significance.

RESULTS

Of the 96 patients for whom outpatient follow-up results were 
investigated, 77 patients who either died of melanoma during 
the follow-up period or whose follow-up period was 24 months 
or longer were included in this study. The follow-up period 
ranged from 24 to 122 months, with an average of 44.5 months. 
Of the 77 patients, 26 (33.8%) had nodular melanomas, 46 
(59.7%) had acral lentiginous melanomas, and five (6.5%) had 
superficial spreading melanomas. Among them, 69 patients un-
derwent either SLNB or LND to confirm lymph node metasta-
sis. The sentinel lymph nodes were found in the inguinal region 
in 40 cases (58.0%), in the axillary region in 19 cases (27.5%), 
in the popliteal region in 5 cases (7.2%), and in both the popli-
teal and inguinal regions in 5 cases (7.2%) (Table 1).

SLNB was indicated in 60 patients, and was not indicated in 
the remaining 17. Of the 60 patients for whom SLNB was indi-
cated, five patients declined the procedure, and a biopsy was not 
obtained. Of the five patients who declined SLNB, three experi-
enced metastasis and died during the follow-up period, while 
two patients survived the follow-up period disease-free. Of the 
remaining 55 patients, SLNB was performed in 35 and LND 
was performed in the other 20. Of the 35 patients who under-
went SLNB, 18 had a negative result for the sentinel lymph 
node, so additional surgery was not performed. Of these 18 pa-
tients, two patients died, two received adjuvant therapy for me-
tastasis, and 14 survived the follow-up period disease-free.

Of the 17 patients with positive SLNB, one patient refused 
LND and died of recurrence. Eight patients had positive LND, 
of whom four patients died, two underwent adjuvant therapy 
for metastasis, and two survived disease-free throughout the fol-
low-up period. Of the eight patients with negative LND, one 
died of recurrence and seven survived the follow-up period dis-
ease-free. Of the 20 patients who underwent LND without 
SLNB, nine had a positive result, five died, and four survived the 
follow-up period disease-free. Of the 11 LND-negative patients, 
five died of recurrence during the follow-up period, and six sur-
vived disease-free. In summary, of the 60 patients for whom 
SLNB was indicated, 35 survived the follow-up period disease-
free, 21 died during follow-up, and four received chemotherapy 
or adjuvant therapy for metastasis.

Of the 17 patients for whom SLNB was not indicated, 14 had 
negative SLNB. All 17 patients for whom SLNB was not indi-

cated had no recurrence or metastasis, regardless of whether 
they underwent lymph node biopsy (Fig. 1).

The chi-square test of independence showed no statistically 
significant difference by sex in terms of whether SLNB was indi-

Characteristic No. (%)

Sex
  Male 27 (35.1)
  Female 50 (64.9)
Age (yr)
  <39 6 (7.8)
  40–49 9 (11.7)
  50–59 12 (15.6)
  60–69 26 (33.8)
  70–79 18 (23.4)
  ≥80 6 (7.8)
Subtype
  Nodular 26 (33.8)
  Acral 46 (59.7)
  Superficial 5 (6.5)
Primary site
  Upper extremity 16 (20.8)
    Hand 11 (14.3)
      Finger (subungual) 11 (14.3)
      Finger (except subungual) 0
      Other 0
    Other 5 (6.5)
  Lower extremity 53 (68.8)
    Foot 41 (53.2)
      Toes (subungual) 4 (5.2)
      Toes (except subungual) 3 (3.9)
      Other 34 (44.2)
    Other 12 (15.6)
  Trunk 8 (10.4)
Thickness (mm)
  In situ 13 (16.9)
  ≤1 4 (5.2)
  1.01–2.00 12 (15.6)
  2.01–4.00 22 (28.6)
  ≥4.01 26 (33.8)
Stage
  0 13 (16.9)
  I 15 (19.5)
  II 26 (33.8)
  III 17 (22.1)
  IV  6 (7.8)
Location of sentinel lymph node(s)
  Axillary 19 (27.5)
  Inguinal 40 (58.0)
  Popliteal 5 (7.2)
  Inguinal and popliteal 5 (7.2)
Clark level 
  I 13 (16.9)
  II 9 (11.7)
  III 9 (11.7)
  IV 29 (37.7)
  V 17 (22.1)

Table 1. Patient demographics
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cated (P = 0.982). The Fisher exact test showed no statistically 
significant difference in terms of whether SLNB was indicated ac-
cording to age (P = 0.191), subtype (P = 0.075), primary site 
(P= 0.753), or sentinel lymph node location (P= 0.382). Howev-
er, statistically significant relationships were found between thick-
ness (P = 0.000), stage (P = 0.000), and Clark level (P = 0.000) 
and whether SLNB was indicated (Table 2).

DISCUSSION

In this study, we retrospectively investigated the prognosis of pa-
tients with malignant melanoma of the trunk and extremities 
who underwent a combination of SLNB and LND to determine 
the appropriateness of the current indication criteria for SLNB. 
In the analysis of demographic information, no statistically sig-

Demographic and clinical information P-value

Sex 0.982
Age distribution 0.191
Subtype 0.075
Primary site 0.753
Sentinel lymph node location 0.382
Breslow thickness 0.000a)

Stage 0.000a)

Clark level 0.000a)

a)Statistically significant; P<0.05.

Table 2. Demographic and clinical information of the 
patients analyzed in this study

nificant differences with regard to sex, age distribution, sentinel 
lymph node location, or subtype were found between patients 
for whom SLNB was indicated and those for whom SLNB was 

Fig. 1. Patient classification algorithm

The authors classified patients according to whether the current indication criteria for sentinel lymph node biopsy (SLNB) were applicable, 
whether SLNB was performed if so, and whether lymph node dissection (LND) was performed if SLNB results were positive. Patients for whom 
SLNB was not indicated were also classified according to whether they underwent SLNB. LN evaluation, SLNB or LND.

77 Patients with malignant melanoma

17 Not included in 
indication of SLNB

5 LN evaluation was refused
2 Disease-free
3 Expire

20 LND

18 SLNB negative
14 Disease-free

2 Expire
2 Metastasis

8 LND negative
7 Disease-free
1 Expire

1 LND was refused
1 Expire

11 LND negative
6 Disease-free
5 Expire

3 LN evaluation 
was refused

60 Included in 
indication of SLNB

55 LN evaluation was done

35 SLNB

17 SLNB positive

8 LND positive
2 Disease-free
4 Expire
2 Metastasis

9 LND positive
4 Disease-free
5 Expire

14 LN evaluation 
was done

No recurrence or metastasis
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not indicated. However, statistically significant differences were 
noted with regard to the Breslow thickness, stage, and Clark lev-
el. These parameters are thought to be directly associated with 
whether SLNB is indicated.

The most common subtype of melanoma differs between 
Asian and Western populations. Roh et al. [12] reported that 
acral lentiginous melanoma accounted for 65% of 40 Korean 
melanoma patients. Lee et al. [13] reported that the rate of acral 
lentiginous melanoma was significantly different between 
Asians and Caucasians living in Singapore (56% and 14%, re-
spectively). In two other studies of Korean melanoma patients, 
58 of 100 patients and 58 of 113 patients had acral lentiginous 
melanoma (58% and 51.3%, respectively) [14,15]. The preva-
lence of acral lentiginous melanoma in the present study was 
59.7%, which is similar to that of Asian patients in the previous 
studies.

There is controversy as to whether SLNB is necessary if SLNB 
is not indicated. In general, the probability of lymph node me-
tastasis in cases of malignant melanoma increases with the 
thickness of the lesion. Rousseau et al. [6] reported 1,375 pa-
tients with malignant melanoma who underwent SLNB, of 
whom 4% displayed sentinel lymph node metastasis when the 
lesion thickness was > 1 mm, 12% when it was 1–2 mm, 28% 
when 2–4 mm, and 44% when > 4 mm. Moreover, Rousseau et 
al. [6] suggested that SLNB was unnecessary unless indicated. 
In the present study, all patients for whom SLNB was not indi-
cated displayed no lymph node metastasis and were disease-free 
at the end of the follow-up period. These results are lower than 
those of Rousseau et al. Therefore, based on the present study, it 
can be considered unnecessary to perform SLNB in cases other 
than those in which it is indicated.

False negatives take place when cancer recurs despite negative 
biopsy results for SLNB and LND. False-negative results are 
likely to occur either when malignant cells fail to reach the senti-
nel lymph node by the time of the biopsy because the migration 
of cancer cells through the lymph duct is very slow, or when 
malignant cells are not detected in the pathologic examination. 
In a retrospective review of 1,287 melanoma patients, Carlson 
et al. [16] reported recurrence in 133 (12.5%) patients who 
were sentinel lymph node-negative. In a study of 846 patients, 
Yee et al. [17] reported that 22 (13.2%) of 167 patients with 
negative SLNB experienced recurrence. In the present study, 18 
of the 35 patients who underwent SLNB displayed negative 
SLNB findings. Two of these patients died, and two patients 
were treated for recurrence at follow-up, so the false-negative 
rate was 22.2%. This suggests that even if SLNB is negative, the 
cancer is more likely to recur than has been reported in previous 
studies.

Wagner et al. [18] reported a 7% to 33% possibility of finding 
additional lymph node metastasis when performing LND in 
cases with positive SLNB. In addition, according to Morton et 
al. [19], therapeutic LND may increase the survival rate in pa-
tients with positive SLNB. In the present study, another meta-
static lymph node was found in 50% of patients who underwent 
additional LND, which is a higher rate than that found in previ-
ous studies. Therefore, the authors agree that additional thera-
peutic LND should be performed in SLNB-positive patients.

In Koreans, the most common location of sentinel lymph 
nodes is the femoral region because the lower limb is the most 
common site of melanoma in this population. In a study con-
ducted by Thompson et al. [20], 13 (0.31%) of 4,260 patients 
with melanoma below the knee had popliteal lymph node me-
tastasis, and 17 (7.2%) of the 236 patients who underwent lym-
phoscintigraphy had a popliteal lymph node as a sentinel node. 
According to Menes et al. [21], 10 (9%) of 106 patients with 
malignant melanoma of the lower extremities reported drainage 
to the popliteal lymph node. In a Korean study, Kim et al. [22] 
suggested that popliteal lymph nodes, as well as inguinal lymph 
nodes, should be identified preoperatively because popliteal 
lymph nodes may test positive, albeit at a low frequency. In the 
present study, sentinel lymph nodes were found only in the pop-
liteal area in three cases (5%) and in both the popliteal and in-
guinal areas in five cases (7%). Thus, overall, popliteal lymph 
nodes were identified as sentinel lymph nodes in 12% of cases, 
which is higher than the frequency found previously. Therefore, 
we consider it appropriate to identify popliteal lymph nodes 
when treating malignant melanoma of the lower extremities, es-
pecially in Asian populations.

In the present study, we evaluated patients with malignant 
melanomas of the trunk and extremities who underwent SLNB 
and LND. In these patients, the current indication criteria for 
SLNB were used, patients were categorized accordingly, and 
their prognoses were examined. We attempted to retrospectively 
determine the appropriateness of the current indication criteria 
for SLNB. This method has not been attempted in other studies 
and may serve as a basis for confirming the clinical relevance of 
the SLNB indication criteria. However, this study was limited 
by its relatively small sample size and short follow-up period.

In conclusion, patients for whom SLNB was not indicated ac-
cording to the current criteria did not have recurrence or metas-
tasis, so we considered it unnecessary to perform SLNB. In cas-
es for which SLNB is indicated, more aggressive treatment and 
careful follow-up are crucial because the possibility of metastasis 
and recurrence may be high even if SLNB is negative or LND is 
performed.
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