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Abstract. Background/Aim: Regional lymph node recurrence
(RLNR) is the most common pattern of recurrence within 2
years from the diagnosis of patients with non-metastatic
malignant cutaneous melanoma. However, isolated RLNR
without distant metastasis has been rarely studied. Patients
and Methods: Forty patients with isolated RLNR as a first
recurrence were analyzed retrospectively. The clinical
outcomes and prognostic impact of clinicopathologic
parameters were analyzed. Immunostaining for FOXP3,
VEGF, pAKT, and pS6 was also performed. Results: The
median disease-free interval from first diagnosis to isolated
RLNR and post-recurrence recurrence-free survival (pRFS)
were 12 months and 7.2 months, respectively. Distant failure
was the most common pattern of failure after isolated RLNR
(67.5%). The number of initially harvested lymph nodes (LN)
>7 and LN ratio >22.2% at the time of recurrence were
prognosticators for pRFS in multivariate analysis. None of the
tested biomarkers were significantly related to prognosis. The
5-year post-recurrence overall survival rate was 84.9%.
Conclusion: Most patients with isolated RLNR will experience
a second failure within months, especially distantly. The
number of initially harvested LNs and LN ratio at the time of
recurrence could predict pRFS.
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Malignant melanoma is the fifth most common cancer in
men and the sixth in women in the United States. It has also
been reported that the incidence is increasing in all age
groups and tumor thickness categories. Early-stage malignant
melanoma is usually cured by radical surgery with a 5-year
survival rate of 99%. However, the survival rate decreases to
63% when the melanoma is accompanied by regional lymph
node (LN) metastasis (1). Considering the clinical
significance of LN metastasis and its 15-20% incidence in
malignant melanoma patients, surgical LN evaluation should
be considered from a relatively early stage (2, 3). Immediate
lymphadenectomy using sentinel LN biopsy significantly
increased survival in patients with nodal metastasis (2).
The most common failure site of resected malignant
melanoma, especially within the first two years after primary
excision, has been the regional LN area (4, 5). Because of
the dismal prognosis with a median survival of 5-14 months
and a 5-year survival rate of 8-33% after regional LN
recurrence (RLNR), there have been many studies focused
on predicting LN recurrence (4-6). Through these studies,
important factors associated with RLNR were identified such
as the location of the nodal basin, number of metastatic LNs
(NMLN), size of metastatic LNs, presence of extracapsular
extension, patient age, efc. Based on these findings,
treatment strategies such as adjuvant radiotherapy (RT) have
been tried in patients who are at high risk for RLNR (7, 8).
However, there have been few studies on the course of
disease, prognostic factors, and treatment strategies for the
RLNR of malignant melanoma. In particular, isolated RLNR
without any evidence of distant metastasis or local
recurrence is rare, comprising about 10% of the patients with
RLNR (6). Although many salvage strategies for isolated
RLNR have been attempted based on the advancements of
numerous treatment techniques for various solid tumors (9,
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10), the clinical data is scant for isolated RLNR in malignant
melanoma due to its rarity. If the RLNR occurred without
distant metastasis, despite the general tendency of distant
metastasis of malignant melanoma, it would suggest a
relatively low systemic tumor burden. A strategy to improve
the locoregional control rate in such cases will be important
in the same context as considering adjuvant RT for patients
with a high risk of RLNR after initial surgery.

Thus, we aimed to explore the disease course and
prognostic factors, including not only clinical factors but also
biomarkers, to find out if there are any subgroups that need
different treatment strategies after isolated RLNR.

Patients and Methods

Patient selection. To identify the patients who experienced isolated
RLNR after obtaining disease-free status for cutaneous malignant
melanoma, we performed the following search. Using the in-hospital
electronic database, we searched for patients with the word
“melanoma” on their chart, “recurrence” or “recurrent” in the imaging
study results, and “melanoma” reported on the pathologic reports.
Through this process, we conducted a retrospective medical chart
review of all patients who were diagnosed with malignant cutaneous
melanoma pathologically and had underwent an imaging study for
recurrence surveillance at Seoul National University Hospital and Seoul
Metropolitan Government—Seoul National University Boramae Medical
Center. The inclusion period was from January 2000 to October 2014.
The patients who had distant metastasis at initial diagnosis, those with
simultaneous distant or local recurrence at the time of RLNR, or those
who received palliative or supportive treatment only for recurrent
disease were excluded. Finally, we included 40 patients who had
experienced an isolated RLNR as a first failure and received salvage
treatment. Patients and tumor characteristics of both primary and
recurrent diseases were collected after obtaining the approval of the
Institutional Review Board of each institution.

Ethical approval and Informed consent. This study was performed
in compliance with the principles of the Declaration of Helsinki
(1964) and approved by the Institutional Review Board of Seoul
National University Hospital and Seoul Metropolitan Government
Seoul National University Boramae Medical Center. The informed
consent was waived due to the retrospective nature of the study.

Treatment. Salvage treatments after isolated RLNR were variously
performed (Table I). As an optimal treatment policy was not
established, there was heterogeneity in the sequence of treatments.
All patients except one underwent surgical removal of RLNR. The
mean number of excised LNs was 7 [interquartile range (IQR)=2-
16]. After removal, either or both adjuvant chemotherapy (CT) and
RT was delivered to 30 patients. CT alone or sandwich CT —
surgical removal was done in one patient, respectively. The most
commonly used chemotherapy was interferon-a treatment which
was administered in 18 patients at different doses and cycles.
Dacarbazine-based CT was used in seven patients, and one patient
received a vemurafenib. Twelve patients received adjuvant RT,
which was delivered mainly using a 3-dimensional RT technique
(10 patients). The median RT dose was 40 Gy (range=30-54 Gy)
with daily fractions of 1.8 to 5.0 Gy.
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Table 1. Salvage treatments for isolate RLNR.

Sequence of treatment N (%)
(0)3 8 (20.0)
OP —~ CT 18 (45.0)
OP — RT 6 (15.0)
OP > CT - RT 3(7.5)
OP - RT —» CT 3(7.5)
CT 1(2.5)
CT > OP > CT 1(2.5)

RLNR: Regional lymph node recurrence; OP:
chemotherapy; RT: radiotherapy.

operation; CT:

Immunohistochemistry. Immunohistochemistry was performed to
examine the prognostic impact of FOXP3, pAkt, pS6, and VEGF in
patients with available tumor tissue samples (28/40 patients). The
immunostaining of formalin-fixed paraffin embedded tissues was
performed using an automated immunostainer (Ventana BenchMark
ULTRA, Ventana Medical System Inc., Tucson, AZ, USA)
according to the manufacturer’s protocol. The primary antibodies
used for staining were as follows: FOXP3 (236A/E7, Abcam,
Cambridge, UK), VEGF (MAB293, R&D systems, Minneapolis,
MN, USA), phospho-AKT (Ser473, 4060S, Cell Signaling
Technology, Danvers, MA, USA), and pS6 (Ser240/244, 5464S,
Cell Signaling Technology, Danvers, MA, USA).

Tissues were homogenously stained for FOXP3 and VEGF and
characterized as negative (no stain or weak stain) or positive
(moderate or strong staining) depending on the staining intensity.
For pAkt, scoring was based on a 3-point scale (11) incorporating
both staining intensity and stained cell rates. Positivity was defined
as a score of 2 or 3 points, and the nucleus and cytoplasm were
scored separately. For pS6, the protein was stained in the cytoplasm
with relatively uniform intensity. A negative score was defined as a
staining rate <20% and positive as that of =20%.

Variables and statistical analysis. All primary cancers were re-
staged according to the AJCC 8th cancer staging manual (12). The
initial resection margin was categorized as negative, close (not
involved, but a margin less than 1 cm), and positive (tumor on ink).
The LN ratio (LNR) was calculated by dividing the NMLN by the
number of harvested LNs (NHLN). To avoid confusion, the NHLN
at the first diagnosis of malignant melanoma was denoted by
iNHLN and the NHLN at the time of recurrence was denoted by
rNHLN. In addition, the NMLN at the first diagnosis was expressed
as iNMLN and the NMLN at the time of recurrence was expressed
as INMLN.

The disease-free interval (DFI) was the duration from the
diagnosis of primary malignant melanoma to the detection of
isolated RLNR. After isolated RLNR, the following clinical
endpoints were calculated from the diagnosis of recurrence to the
last follow-up, detection of failure, or death from any cause: post-
recurrence recurrence-free survival (pRFS) and post-recurrence
overall survival (pOS).

Survival estimation was performed using the Kaplan—-Meier
method and the survival difference between categorical variables
was compared by log-rank test. The continuous variables were fitted
to the Cox proportional hazards model after verification of the
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Table II. Patient and primary tumor characteristics.

Table III. Characteristics of recurrent disease.

Characteristics N (%) Characteristics N (%)
Age at primary diagnosis Age at recurrence
Median (range), years 53 (18-77) Median (range), years 55 (20-78)
Gender Basins of LN recurrence
Male 24 (60.0) Head and neck 12.5)
Female 16 (40.0) Axilla 12 (30.0)
Primary site Groin/iliac 27 (67.5)
Head and neck 12.5) Extent of surgical removal
Upper extremity 10 (25.0) Not done 1(2.5)
Lower extremity 26 (65.0) Excision 17 (42.5)
Trunk 2 (5.0) LN dissection 22 (55.0)
Unknown 125 No. of examined LNs
Initial T stage? Mean (IQR) 10 (2-16)
T1-2 8 (20.0) No. of metastatic LNs
T3-4 19 (47.5) Mean (IQR) 4 (1-6)
Initial invasion level? The greatest size of recurred LNs?
Clark level II 3(7.5) <3 cm 24 (60.0)
Clark level IIT 1(2.5) 3-6 cm 13 (32.5)
Clark level IV 9 (22.5) >6 cm 250
Clark level V 11 (27.5) Chemotherapy
Initial N stage? Done 14 (35.0)
NO 27 (67.5) Not done 26 (65.0)
NI1-2 7(17.5) Radiotherapy
N3 5(12.5) Done 28 (70.0)
Initial ulceration?® Not done 12 (30.0)
Absent 17 (42.5) Disease-free interval
Present 10 (25.0) <12 months 19 (47.5)
Initial lymphovascular invasion? >12 months 21 (525)
Absent 15 (3.5)
Present 4 (10.0) LN: Lymph node; IQR: interquartile range. 2Only cases with available
Initial resection margin? information were analyzed.
Negative 10 (25.0)
Close/positive 14 (35.0)
Initial surgical LN evaluation
Not done 28 (70.0) 3:2. The lower extremity was the most common primary site
EXC:,SIO?U ;(;20.5) (65.0%). Although the information on the primary tumor
L;lé?:secﬁfnsy 5 21'2.)5) stage and depth of invasion were not available for all
No. of initially examined LNs patients, the proportion of patients with T3-4 stage were
Mean (IQR) 4 (0-5) greater than those with TI1-2 (47.5% and 20.0%,
No. of initially metastatic LNs respectively). The majority of patients (70.0%) did not
Mean (IQR) 2 (0-2)

LN: Lymph node; IQR: interquartile range. 2Only cases with available
information were analyzed.

proportional hazards assumption. Multivariate analyses were only
carried out for pRFS due to the limited number of deaths. A p-value
<0.05 was considered statistically significant. All statistical analyses
were performed using R version 3.4.0 (R Foundation for Statistical
Computing, Vienna, Austria, http://www.r-project.org).

Results

Characteristics. Patient and tumor characteristics at the time
of primary diagnosis are shown in Table II. The median age
of the patients was 53 years and the male to female ratio was

undergo surgical LN evaluation. For the 12 patients who had
undergone LN evaluation, the mean iNHLN and iNMLN
were 4 (IQR=0-5) and 2 (IQR=0-2), respectively.

The median DFI was 12 months. At the time of isolated
RLNR, the median age of the patients was 55 years. The
groin or iliac was the most common site of LN recurrence in
27 patients. The excision and dissection of the LNs were
performed in 17 and 22 patients, respectively. The mean
rNMLN was four (IQR=1-6) and the mean size of the
greatest recurred LN was 2.8 cm (IQR=2-3.3). Disease
characteristics and treatment at the time of recurrence are
depicted in Tables I and III.

Patterns of failure after isolated RLNR. During follow-up

(median, 28 months; range=3-224 months), only 8§ patients
had maintained a disease-free status after salvage treatment.
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Table IV. Clinical factors affecting the disease-free interval.

Clinical factor DFI <12 mo DFI>12 mo p-Value?
N N

Age at primary diagnosis
<60 years 9 20 0.001
=60 years 10 1

Gender
Male 11 13 0.796b
Female 8 8

Primary site*
Head and neck 1 0 0.182
Upper extremity 3 7
Lower extremity 14 12
Trunk 0 2
unknown 1 0

T stage*
T1-2 6 2 0.236
T3-4 9 10

Clark level*
Clark level IT 1 2 0.570
Clark level IIT 0 1
Clark level IV 6 3
Clark level V 6 5

Ulceration*
Absent 10 7 0.706
Present 5 5

Lymphovascular invasion*
Absent 9 6 0.255
Present 4 0

N stage
NO 9 18 0.006
N1-3 10 2

No of initial harvested LNs
Mean (SD) 8.2 (x13.5) 0.6 (x1.7) 0.027¢
<7 11 17 0.018
=7 6 0

No of initial metastatic LNs
Mean (SD) 34 (£8) 1.9 (x6) 0.111¢
<4 14 17 0.047
=4 5 0

DFI: Disease-free interval; LN: lymph node; SD: standard deviation;
mo: months. *Only cases with available information were analyzed. 2p-
value by Fisher’s exact test; Pp-value by y2 test; °p-value by t-test.

The most common failure pattern after isolated RLNR was
distant metastasis, which occurred in 27 patients. More than
half of the distant metastases were accompanied by regional
metastasis (14/27 cases). The most common site of distant
failure was lung (12/27 cases) followed by distant LN (7/27
cases). Recurrence in bone, liver, and other intraabdominal
visceral organs was observed in 5 patients. Secondary
regional failures were detected in 50% of the patients. Local
failure was uncommon (12.5%, 5 patients) and all cases were
accompanied by regional failure with or without distant
failure (Figure 1).
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Figure 1. Patterns of failure after isolated regional lymph node
recurrence.

Survival analysis and prognosticators. First, we analyzed
which group of patients experienced an earlier isolated
RLNR. Patients were divided into two groups based on the
median DFI value: short-DFI (<12 months) or long-DFI (>12
months). There was a significantly higher proportion of
patients who were 60 years or older (p=0.001) and those
with positive metastatic LNs (p=0.006) in the short-DFI
group. The iNHLN was significantly higher in the short-DFI
group (mean, 8 vs. 1, p=0.027). The comparison of the short-
DFI and long-DFI groups is shown in Table IV.

Next, we conducted a post-recurrence survival analysis
(Table V). In contrast to DFI, neither age at diagnosis nor age
at recurrence contributed to prognosis. The pRFS was
significantly decreased according to the iNHLN (p=0.001),
and iNMLN (p=0.007). The binomial variable of these two
factors also significantly affected pRFS (iNHLN <7 vs. 27,
p<0.0001; iNMLN, <4 vs. =4, p=0.021). However, neither
rNHLN (p=0.074) nor rINMLN (p=0.673) was associated
with pRFS, a finding that was consistent even when the
analysis was performed by replacing each of them with a
categorical variable. In contrast, the LNR at the time of
recurrence significantly influenced pRFS (p=0.008, Figure 2).
A short DFI (<12 months) was also significantly associated
with decreased pRFS (p=0.009, Figure 3A). There was no
difference in the pRFS according to the salvage treatment
modalities. Multivariate analysis was performed for pRFS.
After adjusting the interactions between covariates, an
iNHLN >7 (p=0.005) and LNR >22.2% at recurrence
(p=0.05) were significant prognosticators for pRFS.

In contrast to the poor 1-year pRFS (40%), the 1-year and
5-year pOS was 100% and 85%, respectively. The median
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Figure 2. Post-recurrence recurrence-free survival according to lymph node ratio (LNR) at the time of recurrence.

survival time was not reached. Because of the limited
number of deaths (n=5), it was difficult to show the survival
difference according to a specific variable, except for the
DFI. Patients in the short-DFI group (DFI <12 months)
showed lower pOS than those in the long-DFI group (DFI
>12 months) (p=0.033, Figure 3B).

After analyzing FOXP3, VEGF, pAkt, and pS6 expression
in isolated RLNR, it was revealed that none of these proteins
were significant in our study (Table VI).

Discussion

In this study, we explored the survival outcomes of salvage
treatment after isolated RLNR of malignant melanoma. The
median pRFS was only 7.2 months and overall survival was
8.6 months even after LN dissection. Once isolated RLNR
occurred, subsequent distant failure or locoregional failure was
observed in more than 40% of patients within 1 year. Despite
the relatively short pRFS, the 5-year OS rate was 84.9%.
Many studies have reported the prognostic factors that
could predict LN recurrence of malignant melanoma.
However, there are few studies that have reported the
outcome after RLNR. Chao et al. reported follow-up data of
1183 patients after sentinel LN biopsy (13). Recurrence had
occurred in 94 patients (7.9%) at a median follow-up of 16

months and isolated RLNR only in 12 patients (1.0%). This
study also reported the factors for predicting recurrence, but
there was no analysis of the disease course after recurrence.
Eighty-three recurrences had occurred during a median
follow-up of 61 months in a study by Jones et al., which
analyzed 515 patients with negative sentinel LN (14).
Regional recurrence had occurred in 21 patients (4.0%) and
11 of them died within the follow-up period. The 5-year OS
rate after any recurrence was 68%. The study showed that
the survival rate of patients with distant recurrence differed
significantly according to the location of the first detected
distant recurrence, but the survival analysis for the regional
recurrence group was not reported separately.

It is well known that the risk of RLNR increases with the
iNMLN (6, 7, 13). Although all the patients included in our
study experienced RLNR, the primary DFI was significantly
different according to the iNMLN (data not shown; median
DFI of 16 months in patients without metastatic LN, 8§ months
in patients with 1~3 metastatic LNs, and 6 months in patients
with >3 metastatic LNs [p=0.0004]). The iNMLN was also
significantly associated with pRFS in the univariate analysis.
However, the INMLN was not associated with pRFS.

Not only iNMLN but also iNHLN was reported as a
predictor of both RLNR and OS (7, 15). Agrawal et al.
demonstrated that the iNHLN was significantly associated
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Table V. Univariate survival analysis.

Characteristics N(%) 1-year pDFS (%) p-Value? 1-year pOS (%) p-Value?

1-year overall probability 40.0 100.0

Age at primary diagnosis
<60 years 29 (72.5) 414 0.688 96.3 0.890
=60 years 11 (27.5) 36.4 100.0

Gender
Male 24 (60.0) 41.7 0.993 952 0.242
Female 16 (40.0) 375 100.0

Primary T stage*
T1-2 8 (29.6) 375 0.687 100.0 0.365
T3-4 19 (70.4) 42.1 944

Primary N stage
NO 27 (69.2) 44 .4 0.198 100.0 0.827
N1-3 12 (30.8) 250 90.0

Primary margin status*
Negative 10 (41.7) 40.0 0.541 100.0 0.893
close/positive 14 (58.3) 429 100.0

No of initial harvested LNs
HR (95%CI) 1.08 (1.03-1.13) 0.001b 1.07 (0.94-1.22) 03170
<7 17 (82.3) 50.0 <0.001 100.0 0.180
=7 6 (17.7) 0 75.0

No of initial metastatic LNs
HR (95%CI) 1.11 (1.03-1.20) 0.007° 0.63 (0.17-2.27) 0.479>
<4 31 (86.1) 419 0.021 96.6 0.659
=4 5(13.9) 200 100.0

Age at recurrence diagnosis
<60 years 27 (67.5) 40.7 0.964 96.0 0.747
=60 years 13 (32.5) 38.5 100.0

Disease free interval
<12 months 19 (47.5) 21.1 0.009 933 0.033
>12 months 21 (52.5) 57.1 100.0

Type of surgical removal
Excision 17 (42.5) 294 0.399 100.0 0.864
LN dissection 22 (55.0) 50.0 952

No of harvested LNs
HR (95%CI) 0.96 (0.92-1.00) 0.074b 0.99 (0.91-1.08) 0.809°
<7 21 (55.3) 333 0.221 94.1 0.688
>7 17 (44.7) 47.1 100.0

No of metastatic LNs
HR (95%CI) 1.01 (0.95-1.08) 0.673b 1.07 (0.96-1.19) 02170
<2 24 (61.5) 458 0.509 952 0.615
>2 15 (38.5) 333 100.0

LN ration at recurrence
<222% 11 (29.7) 72.7 0.008 90.9 0.434
>22.2% 26 (70.3) 26.9 95.5

Size of recurred LN
<3 cm 24 (61.5) 375 0.741 57.1 0.261
3-6 cm 13 (33.3) 539 84.6
=6 cm 2(5.1) 0.0 0.0

Salvage chemotherapy
Not done 14 (35.0) 35.7 0.760 91.7 0.653
Done 26 (65.0) 423 100.0

Salvage radiotherapy
Not done 30 (75.0) 429 0.431 100.0 0.070
Done 10 (25.0) 333 90.9

pDFS: Post-recurrence disease-free survival; pOS: post-recurrence overall survival; HR: hazard ratio; CI: confidence interval; LN: lymph node.
*Only cases with available information were analyzed. 3p-value by Log-rank test; Pp-value by Cox proportional hazards model.
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Figure 3. Post-recurrence recurrence-free survival (A) and post-recurrence overall survival (B) according to primary disease-free interval (DFI).

3153



ANTICANCER RESEARCH 39: 3147-3157 (2019)

Table VI. Univariate analysis of immunohistochemistry.

Characteristics N (%) 1-year pDFS (%) p-Value? 1-year pOS (%) p-Value?

FOXP3
Negative 15 (53.6) 40.0 0.307 100.0 0.660
Positive 13 (46.4) 46.2 100.0

VEGF
Negative 3(10.7) 333 0.384 100.0 0.337
Positive 25 (89.3) 440 100.0

pAkt, cytoplasmic
Negative 5(17.9) 20.0 0.179 100.0 0.263
Positive 23 (82.1) 47.8 100.0

pAkt, nuclear
Negative 20 (71.4) 50.0 0.570 100.0 0.621
Positive 8 (28.6) 250 100.0

pS6
Negative (<20%) 23 (82.1) 435 0.696 100.0 0.263
Positive (>20%) 5(17.9) 40.0 100.0

pDFS: Post-recurrence disease-free survival; pOS: post-recurrence overall survival; FOXP3: forkhead box P; VEGEF: vascular endothelial growth

factor. 2p-value by Log-rank test.

with RLNR and disease-specific survival in 615 patients who
had underwent therapeutic lymphadenectomy for clinically
advanced, LN metastatic melanoma (7). In our study, the
iNHLN was significantly associated with the pRFS. However,
the result does not seem to indicate the absolute importance
of the iNHLN. The number of patients with an iNHLN =7
was relatively small (6 patients, 17.7%). All patients had an
iNMLN =3 and a DFI <12 months. Patients who already had
poor prognostic factors at the time of initial diagnosis had an
iNHLN =7. Similar to the rNMLN, pRFS was not
significantly increased by removing more LNs after RLNR.
LNR is considered an important prognosticator in various
solid tumors (16-18). The study by Xing et al. using the
Surveillance, Epidemiology, and End Results database
showed that the LNR was significantly associated with
disease-specific survival in melanoma patients (19). LNR has
the advantage of simultaneously considering the NHLN and
the NMLN. When the surgical evaluation of LNs is limited,
simply assessing the NMLNs poses a risk of underestimating
the regional tumor burden. In contrast, the LNR can reflect
the likelihood of finding a metastatic LN depending on the
extent of removal. In the present study, the LNR at the time
of RLNR was an important prognostic factor in multivariate
analysis, although neither the INHLN nor rTNMLN had a
statistically significant association with survival. For
example, if two LN metastases were found, the patients are
always rpN1 or NMLN 2. However, when evaluated by
LNR, patients with an NHLN >8 are classified as low-risk
(LNR =22.2%) and patients with an NHLN =<8 (LNR
>22.2%) are classified as high-risk. Because our study
included a relatively small number of patients, we cannot
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conclude from these results that the INHLN or INMLN does
not affect prognosis after RLNR. However, despite the small
number of patients, the LNR clearly showed a clinical
relevance in multivariate analysis. In particular, there are
limited opportunities for the complete re-dissection of the
LN area at the time of recurrence due to technical difficulties
or treatment-related toxicity. Therefore, the LNR at the time
of recurrence could be more clinically valuable.

We tried to explore whether aggressive surgery or
adjuvant RT would be helpful in preventing the progression
of disease after RLNR. However, all patients except one had
surgical resection of RLNR, and adjuvant RT was only
performed in 12 patients. In terms of surgical extent, LN
dissection did not affect the prognosis, but LNR at salvage
surgery could be an important prognostic index, as
mentioned above. Although the number of patients was very
small, the addition of adjuvant RT did not change the clinical
outcomes in this study. Even if isolated RLNR occurred as
a first recurrence, one third of patients eventually
experienced distant failure within 9 months and the median
post-recurrence distant failure-free survival was 18 months,
compared with 22 months for the median post-recurrence
locoregional failure-free survival. Therefore, we assume that
even the isolated RLNR should be approached as systemic
disease rather than locoregional disease.

We performed immunohistochemical staining to find a
biomarker to help predict the prognosis of the patient, but
unfortunately did not yield meaningful results.
Immunosuppression the tumor microenvironment
mediated by regulatory T cell (Treg) acts as a major
mechanism in tumor immune escape, which is considered to

in
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be the major hurdle of immunotherapy. The accumulation of
Treg was reported to be associated with the survival of
malignant melanoma patients (20). In a study with 185
primary malignant melanoma patients, Gerber et al. reported
that the DFI and OS were significantly increased in patients
with low expression of the Treg expression marker FOXP3
(21). In contrast to this, Ladédnyi et al. found that there was
no correlation between the infiltration of FOXP3 and any
clinicopathologic parameters, metastasis formation, and
survival rate (22). Other investigators also reported
conflicting results on the prognostic value of FOXP3 and,
even if FOXP3 was associated with prognosis, it was
reported as contributing more to either distant failure or to
local recurrence (21-24). In our study, there was no
difference in prognosis according to the expression levels of
FOXP3 in the metastatic LNs. The effect of FOXP3 on the
biological behavior of primary or recurrent melanoma
requires further investigation.

In the anti-tumor immunity, VEGF has been reported to
be a promoter of Treg activation. A prospective study
demonstrated a positive correlation between serum VEGF
and Treg levels in patients with stage III/IV melanoma,
although only a small number of patients were included
(25). The study by Rajabi et al. showed a significant
association between VEGF expression and Breslow’s depth
(p<0.001) or Clark’s level (p=0.002). However, the
analysis of the clinical outcomes was not available in this
study (26). A few studies have reported that increased
serum VEGEF levels are associated with poor outcome in
patients with malignant melanoma (27, 28). In the present
study, there was no difference in survival according to
VEGF expression in the metastatic LNs. All but three
patients showed moderate to strong staining, which made
the comparison between the weak versus strong staining
groups difficult. The biased distribution of VEGF
expression may reflect the selection bias because all the
patients included in this study already had LN recurrence.
Further research is needed as the prognostic role of VEGF
has not been actively studied in malignant melanoma
patients.

The high prevalence of BRAF and NRAS mutations and
the clinical activity of the BRAF inhibitor suggest that RAS-
RAF-MEK-ERK pathway plays an important role in
malignant melanoma. Mutant NRAS can activate the PI3K-
Akt pathway as well as the RAS-RAF-MEK-ERK pathway.
Dai et al. conducted a study with 170 cases of primary
melanoma and showed that the strong expression of
phosphorylated AKT was significantly more frequent in
invasive melanoma than in normal nevi, and was more
frequent in stage II-III than stage I. They also reported a
significant inverse correlation between pAKT expression and
OS (p=0.049) or DFI (p=0.014). In their subgroup analysis
according to tumor thickness, there was a significant

association between strong pAKT expression and poor OS
in the low-risk group (<1.5 mm) but not in the high-risk
group (>1.5 mm) (29). There was no survival difference
according to pAKT expression in our study. This result may
be due to the small number of patients; however, it may also
be related to the Dai et al. result regarding the lack of
association of pAKT expression with poor OS in a high-risk
group. It may suggest that pAKT expression is prognostic in
the early stages of melanoma but not after progression or
relapse. Similarly, in a study analyzing the association of
pAKT expression levels and clinical outcomes of patients
with regional metastasis, there was no difference in survival
according to pAKT levels (30).

The phosphorylation of S6, a component of the mTOR
pathway which is downstream of the PI3K/AKT pathway, is
an indicator of the AKT/mTOR pathway. Pépulo et al.
showed that pS6 is expressed at higher levels in patients with
Clark level III/IV compared to those with Clark level I/II. In
addition, the increased expression of pS6 was related to poor
prognostic features (31). However, survival analysis
according to pS6 expression levels had not been conducted
in that study. In our study, the pS6 expression was mostly
lower in recurred LNs. According to a recent report, pS6
level is a predictive marker of ERK-independent resistance,
especially to RAF and MEK inhibitor. The decrease in pS6
expression after treatment predicted significantly increased
progression-free survival (32).

The present study is subject to certain limitations
stemming from its retrospective nature. There are many
cases where information on several important prognostic
factors such as Clark level or ulceration is missing. The
diversity of patient characteristics and treatment patterns also
resulted in heterogeneity in this study. Due to the rarity of
the disease, the number of patients included in this study was
small. Nevertheless, to our best knowledge, ours is the first
study of the prognostic factors after isolated RLNR. In
particular, we report for the first time the prognostic
significance of LNR at the time of RLNR. In addition,
several of the prognostic biomarkers that we analyzed have
rarely been studied in these RLNR settings, and the
collective findings are of value as a negative result.

Conclusion

The isolated RLNR occurs mostly within 1-2 years after the
first diagnosis of malignant melanoma. Even if isolated
regional recurrence occurred, patients will experience a second
failure within several months. In our study, the number of
initially harvested LNs >7 and LNR >22% at the time of
relapse were found to be poor prognostic factors for pRFS.
The development of optimal treatment strategies for these
patients is required. Considering the frequent distant failure
after regional recurrence, systemic control seems to be
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important for isolated RLNR. Despite the short pRES, the
recent advances in treatment techniques appear to have
improved the pOS rate compared to those reported in previous
studies. Since most patients survived more than 5 years after
recurrence, treatment-related chronic complications should be
considered when determining treatment policy.
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