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SIGNIFICANCE
This study investigated the role of initial American Joint 
Committee on Cancer stage on the pattern and timing of 
first disease recurrence in a large cohort of patients with 
cutaneous melanoma. Earlier stage at initial diagnosis was 
associated with a higher proportion of locoregional meta-
stasis and a longer time to first disease recurrence com-
pared with more advanced stages. As stage I patients de-
velop distant metastasis especially late, they may require 
longer follow-up periods with adequate protocols.

Given recent developments in the treatment of metas-
tatic melanoma, early detection of disease recurrence 
is crucial. The aim of this single-centre retrospective 
cohort study was to investigate the impact of the ini-
tial stage of primary melanoma on the pattern and ti-
ming of disease recurrence and post-recurrence sur-
vival. Patients diagnosed with cutaneous melanoma 
with initial stage IA–IIID, between January 1996 and 
December 2018 and who developed disease recur-
rence until May 2019 were included (n = 784). Earlier 
stage at diagnosis was associated with a higher pro-
portion of locoregional and a lower proportion of dis-
tant metastasis (p = 0.01). The median time to first me-
tastasis decreased with the more advanced stages at 
initial diagnosis: 3.32 years (interquartile range (IQR) 
1.72–6.14 years) for stage I, 1.85 years (IQR 0.99–
3.78 years) for stage II and 1.19 years (IQR 0.70–2.42 
years) for stage III disease (p < 0.001). These findings 
add evidence that American Joint Committee on Can-
cer stages at initial diagnosis of melanoma play a key 
role in the pattern and timing of disease recurrence 
and may be helpful to improve surveillance strategies 
in the follow-up of patients with melanoma.

Key words: melanoma; follow-up studies; cutaneous malig-
nant; disease progression; recurrence; metastasis; survival. 
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Cutaneous melanoma is a highly aggressive ma-
lignancy, which accounts for the majority of skin 

cancer-related deaths (1). In the USA, cutaneous mela-
noma is the 5th leading cancer in both men and women, 
and its incidence continues to increase in most white 
populations worldwide, as the greatest burden from 
melanoma falls on Australasian, North American and 
European populations (2, 3).

At the time of diagnosis, approximately 85% of pa-
tients have localized disease, 10% have regional metas-
tatic disease, and 5% have distant metastatic disease (4). 
Although only a small subset of patients with melanoma 
present with metastatic disease at initial diagnosis, almost 
one-third of patients will eventually develop metastasis 

through disease progression (5). The development of 
melanoma metastasis has been proposed to occur via 3 
main pathways: (i) intralymphatic metastasis (including 
satellite and in-transit metastasis), (ii) regional lymph 
node metastasis, and (iii) distant metastasis (6). In gene-
ral, approximately half of melanoma patients with tumour 
progression develop regional lymph node metastasis, ap-
proximately 25–30% develop distant metastasis and the 
remaining 20–25% develop satellite/in-transit metastasis 
as a first manifestation of recurrence (6, 7). Although 
many studies have identified risk factors for developing 
disease relapse, the factors that influence the pattern and 
timing of first recurrence remain unclear. However, this is 
of special importance, as an early diagnosis can increase 
the probability of curative treatment and improve survi-
val in the era of targeted therapies and immunotherapies 
for melanoma. 

This study evaluates the associations of initial mela-
noma stage with pattern and timing of disease recurrence 
and post-recurrence survival.

MATERIALS AND METHODS 

Study population

Between January 1996 and December 2018, 3,784 patients with 
cutaneous invasive melanoma were visited in the Melanoma 
Unit of Hospital Clinic of Barcelona. Only patients with invasive 
cutaneous melanoma presenting with stage IA–IIID at primary 
diagnosis and developing disease recurrence until May 2019 were 
included in the current analyses. 

All primary tumours were re-staged according to the 8th edi-
tion of the American Joint Committee on Cancer (AJCC) staging 
manual (8). When pathological staging was not available (where 
sentinel lymph node biopsy (SLNB) was not performed due to 
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advanced age, comorbidities, patient refusal, etc.), clinical staging 
was used. Patients with known distant metastasis at the time of the 
initial diagnosis (n = 33) and with missing relevant staging informa-
tion (n = 45) were excluded. After application of exclusion criteria, 
out of the remaining 3,706 patients with invasive cutaneous me-
lanoma, 784 developed disease recurrence and could be included 
in the analyses. For patients with multiple primary melanomas, 
the most invasive tumour according to Breslow thickness was 
included in the analyses, as it was presumed responsible for the 
development of metastasis (9). 

Patient follow-up was performed according to the standardized 
intensive protocol (9, 10) and is shown in Table SI1. The Strengthe-
ning the Reporting of Observational Studies in Epidemiology 
(STROBE) guidelines for the conduct and reporting of this ob-
servational study were followed (11).

Study variables and data collection

From our database and electronic medical records, information 
was obtained on clinical characteristics and histopathological 
features, including sex, age, Fitzpatrick skin phototype, anatomi-
cal location of the tumour, tumour subtype, Breslow thickness, 
ulceration, mitotic index, lymphovascular invasion, neurotropism, 
predominant cell type and microsatellitosis. Breslow thickness and 
mitotic index were used as continuous variables.

The primary outcome measured was time to recurrence, calcula-
ted from the time of excision of the primary tumour to the time 

of local, regional lymphatic, or distant recurrence. The secondary 
outcome was post-recurrence melanoma-specific survival, which 
was calculated from the time of recurrence to the time of last 
follow-up or death from melanoma.

Patterns of disease recurrence

In the current study, disease progression was categorized into 3 
different metastatic patterns at first recurrence: (i) locoregional 
metastasis, (ii) distant metastasis, and (iii) mixed metastasis, a 
combination of the two. All metastases were confirmed by relevant 
imaging studies and/or histological examination. Locoregional 
metastasis included local recurrences, satellite and in-transit me-
tastases and regional lymph node metastases. The regional lymph 
node areas that were considered were: ipsilateral axillary group for 
upper limb melanoma, ipsilateral inguinal group for lower limb 
melanoma, bilateral cervical and supraclavicular groups for head 
and neck melanoma, and bilateral axillary and inguinal groups for 
trunk melanoma. All other types of lymph node metastasis were 
considered to be distant. Mixed metastases were defined as detec-
tion of both locoregional and distant metastases synchronously 
within a 3-month interval from the first recurrence. 

Statistical analysis

Differences between AJCC stages, metastatic patterns and inde-
pendent variables were calculated as follows. Pearson’s χ2 test and 
trend test for ordinal variables were used to compare categorical 
and ordinal variables, respectively. For continuous variables, 
the Wilcoxon test was used for comparison between 2 groups of 
samples and Kruskal–Wallis test for comparing multiple groups. 

Table I. Baseline characteristics of the cohort stratified by initial stage at diagnosis

Stage I
(n = 171)

Stage II
(n = 260)

Stage III
(n = 353)

Total
(n = 784) p-value

Type of metastasis, n (%) 0.010
  Locoregional, n (%) 102 (59.6) 137 (52.7) 154 (43.6) 393 (50.1)
  Mixed 19 (11.1) 32 (12.3) 47 (13.3) 98 (12.5)
  Distant 50 (29.2) 91 (35.0) 152 (43.1) 293 (37.4)
Age, years, mean (SD) 54.08 (16.93) 61.67 (16.65) 57.79 (16.26) 58.27 (16.75) < 0.001
Sex, n (%) 0.007
  Female 88 (51.5) 111 (42.7) 131 (37.1) 330 (42.1)
  Male 83 (48.5) 149 (57.3) 222 (62.9) 454 (57.9)
Phototype, n (%) 0.079
  I 8 (6.2) 7 (3.5) 15 (5.4) 30 (4.9)
  II 69 (53.1) 92 (46.0) 122 (43.9) 283 (46.5)
  III 46 (35.4) 83 (41.5) 110 (39.6) 239 (39.3)
  IV to VI 7 (5.4) 18 (9.0) 31 (11.2) 56 (9.2)
Missing values 41 60 75 176
Primary melanoma location, n (%) < 0.001
  Trunk 76 (44.7) 76 (29.6) 163 (46.3) 315 (40.4)
  Lower limbs 35 (20.6) 59 (23.0) 71 (20.2) 165 (21.2)
  Head and neck 36 (21.2) 55 (21.4) 47 (13.4) 138 (17.7)
  Upper limbs 15 (8.8) 28 (10.9) 22 (6.2) 65 (8.3)
  Acral 8 (4.7) 39 (15.2) 49 (13.9) 96 (12.3)
  Missing values 1 3 1 5
Breslow index, mm, mean (SD) 1.14 (0.48) 4.48 (3.41) 5.15 (5.14) 4.06 (4.27) < 0.001
Ulceration, n (%) < 0.001
  Absent 149 (93.1) 95 (38.2) 133 (38.7) 377 (50.1)
  Present 11 (6.9) 154 (61.8) 211 (61.3) 376 (49.9)
  Missing values 11 11 9 31
Mitotic index, mean (SD) 1.63 (2.99) 5.23 (6.30) 6.35 (7.84) 5.03 (6.84) < 0.001
  Missing values, n 45 56 60 161
Histological subtype, n (%) < 0.001
  Superficial spreading 122 (72.2) 92 (36.1) 134 (39.2) 348 (45.4)
  Nodular 14 (8.3) 94 (36.9) 140 (40.9) 248 (32.4)
  Lentiginous malignant 15 (8.9) 16 (6.3) 5 (1.5) 36 (4.7)
  Acral lentiginous 6 (3.6) 32 (12.5) 38 (11.1) 76 (9.9)
  Other 12 (7.1) 21 (8.2) 25 (7.3) 58 (7.6)
  Missing values 2 5 11

SD: standard deviation.

1https://doi.org/10.2340/00015555-3832
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Survival curves based on Kaplan–Meier methods were used 
to investigate differences in post-recurrence melanoma-specific 
survival (MSS) for AJCC staging (classified as Stage I, Stage II 
and Stage III) and according to the pattern of relapse. Curves were 
calculated using the “survfit” function in the “survival” package 
and plotted with the “survminer” package in r. To test for a signifi-
cant difference in outcome between the 3 AJCC stages, a log-rank 
test was performed using the “survminer” package in computing 
enviroment R version 4.0.0. 

Multivariable survival analyses were performed using Cox’s 
proportional hazards model. Models were fitted using the “coxph” 
function in the “survival” package in r. Hazard ratio estimates were 
calculated for the effect of AJCC stages on MSS, adjusted for age 
at diagnosis, sex, and type of metastasis. No missing data were 
present for the latter variables; therefore, no imputation methods 
or deletions were necessary to implement this model. A regression 
table for univariable and multivariable hazard ratios was calculated 
with the “finalfit” package in r. 

All statistical analyses were performed using the computing 
environment R version 4.0.0 and RStudio (12, 13).

RESULTS

Clinicopathological characteristics of the cohort 
In the melanoma database of our hospital, 3,786 patients 
with cutaneous invasive melanoma were registered with a 
median follow-up of 6.89 years (interquartile range (IQR) 
2.91–12.16). Of these, 3,786 patients, 2,287 had initial 
stage I, 773 had initial stage II, 648 had initial stage III, 
and 33 had initial stage IV disease. Forty-five patients did 
not have relevant staging information. During the study 
period, only 157 (4.2%) patients were lost to follow-up.

After application of inclusion and exclusion criteria a 
total of 784 melanoma patients with disease recurrence 
were included in the study cohort. Clinicopathological 
characteristics of the population are summarized in 
Table I. The majority of the study cohort (99%) were 
Caucasian patients of European origin. The mean age of 
onset was 54.1 years, and the majority of patients were 
men (57.9% male vs 42.1% female). Of the 784 patients 
who developed disease recurrence, 171 (21.8%) patients 
presented with initial stage I, 260 (33.2%) with stage II 
and 353 (45%) with stage III disease. A further substage 
distribution of the metastatic patients is shown in Fig. S11. 
Low-risk melanoma patients from stage IA to IIA make 
up a large proportion of all metastatic patients (33.3%). 

Of the patients who developed metastases, 393 
(50.1%) developed locoregional metastases alone, 293 
(37.4%) developed distant metastases alone, and 98 
(12.5%) developed mixed metastases as the first site of 

tumour recurrence. Earlier stages at the initial diagnosis 
were associated with a higher proportion of locoregional 
metastasis and a lower proportion of distant metastasis 
at the first relapse (p = 0.01). Mixed type recurrence fre-
quency was relatively similar among all stages (Fig. 1). 

Timing of disease recurrence
Overall, the median disease-free interval after the diag-
nosis of primary melanoma to development of the first 
recurrence was 1.77 years (IQR 0.88–3.46 years). Lo-
coregional metastasis manifested earlier than the distant 
and mixed type of metastasis, with a median period of 
1.46 years (IQR 0.88–3.11) compared with 2.13 (IQR 
0.91–3.87) and 2.07 (IQR 0.86–3.71) years, respectively 
(p = 0.048) (Table II). 

The median disease-free interval decreased with more 
advanced AJCC stage (p < 0.001). It was 3.32 years (IQR 
1.72–6.14) for patients with initial stage I disease, 1.85 
years (IQR 0.99–3.78) for patients with initial stage II 
disease and 1.19 years (IQR 0.70–2.42) for patients with 
initial stage III disease (Fig. 2). 

The box plots in Fig. 2A and the density plot in Fig. 2B 
show the relationship between disease-free interval and 
initial stages of melanoma, stratified by different metasta-
tic patterns. The median disease-free interval was longer 
in patients with stage I disease than in patients with stage 
II or stage III disease for each kind of metastatic pattern 
(p < 0.001). Stage I patients developed distant metastasis 
especially late, with a median period of 4.77 years (IQR 
3.33–7.64), compared with 2.60 (IQR 1.40–3.94) for 
stage II and 1.23 (IQR 0.61–2.48) for stage III patients 

(p < 0.001) (Table II).

Post-recurrence survival analysis

Post-recurrence melanoma-specific 
survival analysis of patients, stratified 
by initial stage of melanoma and the 
pattern of disease recurrence, demon-
strated significant differences among the 
groups. Patients diagnosed with stage I 

Fig. 1. Distribution of different patterns of first recurrence according 
to initial American Joint Committee on Cancer stage at diagnosis.

Table II. Time in years to first recurrence after the diagnosis of primary melanoma 

American Joint Committee on Cancer

p-values
Overall
Median (IQR)

Stage I
Median (IQR)

Stage II
Median (IQR)

Stage III
Median (IQR)

Locoregional 1.46 (0.88–3.11) 2.51 (1.30–4.63) 1.49 (0.88–2.75) 1.13 (0.73–2.18) <0.001
Distant 2.07 (0.86–3.71) 4.77 (3.33–7.64) 2.60 (1.40–3.94) 1.23 (0.61–2.48) <0.001
Mixed 2.13(0.91–3.87) 4.22 (2.22–6.46) 1.94(0.79–3.74) 1.34(0.80–3.14) <0.001
Overall 1.77 (0.88–3.46) 3.32 (1.72–6.14) 1.85 (0.99–3.38) 1.19 (0.70–2.42) <0.001

IQR: interquartile range.

https://doi.org/10.2340/00015555-3832
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melanoma showed better post-recurrence MSS (2.42 
years) than patients diagnosed with stage II or III disease 
(post-recurrence MSS 2.27 and 1.70 years, respectively) 
(p = 0.025) (Fig. 3). While median post-recurrence MSS 
was similar between distant and mixed type of metastasis 
(0.98 and 0.91 years, respectively), patients with loco-

regional metastasis alone had a better post-recurrence 
MSS with 4.48 years (p < 0.001) (Fig. 3).

Factors associated with post-recurrence MSS were ex-
plored in univariable and multivariable analyses (Table 
III). Initial stage at diagnosis, sex and primary tumour 
location were not of prognostic significance on multiva-

Fig. 2. Time in years to develop first recurrence after primary diagnosis. (A) Box plot of initial stages stratified by metastatic patterns: earlier 
stage at initial diagnosis is related to a longer disease-free interval until development of each different kind of first recurrence. (B) Density plot of initial 
stages stratified by metastatic patterns: density curves of stage III patients show a peak early in the disease course as the majority of patients relapse 
within 2 years of diagnosis, while density curves of stage I patients shows a relatively uniform distribution over time. In (B) only the first 10 years after 
primary diagnosis was shown for a better graphical visualization, but all the metastatic patients were included in the analyses. **p < 0.05 (Wilcoxon 
test). ns: statistically non-significant.

Fig. 3. Kaplan–Meier curves of post-recurrence melanoma specific survival according to the initial stage at diagnosis and metastatic 
pattern. Below the x-axis is displayed the number of patients at risk at each 2.5-year interval. AJCC: American Joint Committee on Cancer.
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riable analyses. Distant or mixed type of metastasis had a 
negative prognostic significance for post-recurrence MSS 
compared with the locoregional metastasis. Later-age 
at onset was associated with a shorter post-recurrence 
MSS, even though this association was only statically 
significant for the oldest quartile of patients (> 72 years) 
compared with the youngest quartile (< 45 years) (hazard 
ratio (HR) 1.49. 95% CI 1.13–1.97, p = 0.005). 

DISCUSSION

This cohort study suggests that the initial staging at 
melanoma diagnosis has a profound impact on the pat-
tern of disease recurrence, timing of recurrence and 
post-recurrence survival. Although some studies have 
analysed different patterns of disease recurrence, timing 
of recurrence and post-recurrence survival in patients 
with metastatic melanoma, many of them include only 
a limited number of patients. 

In this study, we observed that the pattern distribution 
of the first metastasis was different across the initial 
stages. A more advanced stage at initial diagnosis was 
associated with a higher proportion of distant metastasis 
and lower proportion of locoregional metastasis. These 
findings were in concordance with the study by Tas et 
al. (14), which showed that locoregional metastasis was 
predominant in stage I–II patients, whereas the majority 
of stage III patients developed distant or mixed type me-
tastasis as the first site of relapse. In 2 different studies 
from the Memorial Sloan Kettering Cancer Center that 
analysed metastatic patterns of initial stage II and stage 
III patients by substage, it was further demonstrated that 
more advanced substages were more likely to relapse at 
distant sites than locoregional sites (15, 16). There is no 

specific explanation for this finding, but previous lymph 
node dissection in stage III patients could be one reason 
for lower percentages of locoregional metastasis in this 
group of patients. Another interesting explanation could 
be the specific anatomical and structural differences 
between lymphatic and blood vasculature of dermis. 
Similar to blood vessels, lymphatic vessels are situated 
immediately below the epidermis, but lymphatics gene-
rally possess a wider and more irregular lumen, and a 
thinner vessel wall than blood capillaries. Furthermore, 
they have a poorly developed basal lamina and no tight 
junctions, which can ease lymphatic invasion even for 
thinner melanomas (17, 18). 

The current study showed that the timing of recur-
rence varies according to different metastatic patterns 
and different initial stages. Distant metastasis and mixed 
type metastasis had a similar median time to disease 
recurrence, and they occurred later than locoregional 
metastasis. Furthermore, patients with earlier stages 
at diagnosis developed metastasis later than those at 
more advanced stages. This difference was particularly 
evident for the distant metastasis, where median disease-
free interval until relapse was 4.8 years in patients with 
stage I disease, compared with 1.4 years in patients 
with stage III disease. A similar finding was previously 
reported in another cohort study, in which median time 
to distant relapse was markedly longer in patients with 
stage I–II melanomas than stage III melanomas (14). In 
a recent study from Australia, the authors reported that, 
for melanomas < 1 mm of Breslow, most deaths occur-
red between 5 and 20 years after diagnosis, whereas for 
thicker melanomas most deaths occurred within the first 
5 years (19). Although the reason why tumour recurrence 
of stage I melanomas develops later than advanced stages 
is still not known, one can assume that primary tumour 
biological and molecular characteristics play a key role. 
Tumour dormancy is a well-recognized clinical pheno-
menon for some types of cancers including melanoma, 
in which disseminated tumour cells remain occult and 
asymptomatic over a prolonged period of time before 
they contribute to disease recurrence at distant sites, and 
early-stage melanomas are exhibiting this phenomenon 
more often (20–22). However, one should interpret these 
results with care to avoid potential bias: It seems true 
that melanoma patients with late recurrence usually had 
an early-stage melanoma at initial diagnosis, because a 
high percentage of patients with more advanced stages 
are expected to be lost already due to their apparently 
lower 5-year survival rates. Novel adjuvant therapies for 
high-risk melanoma patients might postpone the timing 
of first recurrence for this group of patients, and this 
requires further study.

The type of first recurrence has been shown to be an 
important prognostic factor for post-recurrence survival. 
As was to be expected and has been described in pre-
vious studies, patients with locoregional metastasis had a 

Table III. Univariable and multivariable Cox regression analysis 
of post-recurrence melanoma-specific survival

Univariable
HR (95% CI, p-value)

Multivariable
HR (95% CI, p-value)

American Joint Committee on Cancer stage
  Stage I – – 
  Stage II 1.17 (0.91–1.51, p = 0.225) 0.98 (0.75–1.28, p = 0.891) 
  Stage III 1.37 (1.08–1.74, p = 0.009) 1.07 (0.83–1.37, p = 0.602) 
Age
  < 45 years – – 
  45–60 years 0.94 (0.74–1.20, p = 0.624) 0.93 (0.72–1.19, p = 0.563) 
  60–72 years 1.03 (0.80–1.33, p = 0.793) 1.04 (0.80–1.34, p = 0.788) 
  > 72 years 1.11 (0.86–1.44, p = 0.420) 1.49 (1.13–1.97, p = 0.005) 
Sex
  Female – – 
  Male 1.21 (1.01–1.45, p = 0.041) 1.07 (0.88–1.29, p = 0.512) 
Type of metastasis
  Locoregional – – 
  Mixed 3.74 (2.86–4.90, p < 0.001) 3.78 (2.86–4.99, p < 0.001) 
  Distant 3.13 (2.57–3.81, p < 0.001) 3.29 (2.65–4.09, p < 0.001) 
Location
  Trunk – – 
  Lower limbs 0.59 (0.46–0.75, p < 0.001) 0.95 (0.72–1.25, p = 0.716) 
  Head and neck 0.77 (0.60–0.99, p = 0.043) 0.80 (0.61–1.04, p = 0.098) 
  Upper limbs 0.63 (0.44–0.91, p = 0.013) 0.76 (0.53–1.10, p = 0.143) 
  Acral 0.96 (0.72–1.27, p = 0.784) 1.11 (0.83–1.50, p = 0.488) 

95% CI: 95% confidence interval; HR: hazard ratio.
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longer post-recurrence survival than patients with distant 
or mixed metastasis (23–25). Although the median post-
recurrence MSS was somewhat shorter for patients with 
mixed metastasis than with distant metastasis (possibly 
as a result of a higher tumour burden), the Kaplan–Meier 
curves overlapped. In the current study, the initial stage 
at diagnosis was also found to impact survival after di-
sease recurrence. Initial diagnosis of stage II and stage 
III melanoma was associated with significantly worse 
post-recurrence MSS compared with an initial diagnosis 
of stage I disease. However, in the multivariable analysis 
after adjusting for type of first recurrence, age, sex and 
primary tumour location, its prognostic significance was 
lost. These findings suggest that the survival benefit of 
initial stage I melanomas is driven by the fact of their 
developing locoregional metastasis more frequently 
compared with more advanced stage melanomas. The 
current study was not able to revalidate the findings from 
a recent study, which included only patients with distant 
metastasis and concluded that, even after controlling for 
metastatic organ and serum LDH level, initial diagnosis 
of stage II and stage III melanoma was associated with 
significantly worse post-recurrence overall survival 
compared with stage I (26). 

There is a widespread perception that the majority of 
melanoma metastases result from advanced melanomas 
at initial staging. However, melanomas diagnosed at an 
early stage, account for a substantial number of patients 
who relapse and die from melanoma. In our cohort, 33.3 
% of all metastatic patients had an initial stage IA–IIA 
melanoma, increasing to 53.8% if we also include patients 
with stage IIB and IIC, defined as a low-risk group and do 
not require intensive surveillance with imaging studies or 
adjuvant treatment according to many guidelines (27–29). 
This fact supports the view that there are early melanomas 
with a biologic propensity to metastasize that are currently 
not being identified by classical risk factors (30, 31). 
The recent development of commercial gene expression 
profile (GEP) tests, based on the molecular characteristics 
of the tumour, may help clinicians predict the metastatic 
risk of each primary tumour more accurately, especially 
at early stages (32–35). Once the risk is further strati-
fied by these tests, adequate follow-up strategies can be 
determined. As the current study shows that early-stage 
melanomas develop metastasis relatively late, an intensive 
follow-up with radiological examinations beyond 5 years 
may be neither rational nor cost-effective. In the future, 
non-invasive blood genomic marker assays (liquid biop-
sies) may be of benefit if implemented in follow-up pro-
tocols of early-stage melanoma patients with a high risk 
of metastasis. Those tests might allow dynamic disease 
evaluation over a sequential time-frame and provide the 
potential benefit of detecting disease recurrence before 
it becomes clinically evident (36, 37). 

This study has some limitations. First, pathological 
staging of some patients could not be obtained because 

they did not undergo SLNB due to advanced age, comor-
bidities or patient refusal. In those cases, clinical staging 
information was used. A lack of initial nodal staging 
may result in underestimation of the true pathological 
stage, but those patients represented a relatively small 
subset of the total number. Secondly, owing to long 
study period, treatment modalities and adjuvant treat-
ment indications have changed over time, which may 
have affected metastatic patterns, but we were unable 
to separately investigate the role of immunotherapy or 
targeted therapy on those patterns. On the other hand, 
the study is strengthened by the prospective collection 
of data, standardized long follow-up examinations, and 
by the large sample size of metastatic patients.

ACKNOWLEDGEMENTS
We thank our patients and their families who are the main reason 
for our studies; nurses from the Melanoma Unit of Hospital Clínic 
of Barcelona: Daniel Gabriel, Mireia Domínguez, Pablo Iglesias 
and Maria E Moliner for helping to collect patient data; and Paul 
Hetherington English-language editing.

The study in the Melanoma Unit, Hospital Clínic, Barcelona 
was supported, in part, by grants from Fondo de Investigaciones 
Sanitarias P.I. 12/00840, PI15/00956 and 15/00716 Spain; by the 
CIBER de Enfermedades Raras of the Instituto de Salud Carlos 
III, Spain, co-funded by “Fondo Europeo de Desarrollo Regional 
(FEDER). Unión Europea. Una manera de hacer Europa”; by the 
AGAUR 2009 SGR 1337 and AGAUR 2014_SGR_603 of the 
Catalan Government, Spain; by a grant from “Fundació La Marató 
de TV3, 201331-30”, Catalonia, Spain; by the European Commis-
sion under the 6th Framework Programme, Contract nº: LSHC-
CT-2006-018702 (GenoMEL); by CERCA Programme/Generalitat 
de Catalunya and by a Research Grant from Asociación Española 
Contra el Cáncer. CERCA Programme/Generalitat de Catalunya. 

Sumeyre Seda Ertekin received a research grant from Turkish 
Society of Dermatology 

The sponsors had no role in the design and conduct of the study; 
in the collection, analysis, and interpretation of data; or in the 
preparation, review, or approval of the manuscript.

Research protocol received approval from the Research Ethics 
Committee of the Hospital Clinic of Barcelona (IRB number: 
HCB/2015/0298).

The authors have no conflicts of interest to declare

REFERENCES
1. Miller AJ, Mihm MC, Jr. Melanoma. N Engl J Med 2006; 355: 

51–65.
2. Siegel RL, Miller KD, Jemal A. Cancer statistics, 2019. CA 

Cancer J Clin 2019; 69: 7–34.
3. Karimkhani C, Green AC, Nijsten T, Weinstock MA, Dellavalle 

RP, Naghavi M, et al. The global burden of melanoma: results 
from the Global Burden of Disease Study 2015. Br J Dermatol 
2017; 177: 134–140.

4. Siegel RL, Miller KD, Jemal A. Cancer statistics, 2018. CA 
Cancer J Clin 2018; 68: 7–30.

5. Leiter U, Meier F, Schittek B, Garbe C. The natural course 
of cutaneous melanoma. J Surg Oncol 2004; 86: 172–178.

6. Meier F, Will S, Ellwanger U, Schlagenhauff B, Schittek B, 
Rassner G, et al. Metastatic pathways and time courses in the 
orderly progression of cutaneous melanoma. Br J Dermatol 
2002; 147: 62–70.

7. Mervic L. Time course and pattern of metastasis of cutaneous 



A
ct

aD
V

A
ct

aD
V

A
d
v
a
n

c
e
s 

in
 d

e
rm

a
to

lo
g
y
 a

n
d
 v

e
n

e
re

o
lo

g
y

A
c
ta

 D
e
rm

a
to

-V
e
n

e
re

o
lo

g
ic

a

7/7Pattern and timing of disease recurrence in patients with melanoma

Acta Derm Venereol 2021

melanoma differ between men and women. PLoS One 2012; 
7: e32955.

8. Gershenwald JE, Scolyer RA, Hess KR, Sondak VK, Long GV, 
Ross MI, et al. Melanoma staging: evidence-based changes 
in the American Joint Committee on Cancer eighth edition 
cancer staging manual. CA Cancer J Clin 2017; 67: 472–492.

9. Ribero S, Podlipnik S, Osella-Abate S, Sportoletti-Baduel E, 
Manubens E, Barreiro A, et al. Ultrasound-based follow-up 
does not increase survival in early-stage melanoma patients: 
a comparative cohort study. Eur J Cancer 2017; 85: 59–66.

10. Podlipnik S, Carrera C, Sánchez M, Arguis P, Olondo ML, Vil-
ana R, et al. Performance of diagnostic tests in an intensive 
follow-up protocol for patients with American Joint Commit-
tee on Cancer (AJCC) stage IIB, IIC, and III localized primary 
melanoma: a prospective cohort study. J Am Acad Dermatol 
2016; 75: 516–524.

11. Vandenbroucke JP, von Elm E, Altman DG, Gøtzsche PC, 
Mulrow CD, Pocock SJ, et al. Strengthening the Reporting of 
Observational Studies in Epidemiology (STROBE): explana-
tion and elaboration. PLoS Med 2007; 4: e297.

12. RStudio: Integrated Development Environment for R. RStu-
dio, PBC, Boston, MA, USA. 2018. Avaialble from https://
support.rstudio.com/hc/en-us/articles/206212048-Citing-
RStudio.

13. Team RC. R: A Language and environment for statistical 
computing. Vienna, 2019. Avaialble from https://www.r-
project.org/.

14. Tas F, Erturk K. Relapse patterns in patients with local and 
regional cutaneous melanoma. Clin Transl Oncol 2019; 21: 
412–419.

15. Lee AY, Droppelmann N, Panageas KS, Zhou Q, Ariyan CE, 
Brady MS, et al. Patterns and timing of initial relapse in 
pathologic stage II melanoma patients. Ann Surg Oncol 
2017; 24: 939–946.

16. Romano E, Scordo M, Dusza SW, Coit DG, Chapman PB. Site 
and timing of first relapse in stage III melanoma patients: 
implications for follow-up guidelines. J Clin Oncol 2010; 28: 
3042–3047.

17. Skobe M, Detmar M. Structure, function, and molecular 
control of the skin lymphatic system. J Investig Dermatol 
Symp Proc 2000; 5: 14–19.

18. Braverman IM, Keh-Yen A. Ultrastructure of the human der-
mal microcirculation. III. The vessels in the mid- and lower 
dermis and subcutaneous fat. J Invest Dermatol 1981; 77: 
297–304.

19. Baade PD, Whiteman DC, Janda M, Cust AE, Neale RE, 
Smithers BM, et al. Long-term deaths from melanoma ac-
cording to tumor thickness at diagnosis. Int J Cancer 2020; 
147: 1391–1396.

20. Faries MB, Steen S, Ye X, Sim M, Morton DL. Late recurrence 
in melanoma: clinical implications of lost dormancy. J Am 
Coll Surg 2013; 217: 27–34; discussion 34–26.

21. Ossowski L, Aguirre-Ghiso JA. Dormancy of metastatic 
melanoma. Pigment Cell Melanoma Res 2010; 23: 41–56.

22. Senft D, Ronai ZA. Immunogenic, cellular, and angiogenic 
drivers of tumor dormancy – a melanoma view. Pigment Cell 
Melanoma Res 2016; 29: 27–42.

23. Hohnheiser AM, Gefeller O, Gohl J, Schuler G, Hohenberger 
W, Merkel S. Malignant melanoma of the skin: long-term 

follow-up and time to first recurrence. World J Surg 2011; 
35: 580–589.

24. Tas F, Erturk K. Recurrence behavior in early-stage cutaneous 
melanoma: pattern, timing, survival, and influencing factors. 
Melanoma Res 2017; 27: 134–139.

25. Leeneman B, Franken MG, Coupe VMH, Hendriks MP, Kruit 
W, Plaisier PW, et al. Stage-specific disease recurrence and 
survival in localized and regionally advanced cutaneous 
melanoma. Eur J Surg Oncol 2019; 45: 825–831.

26. Wilson MA, Zhong J, Rosenbaum BE, Utter K, Moran U, 
Darvishian F, et al. Impact of initial stage on metastatic 
melanoma survival. Melanoma Res 2019; 29: 281–288.

27. Coit DG, Thompson JA, Albertini MR, Barker C, Carson WE, 
Contreras C, et al. Cutaneous melanoma, Version 2.2019, 
NCCN clinical practice guidelines in oncology. J Natl Compr 
Canc Netw 2019; 17: 367–402.

28. Dummer R, Hauschild A, Guggenheim M, Keilholz U, Pen-
theroudakis G. Cutaneous melanoma: ESMO clinical practice 
guidelines for diagnosis, treatment and follow-up. Ann Oncol 
2012; 23 Suppl 7: vii86–91.

29. Pflugfelder A, Kochs C, Blum A, Capellaro M, Czeschik C, 
Dettenborn T, et al. Malignant melanoma S3-guideline “diag-
nosis, therapy and follow-up of melanoma”. J Dtsch Dermatol 
Ges 2013; 11: 1–116, 111–126.

30. Whiteman DC, Baade PD, Olsen CM. More people die from 
thin melanomas (1 mm) than from thick melanomas (>4 
mm) in Queensland, Australia. J Invest Dermatol 2015; 
135: 1190–1193.

31. Landow SM, Gjelsvik A, Weinstock MA. Mortality burden and 
prognosis of thin melanomas overall and by subcategory 
of thickness, SEER registry data, 1992–2013. J Am Acad 
Dermatol 2017; 76: 258–263.

32. Gastman BR, Gerami P, Kurley SJ, Cook RW, Leachman S, 
Vetto JT. Identification of patients at risk of metastasis using 
a prognostic 31-gene expression profile in subpopulations 
of melanoma patients with favorable outcomes by standard 
criteria. J Am Acad Dermatol 2019; 80: 149–157.e144.

33. Podlipnik S, Carrera C, Boada A, Richarz NA, Lopez-Esteba-
ranz JL, Pinedo-Moraleda F, et al. Early outcome of a 31-gene 
expression profile test in 86 AJCC stage IB-II melanoma 
patients. A prospective multicentre cohort study. J Eur Acad 
Dermatol Venereol 2019; 33: 857–862.

34. Zager JS, Gastman BR, Leachman S, Gonzalez RC, Fleming 
MD, Ferris LK, et al. Performance of a prognostic 31-gene 
expression profile in an independent cohort of 523 cutaneous 
melanoma patients. BMC Cancer 2018; 18: 130.

35. Gerami P, Cook RW, Wilkinson J, Russell MC, Dhillon N, Amaria 
RN, et al. Development of a prognostic genetic signature to 
predict the metastatic risk associated with cutaneous mela-
noma. Clin Cancer Res 2015; 21: 175–183.

36. McEvoy AC, Pereira MR, Reid A, Pearce R, Cowell L, Al-Ogaili 
Z, et al. Monitoring melanoma recurrence with circulating 
tumor DNA: a proof of concept from three case studies. 
Oncotarget 2019; 10: 113–122.

37. Calbet-Llopart N, Potrony M, Tell-Martí G, Carrera C, Bar-
reiro A, Aguilera P, et al. Detection of cell-free circulating 
BRAF(V) (600E) by droplet digital polymerase chain reaction 
in patients with and without melanoma under dermatological 
surveillance. Br J Dermatol 2020; 182: 382–389.


