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Objective: To investigate stage-specific survival from diagnosis, stage-specific disease recurrence, and
post-recurrence survival in patients diagnosed with localized and regionally advanced cutaneous
melanoma.
Methods: A retrospective, observational cohort study was conducted in six Dutch hospitals. We included
patients with a first diagnosis of stage I, II, or III melanoma between January 2003 and December 2011.
Descriptive statistics were used to summarize time to first recurrence and type of first recurrence. Overall
survival (OS) from diagnosis and post-recurrence OS were assessed using the Kaplan-Meier method.
Results: A total of 3,093 patients had a first diagnosis of stage I (n¼ 2,299), II (n¼ 565), or III (n¼ 229)
melanoma. Median OS was not yet reached for patients with stage I, 9.5 years for patients with stage II,
and 6.8 years for patients with stage III. Fifty-seven patients (8%) with stage IB, 137 patients (29%) with
stage II, and 81 patients (47%) with stage III developed disease recurrence. Median time to first recur-
rence was 2.8, 1.5, and 1.0 years for patients with stage IB, II, and III, respectively. Most patients (79%)
developed regional lymph node or distant metastases as first recurrence. Median post-recurrence OS was
2.8, 3.9, and 0.5 years for patients with intralymphatic, regional lymph node, and distant metastases,
respectively.
Conclusion: A substantial number of patients developed disease recurrence. Of these patients, a
considerably high proportion developed distant metastases which had a great impact on survival.
Identifying disease recurrence at its earliest stage is crucial because metastatic melanoma remains
incurable for most patients.
© 2019 Elsevier Ltd, BASO ~ The Association for Cancer Surgery, and the European Society of Surgical

Oncology. All rights reserved.
Introduction

Cutaneous melanoma is one of the most common cancers in
man).

on for Cancer Surgery, and the Eur
Europe, with more than 100,000 new cases each year [1]. The
majority of patients (more than 80%) are diagnosed with localized
melanoma (i.e., American Joint Committee on Cancer [AJCC] stage I
and II) and have a rather favorable prognosis [2,3]. European five-
year survival rates range from 95% to 100% for patients with stage
I and from 65% to 93% for patients with stage II [4].
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In general, patients with localized melanoma can be cured by
surgical excision of the primary tumor. More than ten percent of
these patients will, however, develop disease recurrence. The rate
of recurrence is even higher (more than 50%) in patients with
regionally advanced melanoma (i.e., AJCC stage III) [5e15]. As a
consequence of disease recurrence, approximately 20% of patients
will eventually develop metastatic disease (i.e., AJCC stage IV) [2].
Despite recent development of novel immunotherapeutic and tar-
geted drugs, metastatic melanoma remains incurable for most pa-
tients [16]. The European five-year survival rate ranges from 9% to
28% [4].

Disease recurrence in localized and regionally advanced mela-
noma have been previously discussed in the literature [5e15]. Most
studies were, however, limited to patients with disease recurrence
[7,10,12e14] and/or did not report stage-specific disease recurrence
[5e8,11e14]. Such knowledge is, however, essential for assessing
the risk of disease recurrence at the moment of diagnosis.
Fig. 1. Patient
Furthermore, some studies did not report post-recurrence survival
[6,7,14,15], which is vital for providing insight into the impact of
disease recurrence on survival. Therefore, the aim of this study was
to investigate stage-specific survival from diagnosis, stage-specific
disease recurrence, and post-recurrence survival in patients
diagnosed with localized and regionally advanced cutaneous
melanoma.

Methods

Study population

We conducted an observational cohort study in six Dutch hos-
pitals (four general and two academic). Patients were identified
using data from the nationwide Netherlands Cancer Registry (NCR).
We included all patients with a first diagnosis of AJCC stage I, II, or III
cutaneous melanoma between January 2003 and December 2011.
flowchart.



Table 1
Baseline characteristics.

Stage I Stage II Stage III

n¼2,299 n¼565 n¼229

Age, yrs
Median (IQR) 54 (43e64) 63 (50e74) 58 (45e69)

Gender, n (%)
Male 915 (40%) 286 (51%) 138 (60%)
Female 1,384 (60%) 279 (49%) 91 (40%)

Topography, n (%)
Head and neck 267 (12%) 85 (15%) 27 (12%)
Trunk 925 (40%) 187 (33%) 99 (43%)
Upper extremity 484 (21%) 130 (23%) 27 (12%)
Lower extremity 619 (27%) 162 (29%) 74 (32%)
Unknown 4 (0%) 1 (0%) 2 (1%)

Morphology, n (%)
Superficial spreading 1,846 (80%) 216 (38%) 106 (46%)
Nodular 83 (4%) 207 (37%) 74 (32%)
Lentigo maligna 96 (4%) 6 (1%) 0 (0%)
Acral lentiginous 10 (0%) 10 (2%) 2 (1%)
Other 38 (2%) 39 (7%) 9 (4%)
Unknown 226 (10%) 87 (15%) 38 (17%)

Tumor thickness, mm, n (%)
� 1.00 1,662 (72%) 0 (0%) 14 (6%)
1.01e2.00 608 (26%) 73 (13%) 53 (23%)
2.01e4.00 0 (0%) 307 (54%) 85 (37%)
> 4.00 0 (0%) 180 (32%) 68 (30%)
Unknown 29 (1%) 5 (1%) 9 (4%)

Ulceration, n (%)
No 2,098 (91%) 312 (55%) 131 (57%)
Yes 200 (9%) 252 (45%) 86 (38%)
Unknown 1 (0%) 1 (0%) 12 (5%)

IQR: interquartile range; mm: millimeter; n: number; yrs: years.
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Data collection

Data were retrospectively collected using a two-pronged
approach. First, we retrieved two datasets from the NCR (data
cut-off: April 2014): one for the entire Dutch melanoma population
and one for the population in the study hospitals. Both datasets
contained identical data (baseline patient and tumor characteris-
tics, and survival) andwere used to assess the representativeness of
the population in the study hospitals for the Dutch melanoma
population. Secondly, we collected additional data on disease
recurrence for all patients diagnosed with stage IB to III in the study
hospitals using hospital medical records. No additional data were
collected for patients diagnosed with stage IA because we assumed
that disease recurrence would not be related to survival in these
patients. Furthermore, no additional data were collected for pa-
tients who were diagnosed with a coexisting malignancy in the
past five years (exceptions: basal cell carcinoma and squamous cell
carcinoma of the skin), whowere treated for melanoma outside the
study hospitals, and/or whowere diagnosed with multiple primary
melanomas. Data collection was completed in December 2015. The
medical research ethical committees exempted the study from
informed consent because the study was not subject to the Medical
Research Involving Human Subjects Act.

Statistical analysis

All patients were grouped according to their stage at diagnosis:
I, II, or III. Baseline characteristics were summarized using
descriptive statistics. Continuous variables were depicted as me-
dians and interquartile ranges (IQR), and categorical variables as
counts and proportions. Differences in proportions between the
patient groupswere analyzed using the two-tailed chi-squared test.
The Kruskal-Wallis test was used to compare medians.

For all patients, follow-up, overall survival (OS), and survival rates
were calculated from the date of diagnosis until the date of death or
last follow-up using the Kaplan-Meiermethod. Survival curves were
presentedby stage and substage. For patientswith stage IB to III, time
to first event (i.e., disease recurrence or death) was also assessed
using the Kaplan-Meier method. In this analysis, survival time was
calculated from the date of diagnosis until the date of first recur-
rence, death, or last follow-up. The cumulative incidence of the first
event was assessed according to the cumulative incidence
competing risk method. For patients with disease recurrence, we
evaluated the type of first recurrence, time to first recurrence,
presence of distant metastases (either as first or subsequent recur-
rence), and post-recurrence survival. The type offirst recurrencewas
classified as local recurrence, intralymphatic metastasis (either sat-
ellite or in-transit metastasis), regional lymph node metastasis, or
distantmetastasis and categorized by themost advanced recurrence
(e.g., distant metastases outranked regional lymph node metasta-
ses). Time to first recurrence was calculated from the date of diag-
nosis until the date of first recurrence. Post-recurrence survival (OS
and survival rates) was assessed according to the Kaplan-Meier
method and calculated from the date of first recurrence until the
date of death or last follow-up. Post-recurrence survival curveswere
presented by stage at initial diagnosis and type of first recurrence.

All analyses were conducted using STATA statistical analysis
software (StataCorp. 2015. Stata Statistical Software: Release 14.
College Station, TX: StataCorp LP).

Results

Study population

A total of 3,093 patients had a first diagnosis of stage I
(n¼ 2,299; 74%), II (n¼ 565; 18%), or III (n¼ 229; 7%) cutaneous
melanoma in the six study hospitals (Fig. 1). Almost half of the
patients (n¼ 1,499; 48%) was diagnosed with stage IA. Of the pa-
tients with stage IB to III (n¼ 1,594; 52%), we excluded 197 pa-
tients: 85 patients were diagnosed with a coexisting malignancy in
the past five years, 108 patients were treated for melanoma outside
the study hospitals, and four patients were diagnosed with multi-
ple primary melanomas. The remaining 1,397 patients consisted of
755 patients (54%) with stage IB, 471 patients (34%) with stage II,
and 171 patients (12%) with stage III.

The baseline patient and tumor characteristics of the Dutch
melanoma population and the population in the study hospitals
were comparable (Supplemental Table). Table 1 presents the
baseline characteristics of the population in the study hospitals.
Patients with stage I were younger and more often female than
patients with stage II and III. In all stages, the majority of patients
was diagnosed with melanoma on the trunk or lower extremities,
and superficial spreading or nodular melanoma.

Stage-specific survival from diagnosis

Fig. 2 shows the Kaplan-Meier curves for OS from diagnosis. At a
median follow-up of 5.4 years, median OS was not yet reached for
patients with stage I, 9.5 years (95% confidence interval [CI]: 7.9-not
reached [NR]) for patients with stage II, and 6.8 years (95% CI: 5.3-
NR) for patients with stage III. Five-year survival rates were 94%,
66%, and 59% for patients with stage I, II, and III, respectively.
Within substages of stage I, the five-year survival rate was some-
what higher for patients with stage IA (95%) than for patients with
stage IB (91%). Median OSwithin substages of stage II was longer for
patients with stage IIA (10.5 years; 95% CI: 9.3-NR) than for patients
with stage IIB (8.5 years; 95% CI: 5.8-NR) and IIC (4.5 years; 95% CI:
3.1-6.6). The five-year survival rate ranged from 74% for patients
with stage IIA to 46% for patients with stage IIC. Within substages of



Fig. 2. Kaplan-Meier curves for overall survival from diagnosis.
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stage III, median OS was not yet reached for patients with stage IIIA,
5.7 years (95% CI: 3.8-NR) for patients with stage IIIB, and 2.7 years
(95% CI: 1.3e5.1) for patients with stage IIIC. The five-year survival
rate was 77%, 52%, and 35% for patients with stage IIIA, IIIB, and IIIC,
respectively.
Stage-specific disease recurrence

Fig. 3 shows the Kaplan-Meier curves for the time to first event
and the cumulative incidence curves of both events (i.e., disease
recurrence and death). The median time to first event was not yet
reached for patients with stage IB, 7.9 years (95% CI: 5.3e9.5) for
patients with stage II, and 3.7 years (95% CI: 1.8e5.1) for patients
with stage III. In all stages, the five-year cumulative incidence of
disease recurrence as first event was higher than the five-year cu-
mulative incidence of death as first event: 7% versus 4% for patients
with stage IB, 30% versus 13% for patients with stage II, and 47%
versus 10% for patients with stage III, respectively.

Table 2 presents the type of first recurrence, time to first
recurrence, and presence of distant metastases for patients with
disease recurrence. In all stages, most patients developed regional
lymph node (42%, 37%, and 31% of patients with stage IB, II, and III,
respectively) or distant metastases (35%, 42%, and 48%, respec-
tively) as first recurrence. The median time to first recurrence was
longer for patients with stage IB (2.8 years; 95% CI: 0.5e8.4) than
for patients with stage II (1.5 years; 95% CI: 0.4e5.5) and III (1.0
years; 95% CI: 0.2e5.1). By type of first recurrence, the median time
to regional lymph node and distant metastases was 3.0 and 3.1
years for patients with stage IB, 0.8 and 2.2 years for patients with
stage II, and 0.5 and 1.1 years for patients with stage III, respectively.
In total, approximately two-thirds of the patients with disease
recurrence developed distant metastases. Distant metastases
occurred more often as first recurrence than as subsequent recur-
rence; this difference increased with advancing disease stages.

Post-recurrence survival

Fig. 4 shows the Kaplan-Meier curves for post-recurrence OS.
Median post-recurrence OS was 1.9 years (95% CI: 0.8e3.2) for
patients initially diagnosed with stage IB, 1.5 years (95% CI: 1.1e2.1)
for patients initially diagnosed with stage II, and 1.1 years (95% CI:
0.6e2.2) for patients initially diagnosed with stage III. Two-year
post-recurrence survival rates were 41%, 42%, and 43% for pa-
tients initially diagnosed with stage IB, II, and III, respectively. By
type of first recurrence, median post-recurrence OS was longer for
patients with regional lymph node metastases (3.9 years; 95% CI:
2.5-NR) than for patients with intralymphatic (2.8 years; 95% CI:
1.9e4.6) and distant metastases (0.5 years; 95% CI: 0.3e0.6). The
two-year post-recurrence survival rate was 57% for patients with
intralymphatic metastases, 65% for patients with regional lymph
node metastases, and 12% for patients with distant metastases.

Discussion

We investigated stage-specific survival from diagnosis, stage-
specific disease recurrence, and post-recurrence survival in



Fig. 3. Kaplan-Meier curves for the time to first event and cumulative incidence curves of both events.

Table 2
Type of first recurrence, time to first recurrence, and presence of distant metastases.

Stage IB Stage II Stage III

n¼755 n¼471 n¼171

Recurrence status, n (%)
Event-free 698 (92%) 334 (71%) 90 (53%)
Disease recurrence 57 (8%) 137 (29%) 81 (47%)

Type of first recurrence, n (%)
Local recurrence 3 (5%) 4 (3%) 2 (2%)
Intralymphatic metastasis 10 (18%) 25 (18%) 15 (19%)
Regional lymph node metastasis 24 (42%) 51 (37%) 25 (31%)
Distant metastasis 20 (35%) 57 (42%) 39 (48%)

Time to first recurrence, yrs, median (95% CI)
Any recurrence 2.8 (0.5e8.4) 1.5 (0.4e5.5) 1.0 (0.2e5.1)
Intralymphatic metastasis 2.1 (0.7e7.4) 2.1 (0.5e5.4) 1.3 (0.3e3.8)
Regional lymph node metastasis 3.0 (0.6e8.4) 0.8 (0.3e3.1) 0.5 (0.1e5.1)
Distant metastasis 3.1 (0.5e8.6) 2.2 (0.6e8.3) 1.1 (0.2e6.6)

Distant metastases, n (%)
No 21 (37%) 46 (34%) 27 (33%)
Yes 36 (63%) 91 (66%) 54 (67%)
First recurrence 20 (56%) 57 (63%) 39 (72%)
Second recurrence or higher 16 (44%) 34 (37%) 15 (28%)

CI: confidence interval; n: number; yrs: years.
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patients with a first diagnosis of stage I, II, or III cutaneous mela-
noma in six Dutch hospitals. As expected, patients with stage I had
a longer OS from diagnosis (median not yet reached) than patients
with stage II (9.5 years) and III (6.8 years). In line with this finding,
disease recurrence occurred more often in patients with stage III
(rate of recurrence: 47%) than in patients with stage I (8%) and II
(29%). Most patients (79% of all patients with disease recurrence)
developed regional lymph node or distant metastases as first
recurrence. Post-recurrence OS stratified by stage at diagnosis was
comparable. However, post-recurrence OS differed by type of first



Fig. 4. Kaplan-Meier curves for post-recurrence overall survival.
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recurrence; patients with distant metastases had a shorter post-
recurrence OS (median: 0.5 years) than patients with intra-
lymphatic (2.8 years) and regional lymph node metastases (3.9
years).

To our knowledge, the rate of recurrence in patients with stage
IB was only reported by one previous study [17]. Their rate was,
however, higher than the rate in our study (18% versus 8%). The rate
of recurrence in patients with stage II was more comparable to the
rates reported by previous studies (33e40%) [5,9,17]. One of these
studies also reported comparable results for patients with stage III
[5]. In contrast, three other studies reported much higher rates in
these patients, ranging from 66% to 82% [9,10,15]. On the one hand,
this may be due to differences between the patient populations. In
two of the three studies, patients were treated in a melanoma
referral center and, therefore, their patients may have been at a
higher risk of disease recurrence. For example, compared to our
study, the study by Romano et al. [10] had relatively more patients
with stage IIIC (26% versus 17%). On the other hand, the difference
in the rate of recurrence between the studies may be due to dif-
ferences in initial staging (e.g., use of sentinel lymph node biopsy)
and follow-up guidelines. Unfortunately, only one study, the study
by Romano et al. [10], reported the follow-up schedule. Their pa-
tients had three monthly visits during the first two years and half-
yearly thereafter. In contrast, our patients had three monthly visits
during the first year, half-yearly visits during the second year, and
yearly visits up until the fifth year. Although all follow-up guide-
lines aim to identify disease recurrence at its earliest stage, there is
still considerable variation in follow-up schedules and a lack of data
to support them [18,19].

The type of first recurrence is an important prognostic factor for
post-recurrence survival. Previous studies showed that patients
with local recurrences or intralymphatic metastases had a longer
post-recurrence survival than patients with regional lymph node or
distant metastases [5,8,10,13]. In accordance to these studies, the
patients with distant metastases in our study had the shortest post-
recurrence survival. In contrast, however, the observed post-
recurrence survival was longer for patients with regional lymph
node metastases than for patients with intralymphatic metastases.
This may be due to the age of the patients at the moment of
diagnosis of the first recurrence. The median age for patients with
intralymphatic metastases was 71 years compared to 58 years for
patients with regional lymph node metastases. It is most likely not
related to the number of patients who developed distant
metastases after first developing intralymphatic or regional lymph
node metastases, because this was comparable between both pa-
tient groups (40% and 45% for patients with intralymphatic and
regional lymph node metastases, respectively). Post-recurrence
survival appeared to be independent from the stage at initial
diagnosis. Although the median post-recurrence OS was somewhat
longer for patients initially diagnosed with stage IB (1.9 years) than
for patients initially diagnosed with stage II (1.5 years) and III (1.1
years), the Kaplan-Meier curves largely overlapped.

Our study has some limitations. First, the population in the six
study hospitals covered only 11% of the total Dutch melanoma
population. The population in the study hospitals was, however,
considered to be a good representation of the Dutch melanoma
population because the baseline (patient and tumor) characteristics
and survival of both populations were comparable (Supplemental
Table and Supplemental Figure). Second, to ensure the feasibility of
the study, we did not collect data on disease recurrence for patients
with stage IA. Although Francken et al. [17] reported that 5% of
these patients would have developed disease recurrence, we
assumed that disease recurrence in patients with stage IA would
not be related to survival. According to the NCR, the ten-year
melanoma-specific survival rate of these patients is 100% [2].

Our study also has important strengths. First, in contrast to
other studies [8,9], we evaluated the risk of disease recurrence
while taking into account the risk of dying without disease recur-
rence. This resulted in a five-year cumulative incidence of disease
recurrence of 7% for patients with stage IB, 30% for patients with
stage II, and 47% for patients with stage III. In the presence of
competing risks (e.g., dying without disease recurrence), the risk of
an event of interest (e.g., disease recurrence) may be overestimated
if the competing risk is not taken into account [20]. Therefore, our
results provide a more precise estimate of the risk of disease
recurrence at the moment of diagnosis compared to what is
currently available in the literature. Second, we evaluated survival
from diagnosis as well as post-recurrence survival, which provided
insight into the impact of disease recurrence on survival. Our re-
sults showed that, depending on the type of first recurrence, sur-
vival decreases after developing disease recurrence.

In conclusion, a substantial number of patients with localized
and regionally advanced melanoma developed disease recurrence.
Of these patients, a considerably high proportion developed distant
metastases which had a great impact on survival. Identifying dis-
ease recurrence at its earliest stage is crucial because metastatic



B. Leeneman et al. / European Journal of Surgical Oncology 45 (2019) 825e831 831
melanoma remains incurable for most patients. Further research on
the most optimal follow-up schedule for melanoma patients is,
therefore, of utmost importance.
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