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Abstract
Microscopic satellite metastases are an adverse prognostic feature in primary cutaneous melanoma patients. The prognostic
significance of microsatellites, including their number, size and distance from the primary melanoma, using the 8th edition
American Joint Committee on Cancer definition, has not previously been evaluated. This study sought to determine the
prognostic significance of microsatellites in histopathologically reviewed cases. Eighty-seven cases of primary cutaneous
melanoma with the presence of microsatellites documented in the original pathology report and all histopathology slides
available were reviewed and the findings were correlated with clinical outcome. Matched control cases were selected for all
confirmed microsatellites cases. The presence of microsatellites was confirmed in 69 cases. The microsatellite group had
significantly worse prognosis, with 21% 5-year disease-free survival compared with 56% in the control group (p < 0.001).
The 5-year melanoma-specific survival was 53% in the microsatellites group and 73% in the control group (p= 0.004).
Increasing distance (mm) of the microsatellite from the primary melanoma was found to adversely influence disease-free
survival (HR= 1.24, 95% CI: 1.13–1.36, p < 0.001), overall survival (HR= 1.26 95%CI: 1.13–1.40, p < 0.001), and
melanoma-specific survival (HR= 1.27 95% CI: 1.11–1.45, p < 0.001). Number and size of microsatellites were not
significant prognostic factors. The presence of microsatellites was the only factor that proved to be an independent predictor
of sentinel node positivity in multivariate analysis (OR 4.64; 95% CI 1.66–12.95; p= 0.003). Microsatellites were
significantly associated with more loco-regional recurrences (p < 0.001) but not distant metastases (p= 0.821). Melanomas
with microsatellites as defined by the 8th edition American Joint Committee on Cancer staging system are thus aggressive
tumors, associated with significantly worse disease-free survival, overall survival and melanoma-specific survival. The
presence of microsatellites is also associated with sentinel node-positivity and local and in-transit recurrence. Increasing
distance of the microsatellite from the primary tumor is an independent adverse prognostic factor that warrants further
evaluation.

Introduction

Microsatellite, satellite and intransit melanoma metastases
are types of non-nodal locoregional metastases that are
thought to occur as a consequence of intralymphatic or
possibly angiotropic tumor spread [1]. They are grouped
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together, regardless of the number of lesions present, as
components of the N category in the 8th edition of the
American Joint Committee on Cancer (AJCC) melanoma
staging system [1, 2]. Microsatellites are microscopic cuta-
neous and/or subcutaneous metastases found adjacent to or
deep to a primary melanoma on pathological examination of
the primary tumor site, usually in wide excision specimens
(Figs. 1 and 2). In the previous (7th) edition of the AJCC
melanoma staging system, minimum size and distance
thresholds were utilized; microsatellites were defined as
‘discontinuous nests of metastatic cells more than 0.05 mm
in diameter that are clearly separated by normal dermis (not
fibrosis or inflammation) from the main invasive component
of melanoma by a distance of at least 0.3 mm [3]. In the 8th
edition of the AJCC melanoma staging system, the definition
of a microsatellite was clarified and refined. It is now defined
as “a microscopic cutaneous and/or subcutaneous metastasis
adjacent to or deep to and completely discontinuous from a
primary melanoma with unaffected stroma occupying the
space between, identified on pathological examination of the
primary tumor site”. Satellites are defined empirically as any
foci of clinically evident cutaneous and/or subcutaneous
metastases occurring within 2 cm of but discontinuous from
the primary melanoma and in-transit metastases are similarly
defined but occurring >2 cm from the primary melanoma in
the region between the primary and the regional lymph node
basin. The presence of microsatellites in the primary

melanoma tumor specimen (or satellite or intransit metas-
tases) upstages patients to stage III. This categorization is
based on studies that show that the presence of micro-
satellites (and satellite and in transit metastases) portends a
relatively poor prognosis, including increased frequency of
positive sentinel nodes, an increased risk of loco-regional
recurrence [4–11] and worse disease-free survival [8–
10, 12–14] and overall survival [4–8, 11, 12] When the 8th
edition AJCC database was analyzed, there were no sig-
nificant differences in survival outcome for patients with
microsatellite, satellite and in transit metastases and hence
they were grouped together for staging purposes.

The primary aim of this study was to determine the prog-
nostic value of microsatellites in patients with primary cuta-
neous melanomas managed in the contemporary sentinel node
biopsy era, utilizing the AJCC 8th edition definition of
microsatellites in histopathologically reviewed cases. Second-
ary aims were to analyze the associations of microsatellites
with sentinel positivity and type of first recurrence, and to
assess the influence on survival of the number of micro-
satellites, their size and their distance from the primary tumor.

Methods

Patients with primary invasive cutaneous melanomas treated at
the Melanoma Institute Australia between 2001 and 2011 for

Fig. 1 Microsatellites involving
the (a) dermis, and (b) subcutis
in a primary melanoma wide
excision specimen.

Fig. 2 a, b Microsatellite
abutting the peripheral margin of
a primary melanoma wide
excision specimen.
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whom the presence of microsatellites was recorded and all
histopathology slides were available for review (n= 87), were
selected from the Melanoma Institute Australia database.
Parameters recorded for each case were: age, gender, date of
primary diagnosis, date and type of recurrence, date of last
follow-up, status at last follow-up date, stage (AJCC 8th edi-
tion), date and status of therapeutic lymph node dissection or
sentinel node biopsy and completion lymph node dissection,
primary tumor thickness, ulcerative status, tumor mitotic rate
(number of mitoses per mm²), lymphovascular invasion,
regression (early [presence of tumor-infiltrating lymphocytes],
intermediate and late), melanoma subtype and predominant
cell type. A microsatellite was defined, as in the 8th edition
AJCC staging system, as “a microscopic cutaneous and/or
subcutaneous metastasis adjacent to or deep to and completely
discontinuous from a primary melanoma with unaffected
stroma occupying the space between, identified on patholo-
gical examination of the primary tumor site. Fibrous scarring
and/or inflammation noted between an apparently separate
nodule and the primary tumor (rather than normal stroma) may
represent regression of the intervening tumor; if these findings
are present, the nodule is considered to be an extension of the
primary tumor and not a microsatellite.” Tumor-infiltrating
lymphocytes are defined as “lymphocytes in direct apposition
with tumor cells”. Intermediate regression is defined as the
presence of early angiofibroplasia (with morphological char-
acteristics of an immature scar). Late regression is defined as
mature fibrosis often accompanied by loss of rete ridges in the
overlying epidermis [15].

Histopathologic specimens of the 87 cases were collected
and reviewed by a research fellow (MGN) and by specialist
melanoma pathologists from the Department of Tissue
Pathology and Diagnostic Oncology, Royal Prince Alfred
Hospital, Sydney (RZK and RAS). After pathologic review,
18 cases were excluded because the initial diagnosis of
microsatellites recorded in the Melanoma Institute Australia
database was not confirmed on review of the pathology
slides. In each instance, these cases were excluded because,
whilst the tumor deposits may have appeared separate from
the primary melanoma and fulfilled the size and distance
requirements for the 7th edition AJCC staging system
definition of microsatellites, on review it was apparent or
appeared likely that the “microsatellites” were connected to
the primary tumor (or only separated by reactive fibrous
tissue) and hence did not fulfill the AJCC 8th edition
definition of microsatellites. For each confirmed micro-
satellite case, the number of microsatellites, size of the
largest microsatellite (mm), i.e., greatest diameter, and
greatest distance from the primary tumor (mm) was recor-
ded. Where the primary tumor or previous scar related to
prior excision was not present in the same section of the
microsatellite, the distance of the microsatellite from the
primary tumor was calculated using an assumed thickness

of 3 mm per tissue block. These three parameters were
analyzed both as continuous variables and as categorical
variables, with cut-off points based on the median, and 25th
and 75th percentiles. The 69 microsatellites cases were
matched with 69 control cases without microsatellites for
age, gender, year of diagnosis and T stage (AJCC 8th edi-
tion). None of the patients included in this study had
clinically apparent satellite or in-transit metastases at the
time of the melanoma resection.

Local recurrence was defined as recurrence of melanoma
within 5 cm of the wide excision scar in cases in which the
primary tumor was completely excised with histological
clear margins. In-transit recurrence was defined as recur-
rence occurring outside a 5 cm radius from the primary
melanoma or scar, between the primary site and the regional
node field. For the purposes of analysis, local, in-transit and
regional node recurrences were grouped together as loco-
regional recurrences.

For analysis, the primary melanoma subtypes were
grouped into four categories: (1) superficial spreading
melanoma, (2) nodular melanoma, (3) desmoplastic mela-
noma and (4) other (acral lentiginous, lentigo maligna
melanoma and blue nevus-like melanoma).

Disease-free survival and melanoma-specific survival
were calculated from the date of primary melanoma diag-
nosis to the date of first recurrence or death from melanoma,
respectively.

All statistical analyses were performed using IBM SPSS
Statistic version 21.0 software (Chicago, IL) and R version
3.4.4 (R Core Team, Vienna, Austria). Survival curves were
summarized using the Kaplan–Meier method and differ-
ences between curves were assessed using the log-rank test.
An adjusted Cox proportional hazards model was run to
confirm the association between microsatellites and survival
outcomes after accounting for other prognostic factors.
Variables with a p value < 15% were included in the mul-
tivariable regression model. Log minus log plots were
visually inspected to assess the proportional hazards
assumption. Mann–Whitney U, chi-square, and multi-
variable binary logistic regression methods were used to
assess the associations between features of microsatellites,
sentinel nodepositivity and nonsentinel nodepositivity.

A sensitivity analysis was performed to compare the
survival outcomes of the 18 cases excluded on pathological
review with the analyzed cohorts.

Results

The study cohort consisted of 69 patients who had primary
cutaneous melanomas with microsatellites and 69 matched
control melanoma patients without microsatellites. Clinical
and histopathologic characteristics of the study population

The prognostic significance of microsatellites in cutaneous melanoma 1371



are presented in Table 1. Median follow-up was 75 months
(95% CI 70–94 months) in the microsatellites group and
80 months (95% CI 64–110 months) in the control group. In
the microsatellites group the median number of micro-
satellites was 1 (range 1–10), the median size of the
microsatellites was 1.20 mm (range 0.09–16.00 mm), and
the median distance from the primary tumor to the micro-
satellites was 2.20 mm (range 0.10–30.00 mm; Table 2 and
Fig. 3).

Factors associated with microsatellites

The presence of lymphovascular invasion was significantly
associated with the presence of microsatellites (20 and 4
cases in the microsatellites and control groups, respectively,
p < 0.001). A predominantly epithelioid cell type was
observed in 73% of microsatellites cases compared with
42% of control cases (p < 0.001). Superficial spreading
melanomas were associated with the presence of

Table 1 Clinical and histopathologic features of the overall study
cohort (N= 138).

Factor Microsatellite
cases (N= 69)

Controls
(N= 69)

p value

Age (Mean) 66 65 0.95 (matched)

Median (range) 66 (25–92) 66 (29–93)

Male n (%) 39 (57%) 39 (57%) 1.00 (matched)

Breslow thickness
(mm) Mean

5.02 4.61

Median (range) 4.10 (0.85–16) 4.10
(0.40–17)

0.71

Mitoses (per mm²) Mean, 7 8

Median (range) 6 (0–22) 5 (0–34) 0.74

Mitoses (categorical)

Present 65 (94%) 66 (96%) 0.70

Absent 4 (6%) 3 (4%)

Ulceration

Present 26 (38%) 26 (38%) 1.00

Absent 43 (62%) 43 (62%)

Clark level

1 0 (0%) 0 (0%) 0.09

2 1 (1%) 0 (0%)

3 3 (4%) 9 (13%)

4 37 (54%) 41 (59%)

5 27 (39%) 17 (25%)

Missing 1 (1%) 2 (3%)

Neurotropism

Present 2 (3%) 5 (7%) 0.25

Absent 67 (97%) 64 (93%)

Vascular invasion

Present 11 (16%) 3 (4%) 0.02

Absent 55 (80%) 66 (96%)

Missing 3 (4%) 0

Lymphovascular invasion

Present 20 (29%) 4 (6%) p < 0.01

Absent 49 (71%) 65 (94%)

Regression

Absent 29 (42%) 19 (13%) 0.06

Early 32 (46%) 43 (62%)

Intermediate 1 (1%) 3 (4%)

Late 1 (1%) 3 (4%)

Not known 6 (9%) 1 (1%)

Associated nevus

Absent 55 (80%) 50 (72%) 0.05

Present 9 (13%) 18 (26%)

Not known 5 (7%) 1 (1%)

Melanoma subtype

Acral lentigious 2 (3%) 1 (1%) 0.01

Desmoplastic 6 (9%) 17 (25%)

Lentigo maligna
melanoma

2 (3%) 2 (3%)

Malignant blue nevus 2 (3%) 0 (0%)

Nodular melanoma (NM) 21 (30%) 32 (46%)

Superficial spreading
melanoma (SSM)

20 (29%) 12 (17%)

SSM with NM 11 (16%) 4 (6%)

Not known 5 (7%) 1 (1%)

AJCC Stagea

I 0 (0%) 10 (14%) <0.001

II 0 (0%) 43 (62%)

III 66 (96%) 16 (23%)

IV 3 (4%) 0 (0%)

Table 1 (continued)

Factor Microsatellite
cases (N= 69)

Controls
(N= 69)

p value

T categorya

T1a 0 (0%) 2 (3%) 0.93 (matched)

T1b 3 (4%) 1 (1%)

T2a 9 (13%) 9 (13%)

T2b 2 (3%) 2 (3%)

T3 1 (1%) 0 (0%)

T3a 9 (13%) 10 (14%)

T3b 10 (14%) 10 (14%)

T4 1 (1%) 0 (0%)

T4a 20 (29%) 21 (30%)

T4b 14 (20%) 14 (20%)

N categorya

N0 0 (0%) 53 (77%) <0.001

N1a 0 (0%) 6 (9%)

N1b 0 (0%) 4 (6%)

N1c 40 (58%) 0 (0%)

N2a 0 (0%) 3 (4%)

N2b 0 (0%) 1 (1%)

N2c 13 (19%) 0 (0%)

N3b 0 (0%) 2 (3%)

N3c 16 (23%) 0 (0%)

Sentinel node biopsy (SNB)

No SNB conducted 19 (28%) 21 (30%) 0.02

SNB negative 18 (26%) 32 (43%)

SNB positive 23 (33%) 10 (14%)

Lymph node dissection 9 (13%) 6 (9%)

SNB/CLND

No SNB 21 (30%) 21 (30%) 0.05

SNB negative 18 (26%) 32 (43%)

No CLND 7 (10%) 2 (3%)

CLND 16 (23%) 8 (12%)

TLND 7 (10%) 6 (9%)

aAccording to the 8th ed. AJCC staging system i.e., excluding
microsatellites.
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microsatellites, and desmoplastic melanomas were more
frequently observed in the control group (p= 0.020). The
microsatellites group had a lower proportion of associated
nevi in the microsatellites group compared with the control
group, but this did not reach statistical significance (6%
versus 20%; p= 0.053).

Prognostic features of microsatellites

A sub-group analysis of the 69 microsatellites cases was
performed to determine the prognostic influence of the
number, size, and distance of the microsatellites from the
primary tumor. The number of microsatellites did not
influence disease-free survival, overall survival or
melanoma-specific survival in univariable analysis (corre-
sponding HR (95% CI) and p value were 0.96 (0.81–1.13)
p= 0.606, 0.96 (0.83–1.10) p= 0.528 and 0.94
(0.83–1.352) p= 0.352, respectively; Table 3).

The distance of the microsatellites from the primary
melanoma as a continuous variable was found to sig-
nificantly influence disease-free survival, overall survival
and melanoma-specific survival on univariable analysis (p
< 0.001 for all three outcomes; Table 3). These differences
retained significance in the multivariable model (HR 1.18;
95% CI 1.06–1.32; p= 0.003, HR 1.22; 95% CI 1.07–1.38
and HR 1.30; 95% CI 1.12–1.51; p < 0.001, respectively).
When distance from the primary tumor was analyzed as a
categorical variable, microsatellites distance 2.21–3.75 mm

and >3.75 mm distant had a significantly worse prognosis
compared with microsatellites 0.01–1.00 mm distant, in
terms of disease-free survival (p= 0.006 and p= 0.003,
respectively). Moreover, distance categories 1.01–2.20 mm,
2.21–3.75 mm and >3.75 mm were all associated with
reduced overall survival compared with microsatellites
0.01–1.00 mm distant (p= 0.123, p= 0.064 and p= 0.001,
respectively; Table 3). The sensitivity analysis showed the
survival curves of the 18 cases excluded on pathological
review fell in between the confirmed microsatellites cases
and the control ones for disease-free survival, overall sur-
vival, melanoma-specific survival, loco-regional disease-
free survival and distant disease-free survival (Supplemen-
tary Fig. 1A–E).

The microsatellite size as a continuous variable sig-
nificantly influenced melanoma-specific survival on uni-
variable analysis (p < 0.001). This difference remains on
multivariable analysis (p < 0.001). On univariable analysis,
the size of the microsatellites as a continuous variable
influenced disease-free survival (p < 0.001). However, this
difference lost significance on multivariable analysis (p=
0.066). When the microsatellites group was divided into
two categories, based on the microsatellite size with a cut-
off point at 1.20 mm, the >1.20 mm group had significantly
reduced disease-free survival on univariable analysis (p=
0.002), although this significant difference was lost in the
multivariable model (p= 0.107). No significant differences
in melanoma-specific survival were observed between the
two categories on both univariable (p= 0.552; Table 3) and
multivariable analysis (p= 0.125).

Recurrence and survival in the overall cohort

Table 4 displays the univariable analysis of survival out-
comes and potential predictors using the overall cohort.
Recurrence during the follow-up period occurred in a total
of 68 patients in the overall cohort. In the microsatellites
group 57% (n= 39) developed a recurrence compared with
42% (n= 29) in the control group (p < 0.001). Specifically,
54% and 38% of microsatellite cases experienced a loco-
regional or distant recurrence respectively, compared with
26% and 31% of cases without microsatellites (p < 0.001
and p= 0.821). The microsatellites group had a sig-
nificantly worse disease-free survival, with 23% (95% CI
14–37%) and 21% (95% CI 12–35%) cumulative disease-
free survival at 3 and 5 years, respectively, compared with
70% (95% CI 59–82%) and 56% (95% CI 45–70%) in the
control group (p < 0.001) (Fig. 4c). This difference was still
significant after adjusting for potential confounders (adjus-
ted HR 3.14; 95% CI 1.88–5.24; p < 0.001). Three and 5-
year cumulative melanoma-specific survival was 68% (95%
CI 57–82%) and 53% (95% CI 41–70%) in the micro-
satellites group and 86% (95% CI 78–95%) and 73% (95%

Table 2 Microsatellite characteristics from histopathological review.

Continuous measures

Feature Mean (range) Median (IQR)

Microsatellites (number) 2 (1–10) 1 (1–3)

Microsatellite size 1.94 (0.09–16.00) 1.20 (0.60–2.05)

Microsatellite distance to
primary

3.25 (0.30–30.00) 2.20 (1.00–3.75)

Categories

Feature Categories N (%)

Microsatellites (number) N= 1 41 (59.4%)

N > 1 28 (40.6%)

Microsatellite size (mm) 0.01–0.60 mm 19 (27.5%)

0.61–1.20 mm 16 (23.2%)

1.21–2.05 mm 17 (24.6%)

>2.05 mm 17 (24.6%)

Microsatellite distance to primary (mm) 0.01–1.00 mm 18 (26.1%)

1.01–2.20 mm 17 (24.6%)

2.21–3.75 mm 17 (24.6%)

>3.75 mm 17 (24.6%)

The prognostic significance of microsatellites in cutaneous melanoma 1373



CI 63–85) in the control group, respectively (p= 0.004)
(Fig. 4b). This difference still remains significant in the
adjusted Cox regression (HR 2.21; 95% CI 1.18–4.11; p=
0.012). For overall survival, 3 and 5-year overall survival
was 57% (95% CI 45.1–71%) and 43% (95% CI 31–58%)
in the microsatellites group and 86% (95% CI 78–95%) and
73.1% (95% CI 63–85) in the control group, respectively (p
< 0.001) (Fig. 4a). This difference was also consistent with
the adjusted Cox regression (HR 2.60; 95% CI 1.55–4.37;
p < 0.001).

Sentinel and nonsentinel lymph node positivity

Sentinel node biopsy was conducted in 41 microsatellites
patients and 42 controls. On univariable analysis, the
presence of microsatellites (p= 0.003), lymphovascular
invasion (p= 0.039) and epithelioid cell type (p= 0.027)
were associated with a positive sentinel node biopsy. The
presence of microsatellites was the only factor that proved
to be an independent predictor of sentinel node positivity

after adjustment for other variables in the multivariable
model (OR 4.64; 95% CI 1.66–12.95; p= 0.003). No
significant predictors of nonsentinel node positivity were
identified on either univariable or multivariable analysis
(n= 24).

Discussion

This study confirms that the presence of microsatellites, as
defined in the 8th edition AJCC melanoma staging system,
negatively influences melanoma-specific survival and
disease-free survival. Furthermore, microsatellites increased
the likelihood of sentinel node positivity and loco-regional
recurrence. The findings also indicate that an increased
distance of the microsatellite from the primary tumor con-
veys a worse prognosis, both in terms of melanoma-specific
survival and disease-free survival. However, neither the size
nor the number of microsatellites present in the primary
tumor specimen was prognostic.

Fig. 3 The number, size and distance from the primary tumour of microsatellites in the study cohort. a Number, b size, and c distance from
primary tumor, for all microsatellites.
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Several previous studies have reported that the presence
of microsatellites is a predictor of reduced overall survival
and disease-free survival [5, 8–10, 12, 14]. The 5-year
cumulative overall survival ranged from 34% to 40% in the
majority of these studies, and 5-year cumulative disease-
free survival ranged from 18% to 36% [5, 10, 12, 14]. These
results are comparable with the results for cases with
microsatellites in the present study (5-year overall survival:
43, 5-year melanoma-specific survival: 53% and 5-year
disease-free survival: 21%).

Of the previous studies only one, reported by Leon et al.
in 1991, was a case–control study [14]. Moreover, different
definitions have been used in various studies to describe
microsatellites. Nagore et al. reported overall survival and
disease-free survival rates of 70% and 52%, respectively for
patients with microsatellites, although survival was still

significantly worse for microsatellites cases compared with
the cohort of patients without microsatellites [8]. However,
this study analyzed a melanoma patient cohort with non-
aggressive pathologic features (the median Breslow thick-
ness was only 1.2 mm and ulceration was present in only
21% of the melanomas). In comparison, other studies have
shown that melanomas with microsatellites were associated
with aggressive pathologic features. For example, in a study
conducted by Kimsey et al., median Breslow thickness was
5.4 mm and 71% of the melanomas were ulcerated [5]. In
our study, median Breslow thickness was 4.1 mm and 62%
of the melanomas were ulcerated. This emphasizes the
importance of matching microsatellites cases and controls
for Breslow thickness and ulceration.

Lymphovascular invasion has been shown to be an
important prognostic factor in breast cancer [16]. In

Table 3 Univariable Cox regression for overall survival, melanoma-specific survival, disease-free survival, loco-regional disease-free survival and
distant disease-free survival for the patients with microsatellites (N= 69).

Variable Overall survival Melanoma-specific survival Disease-free survival Loco-regional disease-free
survival

Distant disease-free survival

HR (95%CI) p HR (95%CI) p HR (95%CI) p HR (95%CI) p HR (95%CI) p

Age at diagnosis (years) 1.02 (1.00, 1.04) 0.071 1.01 (0.98, 1.03) 0.634 1.02 (1.00, 1.04) 0.088 1.01 (0.99, 1.04) 0.348 0.99 (0.94, 1.04) 0.697

Gender

Male 1 1 1 1 1

Female 1.48 (0.78, 2.81) 0.231 1.31 (0.61, 2.82) 0.492 0.97 (0.55, 1.71) 0.908 0.99 (0.50, 1.96) 0.982 0.97 (0.22, 4.34) 0.970

Breslow thickness (mm) 1.11 (1.03, 1.20) 0.008 1.15 (1.06, 1.25) 0.001 1.09 (1.02, 1.17) 0.011 1.04 (0.95, 1.14) 0.417 1.21 (1.02, 1.43) 0.031

Mitoses rate 1.04 (0.98, 1.10) 0.228 1.03 (0.97, 1.11) 0.330 1.04 (0.99, 1.09) 0.113 1.02 (0.96, 1.09) 0.449 1.09 (0.96, 1.23) 0.187

Ulceration

Absent 1 1 1 1 1

present 1.20 (0.63, 2.30) 0.580 1.25 (0.58, 2.70) 0.572 1.01 (0.55, 1.85) 0.971 0.71 (0.32, 1.57) 0.399 0.89 (0.17, 4.62) 0.894

Neurotropism

Absent 1 1 1 1 1

present 0.82 (0.11, 5.98) 0.843 1.08 (0.15, 7.97) 0.942 0.46 (0.06, 3.32) 0.439 0.00 (0.00,) 0.992 5.12 (0.61, 42.68) 0.131

Lymphovascular invasion

Absent 1 1 1 1 1

Present 1.32 (0.70, 2.51) 0.388 1.44 (0.68, 3.05) 0.343 1.31 (0.72, 2.39) 0.369 1.26 (0.60, 2.64) 0.539 0.41 (0.05, 3.37) 0.404

Regression

Absent 1 1 1 1 1

Early/intermediate 1.14 (0.59, 2.21) 0.694 1.76 (0.76, 4.06) 0.186 1.12 (0.62, 2.03) 0.702 0.98 (0.49, 1.97) 0.949 708E5 (0.00,) 0.996

Associated nevus

Absent 1 1 1 1 1

Present 0.20 (0.05, 0.82) 0.026 0.29 (0.07, 1.22) 0.091 0.17 (0.05, 0.57) 0.004 0.26 (0.08, 0.87) 0.028 0.00 (0.00,) 0.996

SN biopsy result

Negative 1 1 1 1 1

Positive 0.81 (0.33, 2.01) 0.654 0.96 (0.35, 2.64) 0.944 1.15 (0.50, 2.64) 0.740 1.36 (0.54, 3.41) 0.517 0.33 (0.03, 3.68) 0.371

Microsatellite count 0.96 (0.83, 1.10) 0.528 0.96 (0.81, 1.13) 0.606 0.94 (0.83, 1.07) 0.352 0.93 (0.80, 1.10) 0.409 0.80 (0.45, 1.44) 0.460

Microsatellite size 1.27 (1.11, 1.45) <0.001 1.15 (0.96, 1.39) 0.133 1.22 (1.09, 1.36) <0.001 1.04 (0.86, 1.26) 0.682 1.15 (0.83, 1.59) 0.406

Microsatellite size ≥1.20 mm

No 1 1 1 1 1

Yes 2.02 (1.06, 3.83) 0.032 1.25 (0.60, 2.61) 0.552 2.53 (1.41, 4.53) 0.002 2.31 (1.15, 4.65) 0.019 1.28 (0.29, 5.74) 0.744

Microsatellite
(MS) distance (mm)

1.26 (1.13, 1.40) <0.001 1.30 (1.15, 1.47) <0.001 1.24 (1.13, 1.36) <0.001 1.17 (1.03, 1.32) 0.017 1.33 (1.06, 1.66) 0.015

MS distance (categorical)

0.01–1.00 mm 1 1 1 1 1

1.01–2.20 mm 2.23 (0.80, 6.16) 0.123 2.09 (0.59, 7.46) 0.256 2.43 (1.00, 5.90) 0.051 1.18 (0.29, 4.76) 0.811 4.62 (0.92, 23.09) 0.062

2.21–3.75 mm 2.54 (0.95, 6.78) 0.064 2.63 (0.79, 8.76) 0.116 3.35 (1.41, 7.97) 0.006 1.27 (0.0.32, 5.11) 0.732 4.96 (0.99, 24.66) 0.051

>3.75 5.03 (1.88, 13.51) 0.001 6.33 (1.98, 20.28) 0.002 3.74 (1.56, 8.98) 0.003 2.09 (0.54, 7.55) 0.297 4.30 (0.78, 23.73) 0.095
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cutaneous melanoma, however, the prognostic significance
of lymphovascular invasion remains unclear, as several
studies have failed to show any prognostic value of this
pathologic feature [17–22]. Our study results showed that
the presence of microsatellites was associated with lym-
phovascular invasion, and lymphovascular invasion was a
prognostic factor for worse melanoma-specific survival and
disease-free survival in the univariable analysis. Lympho-
vascular invasion was also correlated with sentinel node
positivity. The association of lymphovascular invasion and
microsatellites could be explained by postulating that the
presence of microsatellites is the result of lymphovascular
transport of tumor cells to location in the vicinity of the
primary tumor. Furthermore, it seems logical that the further
from the primary tumor the microsatellites are located, the
greater their impact on melanoma-specific survival and
disease-free survival. This theory is supported by our study
results, as increased distance between microsatellites and
the primary tumor was associated with reduced melanoma-
specific survival and disease-free survival. A possible
alternative explanation for why microsatellites located clo-
ser to the primary tumor are associated with a more favor-
able prognosis is that some (a minority of) putative
microsatellites closer to the primary are not true

microsatellites at all (i.e., they represent unrecognized direct
extension of the primary tumor). In contrast, microsatellites
located further away from the primary tumor are probably
all true microsatellites.

Recurrences occurred in 51% of patients in the
microsatellites group, compared with 30% in the control
group (p= 0.015). This is in accordance with other stu-
dies that analyzed recurrences in microsatellites cases
[4, 5, 9, 10]. The majority of first recurrences in patients
who had been found to have microsatellites were local or
in-transit. This observation could be explained by the
hypothesis that these local recurrences are actually local
metastases that had already spread so far from the primary
tumor that they were not excised at the time of wide
excision of the primary tumor. Further studies investi-
gating the prognostic and biological significance of
microsatellites in larger, ideally multi-institutional cohorts
are needed to overcome the challenge of fully under-
standing an infrequently observed feature. The incidence
of microsatellites in primary cutaneous melanomas is
4–19% in the literature [5, 9, 12–14]. However, in the
Melanoma Institute Australia database, the presence of
microsatellites was reported in only 3% of 4313 pathology
reports.

Table 4 Univariable Cox regression for overall survival, melanoma-specific survival, disease-free survival, loco-regional disease-free survival and
distant disease-free survival in the overall cohort (N= 138).

Variable Overall survival Melanoma-specific
survival

Disease-free survival Loco-regional disease-
free survival

Distant disease-free
survival

HR (95%CI) p HR (95%CI) p HR (95%CI) p HR (95%CI) p HR (95%CI) p

Age at diagnosis (years) 1.01 (0.99, 1.03) 0.236 1.00 (0.98, 1.02) 0.905 1.01 (1.00, 1.03) 0.074 1.01 (0.99, 1.04) 0.153 0.99 (0.96, 1.03) 0.722

Gender

Male 1 1 1 1 1

Female 1.33 (0.81, 2.17) 0.259 1.22 (0.69, 2.14) 0.500 0.91 (0.58, 1.41) 0.662 1.11 (0.64, 1.92) 0.712 0.72 (0.27, 1.91) 0.514

Breslow thickness (mm) 1.08 (1.01, 1.15) 0.030 1.11 (1.03, 1.19) 0.005 1.06 (1.00, 1.12) 0.049 1.02 (0.94, 1.10) 0.603 1.11 (0.99, 1.25) 0.075

Mitotic rate 1.02 (0.99, 1.05) 0.233 1.02 (0.99, 1.06) 0.223 1.01 (0.98, 1.04) 0.378 1.01 (0.98, 1.05) 0.551 1.03 (0.98, 1.09) 0.257

Ulceration

Absent 1 1 1 1 1

Present 1.43 (0.87, 2.35) 0.163 1.55 (0.88, 2.73) 0.131 1.16 (0.74, 1.83) 0.513 0.78 (0.43, 1.42) 0.412 2.45 (0.99, 6.07) 0.054

Neurotropism

Absent 1 1 1 1 1

Present 0.21 (0.03, 1.54) 0.125 0.30 (0.04, 2.21) 0.240 0.36 (0.09, 1.45) 0.149 0.31 (0.04, 2.24) 0.245 0.71 (0.09, 5.48) 0.746

Lymphovascular invasion

Absent 1 1 1 1 1

Present 1.76 (1.00, 3.10) 0.050 1.73 (0.90, 3.33) 0.098 2.06 (1.22, 3.49) 0.007 2.18 (1.14, 4.17) 0.018 0.32 (0.04, 2.42) 0.271

Regression

Absent 1 1 1 1 1

Early/intermediate 0.63 (0.38, 1.04) 0.071 0.78 (0.43, 1.41) 0.412 0.68 (0.43, 1.06) 0.091 0.67 (0.38, 1.17) 0.161 1.30 (0.46, 3.65) 0.622

Associated nevus

Absent 1 1 1 1 1

Present 0.39 (0.18, 0.87) 0.020 0.55 (0.24, 1.22) 0.140 0.39 (0.20, 0.76) 0.005 0.45 (0.20, 1.00) 0.049 0.90 (0.30, 2.73) 0.850

SN biopsy result

Negative 1 1 1 1 1

Positive 1.65 (0.83, 3.28) 0.149 1.77 (0.84, 3.74) 0.131 2.40 (1.30, 4.46) 0.005 3.47 (1.64, 7.31) 0.001 0.40 (0.08, 1.88) 0.244
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A diagnosis of microsatellites may not always be cor-
rect i.e., what is called a microsatellite in the pathology
report may not actually represent a true microsatellite (i.e.,
local metastasis or even a focus of angiotropic spread).
This is due to the fact that the presence of an isolated nest
of tumor cells adjacent to a primary tumor can be a direct
extension of the primary tumor that has been cut tan-
gentially or in cross-section. The nest of tumor cells may
appear separate from the primary tumor in the plane of
sectioning examined but may in fact be joined to it in a
different plane (Fig. 5a, b).

Therefore, we recommend that serial sectioning should
be performed on the tissue blocks to prevent a false-positive
diagnosis of microsatellites, as occurred in our series. If
microsatellites are found a significant distance away from

the primary tumor then serial sectioning would not be
required. However, if it is not possible to be certain based
on morphological examination whether the possible
microsatellite could represent direct continuity of the main
tumor in another plane of section not visible in the initial
sections, it would prudent to cut additional sections to
attempt to clarify this.

In conclusion, the presence of microsatellites is asso-
ciated with the presence of positive sentinel nodes, an
increased likelihood of loco-regional recurrence and
reduced disease-free survival and melanoma-specific
survival. Besides the presence or absence of micro-
satellites, the greatest distance of the microsatellites from
the primary tumor is also an important prognostic factor.
There is no doubt that identification of microsatellites will

Fig. 4 Survival of patients with and without microsatellites. (a)
Overall survival, (b) Melanoma-specific survival, (c) Disease-free
survival, (d) Loco-regional disease-free survival and (e) Distant

disease-free survival for microsatellite cases, controls and cases
excluded on the basis of pathology review.
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continue to be a factor that influences the staging and
clinical management of melanoma patients.
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