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Abstract

Background

There is no high level of evidence regarding the prognostic relevance of microsatellites (MS). This is 

partly due to the variety in definition of this pathologic feature in the last three decades. The aim of 

this study is to determine the prognostic significance of features of MS including presence or absence, 

count, size and distance from the primary tumor. The outcomes to be investigated include melanoma-

specific survival (MSS) and disease-free survival (DFS), as well as the association with sentinel lymph 

node (SLN) and non-sentinel node (NSN) positivity, and recurrence (local, regional and distant).

Methods

Between 2001 and 2011 87 primary cutaneous melanoma cases were selected from the Melanoma 

Research Database (MRD) of the Melanoma Institute Australia for which the presence of MS was 

recorded on the pathology report. Following review of all pathology slides for each tumor, 69 MS cases 

were retained in the study and manually matched with 69 controls. 

Results

The 5-year MSS was worse in the MS group (42.8%) compared to the control group (67.4%) (P=0.032). 

The 5-year DFS was 18.1% in the MS group and 45.8% in the control group (P<0.001). The distance 

(mm) of the MS from the primary melanoma was found to significantly influence DFS (HR=1.305, 95% 

CI: 1.117-1.524, P<0.001) and MSS (HR=1.386 95% CI: 1.101-1.744, P=0.005) in multivariate analysis. 

Number and size of MS were not significant prognostic factors in this study. The presence of MS was 

the only factor that proved to be an independent predictor of SLN positivity in the multivariate model 

(OR 4.636; 95% CI 1.660-12.946; P=0.003), but not NSN positivity. MS were significantly correlated 

with more loco-regional recurrences (P<0.001) but not distant metastases (P=0.115).

Conclusion

Melanoma with microsatellites is an aggressive tumor, associated with significantly worse MSS and 

DFS compared with melanoma without microsatellites. The presence of MS is also associated with SN 

positivity and local and in-transit recurrence. Additionally, the distance the MS has migrated from the 

primary tumor is an independent prognostic factor that should be routinely recorded by the patholo-

gist.
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Introduction

In the current (7th) edition of the American Joint Committee on Cancer staging and classification 

system, microsatellites (MS) are defined as ‘discontinuous nests of metastatic cells more than 0.05mm 

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’.1 The presence of MS in the primary 

melanoma tumor specimen upstages patients to stage III disease even in cases that lack evidence of 

regional disease. This categorization is based on studies that show that the presence of MS is associ-

ated with an increased frequency of positive sentinel lymph nodes (SLNs) and an increased risk of 

loco-regional recurrence.7-10,12-15 Furthermore, several studies have suggested that disease-free survival 

(DFS) for melanoma patients with MS is similar to DFS for patients with clinically detectable satellite 

metastases.4-9 Therefore, presence of this pathologic feature assigns patients to the N2c category of 

the 7th edition of the AJCC staging system.1

MS were first described by Day et al in 1981, who defined MS as a nest of melanoma cells >0.05 mm 

in diameter, separated from the main body of the tumor mass by a layer of collagen or subcutaneous 

fat.4 When comparing the outcome of patients with clinically localized primary cutaneous melanoma, 

Day et al. found that patients with microsatellites experienced significantly worse 5-year disease-free 

survival (36%, n=95)  compared with patients without microsatellites (89%, n=501) concluding the 

factor was comparable to ulceration in its prognostic effect.4

However, the definition of MS has varied to some degree over the past three decades, and there is no 

evidence to support the significance of the size of MS or distance of MS from the primary tumor used 

in the AJCC definition. There is mixed evidence regarding the association of MS with overall survival4-10 

(OS) which could be due to the fact that MS are not frequently observed in primary tumor specimens 

(4-19%)4-10, and as a result, most studies are underpowered to observe a difference in OS.

The primary aim of this study was to determine the prognostic value of MS in primary cutaneous 

melanomas. The secondary aims of the study were to analyze the association of MS with SLN positivity 

and type of first recurrence, and assess the influence of the number of MS, and the MS’ size and 

distance to the primary tumor on survival for patients with a primary melanoma with MS.

Patients and Methods

Patients with primary invasive cutaneous melanoma, treated at Melanoma Institute Australia (MIA) be-

tween 2001 and 2011 were selected from the MIA database for which the presence of MS was recorded 

(n=87). Parameters extracted from the database included: age, gender, date of primary diagnosis, date 

and type of recurrence, date of last follow-up, status at last follow-up date, stage (AJCC 7th edition), 

date and status of therapeutic lymph node dissection (TLND) or sentinel lymph node biopsy (SLNB) and 

completion lymph node dissection (CLND), 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.
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Histopathologic specimens of the 87 cases were collected and reviewed by a research fellow (M.N.) 

and melanoma specialist pathologists from the Department of Tissue Pathology and Diagnostic Oncol-

ogy, Royal Prince Alfred Hospital, Sydney (R.K. and R.S.). After pathologic review, 69 MS cases were 

eligible for analysis and 18 cases were excluded because the initial diagnosis of MS recorded in the 

MIA database was not confirmed by M.N., R.K. and R.S. MS were defined as discontinuous nests of 

melanoma cells more than 0.05mm in diameter, clearly separated by a margin of at least 0.3mm of 

normal dermis from the main invasive tumor component. For each MS case, the number of MS, size 

of the largest MS (mm) and greatest distance to the primary tumor (mm) was recorded. These three 

variables were analyzed as continuous variables as well as categorical variables, with cut-off points 

based on the median, and 25th and 75th percentiles. The 69 MS cases were matched with 69 control 

cases without MS for age, gender, year of diagnosis and Tstage (AJCC 7th edition).

Local recurrence was defined as recurrence of melanoma within 5cm of the scar. In-transit recurrence 

was defined as recurrence occurring outside a 5cm radius from the primary melanoma or scar, but 

between the primary site and regional node field. For the purposes of analysis, local, in-transit and 

regional recurrences were grouped together as loco-regional recurrences.

For analysis, the melanoma subtypes were grouped into four categories: (1) superficial spreading 

melanoma (SSM), (2) nodular melanoma (NM [pure NM and NM with SSM]), (3) desmoplastic mela-

noma and (4) other (acral lentiginous, lentigo maligna melanoma and blue naevus-like melanoma). 

DFS and melanoma-specific survival (MSS) were calculated from the date of primary melanoma diag-

nosis to the date of first recurrence or death from melanoma, respectively. 

IBM SPSS Statistic version 21.0 software (Chicago, IL) was used to perform all statistical analyses. Sur-

vival curves were constructed with the Kaplan-Meier method and differences were assessed using the 

log-rank test. The Cox proportional hazards model (stepwise selection method) was used to perform 

univariate and multivariate survival analyses and determine hazard ratios (HR) and corresponding 

95% confidence intervals (CI). Log minus log plots were visually inspected to confirm no violation of 

the proportional hazards assumption. Mann-Whitney U, chi-square, and multivariable binary logistic 

regression methods were used to assess the associations between features of MS, sentinel lymph 

node (SLN) positivity and non-sentinel node (NSN) positivity.

Results

The study cohort consisted of 69 MS cases and 69 matched control cases. Clinical and histopathologic 

characteristics of the study population are presented in Table 1. Median follow-up was 18 months 

(range 6 days to 87 months) in the MS group and 35 months (range 1 to 103 months) in the control 

group. In the MS group the median number of MS was 1 (range 1 to 10), median size of the MS was 

1.20 mm (range 0.09-16.00 mm), and median distance from the primary tumor to the MS was 2.20 

mm (range 0.10 to 30.00 mm; Table 2, Figure 1).
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Table 1. Clinical and histopathologic features of the overall cohort (n=138)

Factor Value MS Controls P-value

Age Median (IQR) 66 (58-78) 65 (56-77)

Matched 

Variables

 Mean (range) 65 (25-92) 65 (29-93)

Gender Male 39 (56.5%) 39 (56.5%)

Female 30 (43.5%) 30 (43.5%)

Breslow thickness Median (IQR) 4.10 (2.30-6.96) 4.10 (2.20-6.00)

 Mean (range) 5.02 (0.85-16.00) 4.61 (0.40-17.00)

Ulceration Absent 43 (62.3%) 43 (62.3%)

Present 26 (37.7%) 26 (37.7%)

Mitotic rate Median (IQR) 5 (2-10) 5 (2-12)

 Mean (range) 7 (0-22) 8 (0-34)

Year of primary diagnosis Median (IQR) 2007 (2006-2009) 2007 (2006-2008)

Mean (range) 2007 (2002-2011) 2007 (2001-2011)

Follow-up duration 

(months)

Median (IQR) 17.84 (5.40-31.90) 34.53 (13.19-46.06) <0.001

Mean (range) 22.09 (0.20-86.80) 33.70 (1.15-102.80)

In-transit metastasis Absent 66 (95.7%) 69 (100.0%) 0.08

Present 3 (4.3%) 0 (0.0%)

Nodal management

SLNB negative 18 (26.1%) 32 (46.4%)

0.051

SLNB positive / CLND 16 (23.2%) 8 (11.6%)

SLNB positive / no CLND 7 (10.1%) 2 (2.9%)

No SLNB 21 (30.4%) 21 (30.4%)

TLND 7 (10.1%) 6 (8.7%)

Number of positive nodes 

(Stage III/IV)

Median (IQR) 2 (1-3) 1 (1-3) 0.335

Mean (range) 3 (1-17) 2 (1-9)

Nstage (AJCC 7th edition) N0 0 (0.0%) 53 (76.8%)

<0.001

N1a 0 (0.0%) 7 (10.1%)

N1b 0 (0.0%) 3 (4.3%)

N2a 0 (0.0%) 3 (4.3%)

N2b 0 (0.0%) 1 (1.4%)

N2c 39 (56.5%) 0 (0.0%)

N3 30 (43.5%) 2 (2.9%)

Overall stage (AJCC 7th 

edition)

I 0 (0.0%) 10 (14.5%)

<0.001II 0 (0.0%) 43 (62.3%

III 66 (95.7%) 16 (23.2%)

IV 3 (4.3%) 0 (0.0%)
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Clark level of invasion II 1 (1.4%) 0 (0.0%)

0.091III 3 (4.3%) 9 (13.0%)

IV 37 (53.6%) 41 (59.4%)

V 27 (39.1%) 17 (24.6%)

Missing 1 (1.4%) 2 (2.9%) -

Melanoma subtype SSM 20 (29.0%) 12 (17.4%)

0.020*

SSM with NM 11 (15.9%) 4 (5.8%)

NM 21 (30.4%) 32 (46.4%)

Acral lentiginous 2 (2.9%) 1 (1.4%)

Desmoplastic 6 (8.7%) 17 (24.6%)

Lentigo maligna 

melanoma

2 (2.9%) 2 (2.9%)

Malignant blue naevus 2 (2.9%) 0 (0.0%)

Missing 5 (7.2%) 1 (1.4%) -

Predominant cell type Spindle 7 (10.1%) 19 (27.5%)

<0.001Epithelioid 50 (72.5%) 29 (42.0%)

Mixed 10 (14.5%) 21 (30.4%)

Missing 2 (2.9%) 0 (0.0%) -

Regression Absent 29 (42.0%) 19 (27.5%)

0.138Early (TILs) 32 (46.4%) 43 (62.3%)

Intermediate 1 (1.4%) 3 (4.3%)

Late 1 (1.4%) 3 (4.3%)

 Missing 6 (8.7%) 1 (1.4%) -

Neurotropism Absent 67 (97.1%) 64 (92.8%) 0.245

Present 2 (2.9%) 5 (7.2%)

Lymphovascular invasion Absent 49 (71.0%) 65 (94.2%) <0.001

Present 20 (29.0%) 4 (5.8%)

Associated naevus Absent 55 (79.7%) 50 (72.5%)

0.053

Dysplastic 4 (5.8%) 14 (20.3%)

Dermal 4 (5.8%) 2 (2.9%)

Congenital 1 (1.4%) 0 (0.0%)

Compound 0 (0.0%) 2 (2.9%)

Missing 5 (7.2%) 1 (1.4%) -
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Factors Associated with MS

The presence of lymphovascular invasion was significantly associated with the presence of MS 

(P<0.001). Furthermore, epithelioid cell type was observed in 72.5% of MS cases compared with 42.0% 

of control cases (P<0.001). In addition, SSM was associated with the presence of MS and desmoplastic 

melanomas were more frequently observed in the control group (P=0.020). Although not significant, 

the MS group had a lower proportion of associated dysplastic naevi compared with the control group 

(5.8% and 20.3%; P=0.053).

Table 2. Features of microsatellitosis

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 (0.10-30.00) 2.20 (1.00-3.75)

CATEGORIES

Feature Categories N (%)

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

N>1 28 (40.6%)

Microsatellite size

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

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%)

Recurrence and Survival in the Overall Cohort

A total of 56 patients in the overall cohort experienced a recurrence during the follow-up period. In 

the MS group 50.7% experienced a recurrence compared with 30.4% in the control group (P=0.015). 

Specifically, 49% and 29% of MS cases experienced a loco-regional or distant recurrence respectively, 

compared with 20% and 19% of cases without MS (P<0.001 and P=0.115). The MS group had a signifi-

cantly worse disease-free survival with 27.1% and 18.1% cumulative DFS at 3 and 5 years, respectively, 

compared with 70.0% and 45.8% in the control group (P<0.001) (Figure 2). This difference was still 

significant after adjustment for other variables in the multivariate model (HR 3.33; 95%CI 1.83-6.06; 

P<0.001; Table 3). Three and 5-year cumulative MSS was 65.2% and 42.8% in the MS group and 86.1% 

and 67.4% in the control group, respectively (P=0.032) (Figure 2). This difference was also observed on 

multivariate analysis (HR 2.47; 95% CI 1.12-5.41; P=0.024; Table 3).
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Table 3. Disease-free and melanoma-specific survival in the overall cohort

Factor Value Disease-free Survival n=132 Melanoma-specific Survival n=136

Hazard Ratio (95% CI) P-value Hazard Ratio (95% CI) P-value

Multivariate Model 1   

Age Years 1.021 (0.995-1.049) 0.116 1.000 (0.969-1.033) 0.979

Gender Male 0.986 (0.552-1.764) 0.963 0.436 (0.173-1.095) 0.077

Thickness Mm 1.059 (0.961-1.167) 0.245 1.163 (1.050-1.289) 0.004

Ulceration Present 0.897 (0.472-1.706) 0.741 1.286 (0.511-3.240) 0.593

Mitotic rate Per mm² 1.043 (0.997-1.091) 0.065 1.081 (1.019-1.148) 0.010

SLNB Conducted 0.772 (0.396-1.507) 0.449 0.615 (0.251-1.506) 0.287

Positive nodes Number 1.261 (1.112-1.431) <0.001 1.121 (0.978-1.285) 0.100

Microsatellites Present 3.334 (1.834-6.060) <0.001 2.466 (1.124-5.409) 0.024

Multivariate Model 2*     

Microsatellites Number 1.144 (1.013-1.293) 0.031 1.219 (1.013-1.467) 0.036

Abbreviations: CI = confidence interval; SLNB = sentinel lymph node biopsy

*Adjusting for all variables in Model 1 (Age, Gender, Thickness, Ulceration, Mitotic Rate, SLNB, Positive Nodes)

Sentinel and Non-sentinel Lymph Node Positvity

SLN biopsy was conducted in 41 MS patients and 42 controls. On univariate analysis, the presence 

of MS (P=0.003), lymphovascular invasion (P=0.039) and epithelioid cell type (P=0.027) were associ-

ated with a positive SLN biopsy result. The presence of MS was the only factor that proved to be an 

independent predictor of SLN positivity after adjustment for other variables in the multivariate model 

(OR 4.64; 95% CI 1.66-12.95; P=0.003). No significant predictors of NSN positivity were identified on 

either univariate or multivariate analysis (n=24).

Prognostic Features of MS

A sub-group analysis of the 69 MS cases was performed to determine the influence of the distance to 

the primary tumor, the size and number of MS on DFS and MSS. The number of MS did not influence 

DFS nor MSS on univariate and multivariate analysis (P=0.691 and P=0.865, respectively; Table 4). 

The distance of the MS to the primary melanoma as a continuous variable was found to significantly 

influence DFS and MSS on univariate analysis (P<0.001 for both). These differences retained signifi-

cance in the multivariate model (HR 1.31; 95% CI 1.12-1.52; P<0.001 and HR 1.39; 95% CI 1.10-1.74; 

P=0.005, respectively). When distance to the primary tumor was analyzed as a categorical variable, MS 

distance 2.21-3.75 mm and >3.75 mm had a significantly worse prognosis compared with MS distance 

0.01-1.00 mm, in terms of DFS (P=0.045 and P=0.013, respectively; Table 3). Moreover, distance cat-

egories 1.01-2.20mm, 2.21-3.75mm and >3.75mm were all associated with reduced MSS compared 
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with MS distance 0.01-1.00 mm (P=0.024, P=0.045 and P=0.014, respectively; Table 4).

The MS size as a continuous variable significantly influenced MSS on univariate analysis (P=0.018). 

However, this difference lost significance on multivariate analysis (P=0.234). On univariate and mul-

tivariate analysis, the size of the MS as a continuous variable did not influence DFS (P=0.263 and 

P=0.535, respectively). When the MS group was divided into two categories, based on the MS size with 

a cut-off point at 1.20 mm, the >1.20 mm group had significantly reduced DFS on univariate analysis 

(P=0.007). Although, this significant difference was lost in the multivariate model (P=0.085; Table 

4). No significant differences in MSS were observed between the two categories on both univariate 

(P=0.834) and multivariate analysis (P=0.075; Table 4).

Discussion

The present study confirms that the presence of MS in melanoma patients negatively influences 

MSS and DFS, and increases the likelihood of sentinel node positivity and loco-regional recurrence. 

Additionally, the current findings indicate that an increased distance of the microsatellite from the 

primary tumor conveys a worse prognosis both in terms of MSS and DFS. However, the size or number 

of microsatellites present in the primary tumor specimen was not prognostic in this cohort.

Several studies have shown that the presence of MS is a predictor of reduced overall and disease-free 

survival.4,6-10 The 5-year cumulative overall survival (OS) ranged from 34% to 40% in the majority of 

these studies, and 5-year cumulative DFS ranged from 18% to 36%.4,6,8,10 These results are comparable 

with the results of the present study of 42% and 18% for MSS and DFS, respectively, for the MS group 

and were confirmed in multivariate analysis.

Of the previous studies only Leon et al conducted a case-control study.6 Moreover, different defini-

tions were used in various studies to describe MS. Nagore et al showed OS and DFS for MS cases of 

70.4% and 51.8%, respectively, although survival was still significantly worse for MS cases compared 

with the cohort of patients without MS. However, this study had a melanoma patient cohort with 

non-aggressive pathologic features, as median Breslow thickness was only 1.2mm and ulceration was 

present in only 21% of the melanomas. In comparison, other studies have shown that melanomas with 

MS were associated with aggressive pathologic features. For example, in a study conducted by Kimsey 

et al, median Breslow thickness was 5.4mm and 71% of melanomas showed presence of ulceration.10 

In our study, median Breslow thickness was 4.1mm and 62% of the melanomas were ulcerated. This 

also shows the importance of matching MS cases and controls on Breslow thickness and ulceration.

Our study results showed that presence of MS was also associated with lymphovascular invasion. 

Moreover, lymphovascular invasion showed to be a prognostic factor for worse MSS and DFS in the 

univariate analysis and lymphovascular invasion was also correlated with SLN positivity. Lymphovascu-

lar invasion has shown to be an important prognostic factor in certain cancer, such as breast cancer.16 

In cutaneous melanoma prognostic significance of lymphovascular invasion remains unclear as several 

studies failed to show to show any prognostic value of this pathologic feature.17-22 However, several 
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other studies, including the present study in the univariate analysis, showed lymphovascular invasion 

to be a prognostic factor for poor survival and presence SLN positivity.9,23-29 The association of lympho-

vascular invasion and MS could be explained by the theory that MS  is the result of lymphovascular 

transport of tumor cells in the vicinity of the primary tumor. Moreover, it seems logical that the further 

away MS are transported the higher the impact is of MS on MSS and DFS. This theory is supported 

by our study results, as increasing distance between MS and the primary tumor was associated with 

Table 4. Disease-free and melanoma-specific survival in the microsatellite sub-group

Variable Value Disease-free Survival n=67 Melanoma-specific Survival n=67

Hazard Ratio (95% CI) P-value Hazard Ratio (95% CI) P-value

Multivariate Model 1  

Age Years 0.991 (0.956-1.029) 0.647 1.021 (0.965-1.080) 0.478

Gender Male 1.559 (0.699-3.477) 0.278 2.687 (0.689-10.471) 0.154

Thickness Mm 1.188 (1.024-1.378) 0.023 1.211 (1.011-1.450) 0.037

Ulceration Present 0.471 (0.169-1.317) 0.151 0.532 (0.105-2.708) 0.448

Mitotic rate Per mm² 1.065 (0.985-1.151) 0.112 1.118 (0.996-1.255) 0.059

SLNB Conducted 0.838 (0.325-2.161) 0.715 2.040 (0.440-9.451) 0.362

Positive nodes Number 0.974 (0.802-1.182) 0.786 1.095 (0.898-1.335) 0.369

Microsatellites # (continuous) 0.820 (0.656-1.025) 0.082 0.758 (0.528-1.089) 0.134

Microsatellites size mm (continuous) 1.082 (0.844-1.387) 0.535 0.783 (0.523-1.172) 0.234

Microsatellites distance mm (continuous) 1.305 (1.117-1.524) <0.001 1.386 (1.101-1.744) 0.005

Multivariate Model 2*  

Microsatellites N>1 1.001 (0.438-2.290) 0.998 1.152 (0.345-3.842) 0.818

Microsatellite size >1.20mm 2.048 (0.906-4.627) 0.085 0.333 (0.099-1.118) 0.075

Microsatellites distance >2.20mm 2.031 (0.874-4.716) 0.099 4.124 (0.843-20.171) 0.08

Multivariate Model 3*      

Microsatellites N>1 1.059 (0.430-2.608) 0.901 2.712 (0.592-12.430) 0.199

Microsatellite size 0.01-0.60 mm Reference  

0.61-1.20 mm 0.946 (0.318-2.818) 0.921 1.449 (0.272-7.727) 0.664

1.21-2.05 mm 2.411 (0.785-7.407) 0.124 0.161 (0.018-1.485) 0.107

>2.05 mm 0.967 (0.252-3.705) 0.961 0.273 (0.036-2.066) 0.209

Microsatellite distance 0.01-1.00 mm Reference  

1.01-2.20 mm 3.231 (0.954-10.942) 0.06 18.928 (1.485-241.280) 0.024

2.21-3.75 mm 3.923 (1.033-14.892) 0.045 13.220 (1.061-164.690) 0.045

>3.75 mm 5.569 (1.427-21.737) 0.013 26.944 (1.935-375.207) 0.014

Abbreviations: MS = microsatellites; CI = confidence interval; SLNB = sentinel lymph node biopsy.

*Adjusting for all variables in Model 1 (Age, Gender, Thickness, Ulceration, Mitotic Rate, SLNB, Positive Nodes)
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Table 4. Disease-free and melanoma-specific survival in the microsatellite sub-group

Variable Value Disease-free Survival n=67 Melanoma-specific Survival n=67

Hazard Ratio (95% CI) P-value Hazard Ratio (95% CI) P-value

Multivariate Model 1  

Age Years 0.991 (0.956-1.029) 0.647 1.021 (0.965-1.080) 0.478

Gender Male 1.559 (0.699-3.477) 0.278 2.687 (0.689-10.471) 0.154

Thickness Mm 1.188 (1.024-1.378) 0.023 1.211 (1.011-1.450) 0.037
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SLNB Conducted 0.838 (0.325-2.161) 0.715 2.040 (0.440-9.451) 0.362

Positive nodes Number 0.974 (0.802-1.182) 0.786 1.095 (0.898-1.335) 0.369

Microsatellites # (continuous) 0.820 (0.656-1.025) 0.082 0.758 (0.528-1.089) 0.134

Microsatellites size mm (continuous) 1.082 (0.844-1.387) 0.535 0.783 (0.523-1.172) 0.234

Microsatellites distance mm (continuous) 1.305 (1.117-1.524) <0.001 1.386 (1.101-1.744) 0.005

Multivariate Model 2*  

Microsatellites N>1 1.001 (0.438-2.290) 0.998 1.152 (0.345-3.842) 0.818

Microsatellite size >1.20mm 2.048 (0.906-4.627) 0.085 0.333 (0.099-1.118) 0.075

Microsatellites distance >2.20mm 2.031 (0.874-4.716) 0.099 4.124 (0.843-20.171) 0.08

Multivariate Model 3*      

Microsatellites N>1 1.059 (0.430-2.608) 0.901 2.712 (0.592-12.430) 0.199

Microsatellite size 0.01-0.60 mm Reference  

0.61-1.20 mm 0.946 (0.318-2.818) 0.921 1.449 (0.272-7.727) 0.664

1.21-2.05 mm 2.411 (0.785-7.407) 0.124 0.161 (0.018-1.485) 0.107

>2.05 mm 0.967 (0.252-3.705) 0.961 0.273 (0.036-2.066) 0.209

Microsatellite distance 0.01-1.00 mm Reference  

1.01-2.20 mm 3.231 (0.954-10.942) 0.06 18.928 (1.485-241.280) 0.024

2.21-3.75 mm 3.923 (1.033-14.892) 0.045 13.220 (1.061-164.690) 0.045

>3.75 mm 5.569 (1.427-21.737) 0.013 26.944 (1.935-375.207) 0.014

Abbreviations: MS = microsatellites; CI = confidence interval; SLNB = sentinel lymph node biopsy.

*Adjusting for all variables in Model 1 (Age, Gender, Thickness, Ulceration, Mitotic Rate, SLNB, Positive Nodes)

and regional node field metastases. This idea is supported by the present study, as the presence of 

MS is significantly associated with in-transit recurrence as a first event and presence of positive SLNs. 

Figure 1 shows that all MS cases in the present study were in concordance with the latest definition 

formed by the AJCC (any discontinuous nest of metastatic cells more than 0.05mm in diameter that 

are clearly separated by normal dermis (not fibrosis or inflammation) from the main invasive com-

ponent of melanoma by a distance of at least 0.3 mm). However, we think that the definition should 

not be emphasized on the size or distance of MS to the primary tumor. There is no evidence for the 

Figure 1. (A) Number, (B) size and (C) distance from primary 

tumor for all microsatellites

reduced MSS and DFS. However, the size and 

number of MS did not influence prognosis.

For DFS, apart from MS, positive nodes 

showed to be an independent prognostic 

factor, which was already concluded previ-

ously.1 Recurrences occurred in 50.7% of 

patients in the MS group, compared with 

30.4% in the control group (P=0.015). This 

is in concordance with other studies that 

analyzed recurrences in MS cases.7,8,10,15 The 

majority of first recurrences in MS cases was 

local or in-transit. This observation could be 

explained by the hypothesis that these local 

recurrences are actually not a recurrence, 

but were MS that were already spread so far 

from the primary tumor that they were not 

excised with wide excision of the primary 

tumor. Two other studies also showed asso-

ciation between MS and local recurrence.7,15 

Shaikh et al also showed an association of 

MS with regional recurrences.8 Although the 

present study did not show the association 

of MS with regional recurrences, there was 

an association with SLN positivity. The pres-

ence of MS was the only prognostic factor 

that independently predicted SLN positivity, 

several other studies also showed MS to be 

a prognostic factor for SLN positivity.5,10,12-14 

Presumably, the development of MS 

involves a continuum from MS to in-transit 
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specific value of the MS’ size or distance to primary tumor in the AJCC definition of MS. We think that 

the emphasis of the definition should be on the clear separation of primary tumor and MS by normal 

dermis. Diagnosis of MS is associated with a high rate of false positives. This is due to the fact that the 

presence of an isolated nest of tumor cells adjacent to the primary tumor can represent an extension 

of the primary tumor that has been cut tangentially or in cross-section. Preferably, serial sectioning 

should be performed on the tissue blocks to prevent a false positive diagnosis of MS.

Our results support a theory for a pathway in the initial metastatic cascade of cutaneous melanoma. 

MS could be due to the lymphovascular transport of tumor cells from the primary tumor, followed 

by further spread to in-transit metastasis and/or spread to regional lymph nodes. More studies on 

the prognostic and biological significance of MS are needed in larger, potentially multi-institutional 

cohorts to overcome the challenge of a rarely observed feature, 4%-19% in the literature.4-10 

Moreover, in the MIA database, the presence or absence of MS was reported in only 2.9% of 4313 

pathology reports by MIA-affiliated pathologists. The current study points to not only the importance 

of recording the presence or absence of microsatellites, but also the greatest distance of the microsat-

ellites from the primary tumor. In summary, presence of MS is associated with the presence of positive 

SLNs, increased likelihood of loco-regional recurrences and subsequently reduced DFS and MSS. There 

is no doubt MS will continue to be a factor that influences the staging and clinical management of 

melanoma patients.

Figure 2. (A) Melanoma specific survival and (B) Disease free survival for microsatellite cases and control cases 
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