Distinct clinicopathological and prognostic features of thin nodular primary melanomas: an international study from 17 centers
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Abstract
Background: Nodular melanoma (NM) is more likely to be fatal compared to other melanoma subtypes, an effect attributed to its greater Breslow thickness.  
Methods: Clinicopathological features of NM and superficial spreading melanoma (SSM) diagnosed in 17 centers in Europe (n=15), USA and Australia between 2006 and 2015, were analyzed by multivariate logistic regression analysis, with emphasis in thin (T1 ≤ 1.0 mm) melanomas. Cox analysis assessed melanoma-specific survival (MSS). 
Results: In all, 20,132 melanomas (NM: 5,062, SSM: 15,070) were included. Compared to T1 SSM, T1 NM was less likely to have regression (OR: 0.46, 95% CI: 0.29-0.72) or nevus remnants histologically (OR: 0.60, 95% CI: 0.42-0.85), and more likely to have mitoses (OR: 1.97, 95% CI: 1.33-2.93) and regional metastasis (OR: 1.77, 95% CI: 1.02-3.05). T1 NM had a higher mitotic rate than T1 SSM (adjusted geometric mean 2.2 vs 1.6/mm2, p<0.001). There was significantly worse 5-year MSS for T1 NM compared to T1 SSM (91% vs 98%, p<0.0023). Cox multivariate analysis showed a higher risk for melanoma-specific death for NM compared to SSM for T1 melanomas (HR: 2.20, 95% CI: 1.28-3.78), and not for T2, T3, T4 melanomas. The NM subtype did not confer increased risk within each stratum (among primary tumors or cases with regional metastasis).
Conclusions: T1 NM (compared to T1 SSM) was associated with a constellation of aggressive characteristics that may confer a worse prognosis. Our results indicate NM is a high-risk melanoma subtype that should be considered for inclusion in future prognostic classifications of melanoma.

INTRODUCTION

The incidence of cutaneous melanoma is increasing worldwide in white populations, with projected continuous increases in cases for the next several decades.[1] Melanoma incidence is highest in Queensland, Australia, with a rate of 72/100,000/year (2010-2014).[2] In the United States, SEER-9 registry data (1989-2009) indicated increasing incidence (from 13.94 to 21.87 per 100,000 person-years) across melanomas of all thicknesses.[3] A similar increase in incidence of invasive melanoma was observed in European cancer registry data (1995-2012), mostly attributed to the increasing incidence of thin tumors (≤1mm).[4]
Melanoma is a heterogeneous tumor that can be classified into four major subtypes: superficial spreading melanoma (SSM, frequency 41-57%), nodular melanoma (NM, 14-17%), lentigo maligna melanoma (LMM, 6-14%), and acral lentiginous melanoma (ALM, 1-7%).[5-8] NM represents a significant proportion of thicker and ultimately fatal melanomas [9] and exhibits aggressive clinicopathological features considered as proxies of increased Breslow thickness, such as ulceration, rapid growth rate, and increased mitotic rate.[6, 10-12]
Although patients with thin melanomas have high survival rates overall, the number of patients with fatal T1 melanomas is greater than the number with fatal T4 melanomas because the vast majority of melanoma patients present with early stage disease.[13] There is growing interest in the predictors of aggressive thin (T1) melanoma but there are limited data on thin NM (≤1 mm). It has been proposed that patients with thin melanomas should be evaluated by more refined criteria to determine their individual prognosis.[14] Characteristics that may determine the prognosis of thin melanoma include ulceration, location on the head and neck[15], higher mitotic rate[16] and NM subtype[17, 18]. We conducted a large international collaborative study to investigate the clinical, histological and prognostic parameters of T1 NM versus T1 SSM, and provide evidence of whether NM represents a melanoma subtype affecting patient survival independent of Breslow thickness. 

METHODS

Study patients
	Our study included retrospective, de-identified data of patients diagnosed with primary cutaneous melanoma from 2006 to 2015 at 15 European melanoma centers comprising a collaborative network within the European Association of Dermato-Oncology (EADO), one center in Sydney, Australia (Melanoma Institute Australia (MIA)), and one center in the USA [The University of Texas MD Anderson Cancer Center (MD Anderson), Houston, Texas]. Eligible cases included patients more than 16 years old with a diagnosis of primary cutaneous melanoma of NM or SSM subtype. Melanomas in situ were excluded. Only the index case was included for patients with multiple primary melanomas.  Institutional ethics and/or review board approval was obtained by all participating centers.
	
Variables of interest
Variables of interest at initial diagnosis included patient age and gender, the tumor’s anatomic site, and histological characteristics including Breslow thickness, the presence of an associated nevus, ulceration, regression, presence of mitoses, and mitotic rate per mm2. All participating centers used the established definition for NM[19] i.e., dermal invasion with intraepidermal growth not extending 3 rete ridges beyond the underlying dermal component; if this growth extended beyond 3 rete ridges in any section, and the melanoma did not show features of another subtype, the tumor was classified as SSM. Breslow thickness was re-calculated to the nearest 0.1 mm according to the current 8th AJCC staging system.[20] More than 95% of all cases in Europe and Australia were reported as non-Hispanic whites; MD Anderson reported rates of 90%.  Centers classified the tumor spread of melanomas at initial presentation as primary tumor only, regional disease (including locoregional and nodal metastasis) and distant metastasis. T1 melanomas were defined as primary tumors if they had clinical or pathological T1 N0 stage [i.e., no tumor-containing sentinel lymph nodes (SLNs) and no evidence of microsatellites, satellites, or in-transit metastases]. To confirm the correct classification of T2 through T4 clinically node-negative melanomas as primary only, as individual patient data for sentinel lymph node biopsy (SLNB) were not collected, all centers confirmed the routine use of SLNB for all T2 to T4 melanomas, except Bucharest and a group of patients with T4 melanoma from Turin, as previously published.[21] Survival data included status at last observation (alive or dead), follow-up duration, and melanoma-specific mortality. 

Statistical analysis
Continuous data were compared using Student’s t test for comparisons between NM and SSM. The mean of log-transformed mitotic rates (geometric mean, GM) of NM adjusted for age, sex, thickness, and ulceration were compared with those of SSM using linear regression.
Categorical clinical and histological characteristics associated with NM or SSM were investigated by exploratory analysis using the chi-square test or Fisher’s exact test. Multivariate logistic regression analysis was adjusted for Breslow thickness and for other possible confounders. A stratified multiple logistic regression analysis of the characteristics of thin NM compared to thin SSM was also conducted.
The prognostic role of the NM or SSM subtype with respect to melanoma-specific survival (MSS) was investigated by the Kaplan-Meier estimator used to calculate survival curves, and potential differences were evaluated using the log-rank test. Patient survival time was calculated as the time from the date of the primary tumor diagnosis to the date of melanoma-related death or last follow-up visit. Patients with an unknown cause of death or death not related to melanoma were censored. The Cox proportional hazards model was used for the analysis of MSS. The proportional hazard assumption was checked by the scaled Schoenfeld residuals. As tumor spread is an intermediate variable between the effect of NM on survival, it was not included in the multivariate Cox model to avoid overadjustment bias[22] but a stratified analysis by tumor spread was carried out. A shared frailty model was used to assume that the proportional hazards assumption holds conditional on an unobserved cluster center-specific random effect for the 17 centers.[23]  The Akaike Information Criterion (AIC) and Bayesian Information Criterion (BIC) were used as a measure of model fit.
All p-values were two-sided and the significance level was < 0.05. Analyses were carried out using STATA, version 13 (StataCorp. 2013. Stata Statistical Software: Release 13. College Station, TX: StataCorp LP). 

RESULTS

Participating centers and included cases

Data from 25,776 de-identified melanoma cases were obtained from 17 participating centers. To group the data by region, we pooled data from the 15 European centers (EADO centers) while keeping the data from other 2 centers (USA and Australia) separate. Among the 21,025 melanomas that were of the NM or SSM subtype, 893 cases were excluded (exclusion reasons are given in Supplementary Table 1).
Among the eligible 20,132 cases, complete data were available for gender, age, melanoma subtype and Breslow thickness.  Μitotic rate (MR) was missing for 72.1% of EADO cases and consequently analysis of this variable in the linear regression analysis of the geometric mean MR was restricted to those from MD Anderson and MIA/Sydney. Mitosis present (yes/no) was also missing for 56.7% of EADO cases, but was included in all analyses. Apart from the absence of data on MR from EADO cases, there were no other systematic associations among cases with any missing data.
For the survival analysis, 1759 cases were excluded because of missing follow up data, leading to 18,373 eligible cases.

Characteristics of NM compared to SSM
	
Among the 20,132 melanomas (EADO: 10,400, MIA/Sydney: 6,109, MD Anderson/USA: 3623), there were 5062 NM (25%) and 15,070 SSM (75%). Characteristics of NM compared to SSM overall are presented in Table 1. At diagnosis, NM patients had a median age of 62.8 years compared to 55.8 years for SSM patients (p<0.001). The median Breslow thickness was significantly higher for NM compared to SSM (3.1 mm vs 0.8 mm, p<0.001). An identified nevus remnant was present in significantly fewer patients with NM compared to SSM (17% vs 36% respectively, p<0.001). The characteristics of NM compared to SSM were similar by participating region (EADO, Australia, USA, data not shown). 
We examined the clinical, histological and prognostic characteristics separately for T1 (≤1 mm), T2 (>1-2 mm), T3 (>2-4 mm), and T4 (>4 mm) melanomas (Supplementary Table 2). T1 melanomas (n=9,681) consisted mainly of SSM (96.8%); only 3.2% were NM. T2 melanomas consisted of 76% SSM and 24% NM, while melanomas thicker than 2 mm consisted mainly of NM (63%) and fewer SSM (37%). Among T1 melanomas, there was a striking difference in the distribution of NM by increasing thickness up to 1.0 mm, with most T1 NM being 0.8 mm or thicker (72%) compared to SSM that were mostly <0.5mm (Figure 1a, 1b). 
	Multivariate logistic regression analysis of NM compared with SSM stratified for T1 and T2 thickness is presented in Table 2 and for T3 and T4 in Supplementary Table 3. T1 NM compared to T1 SSM was associated with presence on the head/neck (OR: 2.16, 95% CI: 1.27-3.69 compared to the lower extremities), and the presence of mitoses (OR: 1.97, 95% CI: 1.33-2.93), while T1 NM were less likely to have regression (OR: 0.46, 95% CI: 0.29-0.72) or nevus remnants present (OR: 0.60, 95% CI: 0.42-0.85). Similarly, for T2, T3, T4 melanomas, NM compared to SSM was also associated with lack of regression and nevus remnants, while mitoses (present/absent) were not associated with NM compared to SSM among T3 and T4 melanomas. Regional metastasis was independently associated with the NM subtype for T1 melanomas only (OR: 1.77, 95% CI: 1.02-3.05). Similar associations were found for T1, T2 in primary only melanomas (Supplementary Table 4).
In linear regression analysis , the adjusted geometric mean mitotic rate was significantly higher for NM compared to SSM for T1 (2.2 vs 1.6 respectively, p<0.001), T2 and T3 melanomas but not for T4 tumors (Table 3). Similar results were shown when sensitivity analysis was restricted to primary only melanomas (Supplementary Table 5).

Survival analysis of NM compared to SSM 

For the survival cohort (n=18373), the median follow-up was 32.1 months (NM: 29.9, SSM: 32.8). The univariate 5-year MSS rate was 75.4% for NM compared with 91.0% for SSM, respectively (p <0.001) (Supplemental Table 6). There were significantly worse 5-year MSS rates for T1 NM compared to T1 SSM (88.5% vs 96.7%, p<0.001), and for T2 NM compared to T2 SSM (p=0.0091), but not for T3/T4 tumors. (Supplementary Figure 1a,b,c). Focusing on T1 melanomas, the MSS rates were worse for NM compared to SSM for melanomas thinner than 0.8 mm (T1a AJCC 8th edition), as well as for melanomas 0.8-1.0 mm (T1b AJCC 8th edition) (Supplementary Figure 2).
Multivariate Cox survival analysis adjusting for age, gender, Breslow thickness and ulceration, showed that the risk of melanoma-specific death was significantly higher for the NM subtype compared to SSM in T1 (HR: 2.10, 95% CI: 1.24-3.56) and T2 melanomas (HR: 1.30, 95% CI: 1.01-1.68), with no significant difference for T3 or T4 melanomas. An additional analysis was performed by fitting the model with frailty for the center effect, showing that heterogeneity was significant. After comparing AIC/BIC values, the model with frailty was a better fit. This analysis showed a statistically significant effect of the risk of NM vs SSM subtype for melanoma-specific death, only for T1 melanomas (HR: 2.20, 95% CI: 1.28-3.78) (Table 4). Adjustment for time period at diagnosis (2006-2010 vs 2011-2015) to evaluate the potential effect of novel therapeutic agents in advanced melanoma showed similar results for NM vs SSM, so this variable was not included in the final parsimonious model (data not shown).
In stratified Kaplan-Meier analysis for primary-only melanomas, there were significantly worse 5-year MSS rates for T1 NM compared to T1 SSM (91% vs 98%, p<0.0023), but not for T2, T3, and T4 melanomas (Figure 2a-d). In multivariable Cox analysis stratified for tumor spread, there was no increased risk for melanoma-specific death for NM compared to SSM among each stratum for either primary-only melanomas (OR: 1.08, 95% CI: 0.89-1.30) (Table 4) or cases with regional metastasis (OR: 1.11, 95% CI: 0.94-1.32) (data not shown).	

DISCUSSION

This large international multi-center study including over 20,000 cases of NM and SSM cases from participating centers in Europe, the USA and Australia, showed that NM is a distinct melanoma subtype with a constellation of aggressive biological characteristics that may confer worse prognosis, even for Τ1 (< 1mm) melanomas.  Even though we focused on thin melanomas, we included all T tumors (T1-T4) in our analysis in order to explore the effect of Breslow thickness among different T categories.  
Previous reports have documented distinct features of NM compared to SSM. NM occurs more frequently on the head/neck and lower extremities[24], has higher growth kinetics and mitotic rate[11, 25], distinct features with dermoscopy[26] and in vivo reflectance confocal microscopy[27], and often has clinical characteristics that can make early detection difficult, including amelanosis, symmetry, and border regularity.[11, 12, 24, 26, 28, 29] Compared to SSM, our study further showed that after adjusting for Breslow thickness, NMs were more likely to be ulcerated and less likely to have regression or be histologically associated with a nevus. The absence of histologic regression and nevus remnants (the latter defining de-novo melanomas) are considered high-risk characteristics. A meta-analysis showed that regression was associated with a lower likelihood of having a positive sentinel lymph node (SLN)[30] and was a protective factor for survival, likely due to  an early activation of the host immune system against melanoma[31]. In a prospective cohort study, de-novo melanomas were associated more frequently with the NM subtype and had a worse overall survival vs nevus-associated melanomas,[32] while there was no difference in survival in a retrospective study after multivariate adjustment[33].
With limited data on T1 NM in the literature, we focused our analysis on these tumors to study the clinicopathological profile of NM at an early phase of its evolution. Compared to T1 SSM, T1 NM was less likely to have regression or be histologically associated with a nevus, yet more likely to be located on the head/neck and have a higher mitotic rate. Although mitotic rate is not a staging criterion for T1 melanomas in the latest (8th Edition) melanoma staging system,[20] the AJCC continues to consider MR an important prognostic factor for clinical care and strongly recommends that MR data continue to be collected[20, 34, 35].  Furthermore, MR is a high-risk characteristic in Τ1 melanomas, associated with lymph node positivity[36] and with worse disease-free survival (DFS)[37]. Herein, T1 NM were associated with increased risk for regional metastasis compared to T1 SSM, an effect that was not shown for thicker melanomas, suggesting the effect of the NM subtype on tumor spread during the early stages of melanoma evolution. 
We found significantly worse MSS for NM compared to SSM for overall cases at 5 years (75.4% vs 91.0%) and a higher risk for melanoma-specific death associated with T1  NM, independent of age, sex, thickness and ulceration. In multivariate Cox survival analysis stratified for tumor spread, the histologic NM vs SSM subtype did not confer increased risk for melanoma-specific death within each stratum, i.e., among primary tumors or among cases with regional metastasis. There was a trend toward T1 NM lesions having worse prognosis compared with SSM when stratifying by primary melanoma only. Lack of significance may be related to the relatively few T1 NMs. However, in the model stratified by regional metastasis, T1 NMs were no longer significantly different from T1 SSMs. This is likely because it is offset by a model that includes tumor thickness and regional metastasis, of which SSMs are the dominant subtype. 
The NM subtype was associated with a higher risk of death in a Victorian Cancer Registry study (1989-2004)[6], and in a SEER Registry study (1973-2012) of stage I-III melanomas[38]. Our findings are consistent with previous evidence that NM independently increased the risk of death among 26,736 patients with T1 melanoma in an Australian population-based, prospective melanoma registry.[17],[39] Interestingly, in the present study, the MSS rates for thin NM compared to thin SSM were worse both in T1a (<0.8 mm) and T1b (0.8-1.0 mm) melanomas, supporting the different behavior of NM even in the earliest  phases of its evolution. These findings suggest that NM is a biologically distinct melanoma subtype at its outset, characterized by aggressive histological characteristics that influence clinical course and survival rates. Our results also emphasize the importance of studying thin NM to identify the early steps of its progression. The worse survival rates for T1 NM compared to T1 SSM and the striking finding that the majority of T1 NM are > 0.8 mm in thickness underscores the effect of NM on overall mortality and implies that there is a potential benefit of aggressive screening for earlier detection of this subtype. 
[bookmark: _Hlk526263100]Limitations of our study include, first, its retrospective nature and center-based design. Second, central pathology review was not available, potentially leading to misclassification bias, even though the cases were from major melanoma centers using established definitions of NM and SSM. The fact that the proportion of NM to SSM patients was relatively similar between EADO cases vs. those from MIA and MD Anderson mitigates this concern. Third, individual patient data on SLNB and pathological staging for T2 to T4 cases were not collected; however, nearly all centers confirmed that their practice was to perform SLNB for all T2 to T4 cases at an institutional level. Fourth, the median survival follow-up time was limited. Fifth, additional factors that might affect survival such as molecular characteristics and therapeutic interventions were not studied.  However, primary only melanomas were all treated with surgical excision and including an adjustment for the time period in the survival models showed no differences in the two time periods. Strengths of our study include the large number of cases from referral centers in Europe, the USA and Australia contributing to the largest combined database to date for the investigation of thin T1 NM.   
Documenting the histopathological subtype of melanoma is recommended by some but not all international melanoma pathology reporting guidelines.[40, 41] In contrast, others have emphasized the importance of documenting melanoma subtype in pathology reports because it allows clinicopathologic correlation to accurately classify melanoma.[42, 43] The present study, involving a large patient population, showed that thin nodular melanoma: (1) do occur and can be diagnosed, (2) are associated with features portending an aggressive clinical behavior, and (3) have a prognostic significance among thin melanomas, independent of tumor thickness. We conclude that the NM subtype is a distinct, high-risk entity that should continue to be included in histopathological reporting and may be considered in future prognostic classification of melanoma.  
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Tables &Figures

Table 1. Clinical and histological characteristics of NM and SSM in overall cases (n=20132) 
	Variable
	NM (n=5062)
	SSM (=15070)
	p-value

	Age, years, median (IQR)
	62.8 (50.1, 73.9)

	55.8 (44.1, 67.1)

	<0.001

	Age, n (%)
	
	
	

	≤ 50 years
	1253 (24.8)
	5656 (37.5)
	<0.001

	>50 years
	3809 (75.2)
	9414 (62.5)
	

	Gender, n (%)
	
	
	

	Male
	3051 (60.3)
	7880 (52.3)
	<0.001

	Female
	2011 (39.7)
	7190 (47.7)
	

	Anatomic site of melanoma a, n (%)
	
	
	

	 head/neck
	1042 (20.8)
	1589 (10.7)
	<0.001

	 trunk
	1842 (36.8)
	6734 (45.2)
	

	 upper extremities
	1038 (20.7)
	2879 (19.3)
	

	 lower extremities
	1082 (21.6)
	3700 (24.8)
	

	Breslow thickness (mm), n (%)
	
	
	

	≤1.0
	297 (5.9)
	9384 (62.3)
	<0.001

	1.1-2.0
	1082 (21.4)
	3484 (23.1)
	

	 2.1-4.0
	1823 (36.0)
	1547 (10.3)
	

	>4.0
	1860 (36.7)
	655 (4.3)
	

	Breslow thickness (mm), median (IQR)
	3.1 (2.0, 5.2)
	0.8 (0.5, 1.4)
	<0.001

	Ulceration b, n (%)
	
	
	

	 present
	2370 (49.0)
	1976 (13.7)
	<0.001

	 absent
	2464 (51.0)
	12422 (86.3)
	

	Regression c, n (%)
	
	
	

	 present
	420 (9.7)
	3782 (28.1)
	<0.001

	 absent
	3918 (90.3)
	9657 (71.9)
	

	Nevus remnants d, n (%)
	
	
	

	 present
	627 (17.0)
	4014 (36.0)
	<0.001

	 absent
	3051 (83.0)
	7140 (64.0)
	

	Mitoses e, n (%)
	
	
	

	 present
	3616 (94.9)
	6384 (63.9)
	<0.001

	 absent
	193 (5.1)
	3613 (36.1)
	

	Tumor spread (initial diagnosis) f, n (%)
	
	
	

	Primary only
	3066 (69.8)
	11802 (87.5)
	<0.001

	 regional metastasis
	1159 (26.4)
	1592 (11.8)
	

	 distant metastasis
	170 (3.9)
	98 (0.7)
	


*Mann-Whitney test, **chi-squared test
a 226 missing values, b 900 missing values, c 2355 missing values, d 5300 missing values, e 6326 missing values, f 2245 missing values
	

















Table 2. Multivariate logistic regression analysis of the characteristics of NM compared to SSM stratified by T1, T2 Breslow thickness 
	Breslow thickness
	T1: ≤ 1 mm (n=4229)
	T2: 1.1-2.0 mm (n=2232)

	Variable
	OR (95% CI)
	p-value
	OR (95% CI)
	p-value

	Gender
	
	
	
	

	female
	Ref
	
	Ref
	

	male
	1.35 (0.95, 1.91)
	0.093
	1.16 (0.94, 1.44)
	0.168

	Age, years
	
	
	
	

	≤50 
	Ref
	
	Ref
	

	>50 
	1.03 (0.73, 1.46)
	0.851
	1.06 (0.85, 1.32)
	0.616

	Log Breslow thickness, mm
	13.06 (6.59, 25.91)
	<0.001
	7.74 (4.59, 13.05)
	<0.001

	Anatomic site 
	
	
	
	

	  lower extremities
	Ref
	
	Ref
	

	  head/neck
	2.16 (1.27, 3.69)
	0.005
	1.42 (1.02, 2.00)
	0.041

	trunk
	1.14 (0.72, 1.81)
	0.588
	1.08 (0.82, 1.42)
	0.595

	  upper extremities
	1.16 (0.71, 1.91)
	0.557
	1.56 (1.17, 2.07)
	0.002

	Ulceration 
	
	
	
	

	  absent
	Ref
	
	Ref
	

	  present
	1.37 (0.75, 2.49)
	0.308
	1.15 (0.89, 1.47)
	0.283

	Regression 
	
	
	
	

	  absent
	 Ref
	
	Ref
	

	  present
	0.46 (0.29, 0.72)
	0.001
	0.45 (0.34, 0.60)
	<0.001

	Nevus remnants 
	
	
	
	

	absent
	Ref
	
	Ref
	

	present
	0.60 (0.42, 0.85)
	0.004
	0.57 (0.45, 0.71)
	<0.001

	Mitoses 
	
	
	
	

	  absent
	Ref
	
	Ref
	

	present
	1.97 (1.33, 2.93)
	0.001
	2.43 (1.57, 3.75)
	<0.001

	Tumor spread (initial diagnosis)
	
	
	
	

	Primary only
	Ref
	
	Ref
	

	 regional metastasis
	1.77 (1.02, 3.05)
	0.041
	0.78 (0.60, 1.01)
	0.057

	Distant metastasis
	21.35 (4.94, 92.25)
	<0.001
	1.33 (0.52, 3.36)
	0.553


Multivariate analysis adjusted for all variables included in Table.
Statistically significant results are shown in bold characters
1

Table 3. Mitotic rate for NM (median and adjusted geometric mean) compared with SSM stratified for T1, T2, T3 and T4 melanomas: normal regression analysis restricted to cases from MD Anderson and MIA/Sydney


	
	Mitotic rate per mm2

	
	NM
	SSM
	

	
	n
	GM* (95% CI)
Median (25th, 75th)
	n
	GM* (95% CI)
Median (25th, 75th)
	p-value* 

	Breslow thickness
	
	
	
	
	

	T1: ≤1.0 mm
(n=1776)
	142
	2.2 (1.9, 2.5)
2.0 (1.0, 3.0)	
	1634
	1.6 (1.5, 1.7)
0.0 (0.0, 1.0)
	<0.001

	T2: 1.1-2.0 mm (n=1964)
	563
	3.2 (3.0, 3.5)
4.0 (2.0, 6.0)
	1401
	2.6 (2.4, 2.8)
3.0 (1.0, 5.0)
	<0.001

	T3: 2.1-4.0 mm (n=1654)
	921
	4.6 (4.2, 5.1)
6.0 (3.0, 11.0)
	733
	4.2 (3.8, 4.7)
5.0 (3.0, 10.0)
	0.026

	T4: >4.0 mm
(n=1164)
	891
	6.2 (5.4, 7.1)
9.0 (5.0, 15.0)
	273
	6.6 (5.6, 7.7)
10.0 (5.0, 16.0)
	0.280


GM: geometric mean, CI: confidence intervals
*Normal regression analysis adjusted for gender, age, ulceration 
Statistically significant results are shown in bold characters
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Table 4. Cox proportional hazard models for the risk of death from melanoma for NM versus SSM stratified for T1, Τ2, Τ3 and T4 melanomas
	
	T1
	T2
	T3
	T4

	Cox regression models
	n
	HR (95% CI)
p-value
	n
	HR (95% CI)
p-value
	n
	HR (95% CI)
p-value
	n
	HR (95% CI)
p-value

	Median Follow-up, months
	32.6
	34.5
	33.1
	25.2

	All cases
	
	
	
	
	
	
	
	

	Univariate
	8748
	3.06 (1.88, 4.96)
	4170
	1.37 (1.08, 1.74)
	3135
	0.89 (0.74, 1.07)
	2320
	0.99 (0.82, 1.18)

	
	
	<0.001
	
	0.009
	
	0.220
	
	0.882

	Multivariate 1 (adjusted for age, sex, Breslow thickness)
	8748
	2.36 (1.44, 3.89)
	4170
	1.30 (1.02, 1.65)
	3135
	0.88 (0.73, 1.06)
	2320
	0.93 (0.77, 1.11)

	
	
	0.001
	
	0.035
	
	0.190
	
	0.404

	Multivariate 2 (adjusted for age, sex, Breslow thickness, ulceration)
	8370
	2.10 (1.24, 3.56)
	3977
	1.30 (1.01, 1.68)
	3023
	0.88 (0.73, 1.06)
	2230
	0.93 (0.77, 1.12)

	
	
	0.006
	
	0.042
	
	0.173
	
	0.439

	Multivariate 2 with frailty for center
	8370
	2.20 (1.28, 3.78)
	3977
	1.23 (0.95, 1.60)
	3023
	0.84 (0.69, 1.03)

	2230
	0.96 (0.79, 1.17)

	
	
	0.004
	
	0.113
	
	0.096
	
	0.676

	Stratified: primary only melanomas
	
	
	
	
	
	
	
	

	Univariate
	7391
	2.76 (1.40, 5.43)
	3039
	1.21 (0.84, 1.72)
	1938
	0.79 (0.59, 1.06)
	1095
	0.93 (0.66, 1.32)

	
	
	0.003
	
	0.295
	
	0.121
	
	0.682

	Multivariate 1 (adjusted for age, sex, Breslow thickness)
	7391
	1.98 
(0.99, 3.98)
	3039
	1.09 (0.76, 1.57)
	1938
	0.80 (0.60, 1.08)
	1095
	0.86 (0.60, 1.22)

	
	
	0.054
	
	0.639
	
	0.143
	
	0.395

	Multivariate 2 (adjusted for age, sex, Breslow thickness, ulceration)
	7142
	1.61 (0.77, 3.38)

	2914
	1.14 (0.78, 1.67)

	1884
	0.83 (0.62, 1.13)

	1056
	0.91 (0.63, 1.30)


	
	
	0.203
	
	0.499
	
	0.236
	
	0.597

	Multivariate 2 with frailty for center
	7142
	1.57 (0.74, 3.32)
	2914
	1.02 (0.70, 1.51)
	1884
	0.80 (0.58, 1.10)
	1056
	1.09 (0.74, 1.61)

	
	
	0.238
	
	0.904
	
	0.173
	
	0.676 










HR: hazard ratio. Statistically significant results are shown in bold characters


Figure 1. Percentage of melanomas (%) by histological subtype for increasing Breslow thickness by decimal point. 
a. In contrast to T1 SSM, most T1 NMs showed thickness ≥0.8 mm (19%: 0.8 mm, 19.5%: 0.9 mm, 34.3%: 1.0 mm, meaning a sum of 72% of NM with thickness ≥0. 8 mm). 
b. In contrast to T1/T2 SSM, a small fraction of T1/T2 NM showed thickness <1.0 mm

[bookmark: _GoBack]Figure 2. Kaplan-Meier plots for melanoma-specific survival rates for NM compared to SSM for primary only melanomas. a. In T1 cases: Significant worse MSS for NM vs SSM (p: 0.0023), b. In T2 cases (p: 0.2944), c. In T3 (p: 0.1201), d. In T4 (p: 0.6614). Shaded areas indicate 95% confidence intervals. Dashed line indicates 5-year rates.






