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Abstract

Desmoplastic melanoma (DM) is a variant of spindle cell melanoma typically found on 

chronically sun-damaged skin of older individuals. Early diagnosis can be challenging because it 

is often amelanotic and has a predominantly dermal component. DM can be difficult to diagnose 

not only clinically but also histologically, and can be mistaken for a variety of benign and 

malignant non-melanocytic spindle cell tumors when viewed on prepared histopathology slides. 

Pathologists have observed that DMs can manifest significant variation with respect to the extent 

of intratumoral cellularity, fibrosis and/or perineural invasion. Furthermore, some tumors present 

with a pure desmoplastic invasive component (>90%) while other tumors display mixed features 

of desmoplastic and non-desmoplastic melanoma. This has lead to the separation of DM into two 

histologic subtypes, pure and mixed. With a focus on the distinction between pure and mixed DM, 

this review will detail what is currently known about the diagnostic features of DM, discuss risk 

and prognostic factors and examine the current literature on disease progression and management.

INTRODUCTION

Desmoplastic melanoma (DM) is a relatively uncommon variant of melanoma, accounting 

for less than 4% of primary cutaneous melanomas.1 The overall incidence rate is 2.0 per 

million with annual percentage increase of 4.6% per year.2 Its clinical behavior differs from 

other subtypes of melanoma, by having a higher tendency for persistent local growth and 

less frequent nodal metastases. DM can arise de novo or in association with other melanoma 

subtypes, most often of the lentigo maligna type. Based on clinical behavior and histological 

presentation, DM has been proposed as a sarcomatoid variant of melanoma.3-7 The term DM 

initially referred to the association of invasive tumor cells with abundant stromal collagen 

but has been further classified into two histopathological subtypes: pure DM (pDM) and 

mixed DM (mDM) based on the degree of desmoplasia present in the tumor.8 Patients with 
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pDM have less frequent lymph node involvement and tend to have a less aggressive clinical 

course than patients with mDM.

RISK FACTORS

The male to female ratio for DM is approximately 2:1 and the mean age at diagnosis is 66 

years.2 In contrast, non-desmoplastic melanoma has a male to female ratio of 1.3:1 and the 

median age at diagnosis is 60 years.9, 10 Chronic UV exposure has been linked to DM and 

this may account for distribution pattern with approximately half of DM found on the head 

and neck (51%), extremities (30%), and trunk (17%).2 In contrast to non-desmoplastic 

melanomas, the association with other risk factors such as intermittent UV exposure, 

dysplastic nevus syndrome, and family history of melanoma has not been fully elucidated 

for DM.

DIAGNOSTIC CONSIDERATIONS

Clinical and Dermoscopic Features

The diagnosis of DM is challenging since its clinical presentation is often non-specific. As 

such, the differential diagnosis is broad and includes: scar, dermatofibroma, neurofibroma or 

malignant lesions such as basal cell carcinoma, squamous cell carcinoma and amelanotic 

melanoma.11 Clinically, DM often presents as amelanotic nodules or plaques, or as ill-

defined scar-like lesions (Figures 1-2). Acral and mucosal DMs have also been 

reported.12-14 Given its association with lentigo maligna melanoma (LMM), it is advisable 

to palpate the skin suspected of LMM to detect any firm subcutaneous nodule that may point 

to DM. The clinical features according to the histopathological subtype have not been well-

described. From our observations, we speculate that mDM may be easier to recognize 

clinically, since this subtype is more often associated with LMM or superficial spreading 

melanoma (SSM).15, 16 In other words, the recognition of a LMM or SSM component is 

what leads to biopsy. In contrast, pDM may be relatively inconspicuous since these tend to 

appear as dermal nodules or plaques that usually lack an epidermal component and 

pigmentation.

Dermoscopy is a useful aid that improves diagnostic accuracy for the non-desmoplastic 

types of melanomas.17 However, its utility to identify DM remains to be proven. Due to the 

clinical subtlety of DM, there is limited information about its dermoscopic characteristics. 

Debarbieux and colleagues examined the dermoscopic presentation of six patients with 

DM.18 Five had an associated non-desmoplastic melanoma subtype (2 SSM, 2 LMM, 1 acral 

lentiginous melanoma), but only three revealed one or more melanocytic structures (i.e. 

pigment network, aggregated globules and streaks). For hypopigmented or amelanotic 

lesions, the authors concluded that the presence of white scar-like structureless areas and 

abnormal vascular patterns, such as linear-irregular vessels (also known as serpentine 

vessels) and milky-red areas were the only potential visual clues.

We analyzed the clinical and dermoscopic characteristics of 37 cases of DM from eight 

high-risk clinics (submitted): 43% of the lesions revealed melanocytic structures, including 

atypical globules, atypical pigment network and features associated with LMM such as 
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polygonal lines and asymmetric annular granular pattern. All of the lesions revealed at least 

one melanoma-specific structure, particularly atypical vascular structures and regression 

structures such as peppering.

Histopathologic Features

Under the light microscope, DM is characterized by the association of invasive melanoma 

with abundant collagenous matrix giving the tumor silhouette a pink scar-like appearance on 

routine hematoxylin and eosin-stained sections (Figure 3-4). The extent of desmoplasia in an 

invasive melanoma required for a diagnosis of DM varies considerably in the literature. The 

morphologic heterogeneity of DM prompted a new histologic classification by Busam et al.8 

pDM is typically pauci-cellular, with individual tumor cells dispersed in and separated from 

each other by fibrous tissue (Figure 3). Desmoplasia should be prominent throughout the 

vast majority of the tumor. In contrast, mDM has higher cell density than pDM, which may 

be throughout the entire tumor or manifest as nodule(s) of solid spindle and/or epithelioid 

melanocytes in a background of otherwise classic pauci-cellular DM (Figure 4). pDM or 

mDM may or may not be associated with in situ melanoma in the epidermis and/or follicular 

epithelium.

Nerve involvement by DM is common and most often associated with deeply infiltrating 

tumors of the head and neck region. The extent of nerve involvement may vary from focal 

perineural invasion to extensive neurotropism. The latter term is used when melanoma cells 

are found around or within small nerve bundles peripheral and/or deep to the main tumor 

mass. In a two-dimensional view of a cross sectional profile, there may be skip areas of 

several millimeters separating peri- or intraneural tumor cells from the main tumor, which 

poses a challenge for margin assessment and control, and tumors may recur from such foci. 

In a large meta-analysis, the presence of neurotropism ranged between 16.7%-77.8% and 

amelanosis ranged from 46.2%-93%.19

In approximately one third of DM, there is no identifiable in situ melanoma and recognition 

of an amelanotic dermal spindle cell tumor as melanoma can be difficult. The cytologic 

features of DM can be deceptively bland and lead to confusion with benign entities.7, 20 

Careful attention to the presence of focal hyperchromatic spindle cells and possible 

associated lymphocytic aggregates may provide clues for a possible diagnosis of DM and 

prompt the use of ancillary studies such as immunostaining.11

Immunohistochemical studies are often needed for the optimal assessment of tumor 

thickness of a DM and for its distinction from non-melanocytic simulants (Table 1).21, 22 

The most valuable marker for the diagnosis of DM is S100 protein; antibodies nerve growth 

factor receptor and Sox 10 might also be helpful. Caution is warranted when using 

immunohistochemistry in the detection of a possible residual DM component within a scar: 

typically, scars contain only scattered isolated S-100-positive cells whereas DM is typically 

strongly and diffusely positive for S-100 protein.11 Furthermore, S-100 protein does not 

distinguish DM from tumors of Schwann cells (Schwannoma, neurofibroma and malignant 

peripheral nerve sheath tumor).
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Molecular Profile

In gene expression profiling, DM demonstrated a decrease in a number of genes involved in 

melanin synthesis, which is purported to be the reason that many of these lesions are 

amelanotic.23 There was increased expression of the protein clusterin, a ubiquitous 

glycoprotein involved in tissue remodeling and fibrogenic processes, leading to speculation 

of its involvement in the generation of the fibrous stroma associated with DM.23 

Fluorescence in situ hybridization (FISH) has been shown to have limited diagnostic value 

in differentiating DM from benign melanocytic lesions based upon probing for specific 

chromosomal aberrations.24, 25 The vast majority of DM lacks a known mutation, though a 

rare mDM associated with a SSM may harbor a BRAFV600E mutation.26 Additionally, in 

the personal experience of one author (KJB), a rare acral DM has been found to harbor a c-

kit mutation.

Rendering the final diagnosis

The fact that melanoma often does not enter the differential diagnosis, either clinically or 

histopathologically, is a common problem for lesions that prove to be DM. The low 

suspicion for melanoma often leads to partial biopsies which, by definition, takes only a 

sample of the lesion and may miss an area that is most diagnostic. The odds of melanoma 

misdiagnosis are higher for partial biopsies than excisional biopsies and may result in 

potential legal ramifications.27, 28 In lesions where any doubt persists on either side, a repeat 

biopsy is strongly recommended.

PROGNOSTIC FACTORS

The five-year overall survival (OS) for DM ranges between 67-89%.29 Advancing age, male 

gender and head and neck location are associated with an increased risk of DM-specific 

death.2 Controversy persists regarding the prognosis of DM compared with non-

desmoplastic melanomas. Initial case series suggested that DM has a less favorable 

prognosis, based on its apparently aggressive clinical behavior.30, 31 Most of the lesions 

described were deeply invasive and advanced primary tumors, though no information was 

included about thickness rate of growth or histologic subtype.

Tumor thickness

Most DMs at the time of diagnosis tend to be thick, with the majority of tumors presenting 

with Clark levels IV and V, and the mean Breslow depth ranging between 2.0mm to 

6.5mm.2, 19 We speculate the increased depth at presentation of DM to be due to the 

difficulties in the initial clinical recognition. When separating by subtype, pDM (3.6mm) 

and mDM (5.5mm) are both significantly thicker than non-desmoplastic melanomas 

(2.1mm; p<0.001).32

Recent studies adjusting for tumor thickness found a more favorable prognosis for DM 

compared to non-desmoplastic melanoma of similar thickness.33-36 Carlson et al. found 

higher 5-year survival rates for DM tumors greater than 4 mm in thickness compared to 

other types of cutaneous melanoma greater than 4 mm (72% versus 37%-48%).33 Similarly, 

Skelton et al. also found higher survival rates in DM greater than 4 mm thickness as 
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compared to non-desmoplastic melanoma (61% versus 40%-41%).34 However, when DMs 

of all thicknesses were included in a large case series from the SMU, there was no 

significant difference in survival rates between patients with DM and non-desmoplastic 

melanoma.1 These differing results were likely due to the inclusion of many thin DM 

tumors. To reduce the thickness-related biases, the first case-control study matching for 

tumor thickness was performed with 89 DM cases and 178 non-desmoplastic melanomas in 

the Massachusetts General Hospital melanoma database.37 When compared to thickness-

matched controls, DM patients had similar survival rates to controls (5- year OS 72.6% 

versus 76.9%, respectively).

The conflicting reports about prognosis may be due to the lack of precise and uniformly 

applied pathologic criteria for classification and the inclusion of a heterogenous mix of DM 

cases. Prior to the separation of pDM and mDM, various studies included tumors with 

variable degrees of desmoplasia and neurotropism, leading to the inclusion of spindle cell 

neurotropic tumors with only minor desmoplasia as DM.1, 33, 34, 38 Therefore, it is 

recommended that these pathologic characteristics be reported as distinctive findings.

Neurotropism

Reed and Leonard were the first to report on 22 cases of neurotropic DM (NDM) with 

clinical characteristics of local infiltration, multiple recurrences and metastases.38 NDM 

tumors reveal deeper Clark levels (IV and V) and greater mitotic activity compared to DM 

without neurotropism.1 Because the majority of NDM occurs on the head and neck, NDM 

can give rise to facial nerve neuropathies due to direct tumor extension.36, 39 Regarding the 

impact of neurotropism on survival, one small case series found that NDM was associated 

with a 30% decrease in 8-year survival compared to DM without neurotropism.36 However, 

in other series, the presence of neurotropism was not found to be associated with a worse 

survival, but was associated with higher local recurrence rates (20% versus 6.8% in non-

neurotropic DM).1, 37

Pure and Mixed subtype

To distinguish the clinically relevant outcomes between histologic subtypes of DM, Busam 

et al.8 classified 92 DM cases into 55 pure and 37 mixed subtype. This demonstrated 

significant prognostic differences in disease-free survival. Patients with mDM had a 3.5 fold 

greater risk for death or metastases than those with pDM. Subsequent retrospective studies 

found significant differences in the clinical behavior between pDM and mDM (Table 2). 

Hawkins et al.32 confirmed the worse prognosis of mDM compared to pDM (five-year 

melanoma-specific mortality, 31% vs. 11%; P<0.01). One contributing factor is the higher 

frequency of regional lymph node involvement in patients with mDM (10%) versus pDM 

(1%), and higher rates of locoregional recurrence and a shorter time to recurrence for 

mDM.40 Furthermore, it has been observed that mDM has a higher mitotic index and Ki-67 

proliferative index.26, 41 In contrast, pDM was found to have similar mortality rates to other 

types of melanoma despite a 3-fold difference in median tumor thickness, perhaps lending 

credence to claims that thickness for thickness, pDM has a more favorable prognosis. These 

findings may begin to explain the phenotypic differences between the two DM groups. 
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Larger studies need to be performed in order to better correlate DM subtype and clinical 

outcomes.

MANAGEMENT

Wide Local Excision (WLE)

The first line of treatment for any primary cutaneous melanoma is surgical management. 

The present recommendations are margins from 1 to 2 cm for lesions 1.01 to 2.0 mm in 

thickness and 2 cm margins for melanomas greater than 2.0mm.42 A large case series study 

of 1,735 cases from the SEER registry demonstrates that for DM the extent of surgical 

resection, independent of tumor thickness, is a significant predictor for survival, with the 

minimal acceptable margins of WLE to be 1 cm.29 Patients undergoing WLE (greater than 

1cm) had better OS than excision less than 1 cm (67% versus 60%; p=0.029).

Another reason for maintaining wide margins is because of its propensity for local 

recurrence, ranging between 6.7% and 56.0%.19 “Local recurrence” of DM is likely due to 

persistent tumors resulting from missing a focus of positivity at a margin or from perineural 

skips areas. Not surprisingly, patients with DM with positive margins have higher local 

recurrence rates than those in patients with negative margins.1, 39, 43, 44 One Australian 

series reported significantly increased local recurrence rate in lesions excised with margins 

<1 cm than margins >2 cm (p=−.001).1 Maurichi et al. examined the differences in surgical 

margins between thin (<2mm) and thick (>2mm) pDM and mDM.45 In patients with thin 

pDM, those with 1 cm margins had a higher rate of recurrence as well as worse 5-year OS 

compared to those treated with 2 cm margins (60% versus 85.2%, P=0.014). Thick pDM 

treated with 2 cm margins had similar survival to thin pDM treated with the same (86.6% 

versus 85.2%). In contrast, the mortality risk in mDM increased with stage but was 

independent of width of excision margins, behaving more like nondesmoplastic melanomas.

The difficulty in achieving wide and deep excisions may be due to increased tumor depth 

and anatomic site.48 Since DM frequently affects the head and neck region, cosmetic and 

anatomic restraints may prevent excision with adequate margins. In addition, higher 

recurrence rates have been attributed to nerve involvement in DM because surgical margins 

may fail to detect focal persistent tumor deposits around nerve trunks. The predilection for 

local recurrence and neurotropism support the current guidelines that wider margins of at 

least 2 cm are preferred for DM.

Sentinel Lymph Node Biopsy (SLNB)

Sentinel lymph node (LN) status is the most important survival predictor for patients with 

primary localized cutaneous melanoma.46 Regional LN involvement at the time of DM 

diagnosis occurs less frequently than in other cutaneous melanomas, with a reported range 

of 0 to 18.8%. 19, 47-49 However, LN status on survival in DM remains conflicting. From the 

most recent SEER data, nodal status had no impact on 5-year OS (65% for node negative, 

64% node positive, p=0.86).29 A recent study from DM cases of the head and neck 

demonstrated that SLN-positive and SLN-negative patients have no significant differences 

in survival.50 In contrast, a study using the same population-registry database found that risk 

of death was three fold higher in those with positive LN involvement compared to no LN 
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involvement (95% CI: 1.94-4.65).2 The inconsistencies of these studies are likely due to the 

low incidence of lymph node disease in this rare variant of melanoma.

Given the low risk of LN involvement and questionable survival benefits of SLNB, some are 

questioning its clinical utility and recommending against its routine use in patients with 

DM.29, 41, 48, 51, 52 Classifying DM into histological subtype could better inform this 

management decision. George et al. found only 2 out of 155 (1.4%) of pDM patients versus 

14 out of 81 (18.5%) with mDM had positive regional LN at time of initial surgical 

staging.41 These results suggest that the incidence of LN involvement of mDM is 

comparable to that of non-desmoplastic melanomas. In a recent series from Memorial Sloan-

Kettering Cancer Center of 47 patients with DM of the head and neck, no patients were 

found to have a positive SLN out of the 23 who underwent SLN mapping (15 pDM and 8 

mDM).52 These studies bring into question the necessity of SLNB for patients with the pDM 

subtype.

However, rather than eliminating SLNB altogether, some have suggested selective SLNB 

for patients with additional high-risk factors. Though the prognostic significance of these 

characteristics is not fully understood, there is increasing evidence that patients with DM 

with neurotropism, high mitotic rate and ulceration may be considered for SLNB.37, 53 The 

National Comprehensive Cancer Network guidelines advise: “an experienced 

dermatopathologist examine the entire lesion before making the decision to perform a 

SLNB.”54 Though the two histopathologic DM subtypes may have distinct tendencies for 

LN involvement, this classification must be more clearly defined and correlated with LN 

status and survival outcomes to determine the best recommendations for or against SLNB.

Radiation

Because of the relatively high DM recurrence rates at the site of local excision, several 

groups have advocated adjuvant local radiation therapy. Vontgama et al. conducted a 

retrospective cohort study of 15 patients with locally recurrent DM who received adjuvant 

radiation therapy (most received 50Gy in 25-28 fractions).55 None of these patients 

experienced a local recurrence. Compared to the 29 patients that underwent surgery alone, 

four patients in that group experienced a local recurrence, suggesting an association with 

adjuvant radiation therapy and improved local control. The SMU recently reported the 

outcome of patients with NDM thought to be at high risk for local recurrence who were 

treated with adjuvant radiation therapy (most received 48-50 Gy in 20-25 fractions).44 

Among those treated, significantly more were men, had head and neck primary tumors that 

were thick (>4 mm thick or Clark level V involvement), ulcerated, and underwent excision 

with positive or narrow margins. Similar rates of local failure were reported compared to the 

group of patients who underwent surgery alone (6% and 7%, respectively). Because the 

results of treatment in in pDM versus mDM were not reported separately, no conclusions 

about the effectiveness of radiation therapy in pDM or mDM can be made.

Based on the aforementioned literature adjuvant radiotherapy may be valuable for patients 

with locally recurrent DM, residual gross tumor, or narrow/positive excision margins 

(especially in cosmetically or functionally sensitive areas on the head and neck, where wide 

excision and local failure can be morbid). The presence of neurotropism portends a poor 
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prognosis in many cutaneous malignancies and consideration of adjuvant therapy might also 

be worthwhile in this situation.56, 57 An ongoing randomized controlled trial of adjuvant 

radiation therapy versus observation in patients with neurotropic melanoma of the head and 

neck (NCT00975520) will help clarify the role of radiation therapy in this patient 

population.

Systemic therapies

Systemic metastasis occurs in 7% to 44% of DM cases with the most common involved 

areas being the lung, liver and bone.19 The histopathological type of DM also determines the 

risk for distant metastasis. For instance, mDM has more LN and distant metastases than 

pDM.45 If metastases are present, the time it takes to develop is shorter in mDM.

Whether systemic treatments for non-desmoplastic melanoma, such as ipilimumab or 

vemurafenib, can be successfully applied to DM remains to be determined. The observation 

that genetic mutations such as BRAFV600E and c-KIT mutation are frequently absent in 

DM should be taken into consideration when discussing these targeted therapies for 

melanoma.26, 58

CONCLUSIONS AND RECOMMENDATIONS

DM can be a diagnostic challenge for clinicians and pathologists alike, because of its non-

specific and often banal appearance. Multiple pitfalls exist in achieving the correct diagnosis 

including the initial clinical diagnosis as a benign entity, partial biopsies that are insufficient 

to render a pathologic diagnosis, and interpretation error under the microscope. We offer 

some final recommendations which can aid in the diagnostic and management decisions

• Any clinically suspect LMM should be palpated due to the association of DM with 

LMM. If a dermal firm nodule is noted, one needs to consider the possibility of a 

DM component.

• An excisional biopsy, whenever feasible, is the preferred biopsy method for suspect 

lesions.

• The pathologic distinction between pure and mixed DM should be documented 

since this distinction is likely to help inform diagnostic and management decisions.

• WLE with clear margins (when feasible, a 2 cm margin) is important for all types 

of DM in order to reduce local recurrence.

• SLNB may be unnecessary for patients with pure DM, however, considered in 

patients with mDM, especially in those manifesting high-risk DM tumor 

characteristics such as deep infiltration, neurotropism, ulceration and/or higher 

mitotic rate.

• Following surgery, adjuvant radiotherapy appears beneficial in patients with locally 

recurrent DM, residual gross tumors, DM with perineural involvement, or DM 

excised with narrow margins.
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Further studies should help improve our understanding of the molecular underpinnings of 

DM's growth and progression, and result in improved risk stratification of patients and help 

researchers formulate better directed therapies towards controlling this malignancy.
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CAPSULE SUMMARY

• The diagnosis and management of desmoplastic melanoma is challenging 

because it is an infrequently encountered subtype of melanoma and, it often has 

a banal clinical morphology and its biology is not fully understood.

• Distinction between pure and mixed desmoplastic melanoma has been shown to 

have clinical, therapeutic and prognostic significance.

• Knowledge of the distinct histologic subtypes of desmoplastic melanoma, their 

risk factors, as well as their clinical and dermoscopic characteristics, can aid in 

their detection and management.
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Figure 1. 
Clinical and dermoscopic features of desmoplastic melanoma, pure type. (A) overview (B) 

close-up shows a firm cystic to scar-like nodule on the chest of 67 year-old male with a 

history of multiple primary melanomas. Biopsy revealed a 6.1mm DM, pure subtype, Clark's 

level V, Mitotic index 1, with perineural invasion. (C) Under dermoscopy, atypical dotted 

vessels were observed (arrow)
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Figure 2. 
Clinical and dermoscopic features of desmoplastic melanoma, mixed type. (A) overview (B) 

close-up shows an erythematous plaque on the mid-back of 71 year old male (arrow). This 

proved to be a 0.95mm superficial spreading melanoma with focal invasive desmoplastic 

melanoma, mixed subtype. (C) Under dermoscopy, regression structures, vascular blush and 

polymorphous vessels were observed.
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Figure 3. 
Desmoplastic melanoma, pure type (H&E). A: Amelanotic spindle cell melanoma is 

associated with collagenous stroma and lymphocytic aggregates. B: Individual 

hyperchromatic fusiform melanocytes are dispersed in a fibrous matrix.
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Figure 4. 
Desmoplastic melanoma, mixed type (H&E). A: One part of the invasive melanoma displays 

a fibrosing spindle cell component. B: Another part of the melanoma is composed of densely 

cellular aggregates of epithelioid tumor cells.
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Table 1

Distinction of desmoplastic melanoma from non-melanocytic mimickers by immunohistochemical stains

Immunohistochemical stain Desmoplastic melanoma Spindle cell carcinoma Sarcoma

S100 protein Diffusely positive
Usually negative

a
Usually negative

a

Melanocyte Differentiation antigens (gp100, Melan-A/
Mart-1, tyrosinase, MITF)

May be focally positive Negative Negative

Muscle markers (SMA, Desmin)
Usually negative; may be positive

b Usually negative
May be positive

c

Epithelial Markers (p63, CK5/6, MNF116, 34BE12) Negative Positive Usually negative

Abbreviations: SMA: smooth muscle antibody, MITF: Microphthalmia-associated transcription factor

a
May be positive in some tumors (e.g., myoepithelial carcinoma or malignant nerve sheath tumor)

b
SMA is not uncommonly weakly positive in desmoplastic melanoma; strong labeling for desmin is rare

c
Strong staining for SMA and desmin, with no or only weak labeling for S100 protein suggest leiomyosarcoma
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Table 2

Key features of Pure and Mixed Desmoplastic Melanoma

Features Pure DM Mixed DM

Clinical Frequently, a dermal nodule or plaque
Less often contains clinical pigmentation

More often associated with LM or SSM
More often contains clinical pigmentation

Histologic Pauci-cellular
Prominent desmoplasia throughout entire 
tumor

Higher cellular density
Higher mitotic index, increased CD117 staining and 
higher Ki-67 proliferative index (Miller)

Locoregional Recurrence 32,40 4.1%-26% 12.4%-39%

Regional lymph node 
involvement 32, 40, 41, 51

0-2.2% 8.5%-22%

Distant Metastasis 40 11.3% 12.4%
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