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SUMMARY  

The dissertation is the result of Antonina Kalmykova's doctoral research conducted at Charles 

University in Prague, at the Faculty of Medicine in Pilsen, from 2019 to 2025. The primary focus was 

on rare soft tissue and skin tumors. In her work she used various investigative methods, including 

morphology, immunohistochemistry, and molecular genetic techniques, with the aim of extending 

and/or improving existing classification and diagnostic approaches. 

There are two parts in this dissertation.  

The first part focused on rare skin tumors and included three articles. 

In the first study, we focused on comprehensive clinical, morphological, and molecular 

characteristics of BAP1-inactivated melanocytic tumors (BIMT). During this research, we extended 

the morphological spectrum of BIMTs and identified novel BAP1 mutations. We stressed the 

necessity of further investigations to correctly define BIMTs and identify possible morphological or 

molecular prognostic factors. 

In the second paper, we reported newly identified MITF::CREM fusion-associated tumor and 

summarized our findings together with two previously published cases. Our research extended the 

morphological characteristics of this rare entity. We stated that molecular confirmation is necessary 

for a definitive diagnosis and further studies are needed to determine the exact biological behavior. 

The third paper is a review article focused on the main changes in the mesenchymal tumor 

chapter in the new 5th edition of WHO classification of skin tumors, primarily focusing on the new 

entities that were added [1]. These namely include CRTC1::TRIM11, ACTIN::MITF, and 

MITF::CREM rearranged tumors with melanocytic differentiation, EWSR1::SMAD3-rearranged 

fibroblastic tumors, superficial CD34-positive fibroblastic tumors, and NTRK-rearranged spindle cell 

neoplasms. Morphological features, immunohistochemical characteristics, molecular profile, and 

differential diagnosis were discussed in this article. 

The second part focused on rare soft tissue tumors and included four articles. 

The first article was focused on a rare soft tissue tumor with an indolent nature: inflammatory 

leiomyosarcoma (ILMS). We investigated the immunohistochemical profile and analyzed follow-up 

data to understand the long-term outcomes and, therefore, clinical behavior of this tumor. The 

molecular study results and immunohistochemical characteristics indicated that ILMS is not a subtype 

of leiomyosarcoma. All these findings for the first time suggested that ILMS originate from a more 

primitive myogenic lineage with smooth but mainly skeletal muscle differentiation. This has been 

confirmed in subsequent studies and eventually it has led to redefining of its current classification 
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from ILMS to a neoplasm with skeletal muscle immunophenotype in the upcoming WHO 

classification of soft tissue tumors.  

In the second paper, we described a rare phenomenon of transformation of biphenotypic 

sinonasal sarcoma (BSNS) with PAX3::MAML3 fusion into high-grade rhabdomyosarcoma (RMS). 

Therefore, we advocated for a careful clinical follow-up and thorough sampling of every BSNS case, 

as well as molecular profiling of sinonasal RMS of any type to prevent potential diagnostic errors. 

In the third study, we investigated by then the largest case series of EWSR1-PATZ1-rearranged 

sarcomas (EPS), focusing on detailed clinicopathological analysis. We expanded the known 

morphological range and defined specific histological and immunohistochemical features of these 

tumors. Also, in some cases, we described more indolent clinical behavior than previously reported 

cases, suggesting that a subset of EPS may have a more favorable prognosis than previously thought, 

a finding confirmed in subsequent studies. Further investigation is needed to identify the potential 

morphological or molecular prognostic factors which can influence clinical outcomes. 

In the fourth study, we focused on comprehensive clinicopathological, molecular, and 

methylation analysis of mesenchymal tumors with NTRK and other kinase gene aberrations, one of 

the largest series to date. A morphological spectrum defined by cellularity and degree of atypia was 

confirmed to correlate with chromosomal copy number changes as well as outcome. Several novel 

fusions were identified, including PWWP2A::RET, NUMA1::RET, ITSN1::RAF1, 

and  CAPZA2::MET fusions. Additionally, the first cervical case with BRAF and EGFR mutations 

was discovered and published in this series. DNA sequencing revealed that secondary molecular 

alterations are rare in these mostly kinase fusion driven tumors. Most importantly, we have shown 

that the methylation profile of so called NTRK-rearranged spindle cell tumors largely overlaps with 

that of infantile fibrosarcoma, a currently separate entity in the WHO classification, thus supporting 

the notion that all these neoplasms are closely related and perhaps represent a morphological spectrum 

of one entity. 
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LIST OF ABBREVIATIONS  

BIMT ï BAP1-inactivated melanocytic tumor 

BSNS ï Biphenotypic sinonasal sarcoma 

CCTMMC ï Clear Cell Tumor with Melanocytic Differentiation and MITF::CREM Translocation  

CNV ï Copy Number Variation 

DFSP ï Dermatofibrosarcoma protuberans  

EPS ï EWSR1-PATZ1-rearranged sarcomas  

FFPE ï formalin fixed paraffin-embedded  

FISH ï Fluorescence In Situ Hybridization 

HG ï high grade 

HPF ï high power field 

IFS ï Infantile Fibrosarcoma  

IG ï intermediate grade  

IHC ï immunohistochemistry 

ILMS ï Inflammatory Leiomyosarcoma 

IMT ï Inflammatory Myofibroblastic tumor 

LG ï low-grade  

LNT ï lipofibromatosis-like neural tumor pattern 

MPNST ï Malignant Peripheral Nerve Sheath Tumor 

MSI ï microsatellite instability  

NGS ï Next-Generation Sequencing 

NTRK-SCN ï NTRK-rearranged spindle cell neoplasms 

PCR ï Polymerase Chain Reaction 

RMS ï Rhabdomyosarcoma  

SMA ï smooth muscle actin  

SPH ï stromal and perivascular hyalinization 

TMB ï tumor mutational burden  

WHO ï World Health Organization 
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INTRODUCTION  

Soft tissue tumors represent a heterogeneous group of tumors with different histogenesis and 

a wide spectrum of biological behavior. According to the latest World Health Organization (WHO) 

classification, soft tissue sarcomas account for less than 1% of all malignant neoplasms [2]. In recent 

years, the introduction of contemporary molecular diagnostic tools has boosted the discovery of new 

entities and the reassessment of existing classifications.  

The fifth edition of the WHO Classification of Tumors of Soft Tissue and Bone classified 

tumors according to their line of differentiation and included chapters on adipocytic tumors, 

fibroblastic and myofibroblastic tumors, fibrohistiocytic tumors, vascular tumors, pericytic tumors, 

smooth muscle tumors, skeletal muscle tumors, gastrointestinal stromal tumors, chondro-osseous 

tumors, and peripheral nerve sheath tumors. Tumors that could not be classified accordingly were 

placed in the category of tumors of uncertain differentiation [2].  

A few emerging entities, such as NTRK-rearranged spindle cell neoplasm and 

EWSR1 - SMAD3-positive fibroblastic tumor, were included in the latest classification under the 

chapters "Tumors of Uncertain Differentiation" and "Fibroblastic and Myofibroblastic Tumors," 

respectively. All other updated and newly included entities with corresponded immunohistochemical 

and molecular finding are listed in Table 1. 

Table 1. Updated and novel entities in 5th WHO Classification of Tumors of Soft Tissue and Bone 

Tumor name IHC  features Molecular features 

Atypical spindle 

cell/pleomorphic 

lipomatous tumor 

CD34, S100, desmin ï variable 

expression 

MDM2 and CDK4 ï negative 

Loss of nuclear RB1 (up to 70% 

cases) [3, 4, 5] 

Absence of MDM2 or CDK4 

amplification [6] 

Myxoid pleomorphic 

liposarcoma 

 Absence of FUS/EWSR1-

DDIT3 gene fusions and 

MDM2 amplifications [7, 8] 

Angiofibroma of soft 

tissue 

EMA, CD34 ï variable expression 

Desmin (rare in dendritic cells) [9, 

10] 

AHRR-NCOA2 fusion (up to 

80% cases) 

GTF2I-NCOA2 fusion 

GAB1-ABL1 fusion [11, 12] 

Epithelioid 

hemangioendothelioma 

(EHE) 

CD34, CD31, podoplanin (D2-40), 

FLI1, and ERG ï positive [13, 14] 

CK7, CK8, CK18, pan-keratin ï 

positive in up to 40% of cases [15] 

SMA ï positive in up to 50% of 

cases [15] 

WWTR1-CAMTA1 fusion [20] 

YAP1-TFE3 fusion [21] 
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CAMTA1 ï positive (subset of 

WWTR1-CAMTA1 fused tumors) 

[16] 

TFE3 ï positive (YAP1-TFE3 

tumors, subset of WWTR1-

CAMTA1 tumors) [17, 18, 19] 

Inflammatory 

leiomyosarcoma 

Desmin, SMA - positive 

H-caldesmon, MSA, MyoD1, 

PAX-7, and myogenin ï variable 

positivity [22] 

Near-haploid genotype [23] 

NF1 gene mutation  

ERBB4 gene mutation [22] 

NTRK-rearranged spindle 

cell neoplasm 

Co-expresion of CD34 and S100 

[24] 

pan-TRK, TRK-A ï impaired 

specificity [25] 

NTRK1 fusions with a variety 

of partners 

rare NTRK2 and NTRK3 

fusions 

RAF1 or BRAF fusions 

EWSR1-SMAD3-positive 

Fibroblastic Tumor 

ERG ï strong nuclear expression 

SMA, CD34 ï negative [26] 

EWSR1-SMAD3 fusion [27] 

Superficial CD34-positive 

Fibroblastic Tumor 

CD34, SynCam3 (up to 80% 

cases) ï positive 

Keratin ï patchy positive 

N-terminus WT-1 ï positive (2/3 

cases) [28, 29, 30] 

PRDM10 fusions with 

CITED2, MED12, 

ARHGAP32, or RAD30 [28, 

31, 30] 

CIC-rearranged sarcoma CD99 ï patchy staining;  

ETV4, WT1 ï positive nuclear 

expression [32, 33] 

CIC-DUX4 fusion [34] 

non-DUX4 partner genes 

(FOXO4, LEUTX, NUTM1, 

NUTM2A) [35, 36, 37, 38] 

Sarcomas with BCOR 

genetic alterations 

BCOR ï nuclear positivity [39] 

cyclin B3, cyclin D1, SATB2 ï 

positive 

CD99 ï patchy staining (50% of 

cases) [40] 

 

BCOR fusions with CCNB3, 

MAML3, ZC3H7B 

YWHAE-NUTM2B fusion [41] 

Round cell sarcomas with 

EWSR1-non- ETS fusions 

CD99 (50% of cases) ï positive  

PAX7, NKX2-2 ï variable 

expression [42, 43] 

AE1/AE3 (dot-like), CD138 ï 

focal expression (subset of cases). 

Myogenic markers (desmin, 

myogenin, MYOD1) ï variable 

co-expression 

Neurogenic markers (S100P, 

SOX10, MITF, GFAP) ï variable 

co-expression [44] 

EWSR1-PATZ1 fusion 

FUS-NFATC2 fusion 

EWSR1-NFATC2 fusion [45] 

 

EWSR1::SMAD3-rearranged fibroblastic tumors, superficial CD34-positive fibroblastic 

tumors, and NTRK-rearranged spindle cell neoplasms were also included in the latest update of the 

mesenchymal chapter in the 5th Edition of the WHO Classification of Skin Tumors [1]. In addition 

to the aforementioned changes, a new category of tumors with melanocytic differentiation, namely 
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MITF pathwayïactivated cutaneous melanocytic tumors, was introduced in the melanocytic tumors 

chapter. This category includes tumors with ACTIN::MITF and MITF::CREM fusions. A new entity 

with similar molecular pathway abnormalities, the CRTC1::TRIM11 fusion tumor, was described in 

the soft tissue chapter. All three tumors share a common pathological pathway that results in the 

overexpression of MITF. However, they are categorized in different sections. Immunohistochemical 

and molecular characteristics of MITF pathwayïactivated cutaneous melanocytic tumors and 

CRTC1::TRIM11 fusion were described in Table 2. 

Table 2. Immunohistochemical and molecular characteristics of MITF pathwayïactivated cutaneous 

melanocytic tumors. 

Tumor name IHC features Molecular features 

CRTC1::TRIM11 tumor SOX10 ï positive 

S100 ï positive (50% of cases) 

HMB-45, Melan A ï variable 

positivity  

Pan-TRK A ï variable positivity  

(60% diffuse) 

TRIM11 ï positive [46, 47, 48] 

CRTC1::TRIM11 fusion 

MITF::CREM tumor S100, SOX10, MITF, HMB-45 ï 

positive 

Melan A ï variable positivity 

Keratins ï negative [49, 50] 

MITF::CREM fusion 

ACTIN::MITF tumor HMB-45, Mart-1/Melan-A, MITF, 

S100 ï positive  

SOX10 ï negative  

Keratins ï negative [51] 

ACTIN::MITF fusion 

 

In the dissertation, the author focused on the clinical, histological, immunohistochemical, 

and molecular features of rare soft tissue and skin tumors. The results have been published in seven 

articles in American and European journals with impact factors, in which the author is listed both as 

the first author and as a co-author. The dissertation consists of commentary on these publications, 

and all articles are accompanied by copies of their reprints. 

The first part focuses on selected skin tumors, including mesenchymal tumors with NTRK 

and other kinase gene aberrations, BAP1-inactivated melanocytic tumors, and  MITF::CREM-

rearranged tumors. This section also includes a review of cutaneous mesenchymal tumors, with an 

emphasis on new fusion-associated neoplasms and other main changes made in the 5th edition of 

the WHO Classification of Skin Tumors. 

The second part of the doctoral thesis focuses on rare soft tissue tumors, including 

inflammatory leiomyosarcoma, biphenotypic sinonasal sarcoma with PAX3::MAML3 fusion, and 

EWSR1-PATZ1-rearranged sarcoma.  
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GOALS AND HYPOTHESIS 

The objectives of the dissertation "The Diagnostics of Rare Soft Tissue and Skin Tumors 

Using Histological, Immunohistochemical, and Molecular Biological Methods" were as follows: 

1. To investigate rare soft tissue and skin tumors to identify specific clinical and 

morphological characteristics that could potentially enhance diagnostic accuracy. 

2. To study genetic mutations and pathogenic molecular pathways involved in the 

tumorigenesis and progression of soft tissue and skin tumors to identify potential therapeutic targets 

and predictive markers.  

3. To establish correlations between clinical presentation, histopathology, and molecular 

profiles to improve our understanding of the biological behavior of these rare entities.  

4. To expand existing knowledge for soft tissue and skin tumors, facilitating research, data 

sharing, and collaborative efforts in understanding these diseases.  

5. To extend and refine the current classification of soft tissue and skin tumors.  

 

Fulfilling research aims to improve the understanding, diagnostic process, and management 

of rare soft tissues and skin tumors, which ultimately leads to better patient outcomes. 
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MATERIALS AND METHODS  

Clinical and follow-up data 

Clinical and follow-up data were gathered from medical records, patients, treating physicians, 

or referring pathologists. 

Immunohistochemistry 

Some immunohistochemical studies analyzed in the included publications were provided by 

the respective contributing institutions (staining protocols varied). However, the majority of 

immunohistochemical tests included in the studies were conducted either at the Department of 

Pathology, Charles University, Faculty of Medicine in Plzen or in Biopticka LaboratoŚ s.r.o.. 

The immunohistochemical (IHC) stainings were performed followed the protocols recommended by 

the antibody manufacturers. 4-ɛm-thick sections were cut from formalin fixed paraffin-embedded 

tissue blocks (FFPE) and placed on positively charged slides (TOMO; Matsunami Glass IND, Japan). 

The sections were processed using the BenchMark ULTRA system or Ventana Benchmark XT 

automated stainer (both produced by Ventana Medical System, Tucson, AZ), where they underwent 

deparaffinization and on-board heat-induced epitope retrieval. 

For visualization, the ultraView Universal DAB Detection Kit or ultraView Universal Alkaline 

Phosphatase Red Detection Kit (both produced by Roche, Basel, Switzerland) were used.  

Counterstaining was performed with the use of Mayer's hematoxylin.  

Appropriate positive and negative controls were present for quality assurance. 

A detailed list of all primary antibodies used is provided in Table 3 

Table 3. Primary antibodies list 

Inflammatory leiomyosarcoma study 

Antibody Clone Dilution  Manufacturer  

Desmin   D33 1:200 Dako  

Smooth 

muscle actin   

1A4 1:500 Dako  

Muscle 

specific actin   

HHF35 1:200 Dako  

Caldesmon   E89 prediluted Ventana  
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MyoD1   EP212 prediluted Ventana  

Myogenin   Myf4 1:100 Novocastra  

PAX-7   monoclonal 1:500 Developmental Studies Hybridoma 

Bank  

CD163    MRQ-26 prediluted Cell Marque  

MDM2   1F2 1:100 Thermo Fisher Scientific  

CDK4   DCS-156 1:100 Zytomed  

ALK -1   ALK01 prediluted Ventana  

ROS-1   D4D6 1:50 Cell Signaling  

CD21   2G9 prediluted Ventana   

CD35   Ber-MAC-DRC 1:50 Dako   

OSCAR   IsoType:IgG2a 1:100 Covance  

AE1/3   AE1/AE3&PCK26 prediluted Ventana  

S100 polyclonal prediluted Ventana  

CD34   QBEnd/10 1:200 Dako  

HMB45   HMB45 1:400 Dako  

CD117   polyclonal 1:800 Dako  

DOG1   SP31 prediluted Cell Marque  

Alpha-Inhibin   R1 prediluted Cell Marque 

Biphenotypic sinonasal sarcoma with PAX3::MAML3 fusion study 

Antibody Clone Dilution  Manufacturer  

S100 protein Polyclonal RTU Ventana 

SMA 1A4 RTU Cell Marque 

PAX7 monoclonal 1:500 Developmental Studies Hybridoma 

Bank 

MyoD1   EP212 prediluted Ventana  

Desmin   D33 1:200 Dako  

Myogenin   Myf4 1:100 Novocastra  
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EWSR1-PATZ1-rearranged sarcoma study 

Antibody Clone Dilution  Manufacturer  

Desmin  D33  1:200  Dako  

Smooth 

muscle actin  

1A4  1:500  Dako  

CD99  HO36-1.1  1:200  Thermo Fisher Scientific  

MyoD1  EP212  prediluted  Ventana  

Myogenin  Myf4  1:100  Novocastra  

PAX-7  monoclonal  1:500  Developmental Studies Hybridoma 

Bank  

WT1  6F-H2  1:50  Dako  

OLIG2  polyclonal  1:50  Thermo Fisher Scientific  

Synaptophysin  polyclonal  1:350  Thermo Fisher Scientific  

MDM2  1F2  1:100  Thermo Fisher Scientific  

H3K27me2  ab24684  1:500  Abcam  

CAM5.2  CAM 5,2  prediluted  Ventana  

NKX3.1  polyclonal  1:50  Biocare Medical  

NKX2.2  74.5A5  1:50  Developmental Studies Hybridoma 

Bank  

SSX  E5A2C  1:1000  Cell Signaling  

SS18  E9X9V  1:2000  Cell Signaling  

BCOR  polyclonal  1:200  Sigma-Aldrich  

OSCAR  IsoType:IgG2a  1:100  Covance  

AE1/3  AE1/AE3&PCK2

6  

prediluted  Ventana  

S100  polyclonal  prediluted  Ventana  

CD34  QBEnd/10  1:200  Dako  

HMB45  HMB45  1:400  Dako  
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EMA  E29  1:400  Dako  

ERG  9FY  1:100  Biocare Medical  

STAT6  YE361  1 : 1000  Abcam  

Alpha-Inhibin  R1  prediluted  Cell Marque 

Mesenchymal tumors with NTRK and other kinase gene aberrations study 

Antibody  Clone Dilution  Manufacturer  

CD34 QBEnd/10 1:200 
Dako-Agilent, Santa Clara, CA, 

USA 

panTrk EPR17341 1:50 Abcam, Cambridge, UK 

S-100 Polyclonal prediluted Dako-Agilent 

MITF::CREM rearranged tumor study 

Antibody  Clone Dilution  Manufacturer  

S-100 Polyclonal prediluted Dako-Agilent 

SOX10 Polyclonal 1:100 Cell Marque 

MITF D5 1:100 Dako 

HMB45   HMB45 1:400 Dako  

Tyrosinase T311 prediluted Ventana 

Melan A  A 103 1:100 Dako 

AE1/3   AE1/AE3&PCK26 prediluted Ventana  

OSCAR   IsoType:IgG2a 1:100 Covance  

PRAME EPR20330 1:100 Abcam 

p16 E6H4 prediluted Ventana 

Synaptophysin SP11 prediluted Ventana 

INSM monoclonal 1:1000 Santa Cruz 

ALK  D5F3 prediluted Ventana 

MUC4 1G8 1:50 Santa Cruz 

Ki -67 MIB1 prediluted Dako 
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BAP1-inactivated melanocytic tumor study 

Antibody  Clone Dilution   

BAP1 C-4 1:50 Santa Cruz 

S100 polyclonal  prediluted  Ventana 

BRAF V600E VE1  prediluted Ventana 

 

Molecular genetic studies 

The vast majority of molecular genetic studies employed in the discussed studies were performed at 

Bioptick§ LaboratoŚ s.r.o. In selected cases, the included cases were analyzed at the respective 

submitting institutions using various assays. 

FISH studies 

The FISH assay was performed according to the previously described protocol [52]. 

4-ɛm-thick FFPE sections were placed onto positively charged slides. The unstained slides 

were routinely deparaffinized and incubated in 1Ĭ Target Retrieval Solution Citrate at pH 6 (Dako, 

Glostrup, Denmark) at 95 ÁC for 40 min and subsequently cooled for 20 min at room temperature in 

the same solution. Slides were washed in deionized water for 5 min and digested in protease solution 

with pepsin (0.5 mg/ml, Sigma Aldrich, St. Louis, MO, USA) in 0.01 M HCl at 37 ÁC for 25 to 60 

min, according to the sample conditions. Slides were then placed into deionized water for 5 min, 

dehydrated in a series of ethanol solution (70, 85, and 96% for 2 min each), and air dried. 

Probe was applied onto the specimen, covered with a glass coverslip, and sealed with rubber cement. 

Slides were incubated in the ThermoBrite instrument (StatSpin/Iris Sample Processing, Westwood, 

MA, USA) with co-denaturation at 85 ÁC for 8 min and hybridization at 37 ÁC for 16 h. Rubber-

cemented coverslip was then removed, and the slide was placed in post-hybridization wash solution 

(2xSSC + 0.3% NP-40) at 72 ÁC for 2 min. The slides were air dried in the dark, counterstained with 

4ǋ,6ǋ-diamidino-2-phenylindole (DAPI; Vysis/Abbott Molecular, IL, USA), coverslipped, and 

immediately examined. Appropriate positive and negative controls for each FISH probe were 

employed. 

The commercial probes used for detecting molecular aberrations are listed in Table. 4 

Table. 4 List of the probes 

Names of probe  Source 

ZytoLightÈ SPEC MDM2/CEN 12 Dual Color Probe ZytoVision GmbH, Bremerhaven, Germany 
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SureFISH PAX3 (2q36.1) break-apart probe SureFISH/ Agilent Technologies, Santa 

Clara, CA, USA 

SureFISH -!-,χ ɉτÑσρȢρ Ɋ break-apart probe SureFISH/ Agilent Technologies, Santa 

Clara, CA, USA 

Vysis EWSR1 Break-Apart (BA) FISH Probe Kit  Abbott Molecular, IL 

ZytoLightÈ SPEC CDKN2A/CEP9 Dual Color Probe ZytoVysion Gmbh, Bremerhaven, Germany 

BAP1/CCP3 FISH Probe kit Cytotest Inc., Washington DC, Maryland, 

USA 

Four-probe assay RRB1, CCND1, MYB, and CEP6 Vysis, Abbot Molecular, Des Plaines, IL, 

USA 

 

Also, three-probe assay CDKN2A, MYC, and CEP9 was performed according to the previously 

described protocol [53]. 

The sections were examined with an Olympus BX51 fluorescence microscope (Olympus 

Corporation, Tokyo, Japan) using a Ĭ100 objective and filter sets triple bandpass 

(DAPI/SpectrumGreen/SpectrumOrange), dual bandpass (SpectrumGreen/SpectrumOrange) and 

Single Bandpass (SpectrumGreen or SpectrumOrange). The cut-off values varied between the 

individual probes based on the available literature data and internal validation studies.  

Targeted Next-generation Sequencing (NGS) 

Targeted RNA sequencing was performed using customized versions of the FusionPlex assay 

for Sarcomas and Solid Tumors, as well as the TruSight RNA Pan-Cancer Panel (Illumina Inc.) [54, 

55]. Targeted DNA sequencing was conducted using VariantPlex Solid Tumor kits (ArcherDX Inc.), 

TruSight Tumor 170 assay (Illumina Inc.) or TruSight Oncology 500 Kit (Illumina Inc.),. 

In BIMT study, for RNA-based analyses, the total nucleic acid was extracted using an FFPE 

DNA kit (with the modified protocol for total nucleic acid extraction, automated on Maxwell RSC 

48 Instrument, Promega, Madison, Wisconsin, USA). For DNA-based methods, DNA was isolated 

using a DNA mini kit (Qiagen, Hilden, Germany). Purified DNA and RNA were quantified, using 

the Qubit Broad Range DNA and RNA Assays, respectively (Thermo Fisher Scientific, Waltham, 

Massachusetts, USA). 

Various customized version of Archer FusionPlex Sarcoma kit (ArcherDX Inc.) were used to 

construct a cDNA library for detecting fusion transcripts and point mutations in inflammatory 

leiomyosarcoma, biphenotypic sinonasal sarcoma with PAX3::MAML3 fusion, EWSR1-PATZ1-

rearranged sarcoma, mesenchymal tumors with NTRK and other kinase gene aberrations studies. All 
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steps were performed according to the manufacturerôs instructions, and the library was sequenced on 

an Illumina platform as described in detail previously [56]. 

Briefly, for NGS analysis, 2ï3 FFPE sections (10-ɛm-thick) were macrodissected to isolate tumor-

rich regions. Total nucleic acid was extracted from tumor samples using the Agencourt FormaPure 

Kit (Beckman Coulter, Brea, CA) according to the manufacturerôs protocol, with an overnight 

digestion and an additional 80ÁC incubation, as required by the modified protocol from ArcherDX 

(ArcherDX Inc.). 

The RNA component of the extracted total nucleic acid was quantified using the Qubit Broad Range 

RNA Assay Kit (Thermo Fisher Scientific, Waltham, MA, USA). A total of 250 ng of FFPE RNA 

was used for library preparation with the FusionPlex Sarcoma Kit. PreSeq RNA QC Assay was 

performed on all samples using iTaq Universal SYBR Green Supermix (Bio-Rad, Hercules, CA) in 

accordance with the Archer FusionPlex Protocol for Illumina (ArcherDX Inc.). 

Final libraries were quantified using the Library Quantification Kit for Illumina Libraries, assuming 

a 200-bp fragment length (KAPA, Wilmington, MA). Sequencing was carried out on a NextSeq 500 

sequencer (Illumina, San Diego, CA). The sequencing data were analyzed using Archer Analysis 

software (v5; ArcherDX Inc.). Fusion detection parameters were set to a minimum of five valid fusion 

reads, with at least three unique start sites within the valid fusion reads. 

The complete list of genes and mutations covered by Archer FusionPlex Sarcoma kit varied based on 

the version of the assay used but was specified in each article [22, 57, 58, 59] 

In the ILMS and BIMT studies, in addition to the Archer FusionPlex Sarcoma Kit and 

FusionPlex Solid Tumor kit (ArcherDX Inc.), the TruSight Tumor 170 assay (Illumina Inc.) was 

performed according to the manufacturerôs instructions. The library was then sequenced on an 

Illumina platform as described below. 

Two gene panels with similar contentðthe Comprehensive Cancer Panel (Qiagen) and the 

TruSight Tumor 170 Panel (Illumina Inc.)ðwere used for mutation detection. For both kits, DNA 

quality was assessed using the FFPE QC Kit (Illumina Inc.), while RNA quality was evaluated using 

the Agilent RNA ScreenTape Assay (Agilent Inc.). DNA samples with Cq < 5 and RNA samples 

with DV200 Ó 20 were selected for further analysis. 

DNA and RNA libraries for the TruSight Tumor 170 Kit were prepared according to the 

manufacturerôs protocol, with the exception of DNA enzymatic fragmentation, which was performed 

using the KAPA FragKit (KAPA Biosystems Inc.). Sequencing was carried out on the NextSeq 500 

sequencer (Illumina Inc.) following the manufacturerôs recommendations. Data analysis was 

conducted using the TruSight Tumor 170 application on BaseSpace Sequence Hub (Illumina Inc.). 
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Copy number variations (CNVs) were reported from the TruSight Tumor 170 application, with an 

internal reporting threshold set at >1.5 or <0.5 fold change. 

DNA small variant filtering and annotation were performed using the cloud-based Variant 

Interpreter tool (Illumina Inc.). A custom variant filter was applied, including only variants with 

coding consequences and a Genome Aggregation Database (GnomAD) frequency value of <0.01 

[60]. Variants classified as benign in the ClinVar database were excluded [61]. The remaining 

variants were reviewed manually, and suspected artifacts were removed. 

Additionally, a library of 271 cancer-related genes was constructed using the Comprehensive 

Cancer Panel with 250 ng of DNA. Sequencing was performed on the NextSeq 500, targeting an 

average coverage of 350Ĭ after deduplication of molecular barcodes to achieve 95% sensitivity for 

detecting 10% allele frequency. Variant calling was performed using Qiagenôs proprietary pipeline, 

and filtering was applied based on the calculated limit of detection for each sample. Variants with a 

GnomAD frequency >0.01 and known benign variants from ClinVar were excluded. The remaining 

variants were reviewed manually, and suspected artifacts were removed. 

Additionally in BIMT study, two tumors from one patient with multiple lesions were tested 

using NGS with MelArray, which comprises analysis of 57 genes, including BAP1, and BRAF, 

CNVs, tumor mutation burden (TMB), and HLA-typing [62]. 

In the MITF::CREM rearranged tumor study, TruSight RNA Pan-Cancer panel (Illumina, 

Inc., San Diego, CA, USA) was performed and detected MITF(exon 6)::CREM(exon 6) gene fusion. 

RNA libraries were prepared according to the manufacturerôs protocol. 

In the study of EPS, two cases were analyzed using a commercial NGS platform (Foundation 

Medicine, Cambridge, MA, USA), as reported in a previous study [63]. Additionally, two cases were 

examined using the TruSight RNA Fusion Panel (Illumina, Inc.) and a massively parallel NGS 

platform, respectively, as detailed in prior research [54, 55]. 

In the study on mesenchymal tumors with NTRK and other kinase gene aberrations, further 

mutation analysis was performed using the TruSight Oncology 500 Panel (Illumina, Inc.) and a 

comprehensive NGS assay on FFPE samples to identify somatic variants, copy number changes, 

tumor mutational burden (TMB), and microsatellite instability (MSI). 

Methylation Analysis 

Methylation profiling was performed in the study on Mesenchymal tumors with NTRK and 

other kinase gene aberrations. Genomic DNA was extracted from FFPE tissue blocks, and 250 ng of 

genomic DNA was subjected to bisulfite conversion and processed using the Illumina Infinium 
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MethylationEPIC/850K platform (Illumina), which analyzes over 850,000 methylation sites, 

following the manufacturerôs instructions. 

Additionally, raw idat files were obtained for 247 samples from the Heidelberg sarcoma 

methylation classifier reference cohort (Gene Expression Omnibus study accession number 

GSE140668). Processing of idat files and data analysis for all 256 samples were conducted using R 

software (version 4.1.0, R Foundation for Statistical Computing, Vienna, Austria) and the óminfiô R 

package (version 1.38.0, Bioconductor, Boston, MA, USA). 

For unsupervised clustering, dimensionality reduction was performed using the t-distributed 

stochastic neighborhood embedding (t-SNE) method. The input data matrix was normalized by 

centering the mean of each column to zero, and the 10,000 most variable CpG sites (by variance) 

were analyzed using the óRtsneô R package (version 0.15; CRAN, last accessed June 8, 2023) with 

the following nondefault parameters: perplexity = 10, max_iter = 5,000, and ɗ = 0. Additionally, 

unsupervised hierarchical clustering was performed on the 1,000 most variable CpG sites (by 

variance) using the ópheatmapô R package (version 1.0.12; CRAN, last accessed June 8, 2023) with 

Ward.D2 linkage and Euclidean distance for clustering. 

For copy number variation (CNV) analysis, Mset files generated from idat preprocessing were 

analyzed using the óconumeeô R package (version 1.32.0, Bioconductor). CNVs were considered 

present if the absolute segmentation mean was Ó 0.3. The genome-wide CNV fraction was calculated 

by dividing the sum of all segments with CNVs by the total number of segments across the genome. 

Additionally, raw idat files were uploaded to the DNA methylation-based classification tool, 

Sarcoma Classifier (version 10.1)(molecularneuropathology.org, last accessed June 8, 2023). 

Sanger sequencing 

In BIMT study, PCR amplification of the whole coding sequence using in-house designed 

primers and Sanger Sequencing of BAP1 was performed [64]. 

BRAF hotspot mutations 

In BIMT study, analysis of eight BRAF hotspot mutations using the BRAF 600/601 StripAssay 

(ViennaLab Diagnostics GmbH Vienna, Austria) with analytical sensitivity 1% of the mutated allele 

was performed according to the manufacturerôs instructions. 

 

  

https://cran.r-project.org/package=Rtsne
https://cran.r-project.org/package=Rtsne
https://www.molecularneuropathology.org/
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COMMENTED PUBLICATIONS  

PART 1. RARE SKIN TUMORS  

1.1. NOVEL INSIGHTS INTO THE BAP1 -INACTIVATED MELANOCYTIC 

TUMOR  

BAP1-inactivated melanocytoma is a histologically distinct lesion characterized by epithelioid 

cell morphology and genetically defined by the loss of BAP1 gene function. It can be observed 

sporadically or as part of the BAP1 tumor predisposition syndrome (BAP1-TPDS) [2]. These tumors 

are usually defined by a BRAF mutation (or, less commonly, an NRAS mutation or RAF1 fusion), 

which occurs as a mitogenic driver alteration, along with biallelic inactivation of the BAP1 gene, 

resulting in BAP1 protein dysfunction [65, 66, 67, 68]. 

In our study, we present a clinical, morphological, and molecular analysis of 50 BIMTs from 

36 patients, with a female-to-male ratio of 2.3:1 (mean age of 30.4 years). 

The primary aim of this study was to analyze the morphological features and to deepen the 

understanding of the mutational spectrum of this neoplasm. 

Multiple lesions were found in approximately a quarter of cases. Two patients were first-

degree relatives. The most common tumor locations were the head and neck region and trunk, 

followed by the upper extremities and genital area. Clinically, all lesions appeared as flesh-colored 

exophytic nodules, sometimes with a pigmented rim. A history of malignancy was noted in 21 

patients, including uveal and cutaneous melanoma, mesothelioma, renal, lung, breast, and thyroid 

cancer, as well as schwannoma of the cerebellopontine angle. Follow-up data (mean: 34.3 months) 

showed no recurrence or metastasis in most cases, except for two patients who experienced adverse 

outcomes, including nodal metastasis and local recurrence. 

Most BIMTs presented as dermally-based neoplasms with dome-shaped or polypoid 

architecture. 90% were associated with remnants of a conventional nevus, while 10% were composed 

solely of BAP1-negative epithelioid melanocytes. Epithelioid cells typically exhibited dyscohesive 

or trabecular growth, often forming single-cell clusters at the lesionôs edges.  

BAP1-negative cells displayed significant pleomorphism. The nuclei varied widely, from 

small to large/giant. Many epithelioid cells contained micronuclei, which were frequently detached 

from the main nucleus. Cytoplasmic protrusions, resembling proboscis (ant-bear cells), were 

commonly observed with nuclei or micronuclei at the tips. 

Multinucleated or giant epithelioid melanocytes were consistently present. Binucleated cells 

resembled Reed-Sternberg cells. Other multinucleated forms included wreath-like, popcorn, floret-
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like, and coin-on-a-plate cells. Clear and eosinophilic nuclear pseudoinclusions noted in over half of 

the cases. 

Additional morphological features included cytoplasmic vacuolization, eccentric nuclei, 

"blebbing" of the nuclei, "shadow" nuclei, apoptotic mummified cells, and entosis.  

Mitotic activity was generally low (2 per 1mm2 with rare exceptions up to 5 per 1mm2). 

Immunohistochemical findings showed nuclear loss of BAP1 staining in epitheliod 

melanocytes. Remnants of conventional nevi retained BAP1 nuclear expression in 90% cases. 

A single-allele mutation of BAP1 was detected in 16 out of 26 cases, while 4 neoplasms 

harbored biallelic mutations. During the study, several novel BAP1 mutations were identified, 

including NM_004656.3: c.14 G > A p.(Trp5Ter), c.25 G > T p.(Glu9Ter), c.249_250delinsT 

p.(His84ThrfsTer3), c.390_412del p.(Ile131GlnfsTer4), c.700 G > C p.(Val234Leu), and c.856 A > 

T p.(Lys286Ter). Germline BAP1 mutations were identified in four cases. Additionally, one patient 

with multiple neoplasms exhibited an identical BAP1 mutation (c.1717delG) across different tumors, 

strongly suggesting a germline alteration. Among the 26 neoplasms analyzed, 24 harbored the 

BRAFV600E mutation. Two cases with RAF1 fusions, specifically TRAK1::RAF1 and IGIT2::RAF1, 

had been previously reported [66]. Additional mutations were detected in nine BIMTs, including an 

isolated MYC gain, as well as FGFR1 and ERCC2 gains. One neoplasm exhibited gains in both MYC 

and RREB1. Tetraploid mononuclear cells were identified in five cases. 

Our study expanded the morphological spectrum of BIMTs and identifies novel BAP1 

mutations. While BIMTs likely evolve from conventional melanocytic nevi, the presence of cases 

without detectable BAP1 alterations and the occasional presence of tetraploidy suggests more 

complex pathological mechanisms. Despite their atypical features, BIMTs generally follow an 

indolent course, though long-term follow-up is needed. The only metastatic case involved a child 

with a nevoid-like lesion displaying bland cytology, resembling previously reported melanomas with 

BAP1 inactivation [69, 70]. Further studies are necessary to clarify the definition of BIMTs and assess 

additional morphological and molecular features that can help identify adverse outcomes. 



22 

 



23 

 



24 

 



25 

 



26 

 



27 



28 

 



29 

 



30 

 



31 

 



32 

 



33 

 

  



34 

1.2. MITF::CREM REARRANGED TUMOR: A NOVEL GROUP OF CUTANEOUS 

TUMORS WITH MELANOCYTIC DIFFERENTIATION  

Cutaneous tumours with melanocytic differentiation of non-melanocytic origin represent a 

growing category of neoplasms with the distinct molecular profiles. Recently, it has been broadened 

by newly identified fusion-associated tumors, namely ACTIN::MITF, and MITF::CREM tumors. 

Although the current WHO classification of skin tumors categorizes them as ñMITF pathway-

activated melanocytic tumorsò within the melanocytoma group in the melanocytic neoplasms chapter, 

emerging evidence suggests they are more likely neoplasms of non-melanocytic origin [71, 49]. 

Clear Cell Tumor with Melanocytic Differentiation and MITF::CREM Translocation (CCTMMC) is 

defined as a dermal-based neoplasm characterized by clear cell morphology and a t(3;10) 

translocation, resulting in the MITF::CREM fusion protein [1]. 

In this study, we report a case of this rare tumor, occurring in the temporal region of a 1-year-

old girl. Including the two previously described cases, a total of three neoplasms with the 

MITF::CREM fusion have been identified to date of publication [71, 49]. 

Morphologically, the lesion was an ill-defined, polypoid, dermal-based tumor infiltrating 

between the underlying collagen bundles, with no junctional component present. 

The tumor was composed of cellular solid sheets or small nests of epithelioid to spindle-

shaped cells, primarily with eosinophilic cytoplasm and, less frequently, clear cytoplasm. The nuclei 

were round to ovoid, exhibiting moderate to high-grade atypia with prominent nucleoli. There were 

11 mitoses per 10 HPFs, with occasional atypical mitotic figures. Necrosis, as well as vascular or 

perineural invasion, was absent. A sparse perivascular lymphohistiocytic infiltrate with scattered 

plasma cells was present at the tumor periphery. The overlying epidermis showed focal ulceration 

with reactive changes. 

Immunohistochemically, the tumor exhibited strong and diffuse expression of S100 protein, 

SOX10, and MITF, while HMB45, tyrosinase, and Melan-A were negative. The Ki-67 index was 

high (up to 40%).  

Extensive RNA sequencing identified an MITF (exon 6)::CREM (exon 6) gene fusion. 

No evidence of disease was noted after 9 months of the initial diagnosis. 

In conclusion, we reported an additional case of an MITF::CREM-rearranged tumor, further 

contributing to the characterization of the clinicopathological features of these rare neoplasms. Due 

to the extreme rarity of MITF::CREM-rearranged tumors, molecular confirmation is strongly 

recommended for a definitive diagnosis. Also, further studies are necessary to precisely determine 

their biological potential and clarify their nosologic status. 
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