Supplementary material
The Dutch Cutaneous Squamous Cell Carcinoma and Metastasis (D-SQUAME) Study: a nationwide discovery and nationwide validation cohort with nested case-control designs for risk prediction modeling

S1. Variables requested from the Netherlands Cancer Registry (NCR)
Needed NCR variables of all patients with first primary CSCC in 2007-2009 and 2017-2019:  
· Patient characteristics:  
· Unique patient identifier 
· Unique tumor identifier 
· Sex 
· Age at diagnosis 
· Vital status [censor data = date latest update of the data] 
· Follow up time in days [censor data = date latest update of the data] 
 
· Tumor characteristics of the registered first primary cSCC:  
· Year of incidence 
· Topography (localization) 
· Lateralization 
· Morphology 
· Histology (including ‘morfologie’, ‘tumorgedrag’, ‘multifocaliteit’) 
· Differentiation (‘differentiatiegraad’) 
· Multifocaliteit 
· Stage 
· cTNM 
· pTNM 

· Other hematological malignancy before and after first cSCC 
· Type of hematological malignancy:
· Hodgkin lymphoma
· B-CLL / small cell B-cell lymphoma
· Indolent non-Hodgkin lymphoma
· Aggressive non-Hodgkin lymphoma
· Plasma cell tumors
· Mature T-cell and NK-cell tumors (excluding cutaneous lymphomas)
· Cutaneous lymphomas
· Lymphoblastic leukemia/lymphoma
· Acute myeloid leukemia
· Unspecified and biphenotypic leukemia
· Myeloproliferative disorders
· Number of days between first CSCC and incidence date of hematological malignancy
S2. Codelists (supplementary Excel file)

S3. Sample processing protocol 
Batch preparation
Formalin-fixed paraffin-embedded (FFPE) tumour blocks were sent by participating pathology laboratories to the central pathology unit at the Erasmus University Medical Centre (Erasmus MC). Upon arrival, each delivery was checked to confirm that the received blocks matched the requested specimens. When multiple blocks were provided, the selection followed these criteria:
· Blocks taken from the borders of the excision (head or tail) were excluded.
· The selected block had to contain visible tumour tissue, as described in the microscopy section of the pathology report.
· If the microscopy description was unclear or unavailable, the block was macroscopically inspected, and the block containing the largest amount of tissue was selected.
After selection, blocks were organized into batches for sectioning. For the development cohort, each batch consisted of 25 case-control pairs.  For the validation cohort,  each batch consisted of 48 FFPE blocks, including 16 cases, 16 random controls, and 16 matched controls. 
Sectioning followed a first-in, first-cut approach, meaning that blocks were processed in the order they were received. All blocks were labelled according to the established labelling protocol. If any label detached during handling, it was checked and replaced before further processing. To enable correction for batch effects and the potential effects of different pathology labs in sequencing analyses, blocks from the same laboratory were distributed across different batches. 
Completed batches were then sent for sectioning according to the scheme described in sTable 1.
One participating pathology laboratory preferred not to send FFPE blocks and instead prepared and sent scraped RNA and unstained slides to Erasmus MC. For these cases, the laboratory received the cutting procedure and a list of study codes from the research team to ensure that all slides were correctly labelled before shipment. Upon arrival at Erasmus MC, the slides were checked and stored or subsequently stained. When slides were received instead of FFPE blocks, this information was recorded in the study data files.
Cutting and Staining Procedures 
All slides and Eppendorf tubes were labelled with a unique study code according to the labelling protocol. Slides were cut at a thickness of 4 µm. The processing of slides followed the following specifications:
· Slides for RNA isolation: Whole slides were scraped and collected in an Eppendorf tube in order to enable transcriptomics analyses of both the tumour and the surrounding tumor microenvironment. Details on RNA isolation will be described in the respective manuscript(s).
· Slides for DNA isolation: slides were kept blanco and stored in slide boxes for later use. At the time of DNAseq  H&E staining was performed and macrodissection was applied. DNA was isolated from both tumor and normal from the adjacent skin. Details on DNA isolation will be described in the respective manuscript(s). 
· Slides for immunohistochemistry (IHC): sections were mounted on adhesive glass slides, dipped in paraffin to preserve tissue integrity for future analyses. Any excess paraffin was carefully removed.
· Slides for haematoxylin and eosin (H&E) staining: the first section of each block was stained with H&E for quality control and histopathological evaluation.
· Blank slides: after every set of five sections, one blank slide was cut. These blank slides were reserved for potential additional analyses, such as repeated H&E staining or other future applications.

sTable 1: Overview of sectioning and processing of FFPE tumor samples
	Slide number
	Label
	Glass or Eppendorf tube
	Staining
	Processing

	1
	H&E
	Glass
	H&E
	Digitalization

	2
	RNA
	Eppendorf tube
	Blanco
	- 

	3
	DNA
	Glass 
	Blanco
	- 

	4
	RNA
	Eppendorf tube
	Blanco
	- 

	5
	DNA
	Glass
	Blanco
	- 

	6
	Blanco*
	Glass
	Blanco
	

	7
	IHC
	Glass (Adhesive) 
	Blanco
	dip paraffin

	8
	RNA
	Eppendorf tube
	Blanco
	- 

	9
	DNA
	Glass
	Blanco
	- 

	10
	RNA
	Eppendorf tube
	Blanco
	- 

	11
	DNA
	Glass
	Blanco
	- 

	12
	Blanco*
	Glass
	Blanco
	

	13
	IHC
	Glass (Adhesive) 
	Blanco
	dip paraffin

	14
	RNA
	Eppendorf tube
	Blanco
	- 

	15
	DNA
	Glass
	Blanco
	- 

	16
	RNA
	Eppendorf tube
	Blanco
	- 

	17
	DNA
	Glass
	Blanco
	- 

	18
	Blanco*
	Glass
	Blanco
	

	19
	IHC
	Glass (Adhesive) 
	Blanco
	dip paraffin

	20
	RNA
	Eppendorf tube
	Blanco
	- 

	21
	DNA
	Glass
	Blanco
	- 

	22
	RNA
	Eppendorf tube
	Blanco
	- 

	23
	DNA
	Glass
	Blanco
	- 

	24
	Blanco*
	Glass
	Blanco
	

	25
	IHC
	Glass (Adhesive) 
	Blanco
	dip paraffin

	26
	RNA
	Eppendorf tube
	Blanco
	- 

	27
	DNA
	Glass
	Blanco
	- 

	28
	RNA
	Eppendorf tube
	Blanco
	- 

	29
	DNA
	Glass
	Blanco
	- 

	30
	RNA
	Eppendorf tube
	Blanco
	- 

	31
	RNA
	Eppendorf tube
	Blanco
	- 

	32
	RNA
	Eppendorf tube
	Blanco
	- 


*Blanco slides were only collected for the validation cohort. Abbreviations: H&E: haematoxylin and eosin, IH: Immunohistochemistry

S4. Histopathological reassessment 
We defined the definitions of the refined pathology variables based on existing literature and standard practices. These definitions were reviewed with a group of pathologists to ensure consistent use across the study (sTable 2). FFPE tissue blocks from excision specimens of all cases and controls were collected from pathology archives. New H&E slides were prepared, scanned with a Nanozoomer S360MD Slide Scanner, and reviewed digitally in NDP.view2. Each slide was assessed by a pathologist who was blinded to patient outcomes and the pathology report. Only information about tumor location was shared to help determine invasion depth. Each pathologist worked with a research assistant who had access to the full pathology report. When major differences were found between the report and the new slide, the findings were discussed within the pathology team to avoid missing important details.
When excision specimens could not be reassessed, we reviewed the biopsy samples (when available). Biopsies were mainly used to assess differentiation grade and, when possible, perineural or lymphovascular invasion. Features that require the full invasive border could not be reliably scored on biopsy specimens, and this limitation was noted during scoring. Excision specimens were preferred whenever possible to allow full histopathological evaluation. Features that could not be reassessed were reported as missing.
sTable 2. Histopathological variables used for revising hematoxylin and eosin slides of cases and controls
	Variable
	Definition
	Literature

	Depth of invasion   
	The Depth of invasion (DOI) is defined as the measurement from the granular layer of the adjacent uninvolved dermis to the base of the tumor (deepest point of invasion). The DOI was measured in millimeters and rounded to whole numbers
	 (1-3)

	Tissue involvement  

	Indicates the skin layer where the deepest point of invasion is observed. This categorical variable was classified as dermis, subcutaneous fat, or beyond subcutaneous fat.
	 (4-7)

	Differentiation grade (Broder)
	We categorized cells based on the proportion of poorly differentiated component present. If less than 25% of the cells are poorly differentiated, the tissue is classified as well-differentiated. When 25% to 75% of the cells are poorly differentiated, the tissue is considered moderately differentiated. Finally, if more than 75% of the cells are poorly differentiated, the tissue is classified as poorly differentiated. 
	 (6-8), 


	Differentiation grade (worst pattern)
	Classified according to its most poorly differentiated region, irrespective of the percentage present. 
Only available for the validation cohort. 
	 (9)

	Perineural invasion
	Defined as tumor cells in close proximity to, encircling, or infiltrating nerve fibers. If PNI was present, the diameter of the invaded nerve was measured in millimeters, referring to the widest area of the nerve itself affected by tumor cells., 
	 (2, 4, 6, 10)

	Lymphovascular invasion
	Defined as the presence of tumor cells within lymphatic channels or blood vessels
	 (6, 7, 11)

	Peritumoral infiltrate  
	Defined as the presence of immune cells surrounding the tumor, and classified it into three categories: absent/mild, moderate, and abundant.
Moderate peritumoral infiltrate was characterized by larger patches or a continuous thin band of cells encircling the tumor. Abundant peritumoral infiltrate was defined by a continuous thick band of cells surrounding the tumor, indicating a more robust immune response or tissue reaction adjacent to the tumor.
	 (12)

	Solar elastosis

	The degree of solar elastosis was categorized it into three levels: absent, moderate, and extensive. If solar elastosis was absent, no abnormal elastic tissue due to sun exposure was detected. Moderate solar elastosis was noted when there was a noticeable amount of abnormal elastic fibers present in an inconsistent, more spread out pattern on the HE slide.
	 (13-15)

	Morphological subtype
	We adopted the definitions outlined by the World Health Organization (WHO) Classification of Tumors. The WHO describes “acantholytic CSCC”, “clear cell CSCC”, “adenosquamous CSCC” and “spindle cell CSCC”
	 (16)

	Desmoplastic CSCC
	Characterized by the infiltration of atypical squamous epithelial cells forming single cell-strands at the invasive border within a distinct sclerotic stromal reaction. Notably, the desmoplastic stromal response should be more prominent than the tumor strands. To classify a tumor as desmoplastic, at least one-third of the tumor must exhibit desmoplastic features
	 (17)

	Follicular CSCC (fSCC)
	Defined using the following histological criteria:
• Abrupt connections of the tumour with the epidermis at the site of follicular infundibula.
• Presence of infundibular and/or tricholemmal differentiation.
• Malignant cytological and/or architectural features.
• Absence of bowenoid dysplasia or features of KA (including uncertain KA-like or KA with malignant transformation).

Only available for the validation cohort

	 (18, 19)

	Mitotic rate 
	The number of mitotic cells is counted in one high power field (1 HPF) at the invasive border of the tumor. Several HPF were scanned at the invasive border to be able to find a representative HPF. A HPF was defined as 40 times enlargement on a digital HE slide assessed with NDP Viewer 2.
Only available for the development  cohort.

	 (20, 21)

	Tumor budding
	Defined as the presence of one isolated single cell or small cell clusters of 1-5 cells scattered in the stroma ahead of the invasive tumor front. The area with the highest budding was selected and the number of buds was counted in 1 HPF. In case there were multiple fields of tumor buds, the number was expressed as the mean number of tumor buds in five adjacent HPFs.

Only available for the development  cohort.

	 (22-24)
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