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Table 2A. PRISMA-style systematic case-finding review (For methodological details, see the Supplementary Data).
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Supplementary Data. Systematic case-finding review - Methods. To substantiate the rarity of metachronous calvarial (cranial-vault) metastasis from clear-cell renal cell carcinoma (ccRCC), we conducted a systematic literature search in accordance with the PRISMA 2020 statement. Five databases were searched from inception to 11 June 2026: PubMed/MEDLINE (searched 7 June 2026), Scopus (9 June 2026), Web of Science Core Collection (10 June 2026), Europe PMC (10 June 2026) and the Cochrane Library (11 June 2026). The search combined three concept blocks — renal cell carcinoma (including the historical synonyms hypernephroma and Grawitz tumour), skull/cranial vault, and metastasis — using both controlled vocabulary and free-text terms, deliberately favouring sensitivity at the search stage and applying the restrictive criteria (exact site and timing) at the selection stage. Eligibility criteria were: (i) histologically confirmed renal cell carcinoma; (ii) metastasis to the cranial vault (calvaria) only, with the skull base and brain parenchyma excluded; and (iii) a metachronous presentation, defined as a metastasis diagnosed at least 6 months after the primary tumour. No date or language restrictions were applied. Records published in English and Italian were assessed directly by the authors; records in any other language — including Japanese, French, Spanish, German, Czech, Chinese and Russian — were assessed with the aid of machine translation, so that no record was excluded on the basis of language alone. Translation of records not published in English or Italian was performed with the assistance of a large language model (Claude, Anthropic). The tool was used exclusively for translation; all eligibility assessments and inclusion/exclusion decisions were made solely by the authors. The search yielded 1,321 records (PubMed, 392; Scopus, 459; Web of Science, 236; Europe PMC, 234; Cochrane Library, 0 reviews and 3 non-pertinent CENTRAL records). After removal of 596 duplicates (matched on PMID, DOI and title), 725 unique records were screened by title and abstract independently by two authors, with disagreements resolved by discussion; 685 records were excluded at this stage. Forty reports were sought for full-text retrieval, of which one could not be retrieved. Of the 39 reports assessed for eligibility, 27 were excluded with reasons (site not the cranial vault, n = 10; non-metachronous presentation, n = 12; different histological subtype, n = 2; temporal relationship to the primary tumour not specified, n = 3; this last group comprised three conference abstracts). Twelve articles, reporting 12 cases, met all eligibility criteria and were included. The database search was complemented by backward and forward citation searching of all 12 included articles, performed in Scopus, Web of Science and Google Scholar. After deduplication against the 725 screened records, citation searching yielded no additional eligible cases. Including the present case, this review identified 12 reported cases of metachronous calvarial-vault metastasis from ccRCC, confirming the rarity of this presentation through a reproducible and language-inclusive search. The present case, arising 7 years after radical nephrectomy for a pT1b, grade 2 tumour, adds to this limited subset and indicates that late calvarial recurrence may occur even after a low-stage primary.
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	Table 2B. Characterization of the original renal cell carcinoma 
· Left Kidney
· Primary tumor histologic subtype: Clear Cell Renal Cell Carcinoma (ccRCC). Immunohistochemistry: CK+, RCC+, CD10+, Vimentin+, CK7-, CD117-
· Stage T1b (5.5 x 4.3 cm, limited to the kidney; cortico-medullary extension, without invasion of the renal vein, perirenal fat, capsule, ureter or lymph nodes). No sarcomatoid/rhabdoid features. Focal necrotic and hemorrhagic areas
· Grade G2 (WHO/ISUP. Nuclei slightly larger and more irregular; nucleoli visible at intermediate magnification): low-to-intermediate risk of metastasis 
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Supplementary Table 1 and Supplementary Table 2.
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Table 1A. Aggressiveness features predicting
high grade extra-axial tumors

Intratumoral heterogeneity; necrosis/hemorrhage
Soft tissue component, size > 6 cm

Mass effect

Spherical disproportion

Heterogeneous enhancement

Dural enhancement

Venous sinus invasion
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Table 1B. Hyperdense/Heterogeneous osteolytic skull lesions

Metastases

Hepatocellular carcinoma | Kawahara et al. 2005

Follicular thyroid carcinoma Kee et al. 2020

Breast cancer Gomez et al. 2018

Renal cell carcinoma Gomez et al. 2018

Lung cancer | Binit et al. 2015

Primary Tumours

Plasmocitoma | Kee et al. 2020; Randoux et al. 2000
B-cell lymphoma Kee et al. 2020; Binit et al. 2015
Hemangiopericytoma Kee et al. 2020; Binit et al. 2015
Osteoblastic osteosarcoma | Kee et al. 2020

Parosteal osteosarcoma Gomez et al. 2018

Giant cell tumor | Kee et al. 2020

Intradural meningioma Gomez etal. 2018

Intraosseous meningioma Gome: et al. 2018, Sandeep et al. 2017; Ghobashy et al. 1994
Chondrosarcoma Gomez et al. 2018

Carcinoma of scalp |Binit et al. 2015

Inflammatory lesions

Giant cell reparative granuloma Chen et al. 1999

Osteomyelitis |Binit et al. 2015; Kang et al. 2010
Sarcoidosis Suri et al. 2014, Fernandez-Ruiz et al. 2007
Other conditions

Osseous venous malformation | Kee et al. 2020

Dermoid cyst Sandeep et al. 2017
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Table 2A. Review of Literature of Metachronous Osteolytic Metastatic RCC to the Skull Vault

Interval between

Age [Size Bones nephrectomy and |Other metachronous Treatment and

(years) |of the lesion |involved metastases metastases follow up
Aktolun 2001 |61y |N/A parieto-occipital bones 6 months IN/A IN/A
Kayano 2002 |85y |N/A temporal bone 13 years rib bone Palliative care
Yoshizaki 2004 |66y [N/A frontal bone 24 months scalp 'Tumor debulking
Bademci 2008 |68y [=8cm temporo-parietal bones 20 years lung 'Tumor debulking
Gaur 2015 17y [10cm fronto-parietal bones 36 months - 'Tumor debulking, patient died
Khatib 2015 |55y [9cm fronto-parietal bones 10 years IN/A The patient refused therapy
Lieder 2017 66y |IN/A frontal bone = 6 years lung, bones, soft tissues | Sunitimib, CHT, RT
Suffee 2017 |62y |5cm parieto-temporal bones 12 months spinal (L1) RT. tumor debulking
Zhou 2017 85y |74 cm fronto-parietal bones 24 months IN/A Embolization, tumor debulking
Umeoka 2022 |95y |4 cm frontal bone 18 years IN/A IN/A
Otsu 2024 69y |=4cm temporal bone 10 years lung Embolization, tumor debulking
Zhou 2025 53y |=7cm fronto-parietal bones 4 years femoral neck 'Tumor debulking
Present case |77y |7 cm occipital bone 7 years - Therapeutic strategy in progress
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Supplementary Table 1

Decriptive CT approach to skull osteolytic lesions

Aggressiveness features

Extension focal Cortical thinning/breakthrough

diffuse Expansion of the skull tables
Multiplicity solitary Poorly defined margins

multiple Poorly organized or absent matrix
Location inner - outer layer Poor/low sclerotic margins

diploic space Periosteal interruption / no periosteal reaction
Attenuation Iytic

sclerotic

mixed
Periosteal reaction solid

thin

lamellated

spiculated

Internal matrix and mineralization

Soft tissue component, relationship
to the adjacent dura and diploic veins
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Supplementary Table 2. Skull osteolytic lesions

Specific CT features

‘Anatomical variants (Arachnoid granulations multiple ytic/mixed round well-defined shape
Vascular lacunac multiple Iytic serpiginous or round ucent foci in the inner table
Meningo-encephalocele solitary Iytic subgaleal mass. "spinning top"” configuration
Epidermal inclusion cyst solitary iytic sclerotic margins
Dermoid cyst solitary iytic fat attenuation: tipically midline. near anterior fontancllc
Congenital Fibrous dysplasia solitary/multipl{lytic/mixed eround glass matrix
Tnfectious and inflammatory Eosinophilic granuloma solitary ytic beveled edges: "hole within a hole sign”
Ostcomyclitis solitary iytic bone crosions and periosteal remodeling
Sarcoidosis multiple iytic permeative and destructive nonspecific patterns
Neoplastic Primary ostcogenic tumors Ostcoma solitary sclerotic/mixed | cxophytic. rounded lesions
Ostcosarcoma solitary mixed cloud - like osteoid matrix
Ancurysmal bone cyst solitary iytic bone expansion and cortical thinning
Primary chondrogenic, fibrogenic or vascular fun] Hemangioma (intraosseous venous malformal solitary ytic/mixed sunburst pattern
Giant cell tumor solitary iytic hyperdense solid component: hypercrellularity, hemorrhage.
fibrous matrix
Meningioma solitary Iytic/sclerotic/mixed dural tail: calcifications: hyperostosis of the adjacent bone:
contiguous venous sinuses infiltration
Secondary
Lymphoma solitary/multipl{ lytic/sclerotic/mixed hyperdense (hypererellularity. low ADC): moth-caten
destruction
Mycloma multiple iytic punched-out appearance
Mctastasis solitary/multipl{ tic/sclerotic/mixed avid. heterogenous contrast enhancement (unless sclerotic)





