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Case Report: Genomic characterization of a rare skull-base plasmacytoma
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Skull-base plasmacytoma (SBP) is a rare plasma cell neoplasm that typically presents as a slow-growing skull-base lesion in older adults; however, its molecular underpinnings are poorly characterized, limiting targeted therapeutic interventions and precise prognostication. We describe the case of a 67-year-old female who presented with progressive headaches, whose imaging and biopsy confirmed a solitary SBP with no evidence of systemic disease. Whole-exome sequencing revealed an elevated somatic copy number alteration burden and pathogenic variants in ARID1A, KMT2D, BCL7A, PTPN11, and NUP214, suggesting disruptions in chromatin remodeling, B-cell neoplasm pathogenesis, and oncogenic signaling driving the tumorigenesis. These findings provide novel insights into molecular landscape of SBP, highlighting potential for risk stratification and targeted therapy development. The case underscores the importance of comprehensive genomic profiling in rare skull-based tumors to enhance our understanding of their biology and to guide personalized clinical management.
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Introduction

Skull-base plasmacytoma (SBP) is an uncommon subset of plasma cell neoplasms that accounts for fewer than 10% of all plasmacytomas, typically presenting in patients in their sixth decade of life (1). Arising from the skull base, these lesions can pose distinctive diagnostic and therapeutic challenges due to their proximity to critical neurovascular structures. While plasmacytomas frequently originating within the bone marrow or manifest extramedullary at other anatomical sites are characterized better, SBP’s molecular characteristics remains insufficiently characterized.

Current genomic insights into plasma cell neoplasms are primarily derived from studies of multiple myeloma (MM). In MM, comprehensive profiling has identified key molecular hallmarks, including immunoglobulin heavy chain (IgH) translocations, hyperdiploidy, and recurrent mutations in genes involved in cell-cycle regulation (e.g., CCND1), RAS/RAF signaling (e.g., KRAS, NRAS, BRAF), and chromatin remodeling (e.g., ARID1A, KMT2D) (2, 3). Alterations in tumor suppressor genes such as TP53 and NF-κB pathway genes have also been implicated in disease pathogenesis (4). However, large-scale genomic studies specifically focused on skull base plasmacytomas are lacking, largely due to their rarity. Consequently, much of our current understanding has been inferred from broader investigations of multiple myeloma or solitary plasmacytomas at other anatomical sites.

Nevertheless, early lines of evidence imply that plasmacytomas—whether solitary or occurring in conjunction with MM—may harbor overlapping genetic features. In particular, extramedullary plasmacytomas outside the skull base have been shown to harbor mutations in genes similarly implicated in MM, including regulators of epigenetic modification, B-cell differentiation, and oncogenic signaling. A case report by Stawarz et al. (5) highlighted an uncommon presentation of extramedullary plasmacytoma in the absence of concurrent MM, underlining the variable clinical trajectories these neoplasms may follow. Notably, recent reports have identified recurrent alterations in PTPN11, NUP214, and BCL7A, pointing to a convergence on signaling pathways critical for plasma cell malignancy and underscoring the need for dedicated genomic investigations of SBP (3, 6–8).

Revealing the genetic and molecular landscape of SBP is imperative not only for improving diagnostic precision and informing treatment decisions but also for clarifying how these lesions fit within the broader spectrum of plasma cell neoplasms. Given SBP’s relative rarity, each additional genomic study enriches the existing literature and may reveal novel driver events, prognostic markers, or therapeutic vulnerabilities. In this report, we expand upon the limited body of knowledge by presenting comprehensive genomic data from a solitary SBP.

Skull-base plasmacytoma occupies a clinical and biological interface with multiple myeloma (MM). Solitary plasmacytomas account for <10% of plasma-cell neoplasms, and skull-base involvement represents a rare subset with unique anatomic constraints (1, 9). Approximately half of solitary bone plasmacytomas progress to MM within several years (10, 11), which shapes management emphasizing systemic exclusion, local control (RT), and structured surveillance. These epidemiologic ties also justify genomic profiling in SBP to identify risk features such as 1q gain and complex CNA patterns associated with poor outcomes in MM (12–14).





Case description

A 67-year-old woman presented with new-onset posterior neck and skull pain, with imaging revealing a large expansile neoplastic mass. Her past medical history was significant for diagnosis of breast carcinoma associated with a germline frameshift deletion in the ATM gene, treated with a right breast total mastectomy. Additionally, she has managed conditions of asthma, hypertension controlled with clonidine, and hypothyroidism. On examination, she was alert and oriented, neurologically non-focal.

Magnetic resonance imaging (MRI) of her brain revealed an expansile mass in the suboccipital calvarium, measuring 6 cm craniocaudal by 4 cm anteroposterior by 7.5 cm transverse, with both intracranial and extracranial extensions (Figure 1A). There was also significant mass effect on the cerebellum, but with no evidence of cerebellar herniation or intraparenchymal involvement, indicating an indolent process rather than aggressive growth. The differential diagnosis was considered to include metastatic disease, hemangiopericytoma, meningioma, or plasmacytoma, given the lesion’s expansive nature and involvement of the suboccipital calvarium and adjacent dural sinuses. A suboccipital biopsy was performed to obtain a tissue-based diagnosis of the expansive mass.
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Figure 1 | Radiological, histological and genomic characterization of the skull-based plasmacytoma case. (A) Preoperative magnetic resonance imaging (MRI). (B) MRI following initial radiation treatment following the biopsy. (C) 400× magnification revealing diffuse sheets of atypical plasma cells. Immunohistochemical staining for CD138, confirming plasma cell lineage and highlighting the neoplastic cells. (D) Circos plot generated from whole-exome sequencing data, depicting somatic copy number alterations and variants in ARID1A, KMT2D, BCL7A, PTPN11, and NUP214. Amplifications are shown in red and include regions on chromosomes 1q, 3, 4, 5, 7, 9, 11, 15, 19, and 21. Deletions, shown in blue, were identified on chromosome 22 and the X chromosome.

Pathologic review of the biopsy specimen revealed diffuse sheets of atypical plasma cells with occasional Dutcher bodies, highlighted by CD138 staining and showing kappa light chain restriction. The Ki-67 proliferation index was approximately 5-10% and the immunohistochemical staining results showed variable CD38 expression with negative CD117 and positive CD56 expression among the plasma cells. Further immunohistochemical stains showed plasma cells positive for CD138 and kappa light chains, with negative results for CD117, CD19, CD20, and S100 (Figure 1C). A subset of plasma cells was positive for EMA. Together these findings were consistent with SBP. She underwent local radiotherapy of 3000 cGy in 15 fractions, followed by three cycles of Dara-VRD, which have reduced the size of the plasmacytoma and alleviated mass effect symptoms (Figure 1B).

At last follow-up (~16 months from diagnosis), the patient reports sustained resolution of posterior skull pain, is neurologically non-focal, and maintains independent activities of daily living. Follow up MRIs continues to demonstrate interval reduction in lesion dimensions with decreased mass effect (see Figure 1B) and no new enhancing disease. She transitioned to Maintenance Dara/Rev (lenalidomine) and is in serologic and clinical remission. For surveillance, serologic and biochemical monitoring and MRI of the brain every 3–4 months and bone marrow assessment is planned. PET/CT whole body is planned in at 20 months or earlier if new cytopenias, biochemical progression, or radiographic change emerges (Table 1). This reflects the risk of progression from solitary lesions to MM and the patient’s initial high CNA burden with 1q gain.


Table 1 | Timeline of presentation, diagnostics, treatment, and follow-up.
	Date
	Event
	Details



	Month −3 to 0
	Symptom onset
	Progressive posterior neck/skull pain


	Day 0
	Initial MRI
	6×4×7.5 cm suboccipital calvarial mass with intra/extra-cranial extension


	+1 week
	Biopsy
	Plasma-cell neoplasm; CD138+, kappa-restricted; Ki-67 ~5–10%


	+2 weeks
	Systemic work-up
	No marrow or systemic MM; baseline labs (SPEP/IFE/FLC) negative/polyclonal


	+3 to +5 weeks
	Radiotherapy
	30 Gy in 15 fractions


	+7 weeks
	Post-RT MRI
	Interval size reduction, mass-effect improved


	+8 weeks onward
	Systemic therapy
	Dara-VRd ×8 cycles


	+10 weeks onward
	Systemic therapy
	Dara-Rev Maintanence


	+16 months
	Status
	Neurologically intact; clinical and serologic remission


	
  +20 months
	
  Bone marrow assessment and PET/CT whole body
	Planned other Surveillence


	Every 3 mo
	Surveillance labs
	Serologic monitoring, CBC, CMP


	Every 3–4 mo (years 0–2)
	MRI skull base
	Radiographic monitoring










Genomic analysis

Under an institutional review board-approved protocol, whole-exome sequencing (WES) was performed on tumor biopsy tissue and matched normal blood. A rigorous bioinformatic filtering strategy identified multiple somatic alterations, pointing to a genomically unstable neoplasm. From the refined variant set, five potentially known pathogenic or predicted to be deleterious somatic mutations emerged: ARID1A (NM_006015:p.W1023R, pathogenic), KMT2D (NM_003482:p.Q3892X), BCL7A (NM_020993:p.R29C, NM_020993:p.S5P), PTPN11 (NM_002834:p.E76K), and NUP214 (NM_001318324:p.R301S) (Figure 1D). These genes have been implicated in various tumorigenic processes, including epigenetic regulation, chromatin remodeling, B-cell differentiation, and oncogenic signaling.

Analysis of somatic copy number variants (CNVs) revealed a high overall burden of copy number changes, reflecting extensive genomic instability impacting 44.7% of the whole genome. Amplifications were detected on chromosomes 1q, 3, 4, 5, 7, 9, 11, 15, 19, and 21, while deletions were observed on chromosome 22 and the X. Gains in 1q are particularly noteworthy, as this alteration has been associated with poor outcomes in multiple myeloma and may signal a similarly aggressive biological phenotype in SBP (12, 14, 15). Moreover, increased copy number and structural changes are common features of multiple myelomas (13).

Taken together, the integrative genomic data show that the tumor harbors several putative driver point mutations and a high burden of CNVs. The cooperation of epigenetic regulators (ARID1A, KMT2D), B-cell neoplasm-associated genes (BCL7A), and oncogenic signaling components (PTPN11, NUP214) likely contributes to its malignant behavior together with increased genomic instability. These molecular insights shed new light on the pathogenesis of SBP and open potential avenues for targeted therapeutic interventions, particularly those focusing on epigenetic pathways, signal transduction, and DNA repair mechanisms.

Germline variant analysis confirmed the pathogenic germline variant in the ATM gene (ATM serine/threonine kinase) located on chromosome 11 (hg19: 11:108121593), characterized by a frameshift deletion (ATM: NM_000051:exon10:c.1402_1403del:p.K468Efs*18). This germline alteration has been previously associated with “Hereditary_cancer-predisposing_syndrome” in ClinVar.





Patience perspective

The patient had a long history of migraines that gradually changed in character, becoming more intense and persistent. This prompted neuroimaging, which revealed a large skull-base mass later diagnosed as a plasmacytoma. The diagnosis was especially distressing given a prior recurrence of breast cancer one year earlier. The patient underwent biopsy, radiation, and systemic therapy with close multidisciplinary guidance and shared decision-making throughout the course of care. Following treatment, headache symptoms markedly improved, and interval imaging demonstrated significant tumor reduction. The patient subsequently achieved a complete response to induction therapy and remains on monthly maintenance treatment for multiple myeloma, with regular MRI, PET scans, bone marrow biopsies, and laboratory monitoring. The patient expressed appreciation for the transparency of genomic testing, which provided insight into disease mechanisms and therapeutic rationale, and conveyed gratitude for the coordinated, compassionate medical care received.






Methods




Whole exome sequencing and analysis

Following informed consent and under institutional review board approval, tumor tissue and matched blood samples were collected from patients. Genomic DNA was extracted using standard protocols and assessed for quality and yield. Whole-exome sequencing (WES) libraries were constructed using the IDT xGen Exome Research Panel Version 2 with additional spike-ins, capturing coding and selected non-coding regions of the human genome (~620 kb of RefGene coding regions). Sequencing was performed at the Yale Center for Genome Analysis (YCGA) on an Illumina NovaSeq 6000 platform, generating paired-end 2 × 100 bp reads. A mean coverage of 382.3× for tumor sample and 110.6× for matched blood was achieved.

Raw sequencing reads were processed according to the Genome Analysis Toolkit (GATK) Best Practices pipeline. Briefly, reads were aligned to the human reference genome (e.g., GRCh37) using BWA-MEM (16–18), followed by duplicate marking, local realignment around indels, and base quality score recalibration. Somatic single nucleotide variants (SNVs) and small insertions/deletions (INDELs) were called using GATK Mutect2 (v4.4.0.0) (19) in tumor-normal mode with default parameters. The gnomAD database (20) was used as a germline resource to help distinguish inherited polymorphisms. Variants with allele frequencies below the estimated contamination threshold were removed using FilterMutectCalls.

Annotation of variants was performed using VEP (21) and vcfAnnotate (22), incorporating data from ClinVar (23), OMIM (24), COSMIC (25), SIFT (26, 27), and PolyPhen (28), as well as population allele frequencies from gnomAD. InterPro and gene ontology (GO) databases provided protein domain and functional context (29). A stringent, custom filtering strategy was then applied to the candidate variant list. Variants were retained if (1) they had a maximum sub-population frequency <0.01 in gnomAD, and (2) were predicted to have either “High” or “Medium” impact based on integrated variant effect prediction tools (VEP). Variants passing the GATK filter (“PASS”) required a minor allele frequency (MAF) >10%. Variants failing GATK filters were still considered if they had MAF >40% and were in genes cataloged in the Cancer Gene Census (30). Any variant annotated as “multiallelic” was excluded to avoid uncertain allelic interpretations. This approach was designed to enrich potentially pathogenic and functionally significant variants. CNVs and allelic imbalances were inferred using GATK’s CNV workflow, involving DenoiseReadCounts and ModelSegments, which generated denoised copy ratio and allele fraction profiles. The final integrated dataset combined high-confidence somatic variants with structural insights from CNV and allele fraction analyses, enabling a comprehensive genomic characterization of each tumor sample.

Germline variant calling was performed as previously described in our recent study (31). Briefly, whole exome sequencing data from blood sample was processed using the GATK HaplotypeCaller, and rare germline variants were prioritized based on population frequency filtering and ClinVar (23) pathogenicity evaluations.






Discussion

SBP is a rare presentation of plasma cell neoplasms, often considered extramedullary given its occurrence outside the bone marrow microenvironment. While typically diagnosed in adulthood and often responsive to conventional treatments such as radiotherapy, a subset of SBP can transform into multiple myeloma (MM), thereby adopting a far more aggressive clinical course (32). Given the rarity of SBP, large-scale genomic studies are lacking, and most insights into its pathogenesis are derived from individual case reports. In this study, we present a comprehensive somatic genomic characterization of SBP to better understand its molecular landscape and identify potential therapeutic targets.

In our case, whole-exome sequencing (WES) revealed somatic mutations in ARID1A, KMT2D, BCL7A, and PTPN11, as well as NUP214 in the presence of germline ATM mutation. These somatic alterations have been implicated in various processes central to plasma cell neoplasms, from chromatin remodeling (ARID1A, KMT2D, and BCL7A) to oncogenic signaling (PTPN11, NUP214). Of note, ARID1A, a core component of the SWI/SNF complex, is frequently inactivated in a range of malignancies, leading to widespread transcriptional dysregulation and chromosomal instability (32, 33). Although ARID1A alterations are most prominently described in ovarian and endometrial cancers, their identification in this skull-based lesion aligns with increasing evidence that epigenetic dysregulation may be a crucial driver of neoplastic transformation in plasmacytomas (1, 34, 35).

Parallel to ARID1A, the KMT2D mutation detected here also suggests a role for dysregulated histone methylation in SBP. In MM, KMT2D aberrations can impair glucocorticoid (GC)-based therapy by destabilizing the glucocorticoid receptor (GR), thereby reducing the apoptotic response to GCs (36–38). Such therapy resistance mechanisms are particularly concerning in the context of extramedullary disease, which has been associated with poorer prognoses and complex karyotypes (39, 40). Additionally, the identification of a potentially deleterious mutation in BCL7A—a gene also involved in the SWI/SNF complex—mirrors patterns observed in MM, where BCL7A aberrations can disrupt normal B-cell development and promote disease progression (41). Although no somatic LOH was detected at BCL7A, the presence of two somatic missense variants (S5P and R29C) suggests a possible role for loss of BCL7A in SBP pathogenesis, consistent with alterations reported in more advanced plasma cell neoplasms (42).

The detection of PTPN11 (encoding SHP2) mutations highlights another notable parallel with MM and other hematologic malignancies, particularly those harboring RAS/MAPK pathway dysregulation (8, 43, 44). Activating mutations in PTPN11 can enhance proliferative signals and confer drug resistance, posing significant therapeutic challenges. This observation is in parallel with the study by Bingham and colleagues (45), who performed whole-genome sequencing on extramedullary MM and reported frequent RAS/MAPK pathway aberrations, complex structural variants, and elevated subclonal diversity in patients exhibiting plasmacytomas outside the bone marrow. Bingham et al. also noted a high incidence of cytogenetic complexity, including gains at 1q—a finding mirrored in our patient’s extensive CNV profile. These shared features suggest that extramedullary plasma cell tumors, such as SBP, may exhibit overlapping molecular characteristics with other advanced plasma cell neoplasms, including evidence of epigenetic dysregulation and activated oncogenic signaling.

Pathogenic germline ATM mutations were identified in individuals with Ataxia-Telangiectasia (AT), with an autosomal recessive inheritance model. While individuals with heterozygous ATM mutations do not have AT, it is reported as a cancer predisposition factor, as ATM gene orchestrates double-strand break signaling (DBSs) and replication-stress responses, a hallmark of cancer (46, 47). In plasma-cell neoplasms, ATM pathway disruption has been associated with adverse cytogenetics and treatment resistance (48). The CNV landscape (~45% genome affected) and 1q amplification in this case align with an ATM-deficient phenotype.

The reported somatic mutational profile suggests potential treatment targets/pathways for exploration in this rare tumor context. ARID1A loss in SWI/SNF is linked to DNA-damage response vulnerabilities, including synthetic-lethal sensitivity to ATR inhibition and potential responsiveness to PARP inhibitors; ARID1A-mutant models have also shown susceptibility to EZH2 blockade (49). KMT2D alterations disrupt H3K4 methylation and broader enhancer programs, nominating chromatin-directed strategies aimed at restoring H3K4 methylation or modulating cooperating epigenetic regulators (50). Co-mutation in BCL7A further implicates BAF/SWI-SNF dysfunction; in MM, BCL7A loss permits IRF4-driven transcriptional rewiring, providing a rationale to test BAF/EZH2-axis targeting (1). The PTPN11 (SHP2-E76K) hotspot predicts RAS/MAPK activation and prevalent in various cancer types, leading to the active investigation of SHP2 inhibitors and downstream MEK/ERK blockade (51, 52). Finally, germline/functional ATM loss has been associated with heightened ATR-inhibitor sensitivity across models and select clinical contexts, with a potential risk of normal-tissue toxicity (53).

Our mutation profile (ARID1A, KMT2D, BCL7A, PTPN11, NUP214) and high CNV load converge with patterns reported across extramedullary/myeloma cohorts, notably MAPK pathway lesions and 1q amplifications. Compared with the sparse SBP-specific genomic literature, our case adds the co-occurrence of SWI/SNF alterations with PTPN11 in the setting of germline ATM, reinforcing a composite instability/signaling model for skull-base disease. While individual events have precedent in MM, their combination here and the skull-base location underscore the need for SBP-focused genomic aggregation.

Therapeutically, SBP has commonly been managed with radiotherapy, especially when progressive symptoms or lesion growth is noted. In line with the existing literature, our patient experienced clinical and radiological improvement following local radiation. Nevertheless, several chemotherapy regimens—often borrowing from MM treatment paradigms—have been explored for advanced or refractory cases. Bortezomib-based regimens, particularly when combined with steroids and other agents, have shown promise in treating extramedullary plasmacytomas (54–56). Additionally, surgical interventions may be considered in specific cases but can be technically challenging due to anatomical constraints at the skull base.

Our sequencing of local radiotherapy followed by Dara-VRd reflects three considerations. First, anatomical control is paramount at the skull base; definitive RT reliably achieves local response. Second, the tumor’s genomic risk features (1q gain; extensive CNA burden) and driver spectrum overlapping MM raise concern for occult or future systemic disease, favoring a proteasome inhibitor–IMiD–anti-CD38 backbone with demonstrated activity in extramedullary settings. Third, early symptom relief enabled timely systemic therapy without surgical morbidity in a high-risk location. Alternative strategies (e.g., Vd/VTD-based regimens or surgery) were considered; however, resection surgery offered limited incremental control given bony/dural involvement, and PI-only regimens may be suboptimal in genomically complex disease. Our observed clinical and radiologic responses support this sequencing while acknowledging the absence of randomized data in SBP (39, 40, 54–56).

Despite these various treatment modalities, SBP remains a challenging entity because of its rarity and potential for aggressive behavior. The fact that 50–60% of solitary bone plasmacytomas transform into MM within two years highlights the need for vigilant follow-up and underscores the importance of identifying genetic markers predictive of progression (10, 11). Bingham et al.’s comprehensive genomic analysis of extramedullary MM (45), combined with the insights gleaned from our case, emphasizes that extramedullary manifestations may be propelled by an accumulation of clonal drivers and structural alterations. Understanding these events could pave the way for earlier intervention and more personalized therapy selection, potentially preventing or delaying the transition to full-blown MM.

In conclusion, our findings provide a window into the genomic complexity of SBP, revealing shared driver mutations and pathway disruptions seen in MM and other extramedullary plasma cell dyscrasias. The identification of epigenetic regulators (ARID1A, KMT2D, BCL7A) and a key oncogenic signaling mediator (PTPN11) highlights the multifaceted nature of SBP pathogenesis. Further large-scale studies focused on SBP are necessary to elucidate the full spectrum of genetic heterogeneity, improve risk stratification, and guide the development of targeted therapies for this rare yet clinically significant neoplasm.

As the presented findings are derived from a single patient, the causality and generalizability of the observations are inherently limited. Tumor sampling from a skull base lesion may introduce regional heterogeneity and potential under-representation of subclonal populations. Although we performed deep sequencing (~300× coverage), applied stringent variant-calling filters, and manually confirmed all reported variants, low-VAF events may remain under-called. Biological and therapeutic inferences are extrapolated from published multiple myeloma and extramedullary plasmacytoma (MM/EMP) literature. These limitations notwithstanding, the integrated clinicogenomic analysis provides a transparent and hypothesis-generating foundation for future studies of skull base plasmacytomas.





Conclusion

In this report, we have provided a detailed genomic characterization of a rare skull-base plasmacytoma in the setting of germline ATM mutation, demonstrating that integrative molecular analyses can yield crucial insights into the pathogenesis and potential vulnerabilities of these tumors. Our findings reveal somatic alterations in ARID1A, KMT2D, BCL7A, PTPN11, and NUP214 as possible drivers. Moreover, the extensive burden of copy number alterations reflects a high degree of genomic instability, a common feature across various tumor types and specifically in plasma cell tumors such as multiple myeloma. While therapeutic approaches for solitary SBP remain heterogeneous—ranging from radiotherapy to combination regimens used in multiple myeloma—our study highlights the importance of personalized genomic profiling in optimizing patient outcomes. Further investigation with larger cohorts and functional assays is warranted to better define prognostic biomarkers, refine risk stratification, and identify targeted strategies that could improve long-term disease control for patients with skull-base plasmacytomas.





Data availability statement

The datasets presented in this study can be found in online repositories. The names of the repository/repositories and accession number(s) can be found below: https://www.ebi.ac.uk/ena, PRJEB89814.





Ethics statement

The studies involving humans were approved by Yale University Human Investigation Committeem HIC Protocol Number: 9406007680. The studies were conducted in accordance with the local legislation and institutional requirements. The participants provided their written informed consent to participate in this study. Written informed consent was obtained from the individual(s) for the publication of any potentially identifiable images or data included in this article. Written informed consent was obtained from the participant/patient(s) for the publication of this case report.





Author contributions

HA: Writing – original draft, Formal analysis, Data curation, Resources, Methodology, Conceptualization, Visualization, Investigation, Validation. SK: Writing – original draft, Data curation, Methodology, Conceptualization, Formal analysis. KY: Writing – review & editing, Formal analysis, Data curation, Methodology. BG: Validation, Writing – review & editing. DK: Validation, Writing – review & editing. NS: Validation, Writing – review & editing. DF: Validation, Writing – review & editing. KM-G: Writing – review & editing, Validation. MG: Funding acquisition, Writing – review & editing. EE-O: Writing – review & editing, Writing – original draft, Supervision, Investigation, Project administration, Data curation, Resources, Formal analysis, Methodology, Conceptualization. SO: Writing – review & editing, Funding acquisition, Conceptualization, Investigation, Supervision, Writing – original draft, Resources, Validation, Project administration, Formal analysis, Data curation, Methodology.





Funding

The author(s) declare financial support was received for the research and/or publication of this article. This work is supported by Yale School of Medicine, Department of Neurosurgery Clinical Sequencing Funds to cover the whole exome sequencing of the specimens. All sequencing was performed at Yale Center of Genomics, at Yale Cancer Center, which is supported in part by NIH Research Grant, No. P30CA016359, from the National Cancer Institute.





Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.





Generative AI statement

The author(s) declare that no Generative AI was used in the creation of this manuscript.

Any alternative text (alt text) provided alongside figures in this article has been generated by Frontiers with the support of artificial intelligence and reasonable efforts have been made to ensure accuracy, including review by the authors wherever possible. If you identify any issues, please contact us.





References

	 Dimopoulos MA, Hamilos G. Solitary bone plasmacytoma and extramedullary plasmacytoma. Curr Treat Options Oncol. (2002) 3:255–9. doi: 10.1007/s11864-002-0015-2


	 Prideaux SM, Conway O’Brien E, Chevassut TJ. The genetic architecture of multiple myeloma. Adv Hematol. (2014) 2014:864058. doi: 10.1155/2014/864058


	 Walker BA, Boyle EM, Wardell CP, Murison A, Begum DB, Dahir NM, et al. Mutational spectrum, copy number changes, and outcome: results of a sequencing study of patients with newly diagnosed myeloma. J Clin Oncol. (2015) 33:3911–20. doi: 10.1200/JCO.2014.59.1503


	 Demchenko YN, Glebov OK, Zingone A, Keats JJ, Bergsagel PL, Kuehl WM. Classical and/or alternative NF-kappaB pathway activation in multiple myeloma. Blood. (2010) 115:3541–52. doi: 10.1182/blood-2009-09-243535


	 Stawarz K, Galazka A, Gorzelnik A, Durzynska M, Bienkowska-Pluta K, Zwolinski J. Case report: An uncommon presentation of extramedullary plasmacytoma without a concurrent diagnosis of multiple myeloma. Front Oncol. (2024) 14:1353943. doi: 10.3389/fonc.2024.1353943


	 Bolli N, Avet-Loiseau H, Wedge DC, Van Loo P, Alexandrov LB, Martincorena I, et al. Heterogeneity of genomic evolution and mutational profiles in multiple myeloma. Nat Commun. (2014) 5:2997. doi: 10.1038/ncomms3997


	 Chapman MA, Lawrence MS, Keats JJ, Cibulskis K, Sougnez C, Schinzel AC, et al. Initial genome sequencing and analysis of multiple myeloma. Nature. (2011) 471:467–72. doi: 10.1038/nature09837


	 Lohr JG, Stojanov P, Carter SL, Cruz-Gordillo P, Lawrence MS, Auclair D, et al. Widespread genetic heterogeneity in multiple myeloma: implications for targeted therapy. Cancer Cell. (2014) 25:91–101. doi: 10.1016/j.ccr.2013.12.015


	 Na’ara S, Amit M, Gil Z, Billan S. Plasmacytoma of the skull base: A meta-analysis. J Neurol Surg B Skull Base. (2016) 77:61–5. doi: 10.1055/s-0035-1560047


	 Knobel D, Zouhair A, Tsang RW, Poortmans P, Belkacemi Y, Bolla M, et al. Prognostic factors in solitary plasmacytoma of the bone: a multicenter Rare Cancer Network study. BMC Cancer. (2006) 6:118. doi: 10.1186/1471-2407-6-118


	 Liebross RH, Ha CS, Cox JD, Weber D, Delasalle K, Alexanian R. Solitary bone plasmacytoma: outcome and prognostic factors following radiotherapy. Int J Radiat Oncol Biol Phys. (1998) 41:1063–7. doi: 10.1016/S0360-3016(98)00186-2


	 Hanamura I. Multiple myeloma with high-risk cytogenetics and its treatment approach. Int J Hematol. (2022) 115:762–77. doi: 10.1007/s12185-022-03353-5


	 Neuse CJ, Lomas OC, Schliemann C, Shen YJ, Manier S, Bustoros M, et al. Genome instability in multiple myeloma. Leukemia. (2020) 34:2887–97. doi: 10.1038/s41375-020-0921-y


	 Walker BA, Mavrommatis K, Wardell CP, Ashby TC, Bauer M, Davies FE, et al. Identification of novel mutational drivers reveals oncogene dependencies in multiple myeloma. Blood. (2018) 132:587–97. doi: 10.1182/blood-2018-03-840132


	 Minguela A, Vasco-Mogorron MA, Campillo JA, Cabanas V, Remigia MJ, Berenguer M, et al. Predictive value of 1q21 gain in multiple myeloma is strongly dependent on concurrent cytogenetic abnormalities and first-line treatment. Am J Cancer Res. (2021) 11:4438–54


	 Li H. Aligning sequence reads, clone sequences and assembly contigs with BWA-MEM. arXiv. (2013). doi: 10.48550/arXiv.1303.3997


	 Li H, Durbin R. Fast and accurate short read alignment with Burrows-Wheeler transform. Bioinformatics. (2009) 25:1754–60. doi: 10.1093/bioinformatics/btp324


	 Li H, Durbin R. Fast and accurate long-read alignment with Burrows-Wheeler transform. Bioinformatics. (2010) 26:589–95. doi: 10.1093/bioinformatics/btp698


	 Van der Auwera G, O’Connor BD. Genomics in the cloud: using Docker, GATK, and WDL in Terra. 1st ed. Sebastopol, CA: O’Reilly Media (2020). p. 467.


	 Karczewski KJ, Francioli LC, Tiao G, Cummings BB, Alfoldi J, Wang Q, et al. The mutational constraint spectrum quantified from variation in 141,456 humans. Nature. (2020) 581:434–43. doi: 10.1038/s41586-020-2308-7


	 McLaren W, Gil L, Hunt SE, Riat HS, Ritchie GR, Thormann A, et al. The ensembl variant effect predictor. Genome Biol. (2016) 17:122. doi: 10.1186/s13059-016-0974-4


	 Pedersen BS, Layer RM, Quinlan AR. Vcfanno: fast, flexible annotation of genetic variants. Genome Biol. (2016) 17:118. doi: 10.1186/s13059-016-0973-5


	 Landrum MJ, Lee JM, Benson M, Brown GR, Chao C, Chitipiralla S, et al. ClinVar: improving access to variant interpretations and supporting evidence. Nucleic Acids Res. (2018) 46:D1062–D7. doi: 10.1093/nar/gkx1153


	 Hamosh A, Scott AF, Amberger JS, Bocchini CA, McKusick VA. Online Mendelian Inheritance in Man (OMIM), a knowledgebase of human genes and genetic disorders. Nucleic Acids Res. (2005) 33:D514–7. doi: 10.1093/nar/gki033


	 Tate JG, Bamford S, Jubb HC, Sondka Z, Beare DM, Bindal N, et al. COSMIC: the catalogue of somatic mutations in cancer. Nucleic Acids Res. (2019) 47:D941–D7. doi: 10.1093/nar/gky1015


	 Sim NL, Kumar P, Hu J, Henikoff S, Schneider G, Ng PC. SIFT web server: predicting effects of amino acid substitutions on proteins. Nucleic Acids Res. (2012) 40:W452–7. doi: 10.1093/nar/gks539


	 Vaser R, Adusumalli S, Leng SN, Sikic M, Ng PC. SIFT missense predictions for genomes. Nat Protoc. (2016) 11:1–9. doi: 10.1038/nprot.2015.123


	 Adzhubei IA, Schmidt S, Peshkin L, Ramensky VE, Gerasimova A, Bork P, et al. A method and server for predicting damaging missense mutations. Nat Methods. (2010) 7:248–9. doi: 10.1038/nmeth0410-248


	 Ashburner M, Ball CA, Blake JA, Botstein D, Butler H, Cherry JM, et al. Gene ontology: tool for the unification of biology. Gene Ontology Consortium. Nat Genet. (2000) 25:25–9. doi: 10.1038/75556


	 Sondka Z, Bamford S, Cole CG, Ward SA, Dunham I, Forbes SA. The COSMIC Cancer Gene Census: describing genetic dysfunction across all human cancers. Nat Rev Cancer. (2018) 18:696–705. doi: 10.1038/s41568-018-0060-1


	 Hong CS, Alanya H, DiStasio M, Boulware SD, Rimmer RA, Omay SB, et al. Sporadic pituitary adenoma with somatic double-hit loss of MEN1. Pituitary. (2023) 26:488–94. doi: 10.1007/s11102-023-01336-1


	 Guan B, Wang TL, Shih Ie M. ARID1A, a factor that promotes formation of SWI/SNF-mediated chromatin remodeling, is a tumor suppressor in gynecologic cancers. Cancer Res. (2011) 71:6718–27. doi: 10.1158/0008-5472.CAN-11-1562


	 Sun M, Gu Y, Fang H, Shao F, Lin C, Zhang H, et al. Clinical outcome and molecular landscape of patients with ARID1A-loss gastric cancer. Cancer Sci. (2024) 115:905–15. doi: 10.1111/cas.16057


	 Jones S, Wang TL, Shih Ie M, Mao TL, Nakayama K, Roden R, et al. Frequent mutations of chromatin remodeling gene ARID1A in ovarian clear cell carcinoma. Science. (2010) 330:228–31. doi: 10.1126/science.1196333


	 Wiegand KC, Shah SP, Al-Agha OM, Zhao Y, Tse K, Zeng T, et al. ARID1A mutations in endometriosis-associated ovarian carcinomas. N Engl J Med. (2010) 363:1532–43. doi: 10.1056/NEJMoa1008433


	 Clarisse D, Van Moortel L, Van Leene C, Gevaert K, De Bosscher K. Glucocorticoid receptor signaling: intricacies and therapeutic opportunities. Trends Biochem Sci. (2024) 49:431–44. doi: 10.1016/j.tibs.2024.01.012


	 Wu CJ, Livak F, Ashwell JD. The histone methyltransferase KMT2D maintains cellular glucocorticoid responsiveness by shielding the glucocorticoid receptor from degradation. J Biol Chem. (2024) 300:107581. doi: 10.1016/j.jbc.2024.107581


	 Yamada H, Takeshima H, Fujiki R, Yamashita S, Sekine S, Ando T, et al. ARID1A loss-of-function induces CpG island methylator phenotype. Cancer Lett. (2022) 532:215587. doi: 10.1016/j.canlet.2022.215587


	 Blade J, Beksac M, Caers J, Jurczyszyn A, von Lilienfeld-Toal M, Moreau P, et al. Extramedullary disease in multiple myeloma: a systematic literature review. Blood Cancer J. (2022) 12:45. doi: 10.1038/s41408-022-00643-3


	 Ho M, Paruzzo L, Minehart J, Nabar N, Noll JH, Luo T, et al. Extramedullary multiple myeloma: challenges and opportunities. Curr Oncol. (2025) 32(3):182. doi: 10.3390/curroncol32030182


	 Chakraborty C, Talluri S, Binder M, Morelli E, Mayoral JE, Derebail S, et al. Loss of BCL7A permits IRF4 transcriptional activity and cellular growth in multiple myeloma. Blood. (2025) 146:104–14. doi: 10.1182/blood.2024026588


	 Andrades A, Peinado P, Alvarez-Perez JC, Sanjuan-Hidalgo J, Garcia DJ, Arenas AM, et al. SWI/SNF complexes in hematological Malignancies: biological implications and therapeutic opportunities. Mol Cancer. (2023) 22:39. doi: 10.1186/s12943-023-01736-8


	 Liu Y, Zhang W, Jang H, Nussinov R. SHP2 clinical phenotype, cancer, or RASopathies, can be predicted by mutant conformational propensities. Cell Mol Life Sci. (2023) 81:5. doi: 10.1007/s00018-023-05052-8


	 Tidyman WE, Rauen KA. The RASopathies: developmental syndromes of Ras/MAPK pathway dysregulation. Curr Opin Genet Dev. (2009) 19:230–6. doi: 10.1016/j.gde.2009.04.001


	 Bingham N, Shah J, Wong D, Lim SL, Bergin K, Kalff A, et al. Whole genome sequencing and the genetics of extramedullary disease in multiple myeloma. Blood Cancer J. (2025) 15:5. doi: 10.1038/s41408-024-01208-2


	 Borja NA, Silva-Smith R, Huang M, Parekh DJ, Sussman D, Tekin M. Atypical ATMs: Broadening the phenotypic spectrum of ATM-associated hereditary cancer. Front Oncol. (2023) 13:1068110. doi: 10.3389/fonc.2023.1068110


	 Broeks A, Urbanus JH, Floore AN, Dahler EC, Klijn JG, Rutgers EJ, et al. ATM-heterozygous germline mutations contribute to breast cancer-susceptibility. Am J Hum Genet. (2000) 66:494–500. doi: 10.1086/302746


	 Petrilla C, Galloway J, Kudalkar R, Ismael A, Cottini F. Understanding DNA damage response and DNA repair in multiple myeloma. Cancers (Basel). (2023) 15(16):4155. doi: 10.3390/cancers15164155


	 Williamson CT, Miller R, Pemberton HN, Jones SE, Campbell J, Konde A, et al. ATR inhibitors as a synthetic lethal therapy for tumours deficient in ARID1A. Nat Commun. (2016) 7:13837. doi: 10.1038/ncomms13837


	 Dhar SS, Lee MG. Cancer-epigenetic function of the histone methyltransferase KMT2D and therapeutic opportunities for the treatment of KMT2D-deficient tumors. Oncotarget. (2021) 12:1296–308. doi: 10.18632/oncotarget.27988


	 Chen X, Keller SJ, Hafner P, Alrawashdeh AY, Avery TY, Norona J, et al. Tyrosine phosphatase PTPN11/SHP2 in solid tumors - bull’s eye for targeted therapy? Front Immunol. (2024) 15:1340726. doi: 10.3389/fimmu.2024.1340726


	 Yu B, Liu W, Yu WM, Loh ML, Alter S, Guvench O, et al. Targeting protein tyrosine phosphatase SHP2 for the treatment of PTPN11-associated Malignancies. Mol Cancer Ther. (2013) 12:1738–48. doi: 10.1158/1535-7163.MCT-13-0049-T


	 Choi M, Kipps T, Kurzrock R. ATM mutations in cancer: therapeutic implications. Mol Cancer Ther. (2016) 15:1781–91. doi: 10.1158/1535-7163.MCT-15-0945


	 Alfar R, Kamal N, Abdel Razeq R, Omari Z, Bater R, Sharaf B. A durable response of primary advanced colonic plasmacytoma using a combination of surgical resection and adjuvant bortezomib: A case report and literature review. Onco Targets Ther. (2022) 15:1347–54. doi: 10.2147/OTT.S372534


	 Rosinol L, Oriol A, Teruel AI, Hernandez D, Lopez-Jimenez J, de la Rubia J, et al. Superiority of bortezomib, thalidomide, and dexamethasone (VTD) as induction pretransplantation therapy in multiple myeloma: a randomized phase 3 PETHEMA/GEM study. Blood. (2012) 120:1589–96. doi: 10.1182/blood-2012-02-408922


	 Slama N, Bizid I, Bellalah A, Abdelali M, Laatiri MA. Extramedullary plasmacytoma of the orbit complicating the evolution of multiple myeloma in complete remission. Leuk Res Rep. (2024) 21:100460. doi: 10.1016/j.lrr.2024.100460







Publisher’s note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2025 Alanya, Kasturi, Yalcin, Gultekin, Kumar, Samuel, Figuera, Mishra-Gorur, Gunel, Erson-Omay and Omay. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OEBPS/Images/cover.jpg
’ frontiers | Frontiers in Oncology

Case Report: Genomic characterization
of a rare skull-base plasmacytoma





OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/fonc-15-1645502-g001.jpg
%)

(P-W1023R)

ARID1A
(VAF: 42.7

/g

m.
(VAF: 31.6%)
o0
%V

NUP214
(p.R301S)

)
c
9
=
©
L2
=
S
S
<






