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Abstract
Large B-cell lymphoma (LBCL) with interferon regulatory factor 4 (IRF4) rearrangement (LBCL-IRF4r) is a
rare type of lymphoma with an overall favorable prognosis, and has been included as a distinct entity in the
2022 revision of the World Health Organization Classification of Lymphoid Neoplasms. More common in
pediatric/young adult populations and rare in older adults, it typically presents in the head and neck,
specifically, the Waldeyer ring, and rarely in other sites. To our knowledge, it has not been reported as a
primary central nervous system (CNS) lymphoma in the English language medical literature. Although IRF4
rearrangement can be seen in other hematolymphoid neoplasms, their histology and immunophenotype
differ greatly. Familiarity with such unusual entities is important for pathologists in the work-up and
diagnosis of hematolymphoid neoplasms of the CNS and is especially critical with this entity due to overall
better prognosis and possible targeted treatments in the future. Here, we present a case of LBCL-IRF4r
presenting as a primary CNS lymphoma in the brain.
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Introduction
Large B-cell lymphoma (LBCL) with interferon regulatory factor 4 (IRF4) rearrangement (LBCL-IRF4r) is a
rare form of lymphoma, constituting less than 0.1% of LBCL [1]. It was previously codified as a variant of
follicular lymphoma in the WHO Classification Hematolymphoid Tumors, 4th edition [2], but reclassified as
LBCL due to its large cell morphology [3]. It is also listed as a definite entity in the new International
Consensus Classification (ICC) of mature lymphoid neoplasms [4].

Its incidence has been reported to be up to 21% in the pediatric age group, with no definitive gender
predilection [5], but it is rare in the adult population [6]. LBCL-IRF4r typically presents in the lymphoid
structures in the Waldeyer ring, cervical lymph nodes, or bowel. Additional locations, such as skin/soft tissue
or axillary/inguinal lymph nodes, have been reported in adult populations [7], but no reports of central
nervous system involvement as a primary CNS lymphoma exist to our knowledge in the English language
medical literature.

This article was previously presented as a meeting abstract at the 100th Annual Scientific Meeting of the
American Association of Neuropathologists on June 6-9, 2024.

Case Presentation
A man in his early 30s presented with headache, double vision, and dizziness. Radiologic
examination identified multiple basal ganglionic enhancing lesions measuring between 0.7 cm and 1.3 cm,
with surrounding edema.

Biopsy showed diffuse sheets of large lymphoid cells with mildly irregular nuclei, open/vesicular chromatin,
and occasional nucleoli/chromocenters. No distinct follicular architecture was seen (Figure 1A, 1B).
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FIGURE 1: Histologic findings
(A) Sheets of atypical lymphoid cells. (B) Irregular hyperchromatic nuclei of intermediate size. (Original
magnifications: A, 200x; B, 400x)

Immunohistochemical stains were positive for MUM1, CD20, BCL6, BCL2, and CD10, and Ki-67 proliferation
index was about 90% (Figure 2A-2F). The neoplastic cells were negative for CD3, CD5, cyclin D1, CD30, and
EBER in situ hybridization.
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FIGURE 2: Immunohistochemical findings
The neoplasm is positive for (A) MUM-1, (B) CD20, (C) BCL2, (D) BCL6, and (E) CD10, with a high Ki-67
proliferation index (F). (Original magnifications: A-F, 200x)

Fluorescence in situ hybridization (FISH) identified a DUSP22::IRF4 rearrangement by dual color dual fusion
probes (Figure 3), with no rearrangements of BCL2, BCL6, or MYC.
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FIGURE 3: Fluorescence in situ hybridization findings
Dual-color break apart probe (green: DUSP22; red: IRF4): Multiple green signals and single red signal (arrows)
was identified in 84.0% nuclei (normal <11.6%).

Flow cytometry of the cerebrospinal fluid was negative for an abnormal T-cell population, with essentially
absent B cells. Bone marrow biopsy was negative for lymphoma by morphology and flow cytometry. Positron
Emission Tomography (PET) and Computed Tomography (CT) showed no evidence of systemic disease. The
diagnosis of primary central nervous system (CNS) LBCL-IRF4r was made. The patient received four cycles of
a combination chemotherapy consisting of methotrexate, cytarabine, thiotepa, and rituximab (MATRIX)
with significant response, followed by BCNU-Thiotepa-based autologous stem cell transplant. No evidence
of disease was found upon radiologic evaluation. He is in complete remission three years after initial
diagnosis.

Discussion
IRF4 is an interferon regulatory family transcription factor that is also known as MUM1 and is located at the
6p25.3 gene locus. It is involved primarily in B-cell maturation and differentiation, which makes it a key
mutation driver in the development of plasma cell neoplasms. IRF4 mutations also act as drivers in diffuse
large B-cell lymphoma (DLBCL), specifically the activated B-cell (ABC) class through the NF-κB pathway.
However, while IRF4 point mutations can be involved in ABC class DLBCLs, the rearrangement leads to a
germinal center B-cell-like DLBCL, with activation of the NF-κB pathway [6,8].

Histopathology of this entity can show either follicular or diffuse architecture. Cytologically, the cells are
often intermediate-to-large with small nucleoli. In cases of follicular growth pattern, a high-grade follicular
lymphoma could be considered in the differential diagnosis [9]. In addition to high grade lymphomas with
diffuse and follicular patterns, IRF4r has also been identified in plasma cell myeloma [10], peripheral T-cell
lymphoma [11], ALK-negative anaplastic large cell lymphoma (including primary cutaneous and breast
implant-associated types) [12,13], and chronic lymphocytic leukemia [14]; however, the morphology and
immunophenotype of these entities are significantly different, aiding in their accurate identification.
DLBCLs can be further characterized using the Hans algorithm based on staining patterns of CD10, MUM1
and BCL6 as having germinal center (CD10 positive or negative, BCL6 positive, MUM1 negative) or activated
B-cell (CD10 negative, BCL6 positive or negative, MUM1 positive) phenotype. Strong co-expression of
IRF4/MUM1 and BCL6/CD10 is characteristic of LBCL-IRF4r, distinguishes it from the typical Hans
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algorithm, and is a clue for further investigation [15]. In addition to the morphological overlap between the
DLBCL and LBCL-IRF4r, mutations of the NF-κB pathway-related genes, such as MYD88 and CD79B, can be
present in about 35% of cases [1], which also overlaps with DLBCL [16].

Several large series and case reports are available on LBCL- IRF4r. The largest of these reported involvement
of the lung, thyroid gland, and tongue (in addition to the usual sites) [17]. One series highlighted 43 cases,
including 31 adult cases, with various locations including Waldeyer’s ring, cervical lymph nodes, small
bowel, and skin/soft tissue. The adult cases more frequently presented with atypical morphology and at
unusual sites, while all pediatric cases presented in the usual sites [7]. Another series, which highlighted 13
cases with varying follicular, diffuse, or mixed growth patterns, additionally identified cases in the stomach,
salivary gland, nasal cavity, and tongue [18]. One case of CNS ALK-negative anaplastic large cell lymphoma
with IRF4::DUSP22 rearrangement in a 55-year-old man is on record [19]. Three cases of Epstein-Barr virus
(EBV)-positive DLBCL with IRF4r have recently been reported, one being in the thalamus of a 64-year-old
woman who died before starting treatment [20]. It was Ann Arbor stage IV and had ABC phenotype (CD10
negative, BCL6 positive, MUM-1 positive). It is interesting to note that both of these cases in the brain, the
recently-reported one in the thalamus and our case in the basal ganglia, involved deep grey matter
structures; however, no such conclusion can be drawn based only on two cases. Otherwise, no reports of a
bona fide LBCL-IRF4r presenting as a primary CNS lymphoma are identified in the English literature.

Although treatment is not significantly different from the approach to DLBCL, the overall prognosis of LBCL-
IRF4r is favorable in pediatric/young adult population [1,6]; however, due to the rarity of cases, no definitive
prognostic data are present for adult patients with a re-screening of 237 lymphomas previously diagnosed as
DLBCL was able to identify only five cases (2%) of LBCL-IRF4r [17]. Awareness of this entity and a high index
of suspicion should help with identification during routine diagnostic workup. Histologic differential
diagnosis includes other high-grade lymphomas, especially DLBCL. As stated, paying close attention to
immunophenotypic features will alert the pathologist to pursue additional testing by FISH to investigate for
IRF4r. If identified, it should be kept in mind that this rearrangement has also been reported in the CNS
rarely in other high-grade lymphomas as discussed above.

Conclusions
LBCL-IRF4r is a rare type of lymphoma included as a distinct entity in the WHO Classification of
Hematolymphoid Tumors and in the ICC of mature lymphoid neoplasms. Although superficially similar to
DLBCL, its intermediate-size cells and immunohistochemical divergence from the Hans classification are
clues to the possibility of this diagnosis, which is important due to an overall favorable prognosis (especially
in the pediatric and young adult populations). Unusual sites outside the Waldeyer ring are increasingly
recognized, but no reports in the CNS exist to our knowledge in the English language medical literature.
Here, we report the first case of LBCL-IRF4r presenting as a primary CNS lymphoma, and discuss differential
diagnosis and pitfalls. It is critical for pathologists to be familiar with this entity, particularly those who
typically are involved in the work-up and diagnosis of hematolymphoid neoplasms involving the CNS.

Additional Information
Author Contributions
All authors have reviewed the final version to be published and agreed to be accountable for all aspects of the
work.

Concept and design:  Murat Gokden, Vijay M. Patel

Acquisition, analysis, or interpretation of data:  Murat Gokden, Hannah Cutshall, Rebecca A. Levy,
Philip E. Ferguson

Drafting of the manuscript:  Murat Gokden, Vijay M. Patel, Hannah Cutshall

Critical review of the manuscript for important intellectual content:  Murat Gokden, Vijay M. Patel,
Hannah Cutshall, Rebecca A. Levy, Philip E. Ferguson

Supervision:  Murat Gokden, Vijay M. Patel

Disclosures
Human subjects: Consent for treatment and open access publication was obtained or waived by all
participants in this study. University of Arkansas for Medical Sciences Institutional Review Board issued
approval 110611. Conflicts of interest: In compliance with the ICMJE uniform disclosure form, all authors
declare the following: Payment/services info: All authors have declared that no financial support was
received from any organization for the submitted work. Financial relationships: All authors have declared
that they have no financial relationships at present or within the previous three years with any
organizations that might have an interest in the submitted work. Other relationships: All authors have

 

2025 Cutshall et al. Cureus 17(5): e83753. DOI 10.7759/cureus.83753 5 of 6

javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)


declared that there are no other relationships or activities that could appear to have influenced the
submitted work.

References
1. Large B-cell lymphoma with IRF4 re-arrangement. WHO Classification of Tumours Editorial Board.

Haematolymphoid Tumours, 5th ed. Oschlies I, Siebert R, Burkhardt B, Schafernak KT, Woessmann W (ed):
International Agency for Research on Cancer, Lyon; 2024.

2. Large B-cell lymphoma with IRF4 rearrangement . WHO Classification of Tumours of Haematopoietic and
Lymphoid Tissues, 4th edition. Pittaluga S, Harris NL, Siebert R, Salaverria I (ed): International Agency for
Research on Cancer, Lyon; 2017. 280-1.

3. Kurz KS, Ott M, Kalmbach S, et al.: Large B-cell lymphomas in the 5th edition of the WHO-classification of
haematolymphoid neoplasms-updated classification and new concepts. Cancers (Basel). 2023,
15:10.3390/cancers15082285

4. Campo E, Jaffe ES, Cook JR, et al.: The International Consensus Classification of Mature Lymphoid
Neoplasms: a report from the Clinical Advisory Committee. Blood. 2022, 140:1229-53.
10.1182/blood.2022015851

5. Au-Yeung RK, Arias Padilla L, Zimmermann M, et al.: Experience with provisional WHO-entities large B-cell
lymphoma with IRF4-rearrangement and Burkitt-like lymphoma with 11q aberration in paediatric patients
of the NHL-BFM group. Br J Haematol. 2020, 190:753-63. 10.1111/bjh.16578

6. Salaverria I, Philipp C, Oschlies I, et al.: Translocations activating IRF4 identify a subtype of germinal
center-derived B-cell lymphoma affecting predominantly children and young adults. Blood. 2011, 118:139-
47. 10.1182/blood-2011-01-330795

7. Berg HE, Peterson JF, Lee HE, McPhail ED: Large B-cell lymphoma with IRF4 gene rearrangements:
differences in clinicopathologic, immunophenotypic and cytogenetic features between pediatric and adult
patients. Hum Pathol. 2023, 131:108-15. 10.1016/j.humpath.2022.10.011

8. Maffei R, Fiorcari S, Atene CG, et al.: The dynamic functions of IRF4 in B cell malignancies . Clin Exp Med.
2023, 23:1171-80. 10.1007/s10238-022-00968-0

9. Kim DH, Li S, Garces S, Xu J: Large B-cell lymphoma with IRF4 rearrangement and follicular pattern: a
differential diagnosis of follicular lymphoma. Human Pathol Rep. 2022, 27:300602.
10.1016/j.hpr.2022.300602

10. Chesi M, Kuehl WM, Bergsagel PL: Recurrent immunoglobulin gene translocations identify distinct
molecular subtypes of myeloma. Ann Oncol. 2000, 11 Suppl 1:131-5.

11. Somja J, Bisig B, Bonnet C, Herens C, Siebert R, de Leval L: Peripheral T-cell lymphoma with t(6;14)
(p25;q11.2) translocation presenting with massive splenomegaly. Virchows Arch. 2014, 464:735-41.
10.1007/s00428-014-1560-3

12. Wada DA, Law ME, Hsi ED, et al.: Specificity of IRF4 translocations for primary cutaneous anaplastic large
cell lymphoma: a multicenter study of 204 skin biopsies. Mod Pathol. 2011, 24:596-605.
10.1038/modpathol.2010.225

13. Wang M, Kibbi N, Ring N, Siddon A, Foss F, Totonchy M: DUSP22-IRF4 rearrangement in AIDS-associated
ALK-negative anaplastic large cell lymphoma. BMJ Case Rep. 2019, 12: 10.1136/bcr-2019-230641

14. Costa D, Granada I, Espinet B, et al.: Balanced and unbalanced translocations in a multicentric series of
2843 patients with chronic lymphocytic leukemia. Genes Chromosomes Cancer. 2022, 61:37-43.
10.1002/gcc.22994

15. Frauenfeld L, Castrejon-de-Anta N, Ramis-Zaldivar JE, et al.: Diffuse large B-cell lymphomas in adults with
aberrant coexpression of CD10, BCL6, and MUM1 are enriched in IRF4 rearrangements. Blood Adv. 2022,
6:2361-72. 10.1182/bloodadvances.2021006034

16. Zheng M, Perry AM, Bierman P, et al.: Frequency of MYD88 and CD79B mutations, and MGMT methylation
in primary central nervous system diffuse large B-cell lymphoma. Neuropathology. 2017, 37:509-16.
10.1111/neup.12405

17. Hesius EA, van Laar L, Oosterveld M, et al.: Reclassification of diffuse large B cell lymphoma to large B cell
lymphoma with IRF4 rearrangement in an adult population. Histopathology. 2023, 82:1013-20.
10.1111/his.14885

18. Zhou L, Gu B, Shen X, et al.: B cell lymphoma with IRF4 rearrangement: a clinicopathological study of 13
cases. Pathol Int. 2021, 71:183-90. 10.1111/pin.13067

19. Magaki S, Satyadev R, Chen Z, Yung KS, Vinters HV, Kinney MC, Said JW: Central nervous system ALK-
negative anaplastic large cell lymphoma with IRF4/DUSP22 rearrangement. Brain Tumor Pathol. 2022,
39:25-34. 10.1007/s10014-021-00415-0

20. Zhang Y, Li A, Li Y, et al.: Clinicopathological and molecular characteristics of rare EBV-associated diffuse
large B-cell lymphoma with IRF4 rearrangement. Am J Surg Pathol. 2024, 48:1341-8.
10.1097/PAS.0000000000002301

 

2025 Cutshall et al. Cureus 17(5): e83753. DOI 10.7759/cureus.83753 6 of 6

https://tumourclassification.iarc.who.int/chapters/63
https://publications.iarc.fr/Book-And-Report-Series/Who-Classification-Of-Tumours/WHO-Classification-Of-Tumours-Of-Haematopoietic-And-Lymphoid-Tissues-2017
https://dx.doi.org/10.3390/cancers15082285
https://dx.doi.org/10.3390/cancers15082285
https://dx.doi.org/10.1182/blood.2022015851
https://dx.doi.org/10.1182/blood.2022015851
https://dx.doi.org/10.1111/bjh.16578
https://dx.doi.org/10.1111/bjh.16578
https://dx.doi.org/10.1182/blood-2011-01-330795
https://dx.doi.org/10.1182/blood-2011-01-330795
https://dx.doi.org/10.1016/j.humpath.2022.10.011
https://dx.doi.org/10.1016/j.humpath.2022.10.011
https://dx.doi.org/10.1007/s10238-022-00968-0
https://dx.doi.org/10.1007/s10238-022-00968-0
https://dx.doi.org/10.1016/j.hpr.2022.300602
https://dx.doi.org/10.1016/j.hpr.2022.300602
https://pubmed.ncbi.nlm.nih.gov/10707795/
https://dx.doi.org/10.1007/s00428-014-1560-3
https://dx.doi.org/10.1007/s00428-014-1560-3
https://dx.doi.org/10.1038/modpathol.2010.225
https://dx.doi.org/10.1038/modpathol.2010.225
https://dx.doi.org/10.1136/bcr-2019-230641
https://dx.doi.org/10.1136/bcr-2019-230641
https://dx.doi.org/10.1002/gcc.22994
https://dx.doi.org/10.1002/gcc.22994
https://dx.doi.org/10.1182/bloodadvances.2021006034
https://dx.doi.org/10.1182/bloodadvances.2021006034
https://dx.doi.org/10.1111/neup.12405
https://dx.doi.org/10.1111/neup.12405
https://dx.doi.org/10.1111/his.14885
https://dx.doi.org/10.1111/his.14885
https://dx.doi.org/10.1111/pin.13067
https://dx.doi.org/10.1111/pin.13067
https://dx.doi.org/10.1007/s10014-021-00415-0
https://dx.doi.org/10.1007/s10014-021-00415-0
https://dx.doi.org/10.1097/PAS.0000000000002301
https://dx.doi.org/10.1097/PAS.0000000000002301

	Large B-cell Lymphoma With Interferon Regulatory Factor 4 Rearrangement Presenting as a Primary Central Nervous System Lymphoma in the Brain
	Abstract
	Introduction
	Case Presentation
	FIGURE 1: Histologic findings
	FIGURE 2: Immunohistochemical findings
	FIGURE 3: Fluorescence in situ hybridization findings

	Discussion
	Conclusions
	Additional Information
	Author Contributions
	Disclosures

	References


