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Primary large B-cell lymphoma of immune-privileged sites (IP-LBCL) encompasses a spectrum of relatively rare aggressive B-cell lymphomas, such as primary central nervous system lymphoma (PCNSL), primary testicular large B-cell lymphoma (PTL), and primary vitreoretinal large B-cell lymphoma (PVRL). Macroscopically, the development of IPI-LBCL may be associated with the dysfunction of meningeal lymphatic vessels (mLVs) and the perivascular channel system formed by astrocytes. Microscopically, mutation in MYD88 and CD79B genes plays a pivotal role in the pathogenesis of IP-LBCL. Pathological examination remains the cornerstone for establishing a diagnosis of IP-LBCL. Moreover, traditional imaging is now supplemented by a suite of advanced diagnostic methods, including cytological, genetic, immunological, multiple omics, and molecular biological, which collectively enhance the diagnostic accuracy of IP-LBCL. Despite these advancements, the high recurrence rates and attendant high mortality rates pose significant challenges to achieving long-term survival in IP-LBCL patients. However, the emergence of novel therapeutic agents, such as Bruton’s tyrosine kinase inhibitors (BTKi), immune checkpoint inhibitors, immunomodulators, and anti-CD19 chimeric antigen receptor T (CAR-T) cell therapy, has offered promising new avenues for the treatment of IP-LBCL, demonstrating remarkable anti-tumor efficacy in recent years. This review delves into the epidemiology, pathogenesis mechanisms, diagnosis approaches, therapeutic strategies, and prognosis factors associated with IP-LBCL. It meticulously examines the parallels and divergences between the National Comprehensive Cancer Network (NCCN) and European Society for Medical Oncology (ESMO) guidelines, enhancing the professional comprehension of the complexities inherent to IP-LBCL.
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1 Introduction

Primary large B-cell lymphoma of immune-privileged sites (IP-LBCL) was introduced in the 5th edition of the World Health Organization Classification of Lymphoid Neoplasms in 2022. This classification delineates IP-LBCL as a distinct group of aggressive B-cell lymphomas that primarily manifest in the central nervous system, vitreous retina, or testes. This group encompasses primary central nervous system lymphoma (PCNSL), primary testicular large B-cell lymphoma (PTL), and primary vitreoretinal large B-cell lymphoma (PVRL). Given the significant biological similarities and shared intravascular microenvironment between intravascular large B-cell lymphoma (IVLBCL) and IP-LBCL, which may also be considered a site of immune privilege, IVLBCL has been incorporated into the IP-LBCL category (1). Furthermore, primary cutaneous diffuse large B-cell lymphoma (DLBCL) leg-type and primary breast or adrenal DLBCL are also posited to be variants of IP-LBCL. The pathogenesis of IP-LBCL is intricate due to physiological barriers such as the blood-brain barrier (BBB), blood-retina barrier, and blood-testis barrier, leading to poor treatment responses, high recurrence rates, and unfavorable prognoses. Accurate diagnosis and effective treatment protocols are essential for managing IP-LBCL patients. This review aims to synthesize the current research on IP-LBCL, offering a robust foundation for clinical practice to provide a reliable reference for clinical work.




2 Epidemiology

IP-LBCL represents a rare and highly aggressive subset of extranodal non-Hodgkin lymphomas (NHLs) from non-germinal centers. The annual incidence rate of PCNSL is 0.4/100,000 (2), constituting 4% to 6% of all extranodal lymphomas. While PCNSL can manifest at any age, its incidence escalates with increasing age, peaking at a median age of approximately 67. Among those over 70, the condition affects approximately 4 cases per 100,000 individuals (3). PTL comprises 1-2% of all NHLs and accounts for 4% of extranodal NHLs (4). It is more prevalent in the elderly male population, with a median age at diagnosis ranging from 66 to 68 years (5). PVRL usually occurs in immunocompetent adults in their 50s, with a slight female predominance but no racial predilection. PVRL incidence is estimated to be 50 cases annually in the United States. PVRL represents ~5% of the patients registered in the French database for oculocerebral lymphomas and accounts for 10 new cases annually (6). There is a lack of incidence statistics for PVRL in other regions. Apart from immunosuppression related to the human immunodeficiency virus (HIV), there is a lack of information regarding the incidence, geographic or racial disparities, and potential risk factors for the broader category of IP-LBCL.




3 Pathology

From a macro perspective, immune-privileged sites typically lack lymphatic tissue. Whether lymphomas originate in these organs or develop outside and subsequently home to them is a contentious and ongoing area of research. Currently, there is a paucity of research on the pathogenesis of PTL. Regarding the mechanisms of PCNSL and PVRL, some studies suggest that PCNSL and PVRL may originate outside the CNS and then migrate to the CNS or the eye, proliferating in the immunologically permissive microenvironment (6).

Identifying meningeal lymphatic vessels (mLVs) in the dura mater challenges this traditional view. These anatomical structures serve as potential drainage pathways for molecular clearance and as conduits for immune cells to access the peripheral lymphatic system from the cerebrospinal fluid. Dysfunction of mLVs has been correlated with impaired brain waste clearance, potentially contributing to the development of PCNSL (7). Moreover, the glial lymphatic system, implicated in waste removal, fluid/ion homeostasis, inflammatory response, and immune surveillance in the CNS, appears to play a significant role in the proliferation and spread of lymphomas (8). This system includes perivascular channels formed by astrocytes, such as the Virchow-Robin perivascular hiatus, facilitating the flow of cerebrospinal fluid from the subarachnoid space and interstitial fluid into the dural sinuses. Additionally, a growing body of research indicates that in IP-LBCL, inhibitory microenvironmental factors, including T cell depletion and macrophage immune function downregulation, substantially influence tumor cell proliferation, immune escape, and drug resistance.

Microscopically, IP-LBCL is characterized by genomic instability affecting multiple signaling pathways and cellular processes (Figure 1), including nuclear factor-κB (NF-κB), B-cell receptor (BCR), Toll-like receptor (TLR), JAK-STAT signaling pathway, mitogen-activated protein kinase signaling pathway, DNA damage response, apoptosis, cell-cycle regulation as well as tumor immune microenvironment (TME) dysfunction, notably including the signature mutations MYD88 L265P (67%), CD79B (63%), and CDKN2A deletions (83%) (9).




Figure 1 | The signaling mechanisms within IP-LBCL.



Mutations in the myeloid differentiation primary response gene 88 (MYD88) and the B-cell receptor beta chain (CD79B) are pivotal in the pathogenesis of IP-LBCL. Staudt’s team has proposed the ‘gene heptad’ that classifies DLBCL with co-mutations in MYD88 L265P and CD79B as the MCD type, while Shipp’s team ‘gene quintet’ suggests that C5 corresponds to the MCD type, hence IP-LBCL is also referred to as MCD/C5 subtype lymphomas. These mutations in MYD88 and CD79B enhance B-cell survival and proliferation by activating TLR and BCR signaling, leading to constitutive activation of the NF-κB pathway downstream (10). It should be noted that Roschewski et al. identified the “My-T-BCR” supercomplex in PCNSL. This supercomplex, named for its co-localization of MYD88 with TLR9 and BCR, serves as a site for NF-κB activation. Receptor tyrosine kinase-like orphan receptor 1 (ROR1), typically absent or minimally expressed in normal tissues, and over-expressed in R/R DLBCL, interacts with Wnt-related proteins, promoting tumor cell proliferation, activation, and epithelial-to-mesenchymal transformation through the Wnt/β classical pathway and PI3Kδ/AKT/mTOR non-classical Wnt pathway (11). The role of ROR1 in the development of IP-LBCL warrants further investigation. Deletions of the cell cycle-dependent kinase inhibitor 2A (CDKN2A) gene and the human leukocyte antigen (HLA) locus also contribute to developing IP-LBCL. CDKN2A, a critical tumor suppressor gene located in the 9p21 region of the human chromosome, when deleted, leads to loss of cell cycle regulation and an increased risk of cancer development. Although TP53 mutations are rare in IP-LBCL, they can disrupt the p53 pathway through upstream CDKN2A loss, which is often near-uniform and involves a double allele.

Copy number alterations(CNAs) at 9p24.1/PD-L1, along with translocations with concomitant protein overexpression, the loss of HLA class I and II expression, and the loss of HLA loci, form the basis of immune escape in PCNSL and PTL (Figure 2), with the latter playing a significant role (12). PCNSL notably demonstrates a higher frequency of focal deletions in the HLA-D (6p21) locus, suggesting a potential mechanism of immune evasion (9). Immune escape and sustained signaling are hallmark features of PTL, encompassing structural rearrangements of the core components of antigen presentation, including CIITA, B2M, and HLA loci, as well as programmed death ligands 1 (CD274) and 2 (PDCD1LG2). Somatic mutation enrichment within NF-κB pathway genes - namely MYD88, CD79B, NFKBIZ, BCL10, and MALT1- is also a prominent feature of PTL (4). These genetic alterations within the NF-κB pathway underscore the significance of immune evasion and sustained signaling in the pathogenesis of PTL (13). PVRL’s mutational spectrum, which includes activation of the toll-like receptor and B-cell receptor pathway alongside the loss of CDKN2A, substantiates its close affiliation with other IP-LBCL (14). Similarly, analogous genetic alterations in IVLBCL, primary cutaneous DLBCL leg-type, and primary breast or adrenal DLBCL support their inclusion within the IP-LBCL classification.




Figure 2 | The immune escape mechanisms of IP-LBCL.






4 Diagnosis



4.1 Pathological examination

Pathological examination is considered the gold standard for diagnosing IP-LBCL. The combination of cytological, immunological, cytogenetic, and molecular biological assays enables a precise diagnosis of IP-LBCL. The pathological, molecular, and genetic changes of IP-LBCL are detailed in the Supplementary Table 1.

Stereotactic biopsy is the preferred approach for PCNSL. Approximately 95% of PCNSL have exhibited a DLBCL pathological subtype, predominantly of non-germinal center origin. The remaining cases include marginal zone lymphoma (MZL), anaplastic large cell lymphoma (ALCL), Burkitt lymphoma (BL), lymphoblastic lymphoma (LBL), mature T/NK-cell lymphoma (T/NK), and Hodgkin lymphoma (HL).

In the diagnosis of primary testicular lymphoma (PTL), orchiectomy is favored over fine needle aspiration and testicular biopsy due to the availability of intact tissue samples. Approximately 80% to 90% of PTL cases are classified as DLBCL; other pathologic types are predominantly Burkitt and Burkitt-like lymphoma (BL). Mantle cell, NK/T-cell, and follicular testicular lymphoma (FL) are observed less frequently.

PVRL is occasionally classified as a subtype of PCNSL. A vitreous biopsy is the preferred method for diagnosing PVRL. Lymph node or local lesion biopsy is the preferred method for diagnosing IVLBCL, primary cutaneous DLBCL leg-type, and primary breast or adrenal DLBCL.




4.2 Laboratory examination

Research has demonstrated that a κ to λ free immunoglobulin light chains ratio exceeding 3.0 in Cerebrospinal Fluid (CSF) patients with PCNSL can be a provisional threshold for identifying clonal light chain restriction. Additionally, the CSF levels of cytokines IL-10, IL-6, IL-10/IL-6 ratio, and C-X-C chemokine ligand 13 (CXCL 13) have been identified as potential diagnostic markers for PCNSL. Studies have indicated that the diagnostic threshold value of IL-10 was 0.43 pg/mL, yielding a sensitivity of 96.3% and a specificity of 66.67%. While IL-6 alone was not significant for diagnosing PCNSL, the IL-10/IL-6 was significant, with a critical value of 0.21, a sensitivity of 81.48%, and a specificity of 80.95% (15). Furthermore, CXCL 13, which plays an essential role in B-cell homing, has been recognized as an independent diagnostic marker and can be utilized alone or in conjunction with IL-10 (16). A ROC curve analysis assessed the diagnostic potential of CXCL 13 as a biomarker for CNS lymphoma, revealing that CXCL 13 concentrations above 90 pg/mL had a sensitivity of 69.9% and a specificity of 92.7% for detecting CNS lymphoma.

IL-6 and IL-10 levels in the aqueous humor or vitreous body have been implicated in the diagnosis of PVRL (17). A systematic review has demonstrated that an IL-10/IL-6 ratio of 1 or higher is highly sensitive for identifying patients with PVRL (18). Notably, the diagnostic utility of the IL10 to IL6 ratio differs between PCNSL and PVRL, suggesting that further investigation is warranted to elucidate the underlying reasons for this discrepancy.




4.3 Imaging

For diagnosing PCNSL, contrast-enhanced magnetic resonance (MRI) and diffusion-weighted (DWI) are the preferred imaging modalities. Most PCNSL cases manifest as isolated supratentorial lesions affecting the white matter. However, multifocal disease, involvement of the infratentorial compartments, and spinal cord involvement are also not uncommon occurrences (19). Research has shown that the notch sign, T2 necrosis sign, reef sign, and peritumoral white matter softening sign are closely associated with PCNSL (20). Concurrently, advanced MRI techniques, such as dynamic contrast-enhanced MRI and dynamic magnetic susceptibility contrast-perfusion MRI, offer distinctive insights into tumor biology.

Optical coherence tomography (OCT) is a valuable tool for accurately identifying the unique features and location of PVRL, which is essential for its diagnosis. OCT examinations reveal hyperreflective spots within the posterior vitreous cavity, with punctate or clustered hyperreflective foci that may infiltrate all layers. In severe cases, the retinal layers may become indistinguishable. Additionally, vertically oriented hyperreflective lesions within the retinal neuroepithelium are frequently observed. These lesions may also encircle the retinal pigment epithelium (RPE), creating a double layer between the RPE and Bruch’s membrane.

Ultrasonography is the preferred diagnostic modality for PTL and can also be utilized for the exclusionary diagnosis of PVRL. PVRL is characterized by infiltration along the spermatic cord and gonadal veins to the retroperitoneum and diffuse thoracic and abdominal infiltrates (21).

Fundus autofluorescence (FA) and indocyanine green angiography (ICGA) are diagnostic tools PVRL patients use. Distinct clusters of round hypofluorescent foci are observed in both the early and late stages of FA, as reported by Venkatesh et al. Proposed capillary detachment is another feature of FA in PVRL (22). The primary characteristic of ICGA is hypoblue light (23), and small, round hypofluorescent foci may disappear in advanced stages. FA is a non-invasive test for PVRL, where tumor cells infiltrating the neuroretina exhibit high autofluorescence, and lesion regression can be tracked by hypofluorescence (22).

Enhanced computed tomography (CT) of the chest, abdomen, and pelvis is crucial for determining the extent of IP-LBCL and distinguishing between primary and secondary lesions. Compared to CT, 18F-fluorodeoxyglucose positron emission tomography (18F-FDG PET) has a higher diagnostic value. A meta-analysis of 967 patients from 29 studies revealed that the weighted mean combined sensitivity, specificity, positive predictive value, negative predictive value, and diagnostic ratio for 18F-FDG PET were 87% (95% CI, 83%–90%), 85% (95% CI, 81%–88%), 84% (95% CI, 81%–88%), 87% (95% CI, 84%–90%), and 29.78 (95% CI, 18.34–48.35), respectively (24). However, the diagnostic value of both tests is not without limitations. A large international multicenter cohort study indicated a false-positive rate of up to 5.8% for whole-body PET-CT in the preliminary diagnosis of extracranial invasion in CNS DLBCL patients (25). Kim et al. also found that 13.5% of PCNSL patients showed low FDG uptake on PET, which is associated with negative expression of MUM1, a critical regulatory protein in B cell development and tumorigenesis (26). Therefore, caution must be exercised regarding false positives and negatives when diagnosing PCNSL with PET-CT. Pathological examination remains the gold standard for diagnosis.

PET serves a dual role in assessing treatment efficacy and predicting patient outcomes in CNS lymphoma. A prospective multicenter study evaluated the utility of 18F-FDG PET in treating CNS lymphoma, revealing that baseline cerebellar metabolism and the sum of metabolized tumor volume (sumMTV) for up to five lesions were predictive of chemotherapy response in PCNSL patients. Higher average standardized uptake values (SUV) and lower sumMTV in the cerebellum were significantly associated with favorable response groups in the study (average SUV: 6.4 [5.7–7.5] vs. 5.4 [4.6–6.5], p = 0.04, and sumMTV: 5 [1.8–10.8] vs. 17.1 [5.3–19.9], p = 0.01, respectively) (27), This suggests that elevated average SUV and reduced sumMTV in the cerebellum are indicative of improved treatment outcomes. Additionally, another prospective study reported that a high maximum standardized uptake value (SUVmax) correlated with decreased progression-free survival (PFS), with a median PFS of 3.4 months for patients with SUVmax >20 and 10.8 months for those with SUVmax <20 (28).




4.4 Fundus photography

An accurate ophthalmologic evaluation can discern infiltrative patterns of cells within the vitreous, presenting as sheets or clumps, and multifocal creamy-white lesions in the outer retina, characteristic findings in PVRL (23).




4.5 Biomarkers

Circulating tumor DNAs (ctDNAs), which are DNA fragments deriving from apoptotic, necrotic, or secreted tumor cells, serve as biomarkers in oncological research (29) (14). Compared to traditional tissue biopsies, ctDNAs offer the advantages of being non-invasive, requiring only a tiny sample, real-time, and allowing for multiple tests, making them particularly suitable for patients from whom samples cannot be obtained. On the other hand, ctDNAs carry the genomic information of tumor cells, reflecting the status of IP-LBCL. Detection of ctDNAs facilitates the acquisition of IP-LBCL’s genetic profiling, aiding in the selection of appropriate targeted therapies, but also enables real-time monitoring of tumor burden through changes in ctDNA levels, predicting tumor recurrence and surveillance of minimal residual disease. In brain tumor patients, the concentration of ctDNA in CSF exceeds that found in plasma, endowing it with heightened sensitivity for detecting CNS lesions (30). A CSF NGS analysis of 11 newly diagnosed PCNSL patients undergoing ibrutinib-based therapy demonstrated that ctDNAs could effectively monitor tumor burden and evaluate treatment response (29). Furthermore, the clinical utility of ctDNA in aqueous humor and vitreous fluid has also been established to diagnose and monitor PVRL (31). Similarly, changes in the microRNAs (miRNAs) levels also reflect crucial biological information about IP-LBCL, providing valuable reference information for evaluating treatment efficacy, assessing prognosis, monitoring drug resistance, and personalized treatment, thereby supporting clinical management and evidence-based decision-making. Several studies have employed real-time quantitative polymerase chain reaction (qRT-PCR) quantified miRNAs in the CSF of PCNSL patients, identifying significantly elevated expression levels of miR-19b, miR-21, and miR-92a relative to controls (32). Moreover, studies have indicated that miR-326 was a key driver of B-cell proliferation, and miR-6513-3p had the potential to serve as an auxiliary tool for the diagnosis of PVRL (33).

Hernandez-Verdin’s team conducted a comprehensive multi-omics analysis of PCNSL, encompassing whole-exome sequencing, RNA sequencing (RNA-seq), methylation sequencing, and clinical profiling. This analysis revealed four distinct prognostic molecular subtypes of PCNSL and developed algorithms for identification. Based on the multi-omics data classification, PCNSL was categorized into four clusters (CS). The CS1 and CS2 exhibited an immune-cold hypermethylated profile yet displayed distinct clinical behavior. The CS3 was characterized by meningeal infiltration and a high prevalence of HIST1H1E mutation; notably, only tumor cells from the CS3 were identified in the CSF in cases with meningeal infiltration, offering a potential diagnostic marker for PCNSL typing. The ‘immune-hot’ Cluster CS4 was enriched with mutations and exhibited increased JAK signal and NF-kB activity (34). These four molecular patterns, with their unique prognostic implications in PCNSL, lay the groundwork for future clinical stratification and the development of targeted interventions tailored to specific subtypes. Cluster CS3 may exhibit sensitivity to BTK inhibitors, while CS1 may derive therapeutic benefit from the loss of CDKN2A/B. The CS2 subtype potentially responds to the inhibition of IRF4, SPIB, MEIS1, and demethylation agents. Additionally, CS2 is characterized by elevated DNA methylation levels (34). Stratification based on distinct metabolic profiles can inform treatment strategies and potentially enhance prognostic outcomes.




4.6 Cognitive function assessment

Cognitive function in patients with CNS tumors can be compromised by both the cancer itself and the neurotoxic effects of treatment, resulting in a diminished quality of life and impaired social competence. Therefore, it is imperative to conduct essential cognitive screening and assessment for these patients using the Mini-Mental Status Examination (MMSE), a validated screening tool for cognitive function (35).





5 Treatment



5.1 Standard treatment



5.1.1 Induction therapy of PCNSL

NCCN and ESMO guidelines prioritize enrollment in clinical trials for patients newly diagnosed with PCNSL. For those who are not eligible for clinical trials, both NCCN and ESMO guidelines advocate for induction regiments incorporating high-dose methotrexate (HD-MTX), such as R-MT or R-MPV.

There are distinctions between the NCCN and ESMO guidelines regarding the recommended regimen and HD-MTX dosage (Table 1). The NCCN guidelines specify two points: 1. R-M/R-MT can serve as an induction regimen, requiring an MTX of 8g/m2; 2. If R-M is combined with additional chemotherapy agents (R-MPV/R-MT) and consolidation with whole brain radiotherapy (WBRT) consolidation is under consideration, the MTX dosage can be reduced to 3.5g/m2. In contrast, ESMO recommends R-M in combination with multiple chemotherapeutic agents for induction and sets the minimum MTX dosage at 3g/m2.


Table 1 | Comparison of NCCN and ESMO guidelines.



Patients who are intolerant to HD-MTX may consider alternative chemotherapy regimens. WBRT is suggested for patients who are ineligible for chemotherapy due to advanced age, poor performance status, or significant debilitation. For PCNSL patients who cannot tolerate chemotherapy, the ESMO guidelines recommend palliative strategies, including corticosteroids, oral alkylating agents such as temozolomide, carmustine, and procarbazine, with or without rituximab, WBRT, BTK inhibitors, and immunomodulators. In addition to intraocular chemotherapy, the NCCN guidelines also consider orbital radiotherapy (RT) for PCNSL patients exhibiting vitreoretinal involvement on ophthalmic examination who show no response to systemic therapy. The NCCN guidelines further recommend intra-CSF systemic treatment for patients with positive CSF findings who cannot tolerate systemic chemotherapy. Moreover, for patients with positive CSF or spinal MRI, the NCCN guidelines advocate focal spinal RT. Regarding intrathecal injection, the ESMO guidelines deem it appropriate for patients who are CSF-positive but cannot tolerate chemotherapy as a first-line treatment for those with persistent meningeal disease after initial CSF positivity.




5.1.2 Consolidation therapy of PCNSL

Patients who achieve complete remission (CR), partial remission (PR), or stable disease (SD) following induction therapy have options for consolidation therapy, which may include WBRT or autologous stem cell transplantation (ASCT). Table 1 delineates the distinctions between NCCN and ESMO guidelines regarding consolidation therapy approaches. The NCCN guidelines stipulate that ASCT should be considered only for patients who have attained CR or unconfirmed CR (uCR). In contrast, ESMO views ASCT as a viable option for patients who have not experienced disease progression and are otherwise eligible. For patients not eligible for ASCT post-CR, the ESMO guidelines suggest watchful waiting, WBRT, or lenalidomide maintenance therapy, given the intensive combination chemotherapy induction regimen typically utilized. Clinical trials are currently underway to assess lenalidomide and procarbazine as maintenance therapy in the R-MP regimen. Conversely, the NCCN guidelines do not endorse a wait-and-see approach; instead, they recommend a monthly MTX regimen (3.5g/m2 ~ 8g/m2) with or without R or R/Temozolomide (TMZ) as standalone options.




5.1.3 Recurrent/refractory PCNSL

NCCN and ESMO guidelines prioritize enrollment in clinical trials for both R/R PCNSL and newly treated PCNSL. HD-MTX reinduction is acknowledged as an effective strategy for patients experiencing advanced recurrence, defined as ≥12 months post-HD-MTX-based chemotherapy by NCCN. For patients with early recurrence occurring within < 12 months or those with refractory treatment, alternative non-MTX regiments, such as HD-AraC chemotherapy, are recommended by the NCCN. The NCCN and ESMO guidelines endorse ibrutinib, TMZ, or lenalidomide for treating R/R PCNSL. Additionally, ESMO advocates for HD-ifosfamide-based chemotherapy. In contrast, the NCCN tailors its regimen recommendations to various conditions, including prior WBRT, prior HD-MTX-based regimen without prior RT, and ASCT, as detailed in Table 1.




5.1.4 PTL

The CSCO guidelines utilize the 2014 Lugano staging criteria for the stratification of PTL. The preferred treatment for PTL, according to these guidelines, is radical orchiectomy followed by 6 to 8 cycles of R-CHOP and prophylactic RT (25 to 30Gy) to the contralateral scrotum. When orchiectomy is not feasible, involved site radiotherapy becomes an alternative treatment approach. Given the high propensity for CNS relapse in PTL, CNS prophylaxis is also recommended. This includes intrathecal injections of methotrexate, with or without cytarabine, and two cycles of HD-MTX. A distinction is made between stages III and IV and stages and IIE, where DLBCL-like therapy is favored. For R/R PTL, clinical trials should be considered the first-line option. For those who do not meet the eligibility criteria for clinical trials, DLBCL-like therapy, Bruton’s tyrosine kinase inhibitors (BTKi), lenalidomide, Programmed cell death receptor 1 (PD-1) monoclonal antibody, chimeric antigen receptor T-cell therapy (CAR-T), and ASCT are viable treatment options.




5.1.5 PVRL

The ESMO guidelines advocate for a treatment approach for PVRL that mirrors the regimen used for PCNSL, complemented by intravitreal injection of MTX to expedite the remission of intraocular disease. Patients who attain CR or PR may benefit from further consolidation with orbital radiotherapy. For patients who are intolerant to chemotherapy, oral temozolomide in conjunction with orbital radiotherapy or intravitreal MTX injection is recommended. For R/R PVRL, treatment options include R-DHAP (Rituximab-Dexamethasone-Cytarabine-Cisplatin) or R-ICE(Rituximab-Ifosfamide-Carboplatine-Toposide) regimens, followed by thiotepa-based consolidation with HDC-ASCT therapy. For patients with R/R PVRL who are generally in poor condition, alternative treatment options include topical therapy, ibrutinib, lenalidomide, or temozolomide.





5.2 Targeted drug

BTKi, immune checkpoint inhibitors, immunomodulatory agents, CD20 monoclonal antibodies, and CAR-T cell therapies targeting CD19 have been proven to have significant anti-tumor effects, with their blood-brain barrier penetration rates shown in Table 2.


Table 2 | BBB penetration rate of the targeted drug.



BTKi are a class of small molecules capable of traversing physiological barriers to specifically bind and inhibit the activity of BTK, thereby blocking downstream signal transduction pathways (Figure 3), including the NF-κB pathways. Among them, the My-T-BCR is a site for NF-κB activation and is extremely sensitive to BTK inhibition (possibly due to the autophagy of mutated MYD88 by BTK inhibitors), especially when there are concurrent mutations in MYD88 and CD79B, where the benefit of combining BTK inhibitors with chemotherapy is maximized. First-generation BTKi exhibit specific off-target inhibition effects, which has led to the preferential use of second-generation BTKi. Apart from acalabrutinib, which is currently under clinical investigation, both zanubrutinib and tirabrutinib have demonstrated efficacy and safety in PCNSL and PVRL, as shown in Table 3. Orelabrutinib has shown efficacy only in PCNSL. There are no reports on the application of orelabrutinib in PVRL or the use of BTK inhibitors in PTL. The programmed cell death receptor 1 (PD-1) and its ligand (primarily PD-L1) are expressed by tumor and microenvironmental cells. They mediate immune evasion of tumors by dampening the PTEN-PI3K-Akt and RAS-MEK-ERK signaling pathways and upregulating the expression of transcription factors such as Basic Leucine Zipper Transcriptional Factor ATF-like (BATF) (36), as shown in Figure 3. Drugs targeting PD-1/PD-L1 rejuvenate exhausted T cells in the TME. Apart from PVRL, both PCNSL and PTL have shown clinical and radiological responses following PD-1 blockade. A clinical trial investigated the effectiveness of the anti-PD-1 antibody Nivolumab in four patients with R/R PCNSL and one patient with PTL CNS relapse. The results indicated that all five patients exhibited clinical and radiographic responses to PD-1 blockade (37).




Figure 3 | The mechanisms of action of targeted drugs and potential targeted drugs in IP-LBCL. ROR1, Receptor Tyrosine Kinase-Like Orphan Receptor 1; BCR, B-Cell Receptor; Dvl, Dishevelled; RhoA, Ras Homolog Family Member A; ROCK, Rho-Associated Coiled-Coil Kinase; Rac, Ras-Related C3 Botulinum Toxin Substrate; JNK, C-Jun N-Terminal Kinase; GSK3β, Glycogen Synthase Kinase 3 β; PI3K, Phosphatidylinositol3 kinase; Akt, Protein Kinase B; CaN, Calcineurin; PIP2, Phosphatidylinositol 4,5-Bisphosphate 3-Kinase; IP3:Inositol Triphosphate; NFAT; Nuclear Factor of Activated T Cells; Lyn, Tyrosine-Protein Kinase Lyn; Syk, Spleen Tyrosine Kinas; BTK, Bruton tyrosine kinase; PLCγ, Protein-Activated Phosphatidylinositol-Specific Phospholipase Cγ; BLNK1, B-Cell Linker Protein 1; VAV, Vav Guanine Nucleotide Exchange Factor; GRB2, Growth Factor Receptor-Bound Protein 2; SOS, Guanylate Release Factor; RAS, Rat Sarcoma; RAF, Rapidly Accelerated Fibrosarcoma; MEK1/2, Mitogen-Activated Protein Kinase Kinase 1 and 2; ERK1/2, Extracellular Regulated Protein Kinases; DAG, diglyceride; PKC, Protein Kinase C; CARD11, Caspase Recruitment Domain Containing Protein 11; BCL10, B-Cell Lymphoma 10 Protein; MALT1, Mucosa-Associated Lymphoid Tissue Lymphoma 1; TRAF, Tumor Necrosis Factor Receptor-Associated Factor; TAB2, Transforming Growth Factor-β Activated Kinase 1 Binding Protein 2; TAK1, Transforming Growth Factor Beta-Activated Kinase 1; IκB, Inhibitor of Kappa B; IKK, IκB Kinase; P50/65, NF-κB Subunits p50/p65; P100/52, NF-Kappa B Subunits p100/p52; TLR, Toll-Like Receptor; TRAM, Recombinant Translocation Associated Membrane Protein 1; MYD88, Myeloiddifferentiationfactor; IRAK, Interleukin 1 Receptor Associated Kinase; IAP, Inhibitor of Apoptosis Protein; NIK, NF-κB Inducing Kinase; JAK, Janus Kinase; STAT, Signal Transducer and Activator of Transcription; BAFF, B-cell Activating Factor of the TNF Family; IL-10R1, Interleukin-10 Receptor 1; CD, B-Cluster of Differentiation; Cluster of Differentiation 30/40; TNFR, Tumor Necrosis Factor Receptor; C-myc, Myelocellular Leukemia Oncogene; CyclinD1, Cyclin Dependent Kinase 1; PTEN, Phosphatase and Tensin Homolog; PD-L1, Programmed Cell Death Receptor 1; mTOR, MammalianTarget of Rapamycin; CIITA, MHC class II transactivator; β2M, β2-Microglobulin; ZAP70, Zeta-Chain Associated Protein Kinase 70; TCR, T-Cell Receptor; Lck, Lymphocyte-Specific Protein Tyrosine Kinase; Fyn, Src family tyrosine kinase; SHP-2, SH2 domain-containing protein-tyrosine phosphatase-2; MAPKK, Mitogen-Ativated Protein Kinase Kinase; MAPK, Mitogen-Activated Protein Kinase.




Table 3 | Clinical Trials of Targeted Therapies for IP-LBCL.



Immune modulators lenalidomide and pomalidomide exert their effects by binding to the cereblon protein within the E3 ubiquitin ligase complex, leading to the ubiquitination and degradation of specific proteins such as Ikaros and Aiolos, as shown in Figure 3. The degradation of these proteins plays a crucial role in regulating immunity and tumor cell growth. Additionally, lenalidomide has the ability to cross the blood-brain barrier and exhibits single-agent activity (38). Pomalidomide is 10 times more potent than lenalidomide, yet there are no clinical studies to assess its ability to cross the blood-brain barrier. However, research has shown that after a single oral administration of 14C-labeled pomalidomide to rats, radioactivity can be detected in the spinal cord and brain 3 hours later (39). Lenalidomide has demonstrated clinical activity in PCNSL, PTL, and PVRL, while pomalidomide has shown efficacy only in PCNSL and PVRL, as reported in Table 3. Its efficacy in PTL remains to be investigated.

The monoclonal antibody targeting CD20 (see Figure 3), rituximab, has been incorporated into guidelines. Although only 0.1% can cross the BBB (Table 2) (40), it plays a positive role in IP-LBCL (Table 3).

CD19-targeting CAR-T cell therapy (Figure 3) offers a novel option for IP-LBCL patients, introducing a new treatment paradigm that demonstrates unprecedented efficacy and significantly improves the prognosis of IP-LBCL patients. It has been reported that CD19 CAR-T cells can cross the BBB, but the extent of BBB penetration requires further investigation. A retrospective study leveraging the LOC network database demonstrated significantly improved clinical outcomes in the CAR-T cell therapy cohort relative to controls, with median progression-free survival (PFS) of 3 months versus not reported (NR) in controls (p < 0.001), and median overall survival (OS) of 4.7 months versus NR. Of the 25 CAR-T recipients, 23 (92%) developed cytokine release syndrome (CRS), while neurotoxicity events occurred in 17 patients (68%), 5 of whom (20%) experienced grade 3 or higher adverse events (41). A meta-analysis evaluating the toxicity and efficacy of CAR-T cell therapy in PCNSL revealed that 70% of PCNSL patients developed cytokine release syndrome (CRS) of any grade, including 13% with grade 3-4 severity, while 53% experienced immune effector cell-associated neurotoxicity syndrome (ICANS), with 18% classified as grade 3-4. Clinically, 56% of patients achieved complete remission (CR) and 37% maintained remission at 6 months. These findings suggest that the toxicity profile of anti-CD19 CAR-T cell therapy in PCNSL aligns with that reported in systemic diffuse large B-cell lymphoma (DLBCL), without evidence of elevated neurotoxicity. Furthermore, the therapy demonstrated robust efficacy with high rates of durable responses, supporting its safety and effectiveness in this patient population (42). Additionally, some patients experience disease progression or lack of response to CAR-T cells during infusion, relapse, or succumb to severe adverse reactions post-infusion. Enhancing the persistence of CAR-T cells in vivo, increasing their tumor cell-killing capacity, and reducing CRS and ICANS are current challenges that need to be addressed. There is an urgent need to develop new CAR-T products to overcome these limitations. Some clinical trials on CAR-T are detailed in Table 4.


Table 4 | The clinical trials of CAR-T.






5.3 Potential targeted drugs

Small molecule inhibitors of ROR1, bispecific antibodies, antibody-drug conjugates (ADCs), and carriers for large molecular substances have not yet been applied to IP-LBCL, but all show great clinical potential.

ROR1 small molecule inhibitors, such as KAN0441571C (Figure 3), target ATP-binding sites within the ROR1 TK domain (43) and down-regulate ROR1 signaling pathways, including non-classical Wnt pathways (PKC and PI3Kδ/AKT/mTOR) and classical Wnt/β-catenin pathways, which have been shown to induce apoptosis of ROR1-positive DLBCL cell lines. The high ROR1 expression in IP-LBCL suggests its potential as a novel therapeutic target for IP-LBCL (11). Further research in this area is ongoing.

Bispecific antibodies (Figure 3) bridge CD3 on T cells and tumor antigens. They guide T cells to the tumor site to form an immunological synapse, triggering a cascade reaction of perforin, granzyme, and cytokine release, thereby lysing tumor cells. This reaction is independent of the interaction between MHC and T cells (43). Therefore, bispecific antibodies may still have a cytotoxic effect for IP-LBCL, which often lacks MHC and causes immune escape. The CD20×CD3 bispecific antibody glofitamab can partially penetrate the blood-brain barrier. Although the average concentration in cerebrospinal fluid is only 0.1-0.4% (40) of that in peripheral blood, it is sufficient to induce clinical and radiological responses in patients with PCNSL. Godfrey and colleagues enrolled four patients with DLBCL involving the central nervous system and administered glofitamab (median number of cycles, 6.5). Glofitamab was detected in the CSF of all four patients, with concentrations ranging from 0.00632 to 0.0296 g/mL. Moreover, CSF samples from three patients significantly induced T-cell activation (upregulation of CD25 and CD69), enhancing T-cell cytotoxicity (40).

ADCs, such as loncastuximab tesirine (an anti-CD19 antibody conjugated with a potent pyrrolobenzodiazepine), zilovertamab vedotin (an anti-ROR1 antibody conjugated with monomethyl auristatin E (MMAE)), and polatuzumab vedotin (an anti-CD79 antibody conjugated with MMAE), represent an innovative therapeutic approach that combines the targeting capability of monoclonal antibodies with the potent cytotoxicity of small molecule drugs. These ADCs induce apoptosis through four processes: targeted binding (Figure 3), internalization, toxin release, and cell killing. Currently, no ADCs have been specifically studied for IP-LBCL. IP-LBCL is a rare B-cell lymphoma with similar biological characteristics to DLBCL so that ADCs may have potential therapeutic value. Efficacy and safety data from DLBCL can provide a reference for treating IP-LBCL.

Penetrating the BBB to cross physiological barriers and enter immune-privileged sites is challenging in developing immunotherapeutic drugs for IP-LBCL. Carriers such as the transferrin receptor (TfR), CD98hc, and gold nanoparticles (AuNPs) (44) that form tight junctions have paved the way for significant molecular substances to enter these privileged areas. TfR and CD98hc are molecules expressed by brain vascular endothelium, and animal experiments have proven that TfR and CD98hc can promote the transcytosis of significant molecular substances across the BBB (45). AuNPs can temporarily increase BBB permeability through local biophysical effects generated by their interaction with laser pulses. Monoclonal antibodies, bispecific antibodies, and even ADCs in combination with TfR, CD98hc, or AuNPs seem to offer a solution to the challenge of drug penetration through the blood-brain barrier.





6 Prognosis

For PCNSL, the current recommended prognostic scoring systems are derived from the International Extranodal Lymphoma Working Group (IELSG) and the Model for Memorial Sloan-Kettering Cancer Centre (MSKCC). However, these models have their limitations. In practical clinical settings, the IELSG score may be challenging to apply for some patients due to the contraindications of lumbar puncture or the unavailability of lactate dehydrogenase (LDH) data, hindering practical prognosis evaluation. The MSKCC risk stratification, which relies solely on age and Karnofsky Performance Status (KPS), may be biased, leading to potentially inaccurate prediction outcomes. Consequently, modifications have been made to the IELSG and MSKCC scoring models. New prognostic factors have been incorporated, including 18-month progression of disease (POD18), tumor-associated macrophages, LDH levels, and lymphocyte ratios. The combination of POD18 with an improved IELSG score (age≥54 years, ECOG≥2, deep brain structure involvement, elevated CSF protein, LDH ratios above the upper limits of normal > 0.75) demonstrated robust discriminability (C-index=0.828), significantly outperforming the standard IELSG score (C-index=0.625). Similarly, the AUC for this combined model was higher than that of the IELSG (46). To validate the prognostic significance of combined tumor-associated macrophage (TAMs) related biomarkers, the expression PD-1 on TAMs and the ratio of alternatively activated macrophage (M2) to classically activated macrophages (M1) were integrated into the IELSG, resulting in the IELSG-M index. Kaplan-Meier plots indicated that the IESLG-M index more effectively stratified patients into low-, intermediate-, and high-risk prognosis subgroups than the IELSG. The areas under the receiver operating characteristic curves for IELSG-M were 0.844 for OS, surpassing the IELSG model’s 0.580 (47). Furthermore, studies have revealed that while there is a significant difference in the OS rates among low-, intermediate-, and high-risk groups according to the MSKCC scoring system, the 5-year OS rate is 33.3%, 40.9% and 11.6%, respectively, the validation cohort’s low - and intermediate-risk groups could not be distinguished. The novel PCNSL lactate-dehydrogenase-to-lymphocyte ratio (LLR) scoring system successfully differentiated patients in the validation cohort into low-, intermediate- and high-risk groups, with 5-year OS rates of 61.9%, 30.2%, and 11.6%, respectively (48).

Researchers have proposed several new prognostic models for PCNSL, including the Xijing model, the two-factor prediction model, the Taipei score, and the NNI-NCCS score (Table 5). The Xijing model incorporates four variables: number of lesions, β2-microglobulin (β2-MG), systemic inflammatory response index (SIRI), and KPS. Patient scores are calculated by assigning different points to these variables. A cut-off value is determined to stratify the risk. When applied to a cohort study of 72 PCNSL patients, the Xijing model demonstrated that the median OS was 48, 19, and 5 months in the low-, medium-, and high-risk groups, respectively, and the median PFS was 10, 5.5, and 3 months, respectively. These values were shorter than those obtained through IELSG and MSKCC score stratification, suggesting that the Xijing model may offer more refined prognostic stratification (49). The two-factor prognostic model is based on Eastern Cooperative Oncology Group (ECOG) PS and albumin levels (ECOG PS >1 and albumin ≤4.1), with each parameter assigned a point, categorizing newly diagnosed PCNSL patients into three risk groups (Low-risk group: 0 points; Intermediate-risk group: 1 point; High-risk group: 2 points). The 5-year survival rates for these groups were 47.5%, 36.9%, and 11.9%, respectively, showing significant OS differences. Unlike the MSKCC scoring system, which showed no statistical difference in OS between the low- and intermediate-risk groups, this two-factor model provides a simple yet effective prognostic tool for newly diagnosed PCNSL patients (50). The Taipei score is based on three risk factors: age≥80, deep brain lesions, and ECOG≥2, with each factor assigned one point. The model was used to evaluate 101 newly diagnosed PCNSL patients, with median PFS in the low-, intermediate, high-, and very high-risk groups being 3.9, 1.7, 0.7, and 0.1 years, respectively. The higher the score, the worse the OS (51). The Taipei score retains factors with prognostic value in assessing OS and PFS: Age and deep brain lesions, with 80 years as the age dividing line (50 years for MSKCC and 60 years for IELSG), and significantly differentiates the validation risk group while providing prognostic stratification for PFS and OS compared to the IELSG and MSKCC. A novel PCNSL prognostic risk-scoring system has been proposed based on KPS and six mutant genes (BRD4, EBF1, BTG1, CCND3, STAG2, and TMSB4X). Using a calculated cut-off value, patients are divided into low-risk (≤0.504) and high-risk (>0.504) groups, with the high-risk group showing significantly lower OS (52). This system enriches the understanding of the genetic mechanisms of PCNSL and offers a new method for assessing the prognostic risk. In the rituximab era, the MSKCC had a poor concordance index of 0.57. The NCCS-NNI score classifies patients into low-, medium-, and high-risk groups based on age and post-steroid neutrophil-lymphocyte ratio (NLR) and pre-steroid NLR. The 2-year mortality rates were 5%, 38% i, and 73% for the low-, medium-, and high-risk groups, respectively (53). An increase in post-steroid NLR may serve as a biomarker for prolonged survival and a lower rate of progression after chemotherapy initiation. The NCCS-NNI score is more discriminating and better calibrated in internal validation than MSKCC and aligns more closely with modern healthcare and treatment options. Furthermore, by integrating genome-wide data from multiple omics, researchers have identified four molecular patterns in PCNSL with unique prognostic effects labeled CS1-CS4. OS was significantly different among these groups, with patients in CS4 having the most prolonged survival, substantially longer than those with CS2 and CS3, and slightly longer than those with CS1. These differences remained significant after adjusting for age and KPS. CS4 was also independently relevant when considering PFS (34). This provides a basis for future clinical stratification and targeted interventions based on subtypes.


sTable 5 | New prognostic model of PCNSL.



The International Prognostic Index (IPI) is limited in its ability to stratify the prognostic of patients with PTL, necessitating the development of a more refined prognostic model. Current research has identified several factors associated with poor prognosis in PTL patients: the presence of B symptoms, specific genetic alterations such as BTG2 mutation (54), TP53 mutation, HLA deletion, a serum LDH to CSF LDH ratio of6.5 or higher (55), loss of 5-hydroxymethylcytosine (56), low T lymphocyte content or low expression of T lymphocyte characteristic genes in TME, and p53 immunohistochemical overexpression (defined as positive immunohistochemical staining of at least 50% of tumor cells in testicular tissue (57)). A molecular analysis of 25 PTL patients revealed that those with HLA mutations had a significantly worse prognosis than those with TP53 mutations (58). Leivonen et al. categorized patients into high, medium, and low groups based on the expression of 121 T lymphocyte characteristic genes. Cox multivariate analysis showed that the low expression of these genes was an independent prognostic factor, significantly correlating with poor PFS, OS, and disease-specific survival (DSS), with hazard ratios of 2.810, 3.267, and 2.910, respectively (59).

Research on the prognosis of PVRL is limited. However, one study suggested that patients with lower serum IgA levels had a higher relapse rate and lower survival rates compared to those with higher IgA levels (60).




7 Outlook

Recent research advancements have provided new perspectives for the diagnosis and treatment of IP-LBCL. The integration of genomics, proteomics, metabolomics, immunology, and radiomics with clinical features is anticipated to facilitate the development of novel, specific predictive and diagnostic biomarkers. Utilizing AI to develop new prognostic models will aid in guiding clinical decision-making.

Exploring potential therapeutic targets such as ROR1 provides direction for the development of new targeted drugs; designing and developing new antibody-based drugs based on the distinct antigen expression profiles that may exist in different types of IP-LBCL; and facilitating the transport of large molecular drugs across the BBB using carriers like TfR, CD98hc, and exosomes, or by optimizing drug molecular structures and administration methods, can all increase drug concentration and activity in immune-privileged sites. Further optimizing the structural design of CAR-T cells to enhance their targeting and persistence in immune-privileged areas and developing dual-target and multi-target CAR-T cells to overcome drug resistance and broaden the therapeutic spectrum will offer more effective treatment options for IP-LBCL patients, significantly improving their survival rates.

By combining various treatment modalities such as targeted therapy, immune checkpoint inhibitors, CAR-T cell therapy, and antibody-based drugs in a rationally personalized manner according to the genetic, protein, and immune microenvironmental characteristics of IP-LBCL patients, the combination of BTK inhibitors with PD-1/PD-L1 inhibitors may synergistically overcome tumor immune escape, enhancing the efficacy and reducing adverse reactions in IP-LBCL patients.

Given the rarity of the other three types of IP-LBCL, a comprehensive and systematic summary of these subtypes is lacking, which represents a limitation of this review.

In summary, breaking the immune escape of IP-LBCL and developing effective therapeutic strategies will pave new avenues and demonstrate a promising future for the treatment of IP-LBCL!
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