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Abstract

Background: Mediastinal gray zone lymphoma (MGZL) is a rare B-cell lymphoma which shares
clinicopathologic and molecular features between primary mediastinal B-cell lymphoma (PMBL) and
classical Hodgkin lymphoma (CHL). Although included as provisional disease entity back in 2008
WHO classification after initial description in 1998, the concept of MGZL has since evolved, with
latest WHO-HEMADS and ICC limiting the entity to EBV-negative mediastinal lesion. Methods: This
review summarizes the historical evolution, epidemiology, clinicopathologic characteristics,
immunophenotypic and genetic features, diagnostic challenges, and therapeutic strategies for MGZL.
Data from retrospective series, prospective cohorts, and recent molecular studies are synthesized to
provide a comprehensive perspective. Results: MGZL generally affects young adults, especially
males, and presents with bulky mediastinal disease. Transitional morphology, pleomorphic Reed—
Sternberg-like cells, and variable B-cell and activation markers make its diagnosis challenging.
Molecular studies have shown that they share changes with PMBL and CHL such as 9p24. 1
(JAK2/PD-L1/PD-L2); however, specific alterations, including HOXAS5 hypomethylation and MYC
gains, argue for its designation as a separate entity. Therapeutically, DA-EPOCH-R is one of the most
effective regimens, but prognosis is still worse than PMBL or CHL, 5-year OS ~40-60%. Salvage
chemotherapy and autologous transplantation are frequently necessary for relapsed/refractory
disease. Novel therapies, especially brentuximab vedotin and PD-1 inhibitors, appear to be effective,
especially in combination. Conclusion: MGZL continues to be a diagnostically challenging, and
therapeutically complex lymphoma with an inferior prognosis compared to related entities.
Advancements in molecular profiling and immunotherapy suggest the promise of personalized
therapy. Yet, prospective clinical trials and international cooperation are urgently needed to develop
guidelines for therapy of this rare lymphoma.

Keywords: brentuximab vedotin; PD-1 inhibitors; immunophenotype; molecular features; prognosis;
treatment

1. Introduction

Mediastinal gray zone lymphoma (MGZL) is a distinct B-cell lymphoma that shares
clinicopathologic and immunophenotypic features with primary mediastinal B-cell lymphoma
(PMBL) and classical Hodgkin lymphoma (CHL). Since its classification as a separate entity, MGZL
has been a significant diagnostic problem because of its rarity, subjective diagnostic criteria, non
availability of treatment protocols, and aggressive course of the disease [1,2]. Gray zone lymphoma
(GZL), also known as “B-cell lymphoma, unclassifiable, with features intermediate between DLBCL
and CHL,” represents the biological overlap between DLBCL—specifically PMBL—and CHL,
particularly the nodular sclerosis variant [3]. Treatments for tumors in this spectrum have focused
on resection with or without subsequent chemotherapy, and these tumors often display histologic
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and immunophenotypic overlap with both disorders, making accurate diagnosis and treatment
decisions difficult [4-6]. The lack of established diagnostic markers and consensus on therapeutic
strategy, however, remains a great impediment in practice for the pathologist and the clinician [4-6].
Here, we provide a focused review of the epidemiology, clinical presentation, pathology, and therapy
of GZL, including current challenges, and the outlook for the future.

2. Historical Perspective and WHO Classification of MGZL

Mediastinal gray zone lymphoma was first described as a separate clinicopathologic entity in
1998 at a workshop on HL and related diseases on the basis of 5 cases demonstrating characteristics
between diffuse large B-cell lymphoma (DLBCL) and classic Hodgkin lymphoma (CHL) in the
mediastinum [7]. The importance of this immunohistochemical profile in suggesting the diagnosis of
a clonal lymphoid proliferation of intermediate clinical spectrum was stressed in a larger series from
the National Institutes of Health in 2005 including 21 cases that further validated the existence of such
intermediate entity [8].

Because of these early reports, the 2008 4" Edition WHO Classification of Tumours of
Haematopoietic and Lymphoid Tissues included a provisional entity, designated as “B-cell
lymphoma, unclassifiable, with features intermediate between DLBCL and CHL” (gray zone
lymphoma (GZL)) [2]. This definition included tumors with morphologic features reminiscent of
CHL but maintaining a B-cell phenotype, as well as those with morphologic PMBL with a CHL-like
immunophenotypic profile (CD30+, CD15+, no B-cell markers, no CD45) [9].

The updated 4™ Edition (2017) maintained this provisional category. However, follow-up gene
expression profiling and immunohistochemistry data indicated that mediastinal cases had a biology
separate from that of their non-mediastinal counterparts. In fact, non-mediastinal GZL cases,
characterized by an older age at diagnosis, displayed distinctive molecular profiles and are currently
regarded as being biologically nearer to DLBCL, NOS [10,11].

The notion of GZL was thus refined in the WHO Classification, 5t Edition (WHO-HEMADS5, 2022).
The definition was limited to mediastinal gray zone lymphoma (MGZL), a B-cell lymphoma with
features intermediate between PMBL and nodular sclerosis CHL believed to begin in the thymic B
cells [9]. Despite the related biology, composite/sequential CHL/PMBL presentations are not
recognized as MGZL. In the same vein, EBV-positive DLBCL with a component of introduced
Hodgkin/Reed-Sternberg-like cells should be in the EBV-positive DLBCL category, as molecular
investigations have revealed different pathogenetic pathways [1,2].

With the definition of GZL restricted to a mediastinal presentation, the ICC (2022) and the
WHOHEMADS are now in agreement, emphasizing the critical role of both topography and biology
in the identification of this rare entity [1,2].

3. Clinical Presentation

Mediastinal gray zone lymphoma (MGZL) usually occurs in young adults, with a peak incidence
of 33-35 years by the definition of MGZL in Kritharis et al. and Pilichowska et al., and presents with
a striking male preponderance, affecting about two-thirds of all cases [12,13]. The most common
clinical presentation is bulky mediastinal mass that can be seen in almost half of the patients. Such
mass effect may cause symptoms of SVC syndrome, dyspnea, or respiratory symptoms.
Supraclavicular lymph node recurrence is common, and extranodal sites are not seen frequently at
the first presentation. Stage IV disease is developed in only approximately 13% of patients [12].

The mediastinal disease can also spread at the locoregional level toward the lungs and has been
reported to metastasize also to the liver, spleen, and bone marrow in relapsed or refractory disease.
These findings underscore the aggressive clinical demeanor of MGZL relative to PMBL or CHL [16].
Epidemiologic differences have been reported as well. Sarkozy et al. described a higher median age
(46-48 years) and an equal male/female sex ratio (M/F = 1:1) in this series, although these differences
probably reflect the inclusion of both mediastinal ("thymic") and extramediastinal ("non-thymic")

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202511.0047.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 3 November 2025 d0i:10.20944/preprints202511.0047.v1

3 of 13

cases [14,15]. Therefore, once mediastinal and non-mediastinal presentations are considered
separately, differences become apparent. Pilichowska et al. showed that mediastinal cases have a
lower median age at diagnosis (35 vs. 51 years), more frequently present disease at earlier stage (I/11,
89% vs. 46%) and more often bulky disease (44% vs. 0%) than non-mediastinal ones [4].

In summary, MGZL shows a male predominance, bulky mediastinal disease, a high frequency
of early-stage disease and an aggressive clinical course which sets it apart from both CHL and PMBL,
highlighting the variability in clinical behavior between mediastinal versus non-mediastinal gray
zone lymphomas [16].

4. Pathology and Immunophenotype

The term GZL refers to a group of cases with more or less marked morphologic and phenotypic
discordance, and ranging between CHL and PMBL [17]. Tumor cells are generally more numerous
and may resemble centroblastic or immunoblastic cells akin to PMBL, however they are typically
larger, more pleomorphic, and frequently show mixed morphology. Reed-Sternberg (RS)-like or
lacunar cells may accompany, but are usually of intermediate size with less prominent eosinophilic
nucleoli compared to classical RS [4,8,18]. Inflammatory backgrounds historically seen with CHL,
including an eosinophil- or plasma cell-rich infiltrate, are usually not as conspicuous, and necrosis
may be rare or only mild in its extent [3,8,18]. Architectural patterns are often indistinct, although a
nodular or coarsely fibrotic process may be present in some cases [4,18].

4.1. B-Cell Markers and Transcription Factors

B-cell markers (one or a combination of CD20, CD79a, and PAXS5) are at least focally expressed
in GZL. It also makes reporters for such transcription factors as BOB.1 and OCT-2 is variable [8].
Some centroblastic-type cases are CD20 negative/weak, but CD30 and frequently CD15 positive
[8,19]. Conversely, high B-cell transcription factors (PAX5, BOB.1/BCL6, OCT-2) expression was
observed in an abundance of RS-like cells within the tumours and CD45 and were negative with
CD15 [8,13,18].

4.2. Activation and Additional Markers

CD30 is nearly always positive, often of only weak intensity [8,18]. Some are also CD15 negative
and may vary from negative in some to moderate to strong by morphology. CD23 and MAL can also
be observed in subsets of cases [8,18]. Overexpression of PD-L1/PD-L2 is common and the
corresponding CIITA and CD274 genetic abnormalities were illustrated by FISH in both the studies
[20]. EBER positivity cases have been infrequently described and to this point of time under actual
ICC/WHO criteria all cases of EBV positive are excluded from the MGZL [21].

4.3. Proposed Subgroups (Sarkozy et al.)

Sarkozy and associates suggested four morphophenotypic subgroups of BLHL, bordering CHL-
like (Group 0-1) to PMBL-like (Group 2-3) based on architecture, fibrosis, and immunophenotypic
profile [16,18]. Although convenient conceptually, this subclassification suffers from subjectiveness
and includes non-mediastinal and EBV-positive cases that are not part of the current WHO-HEMADS5
MGZL definition anymore [1,2]. Immunophenotypically, MGZL exhibits variable features that
overlap with both CHL and PMBL, as summarized in Table 1.

Table 1. Key immunohistochemical markers in CHL, PMBL, and MGZL.

Strong diffuse Variable/weak Usually positive (weak-strong)

_ Positive (~75%) Negative Variable (negative—strong)
_ Negative/weak Strong Variable (often reduced)
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Weak Strong Variable (weak to moderate)
Usually absent Strong Variable/heterogeneous
N Positive Often variable; may be positive in RS-like
forms
Negative Positive Often positive
Variable Positive Op24.1 Frequently positive
amp)
Rare Rare Occasionally reported (excludes MGZL

under ICC/WHO-HEMAS5
Abbreviations: CHL(NS subtype): classic hodgkin lymphoma noduler sclerosis subtype, PMBL: Primary
Mediastinal (Large) B-cell Lymphoma, MGZL: Mediastinal Gray Zone Lymphoma, PAX5: Paired box protein
Pax-5, RS- like: Reed-Sternberg like, MAL: Myelin and Lymphocyte Protein, EBER: Epstein-Barr virus-encoded
small RNAs.

In general, the immunophenotypic profile of MGZL lies intermediated between CHL and PMBL,
with variable expression of B-cell markers, nearly universal expression of CD30, and variable CD15
expression. This immunophenotypic “gray zone” adds to the diagnostic challenge and supports
MGZL as a distinct entity [22].

5. Molecular and Genetic Features

Mediastinal gray zone lymphoma (MGZL) shares several genetic and molecular features with
both PMBL and CHL identifying it as a biological intermediate. However, recent research has shown
that MGZL has specific changes that warrant its recognition as a distinct entity [23].

5.1. Overlapping with CHL and PMBL

Both PMBL and CHL commonly demonstrate gains at the REL locus (2p16. 1) and the
JAK2/CD274/PDCD1LG2 region (9p24. 1), which results in the overexpression of PD-L1 and PD-L2,
as well as the activation of the JAK-STAT signaling pathway [18,23]. Changes in the CIITA locus
(16p13.3) and MHC-I expression are insufficient to stably abrogate HLA class I expression by
expressed viral IL-10. 13) are also frequent, leading to MHC class II downregulation. These genetic
lesions are also identified in MGZL, indicating a molecular continuum between the 2 entities [18,23].

5.2. Specific Epigenetic as Well as Gene Expression Profiles

At the genomic level, large-scale methylation profiling has shown that MGZL has an epigenetic
signature intermediate between CHL and PMBL, but distinct from diffuse large B-cell lymphoma,
NOS (DLBCL, NOS) [13,22]. In particular, hypomethylation of HOXA5 has been recognized as a
typical characteristic of MGZL [13]. Other differently expressed genes, including MMP9, EPHA?, and
DAPK]1, are involved in different molecular clustering and can distinguish among MGZL, CHL, and
PMBL [23].

5.3. Copy Number Alterations and Structural Variants

Gains at the REL locus (2p16. 1 (~33% of cases) and of the MYC locus (8q24, 27% of cases) have
been identified [22]. These changes might contribute to the aggressive biology of MGZL compared
with PMBL or CHL. In conjunction with JAK2/PD-L1/PD-L2 amplifications, these results present a
molecular rationale underlying the response of MGZL to immune checkpoint inhibitors [24,25].
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5.4. Mutational Landscape

NGS-based analyses have revealed that MGZL harbors recurrent mutations affecting key
pathways such as JAK/STAT, NF-kB, and antigen presentation [2,26]. The most frequently mutated
genes are summarized in Table 2.

Table 2. Recurrent gene mutations identified in MGZL by NGS studies.

45% JAK/STAT signaling

45% Antigen presentation (MHC class I)
35% NF-«B signaling

35% Cell migration / signaling

32% Cell signaling (less defined)
29% NF-xB signaling inhibitor

Abbreviations: SOCS1: Suppressor of Cytokine Signaling 1, B2M: Beta-2 Microglobulin, TNFAIP3: Tumor
Necrosis Factor Alpha-Induced Protein 3, GNA13: Guanine Nucleotide-Binding Protein Subunit Alpha-13,
LRRN3: Leucine-Rich Repeat Neuronal Protein 3, NFKBIA: Nuclear Factor Kappa-B Inhibitor Alpha, NF-kB:

Nuclear Factor kappa-light-chain-enhancer of activated B cells.

These modifications indicate the involvement of the JAK-STAT, NF-kB and antigen presentation
pathways. Notably, among cases with MGZL phenotype but not satisfying the diagnostic criterion
for mediastinal involvement (historically categorized as GZL), there is an independent mutational
profile with higher rates of TP53 (39%), BCL2 (28%), and BIRC6 (22%) mutations and more frequent
BCL2/BCL6 rearrangements [9]. This dissociation at the molecular level supports the current ICC and
WHO-HEMAS limitation of the GZL category to EBV-negative mediastinal tumors only [15].

5.5. Tumor Microenvironment and Epigenetic Plasticity

Gene expression profiling analyses additionally underscore the TME as a hallmark of MGZL
biology. In MGZL, but not CHL or PMBL, there are more regulatory macrophages and immune
checkpoint molecules PD-1, -L1 and LAG3 are differentially expressed [28]. High-coverage
sequencing has also revealed a remarkably subclonal architecture as mutations (e.g., SOCS1, B2M,
TNFAIP3) fulfill their driver potential in different clones under therapeutic selection, indicative that
clonal heterogeneity, and epigenetic plasticity may contribute to resistance to drugs and disease
relapse [2,14].

6. Comparison of MGZL with PMBL and CHL

Mediastinal gray zone lymphoma (MGZL) occupies a biological and clinical continuum between
primary mediastinal B-cell lymphoma (PMBL) and classical Hodgkin lymphoma (CHL), particularly
the nodular sclerosis subtype. While all three entities share origin from thymic B cells, they diverge
in their morphology, immunophenotype, molecular characteristics, and clinical presentation
[13,19,29,30]. These comparative features are summarized in Table 3.

Table 3. Clinicopathologic comparison of MGZL, PMBL, and CHL.

Female Female Male predominance

30s 20-30s 30s—40s
Transitional, pleomorphic
RS-like cells, less
inflammation

Sheets of large Lacunar RS cells, nodular
cells, fibrosis sclerosis, inflammatory
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Strong (CD20,
PAX5, OCT-2, Weak/absent Variable (1 marker usually)
BOB.1)
Variable, weaker Strong, diffuse Usually positive
Negative Positive (~75%) Variable
Positive Negative Variable
9p24.1 (JAK2/PD- 9p24.1 (JAK2/PD-L1/PD- Intermediate + unique
L1/PD-L2), REL L2) (HOXA5, MYC)

Abbreviations: CHL (NS subtype): classic hodgkin lymphoma noduler sclerosis subtype, PMBL: Primary
Mediastinal (Large) B-cell Lymphoma, MGZL: Mediastinal Gray Zone Lymphoma, PAX5: Paired box protein
Pax-5, OCT-2: Octamer-binding Transcription Factor 2, BOB.1: B cell Oct binding protein 1, REL: v-rel avian
reticuloendotheliosis viral oncogene homolog, HOXA5: Homeobox A5.

7. Treatment Approaches

The management of mediastinal gray zone lymphoma (MGZL) remains challenging due to its
rarity, biological heterogeneity, and lack of standardized therapeutic guidelines. Historically,
treatment strategies have mirrored those for PMBL or CHL, but outcomes in MGZL have generally
been inferior to either entity [31]. The overall treatment approach for MGZL is summarized in Figure

—_

Frontline Therapy Relapsed/Refractory
( )
Stem Cell Transplant
— DA-R-EPOCH — Autologous
Allogeneic
. J

Novel Agents
Alternative Regimens

— CHOP=Rituximab f—
ABVD=Rituximab

Brentuximab Vedotin
PD-1 Inhibitors

BV+Nivolumab

- Consider SCT/CAR-T

Figure 1. Treatment algoritm of MGZL.

7.1. Frontline Therapy

In a recent NCDB population-based analysis including 1047 GZL patients, combined modality
treatment was associated with superior survival compared to chemotherapy alone (HR 0.54, p=0.005).
However, details regarding salvage therapy and transplantation were not available in the dataset,
limiting conclusions about the role of autologous or allogeneic SCT in this cohort [27].

Early studies from the National Institutes of Health evaluated dose-adjusted EPOCH-R (DA-
EPOCH-R) in untreated MGZL patients, reporting a 5-year event-free survival (EFS) of 62% and
overall survival (OS) of 74% [22]. These results were better than those achieved with R-CHOP but
inferior compared to PMBL treated with DA-EPOCH-R (5-year EFS ~93%, OS ~97%) [31,32].
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Alternative regimens such as CHOP + rituximab and ABVD = rituximab have also been studied
in small retrospective series. Pilichowska et al. reported overall response rates (ORR) of 65% for
CHOP + R and 60% for ABVD =+ R, while DA-EPOCH-R achieved an ORR of 70% [19]. However,
progression-free survival was significantly inferior for patients treated with ABVD compared to
CHOP-based therapy [32].

More dose-intensive regimens such as escBEACOPP and ACBVP were evaluated in European
cohorts, showing promising 3-year EFS (73-74%) and OS (86-94%), though these results likely reflect
patient selection with good performance status [33].

7.2. Role of Radiotherapy

The use of radiotherapy in MGZL remains controversial. It has been employed as consolidation
following chemotherapy, particularly for localized or bulky disease, but the limited patient numbers
preclude definitive conclusions [34].

7.3. Response Assesment

Assessment of response in mediastinal gray-zone lymphoma (MGZL) largely parallels strategies
used in other FDG-avid lymphomas, yet entails special caveats given the frequent presence of
residual fibrotic mediastinal tissue and heterogeneous metabolic patterns. Functional imaging with
18F-FDG PET/CT is considered the backbone of response assessment (both interim and end-of-
therapy), since metabolic criteria better distinguish viable disease from post-treatment fibrosis than
purely anatomic size changes (e.g. CT) [35]. Many centers apply the Deauville 5-point scoring system
to grade residual uptake relative to mediastinal and hepatic background (scores 1-3 often considered
negative, 4-5 positive), though interpretation of score 3 requires clinical judgment in borderline cases
[36]. In MGZL, residual mediastinal masses are common even in remission, underscoring that
persistent mass alone is not sufficient to infer treatment failure; metabolic negativity is more
informative. In equivocal cases —especially when PET remains indeterminate —biopsy confirmation
may be needed to distinguish residual viable lymphoma from fibrotic scar or inflammation. In the
limited prospective MGZL literature, PET-based criteria have guided salvage decisions (e.g.
involved-field radiotherapy) in patients with PET-positive residual disease [6]. Emerging studies
have also begun exploring the prognostic value of early PET negativity (e.g. after 2—4 cycles) to refine
risk-adapted therapy, though data remain sparse in MGZL specifically, because MGZL lies at the
interface of Hodgkin and non-Hodgkin biology, PET findings must be integrated in the context of
baseline disease metabolic heterogeneity, clinical features, and morphologic correlates [37].

7.4. Relapsed/Refractory (R/R) Disease and Stem Cell Transplantation

R/R MGZL has historically been treated with salvage chemotherapy regimens such as ICE,
ESHAP, and gemcitabine-based combinations, frequently followed by autologous stem cell
transplantation (ASCT). In large series, the 2-year OS after HSCT was ~88% compared to 67% without
HSCT, highlighting the importance of transplantation in chemosensitive patients [39,41]. Selected
patients have also undergone allogeneic SCT in the relapsed setting.

7.5. Novel Agents and Biologic Therapy

Given the frequent CD30 expression and the 9p24.1 alterations leading to PD-1/PD-L1
upregulation, MGZL is a rational target for antibody-drug conjugates and immune checkpoint
inhibitors [40]. Brentuximab vedotin (BV): Effective as a single agent in case reports and small series,
and has also been employed as maintenance therapy following ASCT [39,41]. In addition to its direct
anti-CD30 activity, BV may contribute to immunomodulation by depleting regulatory T cells, thereby
enhancing the effect of checkpoint blockade. PD-1 inhibitors (nivolumab, pembrolizumab):
Demonstrated clinical activity in relapsed/refractory MGZL, with responses resembling those
observed in CHL and PMBL [40]. BV + Nivolumab Combination: The CheckMate 436 trial investigated
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this regimen in patients with R/R MGZL, reporting an overall response rate (ORR) of 70% and a
complete remission (CR) rate of 50%, with durable responses (median PFS ~22 months) and a
favorable safety profile [41]. Importantly, this combination enabled a proportion of patients to
proceed to SCT, highlighting its potential as an effective bridge-to-transplant strategy. The activity of
novel agents in R/R MGZL is summarized in Table 4.

Table 4. Activity of novel agents in R/R MGZL.

Also used as

Effective in case Variable Not well AS,CT
. (small . maintenance;
series defined .
numbers) immunomodulato
ry effect
Clinical ?ct1v1y Variable Not  well Responses
reported in R/R (cased defined resemble
MGZL based) CHL/PMBL
Durable
70% 50% 22 months ML,
favorable safety;
bridge to SCT

Abbreviations: ORR: Overall Response Rate, CR: Complete Response, PFS: Progression-Free Survival, ASCT:
Autologous Stem Cell Transplantation, R/R: Relapsed / Refractory, SCT: Stem Cell Transplantation, CHL:
Classical Hodgkin Lymphoma, PMBL: Primary Mediastinal (Large) B-cell Lymphoma.

7.6. Emerging Strategies

Although experience is still limited, CAR-T cell therapy and bispecific antibodies are under
investigation, leveraging the overlap of MGZL with other aggressive B-cell lymphomas. Given the
highly subclonal structure and plasticity of MGZL, integration of molecularly guided therapies and
immunotherapy-based regimens represents a promising direction for future management [42].

8. Prognosis and Outcomes

The prognosis of mediastinal gray zone lymphoma (MGZL) is generally inferior to that of PMBL
and CHL, reflecting its aggressive clinical behavior and lack of standardized therapeutic approaches.
While complete remissions can be achieved with intensive chemoimmunotherapy regimens, long-
term outcomes remain suboptimal [13,19].

9. Overall Survival and Event-Free Survival

Across multiple series, the 5-year overall survival (OS) for MGZL ranges between 40-60%,
significantly lower than the outcomes reported for PMBL (>85-90%) or CHL (>80-85%) in the modern
era [15,22,27]. Event-free survival (EFS) similarly lags behind, with reported 5-year rates of ~60%
following DA-EPOCH-R, compared to >90% in PMBL [31].

10. Predictors of Outcome

Morphologic and molecular profile: Discordance between histopathologic features and
molecular clustering has been associated with poorer treatment response and survival [4].

Treatment regimen: Patients treated with ABVD-based therapy generally have inferior
outcomes compared to those receiving CHOP- or EPOCH-based regimens [19,31,32].

Stage and bulk: Advanced stage (I1I/IV), bulky mediastinal disease, and extranodal involvement
at diagnosis are linked with worse prognosis [16].
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Transplantation: In the relapsed/refractory setting, outcomes are significantly better for patients
able to undergo autologous stem cell transplantation (ASCT), with a 2-year OS of 88% compared to
67% without ASCT [41,42].

Relapsed/Refractory Disease

R/R MGZL carries particularly poor outcomes, with median progression-free survival often <12
months following salvage chemotherapy alone. Incorporation of novel biologics such as brentuximab
vedotin (BV) and immune checkpoint inhibitors (nivolumab, pembrolizumab) has shown promise,
but data are still limited to small series and clinical trials [38].

Comparison with Related Entities

The inferior prognosis of MGZL compared to PMBL and CHL underscores its biological
distinctiveness. While PMBL treated with DA-EPOCH-R achieves 5-year OS of ~97% and CHL with
ABVD-based regimens exceeds 80-85%, MGZL continues to show relapse rates exceeding 40% and
lower survival, highlighting the urgent need for optimized treatment strategies [19,31,32].

11. Future Directions

Despite significant progress in the recognition and characterization of mediastinal gray zone
lymphoma (MGZL), major challenges remain in its management. Future research should aim to
refine diagnostic accuracy, optimize treatment, and explore novel therapeutic avenues.

11.1. Diagnostic Refinement

The overlap of morphologic and immunophenotypic features between MGZL, PMBL, and CHL
continues to complicate diagnosis. Wider integration of molecular profiling, DNA methylation
studies, and next-generation sequencing (NGS) could facilitate more precise classification. Predictive
biomarkers, including immune checkpoint-related gene alterations and tumor microenvironment
(TME) signatures, may improve risk stratification and guide therapy.

11.2. Prospective Clinical Trials

To date, evidence for MGZL treatment is largely derived from retrospective cohorts and small
prospective series. Given the rarity of the disease, international collaborative trials are essential to
establish standard-of-care regimens and to clarify the role of intensive chemotherapy, consolidative
radiotherapy, and stem cell transplantation.

11.3. Immunotherapy and Targeted Approaches

The frequent CD30 expression and 9p24.1/PD-L1/PD-L2 alterations make MGZL an ideal
candidate for biologic therapies.

Antibody—-drug conjugates (Brentuximab vedotin), either alone or in combination, have
demonstrated efficacy, especially in relapsed/refractory disease.

PD-1 inhibitors (nivolumab, pembrolizumab) show promising results, particularly when
combined with BV.

Chimeric antigen receptor (CAR) T-cell therapy and bispecific antibodies represent emerging
options, though current data remain limited.

11.4. Tumor Microenvironment (TME) Studies

Recent insights into the predominance of regulatory macrophages and differential expression of
checkpoint molecules in MGZL suggest that the TME may significantly influence prognosis and
therapeutic response. Application of single-cell technologies and spatial transcriptomics may
uncover novel targets and resistance mechanisms.

11.5. Personalized Therapy
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The highly subclonal architecture of MGZL revealed by genomic studies suggests that clonal
evolution contributes to therapeutic resistance. Future strategies may need to incorporate dynamic
molecular monitoring and personalized treatment algorithms that adapt to evolving tumor biology.

12. Conclusion

Mediastinal gray zone lymphoma (MGZL) represents a rare but clinically significant entity at
the intersection of classical Hodgkin lymphoma (CHL) and primary mediastinal B-cell lymphoma
(PMBL). Since its first recognition in 1998 and subsequent inclusion in the WHO classification, the
definition of MGZL has evolved, culminating in the most recent restriction by WHO-HEMAS and
ICC to EBV-negative mediastinal tumors with overlapping features of CHL and PMBL.

The diagnostic challenges posed by morphologic and immunophenotypic heterogeneity,
combined with the absence of standardized therapeutic guidelines, contribute to the generally
inferior outcomes observed in MGZL compared with PMBL or CHL. While intensive
chemoimmunotherapy regimens such as DA-EPOCH-R have improved responses, relapse rates
remain high and long-term survival unsatisfactory.

Recent advances in molecular profiling and the application of novel biologics —notably
brentuximab vedotin and PD-1 inhibitors—have opened new therapeutic avenues, particularly in
relapsed/refractory disease. However, current knowledge is limited by small series and retrospective
studies.

Future progress will depend on international collaboration, prospective clinical trials, and
integration of molecular diagnostics to refine classification and personalize treatment strategies.
Ultimately, combining conventional chemotherapy with immunotherapy and targeted approaches
may offer the most promise in improving the prognosis of patients with this diagnostically and
therapeutically challenging lymphoma.
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