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Abstract In recent years, an overlap in biologic and clinical
features has been identified between classic Hodgkin lym-
phoma (CHL) and primary mediastinal large B-cell lympho-
ma (PMBL). Further strengthening this relationship is the
identification of lymphomas with clinical and morphologic
features transitional between the two, known as gray zone
lymphomas (GZL). However, this diagnostic gray zone is not
just of theoretical interest: it presents a practical problem, as
the treatment approaches for CHL traditionally differ from
those for aggressive B-cell lymphomas. This article reviews
the treatment approach for mediastinal lymphomas, including

CHL of the nodular sclerosis subtype (CHL-NS), PMBL, and
mediastinal GZL. Though several trials have evaluated
different regimens with or without radiation in PMBL and
CHL-NS, there is a lack of prospective experience in treating
GZL because of the rarity of these tumors. Historical data
indicate that they have done poorly with traditional
approaches developed for the treatment of either CHL or
diffuse large B-cell lymphoma.
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Introduction

In the era of modern immunophenotypic and molecular genetic
techniques, most cases of lymphoma can be diagnosed and
classified as one of the currently recognized distinct disease
entities. There are some lymphomas, however, with histologic,
biologic, and clinical features overlapping between various
types of lymphomas. The 4th edition of the World Health
Organization (WHO) Classification of Tumours of Haemato-
poietic and Lymphoid Tissues in 2008 recognized these
problematic cases for the first time and in so doing included
the category “B-cell lymphoma, unclassifiable, with features
intermediate between diffuse large B-cell lymphoma and
classical Hodgkin lymphoma,” known more commonly as
“gray zone lymphoma” (GZL) [1••] (Table 1).
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The term “gray zone lymphoma” has been generically used
to denote a group of lymphomas at the histologic and biologic
interface between various lymphomas [2]. It has been used in
the context of classic Hodgkin lymphoma (CHL) and non-
Hodgkin lymphoma (NHL), as well as in nodular
lymphocyte-predominant Hodgkin lymphoma (NHPHL) and
B-cell lymphomas, most commonly T-cell/histiocyte-rich
large B-cell lymphoma (TCHRLBCL). Equally, synchronous
and metachronous lymphomas of discordant histologies can
involve a combination of HL and NHL. An analogous but
unrelated issue involves cases in which there may be
diagnostic uncertainty but not true biologic overlap, such as
Hodgkin/Reed Sternberg (HRS)—like cells encountered in
both benign and malignant conditions. For the purposes of
this review, we will limit the use of the term “gray zone
lymphoma” to those cases in which morphologic, biologic,
and clinical features suggest overlap between primary
mediastinal B-cell lymphoma (PMBL), a subtype of diffuse
large B-cell lymphoma (DLBCL), and CHL (Fig. 1).

Significant advances have been made in recent years
regarding the origin of the neoplastic cell in CHL, the
Hodgkin/Reed-Sternberg cell (HRS). Recent evidence
shows that it is a B cell in all or nearly all cases. It is not
surprising, therefore, if CHL is derived from an altered B

lymphocyte, that areas of overlap with B-cell NHL should
occur both biologically and clinically [3]. The HRS cell is a
crippled B cell, incapable of immunoglobulin secretion and,
with additional suppression, of many other aspects of the B-
cell program [4•]. The biologic and molecular events
leading to this state are complex and not fully resolved [5,
6]. These events may occur in the context of a relatively
normal immune system, as seen in most patients with CHL,
or in the setting of immunodeficiency [7–11]. The study of
lymphomas at the interface of CHL and NHL may provide
insight into the pathogenesis of de novo CHL and the
molecular and cellular events distinguishing it from NHL.

Clinical Presentation

PMBL and CHL of the nodular sclerosis subtype (CHL-NS)
have a number of clinical characteristics in common. Both tend
to present in the third to fourth decade of life with a female
predominance. The tumor is usually a bulky anterior mediastinal
mass involving the thymus gland. Superior vena caval syndrome
is seen frequently in PMBL, but it is much less common in CHL.
Both synchronous and metachronous presentations of PMBL
and CHL-NS have been reported in the literature [12]. GZL has
a male predominance, but its similarity to PMBL and CHL in
presentation further accentuates the close relationship between
these lymphomas [12].

Morphologic and Immunophenotypic Features

As previously described, PMBL and CHL-NS have strikingly
similar clinical presentations with some morphologic overlap,
but importantly for diagnostic purposes, they have several
non-overlapping, distinctive pathologic features. The diagno-
sis of CHL-NS is typified by a nodular growth pattern with
broad bands of fibrosis and lacunar variants of HRS cells that
have a characteristic immunophenotype. The cells are positive
for CD30, negative for CD45, and positive for CD15 in 85%

Fig. 1 Interrelationships among mediastinal lymphomas. Primary
mediastinal large B-cell lymphoma (PMBL), classic Hodgkin lym-
phoma of the nodular sclerosis subtype (CHL-NS), and mediastinal
gray zone lymphomas are all thought to be derived from a thymic B
cell. In a given patient, differing histologic patterns can be seen at
different times, suggesting plasticity in tumor cell phenotype and gene
expression. Composite lymphomas of CHL-NS and PMBL may also
be seen

Table 1 Clinical and biologic features of mediastinal lymphomas

CHL-NS PMBL Mediastinal GZL

Usual age at onset Young adult Young adult Young adult

M:F ratio F > M F > M M > F

SVC syndrome Rare May be present May be present

B-cell program Suppressed Preserved, but sIg negative Often preserved, sIg negative

2p16.1; 9p24.1 Gains, amplification Gains, amplification Gains, amplificationa

NFκB pathway Activated Activated Activated

a Unpublished data from Eberle F. et al

CHL-NS classic Hodgkin lymphoma of the nodular sclerosis subtype; GZL gray zone lymphoma; PMBL primary mediastinal large B-cell
lymphoma; sIg surface immunoglobulin; SVC superior vena caval
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of cases. Expression of B-cell–associated antigens is weak and
heterogeneous in the neoplastic cells of CHL, with often
negative CD79a, weak or variable CD20 expression, and
weak expression of PAX5 [13, 14]. Immunoglobulin
expression is absent, and transcription factors governing
immunoglobulin production, such as OCT2 and BOB1,
are frequently negative [15, 16].

PMBL was first described from a review of 184 adult
NHL cases in 1980. A cohort of 17 cases that presented as a
mediastinal mass with diffuse aggressive histology was
identified [17]. The features of PMBL have been well
characterized since then [18–20]. Histologically, this lym-
phoma is characterized by an infiltrate of large cells with
round or lobulated nuclei and abundant clear cytoplasm.
There is background fine, compartmentalizing sclerosis.
Occasional HRS-like cells can be seen, and although the
architecture is usually diffuse, a minority of cases (30%)
may show focal nodularity. Necrosis, a characteristic
feature of CHL, is seen in 25% of cases [21]. The
immunophenotype of PMBL resembles that of a mature B
cell expressing CD20 and pan–B-cell markers such as
CD79a, but interestingly, the tumor cells lack surface
immunoglobulin expression, unlike most B-cell neoplasms
[22, 23]. The B-cell–associated transcription factors PAX5,
BOB1, and OCT2 are strongly expressed [23]. CD30 is
expressed in most cases, although the intensity varies [18,
21]. The cells are variably positive for the germinal center
markers CD10 and BCL6, and CD23 is positive in over
85% of cases, suggesting a thymic B-cell origin [24, 25].

GZL presents with pleomorphic tumor cells that often sheet-
out and grow in a diffusely fibrotic stroma. Tumor cells can be
reminiscent of PMBL or CHL, with a broad spectrum of
cytologic appearance in different areas of the tumor. Clusters of
cells similar to lacunar cells or even HRS cells may be seen in a
background resembling PMBL. The inflammatory infiltrate is
usually sparse, but scattered eosinophils, lymphocytes, and
histiocytes may be present. The immunophenotypic features of
GZL are also intermediate [12, 26]. Neoplastic cells typically
express CD45. CD20 and CD79a are frequently positive on
the majority of tumor cells. CD30 is positive and CD15 may
be expressed as well. Immunoglobulin expression is absent,
resembling both CHL and PMBL. The transcription factors
PAX5, OCT2, and BOB1 are positive in most cases, but the
tumor cells can present a pattern with transitional features
between CHL and PMBL, particularly with asynchrony
between morphology and immunophenotype. GZL can
present with a Hodgkin-like morphology and a phenotypic
pattern of PMBL (CD20++, CD15-). Alternatively, the
lymphoma can present with a PMBL-like morphology and a
Hodgkin phenotype, with expression of CD30 and CD15 and
loss of CD20 and CD79a.

A related phenomenon, but technically not considered a
form of GZL, is composite lymphoma, with some areas

resembling CHL and other areas showing sheets of large B
cells characteristic of PMBL. The inflammatory back-
ground and pattern of sclerosis usually correspond to the
appearance of the neoplastic cells, resembling either CHL
or PMBL, respectively [1••].

Biologic Characteristics

From a biologic perspective, gene expression profiling studies
have revealed that PMBL and CHL-NS share a common gene
expression signature [27, 28]. Additionally, a number of
common genetic aberrations in PMBL and CHL further
underscore their close relationship [29]. PMBLs show
frequent gains of gene regions on chromosome 9p and 2p
that were also described in CHL but have rarely been detected
in other DLBCLs. A recent study of chromosomal aberrations
for 2p16.1, 9p24.1, and 8q24 in children with PMBL found
that the frequencies of investigated loci were similar to those
in adults [30••]. Of note, one case of pediatric GZL that was
accessible for genetic studies did not reveal any alterations.

The exact molecular mechanisms responsible for the
transformation of a B cell to an HRS cell are not fully
understood. Recent studies have suggested that down-
regulation of the B-cell program in CHL may be respon-
sible for tumorigenesis, and these modifications may be
controlled at the epigenetic level [31, 32•]. GZLs, medias-
tinal composite lymphomas, and mediastinal sequential
lymphomas represent a unique resource to study this
question, as the cells appear to be able to undergo re-
programming of their phenotype during the disease course.
A recent large-scale methylation analysis showed a close
epigenetic relationship between GZL, CHL-NS, and
PMBL, but remarkable differences from DLBCL. More-
over, principal component analysis indicated that GZL did
not cluster with either CHL or PMBL; it demonstrated a
unique epigenetic signature for GZL, validating its inclu-
sion in the WHO classification as a separate disease [33••].
Importantly, GZL could be distinguished from CHL-NS
and PMBL by differential methylation of selected CpG
islands, and a class prediction model could be established to
segregate the various entities. Thus, the epigenetic signature
of these lymphoma entities not only may be useful in
establishing new diagnostic tools and in clarifying the
pathogenesis of these lymphomas, but also may help to
identify possible targets for future therapies. Although
material is limited because of the rarity of GZL, further
studies are urgently needed to explore this entity in more
detail. Gene expression profiling and cytogenetic or
molecular genetic studies may be of value for a more
comprehensive understanding of disease pathogenesis and
for establishing new and more effective therapies for those
patients.
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Clinical Management

Though much progress has been made recently in better
defining and elucidating mediastinal lymphomas, their
histologic and molecular heterogeneity poses a clinical
challenge. Several trials have evaluated different regimens
with or without radiation in PMBL and CHL-NS, but there
is a lack of prospective experience in treating GZL because
of the rarity of these tumors. Some perspective may be
gained from treatment results reported for “anaplastic large-
cell lymphoma Hodgkin-like”—many of which cases today
would be classified as “GZL” or “B-cell lymphoma,
unclassifiable, with features intermediate between DLBCL
and classical HL.” Prior reports indicated that these cases
responded poorly to standard therapy approaches [1••, 34].

Nodular Sclerosis Hodgkin Lymphoma

Most studies that have investigated outcome in CHL-NS have
not specifically evaluated patients presenting with mediastinal
disease, but have included different disease sites. One early
study did evaluate 80 patients with bulky mediastinal disease
who were treated with six cycles of MOPP (mechlorethamine,
vincristine, procarbazine, and prednisone)/ABVD (doxorubi-
cin, bleomycin, vinblastine, and dacarbazine) followed by
mantle-field radiation therapy [35]. This was an effective
treatment for this group, and at 15 years’ follow-up, the
disease-free survival was 76% in those with stage I or II
disease. Another study evaluating MOPP alone in massive
mediastinal disease demonstrated a very high relapse rate and
suggested that these patients should be treated with combined-
modality therapy [36]. Some later studies, after the time that
ABVD was considered standard, compared ABVD alone
versus ABVD with radiation in patients with nonbulky
disease. One such study, by Straus et al., evaluated 152
untreated, unselected Hodgkin lymphoma patients with
clinical stage 1A, 1B, IIA, IIB, and IIIA nonbulky disease,
prospectively randomizing them to six cycles of ABVD alone
or six cycles of ABVD followed by radiation [37]. At
60 months, rates of complete remission were similar between
the two groups, and there was no statistically significant
difference in freedom from progression or overall survival
(OS). Another study, done by the National Cancer Institute of
Canada Clinical Trials Group and the Eastern Cooperative
Oncology Group, prospectively compared ABVD chemother-
apy alone versus combined-modality therapy in 399 patients
with nonbulky stage I to stage IIA disease [38]. At 4 years’
follow-up, there was no difference in OS, but freedom from
disease progression was superior in the patients allocated to
radiation therapy. Though neither study specifically enrolled
patients with mediastinal presentations and both included
other sites of disease, the Straus study suggests that patients

with nonbulky disease may do well with chemotherapy alone
[37]. Interestingly, although the rate of disease progression in
the other study was higher in the arm treated with ABVD
alone, this advantage was offset by deaths from other causes
in the radiation arm [38].

At this time, combined-modality therapy is standard for
the treatment of early-stage, bulky mediastinal disease. For
patients with nonbulky mediastinal disease, optimal therapy
is more controversial. There is emerging evidence that
chemotherapy alone may be adequate, though some studies
suggest a slightly higher relapse rate than for patients who
receive consolidation radiation. This potential increased
risk of relapse must be offset by the serious long-term
effects from radiation treatment, such as breast cancer and
secondary tumors, and by the high salvageability of patients
with relapse [39]. In addition, these studies were done
without the incorporation of FDG-PET imaging; a number
of new clinical trials are currently evaluating its role in
identifying patients who may not need radiation treatment.
As CHL-NS appears to be responsive to dose intensity,
studies are also ongoing using more intense chemotherapy
regimens, which may obviate the need for radiation [40].

Primary Mediastinal B-cell Lymphoma

Just like CHL-NS, PMBL also has a predilection for young
females and tends to stay confined to the mediastinum. It has
historically been associated with a good outcome, although
most patients are managed with combined-modality therapy
and the use of mediastinal radiation brings with it a high risk of
secondary tumors and cardiac complications, as with CHL-NS.
Early studies evaluating chemotherapy in PMBL suggested that
most patients required consolidation radiation. In one of these
studies, 50 untreated patients received MACOP-B (methotrex-
ate, leucovorin, doxorubicin, cyclophosphamide, vincristine,
prednisone, bleomycin) and at the end of therapy, 66% had
persistently positive gallium scans, suggesting active disease.
Following consolidation radiotherapy, however, only 19% of
patients had a positive gallium scan, and 80% were event-free
at 39 months’ median follow-up [41]. This study suggested
that radiotherapy was necessary following chemotherapy, and
most approaches that were investigated subsequently involved
the empiric use of consolidation radiation. As regards the
optimal regimen for this disease, MACOP-B and VACOP-B
(etoposide, doxorubicin, cyclophosphamide, vincristine, pred-
nisone, bleomycin) in a retrospective analysis yielded a
superior outcome compared to CHOP (cyclophosphamide,
doxorubicin, vincristine, prednisone), suggesting that dose
intensity may be important in PMBL [42]. Most of these
studies were done in the era before rituximab, however. Since
then, a number of studies have examined the impact on
outcome of adding rituximab to chemotherapy. A recent
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subgroup analysis of the prospective, randomized, phase III
Mabthera International Trial (MInT) examined the role of
rituximab in combination with CHOP-like regimens for
PMBL outcomes. The rituximab arm was clearly superior in
terms of 3-year event-free survival (78% vs 52% in the
chemotherapy-alone arm), but no statistically significant
difference in OS was detected because of small numbers
[43]. Of importance in interpreting these data, however, is the
fact that preplanned radiotherapy was administered to 67% of
patients in the chemotherapy arm and 73% in the rituximab
arm. Currently, the standard treatment for PMBL consists of
immunochemotherapy, with regimens like R-CHOP, followed
by involved-field radiation, but the outcome remains subop-
timal because of treatment failure in up to 25% of patients.

Based on evidence that dose intensity is important in
PMBL, DA-EPOCH-R (Dose-adjusted etoposide, vincris-
tine, doxorubicin, cyclophosphamide, prednisone, rituxi-
mab), a dose-intense regimen without radiation treatment,
has been investigated [44–46]. In a recent update of 40
patients with untreated PMBL, the event-free survival was
95% and OS was 100%. Only two patients required
consolidation radiation treatment, and no patients have
relapsed [47]. More than 50% of patients had bulky disease.
These results suggest that DA-EPOCH-R obviates the need
for radiation in almost all patients with PMBL, thus
eliminating the risk of associated long-term toxicities.

Mediastinal Gray Zone Lymphoma

Because of their rarity and relatively recent recognition, only
one prospective study has reported the outcome of these
mediastinal lymphomas, which have features intermediate
between PMBL and CHL-NS [47]. Historically, these diseases
(often included under the diagnosis of “anaplastic large-cell
lymphoma Hodgkin-like”) have had a poor clinical outcome
and short median survivals with standard therapy [34]. In one
retrospective study, in which patients received either a CHL or
NHL regimen, the 5-year event-free survival was inferior to
that reported by the International Database on Hodgkin’s
Disease for CHL, suggesting that they had more chemo-
resistant biology [34]. In one updated report, 16 patients with
GZL treated prospectively with the DA-EPOCH-R regimen—
despite clinical characteristics similar to those of the PMBL
cohort—had a significantly inferior event-free survival (45%)
and OS (75%) at a median follow-up of 4 years, and 37%
required consolidation mediastinal radiation [47]. Studies are
under way to explore the biologic basis for their poor clinical
responsiveness; factors may include bulky disease and poor
vascularization of these large tumors, which often have
extensive areas of necrosis. It is hoped that improved biologic
insights may lead to the development of more effective
therapies. Recent studies provide some insights into the

mechanisms involved in modulating the plasticity of the
neoplastic B cell [33••], and the tumor microenvironment is
also an emerging prognostic factor in lymphomas, including
CHL [48••, 49]. Moreover, having new biologic tools to
diagnose GZL could help to accurately identify those patients
requiring distinctive management.

Conclusions

The overlapping clinical, morphologic, and immunopheno-
typic features of CHL-NS, PMBL, and GZL emphasize the
close clinicopathologic relationship between these medias-
tinal B-cell lymphomas and their likely derivation from a
thymic B cell. Molecular profiling studies have confirmed
that PMBL and CHL-NS share a third of their genes and
furthermore provide evidence that they are related diseases
at opposite ends of a continuum, between which lie “gray
zone lymphomas” with features intermediate between both
entities. Despite these similarities, there are fundamental
differences between these lymphomas with respect to their
biology and clinical differences in terms of their response to
therapy and their prognosis with standard therapies.

The outcome for patients with PMBL who receive the DA-
EPOCH-R regimen is now excellent, and it obviates the need
for radiation treatment in almost all patients. Patients with
bulky mediastinal CHL-NS should receive combined-modality
therapy in the absence of evidence that radiation can be
avoided, but future strategies in clinical trials should focus on
obviating its need. There is controversy regarding the optimal
management of nonbulky CHL-NS, but some studies suggest
that chemotherapy alone may be feasible, and this is also being
evaluated prospectively. GZLs appear to be biologically more
similar to CHL-NS, and they have a relatively poor outcome
with both HL andNHL regimens. Currently, for CD20-positive
GZL, immunochemotherapy with rituximab followed by
radiation treatment is a reasonable approach.
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