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B-cell lymphoma, unclassifiable, with features intermediate between diffuse large B-cell lymphoma and

classical Hodgkin lymphoma, is a diagnostic provisional category in the World Health Organization (WHO) 2008

classification of lymphomas. This category was designed as a measure to accommodate borderline cases that

cannot be reliably classified into a single distinct disease entity after all available morphological,

immunophenotypical and molecular studies have been performed. Typically, these cases share features

intermediate between diffuse large B-cell lymphoma and classical Hodgkin lymphoma, or include character-

istics of both lymphomas. The rarity of such cases poses a tremendous challenge to both pathologists and

oncologists because its differential diagnosis has direct implications for management strategies. In this study,

we present 10 cases of B-cell lymphoma, unclassifiable, with features intermediate between diffuse large B-cell

lymphoma and classical Hodgkin lymphoma and have organized the criteria described by the WHO into four

patterns along with detailed clinical, morphological and immunophenotypic characterization and outcome data.

Our findings show a male preponderance, median age of 37 years and a mediastinal presentation in 80% of

cases. All cases expressed at least two markers associated with B-cell lineage and good response to

combination chemotherapy currently employed for non-Hodgkin lymphomas.
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The term ‘gray zone lymphoma’ has been used to
define a group of aggressive B-cell lymphomas that
do not reliably fit into a specific diagnostic category.
They represent a continuum between two or more
well-characterized clinicopathological entities and
show an overlap of morphological, immunopheno-
typic and molecular features that are traditionally
used to separate Hodgkin lymphoma from non-
Hodgkin, large B-cell lymphomas.1–3 The two recog-
nized members of ‘gray zone lymphoma’ include

those that show features intermediate between
primary mediastinal large B-cell lymphoma and
classical Hodgkin lymphoma, and diffuse large
B-cell lymphoma and Burkitt lymphoma.3–7

The overlap between primary mediastinal large
B-cell lymphoma and classical Hodgkin lymphoma
has been recognized for some time under the terms
‘mediastinal gray zone lymphoma’,3,5 or ‘large B-cell
lymphoma with Hodgkin-like features’.8 More
recently, gene expression profiling studies have
demonstrated that the overlap in the expression
of genes shared between primary mediastinal large
B-cell lymphoma and classical Hodgkin lymphoma
is significantly higher than that between primary
mediastinal large B-cell lymphoma and diffuse
large B-cell lymphoma.9–12 While these findings
substantiate the previously described overlap in
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pathological features between primary mediastinal
large B-cell lymphoma and classical Hodgkin lym-
phoma, they also indicate that the relatedness at the
molecular level may not always be appreciable at
the protein level.13 These findings underscore the
heterogeneity of this spectrum of lymphomas and
the complexity in defining the criteria for diagnosis
and classification. In acknowledgment of this
recognized degree of acceptable uncertainty, the
current World Health Organization (WHO) classifi-
cation has introduced a borderline category termed
B-cell lymphoma, unclassifiable, with features inter-
mediate between diffuse large B-cell lymphoma
and classical Hodgkin lymphoma.2,3,14,15 This cate-
gory is designed to accommodate rare cases that
show significant overlap or discordance between the
morphology and the immunophenotype of primary
mediastinal large B-cell lymphoma and classical
Hodgkin lymphoma, with transitional features,
taking into consideration the acceptable variation
in morphology and immunophenotype that is
typically exhibited by primary mediastinal large
B-cell lymphoma and classical Hodgkin lymphoma.
As stated in the WHO 2008 classification, we also
considered in our study sequential and composite
cases of both synchronous and metachronous types.

There are very few publications addressing the
clinicopathological characteristics of B-cell lympho-
ma, unclassifiable, with intermediate features
between diffuse large B-cell lymphoma and classical
Hodgkin lymphoma. Most published reports pre-
date the WHO 2008 classification.7 The European
Association for Hematopathology (EAHP) 2008
workshop report provides a series of cases classified
according to the WHO 2008 classification; however,
it does not provide sufficient clinical information,
including clinical outcome data.7 Two recent studies
have reported clinical outcome information in cases
occurring in the pediatric age group.16,17 Given the
rarity of such cases and the difficulty they impose
on diagnosis and classification as well as manage-
ment of patients, additional studies are needed to
fully understand the spectrum represented by this
new WHO category of lymphomas. In this study,
we present the clinicopathological features and
outcome of a series of 10 cases of B-cell lymphoma,
unclassifiable, with intermediate features between
diffuse large B-cell lymphoma and classical Hodg-
kin lymphoma.

Materials and methods

Clinical Data

The present series includes 10 cases with the
diagnosis of B-cell lymphoma, unclassifiable, with
intermediate features between diffuse large B-cell
lymphoma and classical Hodgkin lymphoma, as
defined by the WHO 2008 classification.3 All cases
were retrieved from the archives of Consultoria em
Patologia, a large anatomical pathology reference

laboratory, located in Botucatu, São Paulo, Brazil,
during the period of January 2008 to December 2010.
Clinical information, such as presentation at diag-
nosis (mediastinal or non-mediastinal), staging accor-
ding to the modified Ann Arbor criteria, treatment
and clinical follow-up, were obtained directly from
the treating physicians. Patients were treated accord-
ing to the following protocols: CHOP (cyclopho-
sphamide, doxorubicin, vincristine and prednisone,
CHOP with rituximab (RCHOP) and ABVD (doxorubi-
cin, bleomycin, vincristine and decarbazine).

Pathology Findings

In all cases, whole tissue sections from the diag-
nostic biopsy material obtained before the initiation
of treatment were reviewed by three pathologists
(GG, YN, CEB) (http://www.conspat.com.br). All
cases had open biopsies performed and the available
tissue was at least 0.5 cm in maximum size. The
WHO 20083 criteria were applied, and B-cell lym-
phoma, unclassifiable, with intermediate features
between diffuse large B-cell lymphoma and classical
Hodgkin lymphoma, was diagnosed if any of the
following morphological and immunophenotypical
patterns or combinations of patterns was present:

Pattern 1: Morphology consistent with classical
Hodgkin lymphoma and immunohistochemistry
showing expression of CD30 with or without
expression of CD15, strong and diffuse expression
of B-cell marker CD20 and/or CD79a, and/or expres-
sion of CD45.

Pattern 2: Morphology consistent with primary
mediastinal B-cell lymphoma, but neoplastic cells
expressing CD30 and CD15 or EBER (EBV) by in situ
hybridization (ISH), or with the absence of expres-
sion of CD20 with CD45 positivity, or the absence of
CD45 with positivity for both CD20 and CD30.

Pattern 3: Morphological features of overlapping
areas that look like primary mediastinal B-cell or
diffuse large B-cell lymphoma mixed with those
with morphological features of classical Hodgkin
lymphoma or the presence of many Hodgkin/Reed–
Sternberg-like cells admixed in an otherwise mor-
phologically typical primary mediastinal B-cell
lymphoma with an aberrant immunophenotype
such as CD15 expression or CD45 expression or
CD20 intense/diffuse and CD45 negative; CD30 is
usually positive and intense as in classical Hodgkin
lymphoma or focal and weak as in primary med-
iastinal B-cell lymphoma.

Pattern 4: As the WHO classification suggests, we
have included in pattern 4 those cases of composite
lymphoma with well-defined areas of both classical
Hodgkin and primary mediastinal B-cell lymphomas
in the same lymph node, as well as synchronous
classical Hodgkin lymphoma and primary mediast-
inal diffuse large B-cell lymphoma (involving
different lymph nodes at the same time) and
metachronous cases, with separate diagnosis of
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classical Hodgkin lymphoma and primary mediast-
inal B-cell lymphoma occurring a few years apart
(metachronous or sequential composite lympho-
mas). In this last situation, classical Hodgkin
lymphoma followed by primary mediastinal B-cell
lymphoma is described as more frequent than the
reverse chronological order.

The following morphological features were eval-
uated in each case: nodular growth with or without
sclerosis; the extent and type of sclerosis (delicate,
coarse or hyalinized); necrosis with or without
neutrophilic infiltration; neoplastic cell types (large
lymphoid cells, Reed–Sternberg-like cells, mono-
morphic, pleomorphic, centroblastic with ampho-
philic cytoplasm or clear cells); and type of cells in
the background (lymphocytes, plasma cells, eosino-
phils, histiocytes, neutrophils). The neoplastic as
well as the background cells were also evaluated by
immunohistochemistry and ISH studies.

Immunohistochemistry and ISH

Immunohistochemical studies were performed
using the Novolink polymer (Novocastra, Newcastle
Upon Tyne, UK) as the detection system, and an
epitope-retrieval method was applied as needed for
each specific antibody; diaminobenzidine was the
chromogen. The primary antibodies used in this
study are shown in Table 1. Paraffin sections were
examined for the expression of Epstein–Barr viral
RNA by ISH using the EBER-1 probe, as described
previously.18

Fluorescence In Situ Hybridization

Fluorescence In Situ Hybridization (FISH) analysis
was performed using a 3-mm-thick tissue section of

the block, using probes specific for MYC, BCL2 and
BCL6 rearrangements, as described previously.19,20

For the detection of breakpoints (splits) in the MYC
and BCL6 loci, specific LSI Dual Color Break-apart
Rearrangement probes (Vysis, Abbott AG, Abbott
Park, IL, USA) were applied. The t(14;18)(q32;q21)
translocation was analyzed using a commercial dual
ISI IGH/BCL2 probe (Vysis, Downers Grove, IL,
USA). The slides were evaluated using spectrum
orange and spectrum green filters (Chroma Techno-
logy GmbH, Fuerstenfeldbruck, Germany) on a Zeiss
Axio Imager M1 fluorescence microscope (Carl Zeiss
AG, Jena, Germany) using the assistance of Isis FISH
Imaging Software (Metasystems, Altlussheim,
Germany). A positive case was defined when the
mean number of positive tiles detected was 3 s.d.
above the mean of a negative control (reactive
lymphoid tissue). The threshold established was
2.19% for MYC, 15.9% for BCL2, and 2.2% for BCL6
(the mean of the negative control group was 0.73, 7.8
and 0.75%, respectively).

Results

The 10 cases analyzed included 9 men and 1 woman
with a mean age of 40 years and median age of 37
years (range 15–85 years). Eight cases presented
with mediastinal mass, one with axillary lymph
node enlargement and one with retroperitoneal
lymphadenopathy. Morphological and immunophe-
notypic features were divided into four patterns as
described above (Tables 2 and 3). One case that
presented in the mediastinum (case 10) was classi-
fied as a sequential composite lymphoma (pattern
4), as the patient initially presented with nodular
sclerosis classical Hodgkin lymphoma in the med-
iastinum, and 14 months later, the tumor relapsed as

Table 1 Primary antibodies and conditions used for immunohistological studies

Marker Clone Dilution Antigen retrieval Source Interpretation (positive)

CD45RB PD7/26+2B11 1:500 MW; CB Dako 450%
CD20 L26 1:1200 MW; CB Dako 450%
CD3 SP7 1:200 S; CB Lab Vision 450%
CD30 BerH2 1:900 S; CB Dako 450%
CD15 Leu M1 1:50 MW; CB BD Any
LMP-1 CS1-4 1:200 S; CB Dako 410%
CD79a 124 1:400 MW; CB Dako 450%
BCL-6 PG-B6P 1:100 T+S; TRIS Dako 450%
P63 4A4 1:250 PC; CB Lab Vision 450%
BOB-1 BOB1 1:80 PC; CB Novocastra 430%
Ki-67 MIB-1 1:4800 PC; CB Dako %
BCL-2 124 1:400 MW; CB Dako 430%
IRF4/MUM-1 MUM1P 1:1200 S; CB Dako 430%
PAX5 DAK-PAX5 1:400 S; CB Dako 450%
OCT2 OCT-2 1:500 MW; EDTA Sta. Cruz 430%
CD23 SP23 1:400 MW; CB Lab Vision 425%

DAKO: Carpinteria, CA, USA; Lab Vision Corporation: Fremont, CA, USA; Novocastra: Newcastle Upon Tyne, UK; Becton-Dickinson (BD)
Biosciences: Mountain View, CA, USA; Sta. Cruz: Santa Cruz, CA, USA; MW: microwave oven; PC: pressure cooker; S: steamer; T: trypsin; CB:
citrate buffer.
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a primary mediastinal B-cell lymphoma, again in the
mediastinum. Information about clinical and labora-
tory findings, stage, bone marrow infiltration, treat-
ment and outcome are shown in Table 4.

Histological and Immunohistological Findings

The histological and immunohistological features of
each case are summarized in Tables 2 and 3 and the

overall immunoarchitectural pattern is presented in
Table 4.

Pattern 1 was observed only in 1 case (case 1;
Figure 1). The morphological features were typical
of classical Hodgkin lymphoma: the tumor cells
were large with an appearance consistent with
classical Hodgkin (Reed–Sternberg, mononuclear
variants and lacunar) cells and sclerotic bands
delineating nodules. In some areas, confluent
growth of Hodgkin cells resembling the syncytial

Table 2 Summary of histopathological features

Case Neoplastic cell typea Stroma Nodular
architecture

Necrosis Background
cells

1 RS, L Bands of sclerosis Y Punctate E, N, L
2 IB Diffuse sclerosis Y Y H, L, few PC
3 CB, CC, RS Delicate fibrosis N N PC, E, L, H
4 CB, RS Diffuse sclerosis N Y H, L, few PC
5 CB, IB, RS Bands of sclerosis Y N L
6 CB, A, RS Diffuse sclerosis N N PC, L
7 CB, RS Diffuse sclerosis in areas and

bands in others
Y N PC, E, L

8 CB, CC, RS Delicate fibrosis N N PC, E, L
9 CB, RS Diffuse sclerosis Y Y PC E, N, L, H
10 RS, L (CHL) CC,

CB (PMBL)
Bands of sclerosis (CHL);
Diffuse fibrosis (PMBL)

Y (CHL); N (PMBL) N (CHL and PMBL) PC, E, L (CHL);
L (PMBL)

a
Main cellular types: CB: centroblast; IB: immunoblast; CC: monomorphous clear cell; A: anaplastic; RS: Reed–Stenberg and variants; L: lacunar;

Y: yes; N: no; PC: plasma cell; E: eosinophil; N: neutrophil; L: lymphocyte; H: histiocyte.

Table 3 Summary of immunohistological and in situ hybridization features in 10 cases of unclassifiable B-cell lymphoma with
intermediate features between classical Hodgkin lymphoma and diffuse large B-cell lymphoma

Case CD45 CD20 CD3 CD30 CD15 BOB1 OCT2 PAX5 MUM1 CD23 BCL6 P63 CD79a LMP-1 EBER

1 + + � + + � + + + + + + + � �
2 + + � + + � � + F+ + + + � �
3 � + � + � � + + � NP + + + � �
4 + + � + � + � +a + + � � + � �
5 + + � + � � NP + � NP NP NP NP � �
6 + + � + + + F+ + + + � + + � �
7 + + � + � � + + � NP + + + + NPa

8 + + � + � � + + + + � _ + + +
9 + + � + � + NP + � � � NP NP �
10b �/+ +c/+ �/� +/+ +/� �/+ NP/+ +/+ �/+ �/+ �/+ �/� �/+ �/� �/�

NP: not performed; N: negative; F+: focal positivity 410% and o of 25% of the cells.
a
This case was positive for LMP-1 in neoplastic cells.

b
Result of the first biopsy/result of second biopsy (relapse).

c
Weak and focal.

Table 4 Summary of morphological and immunohistochemical patterns in 10 cases of unclassifiable B-cell lymphoma with intermediate
features between classical Hodgkin lymphoma and diffuse large B-cell lymphoma

Patterns (number
of cases)

Morphology CD45 CD20 CD79a CD30 CD15 EBV

1 (1 case) CHL-like + + strong, diffuse + + + �
2 (2 cases) PMBL-like � � �/+ +/� + +
3 (6 cases) Mixed CHL-like and PMBL-like +/� +/� + + +/� +/�
4 (1 case) Sequential composite lymphoma:

CHL followed by PMBL
CHL�

PMBL+
CHL�

PMBL+
CHL�

PMBL+
CHL+

PMBL+
CHL+

PMBL�
CHL�

PMBL�

CHL: classical Hodgkin lymphoma; PMBL: primary mediastinal B-cell lymphoma.
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Figure 1 B-cell lymphoma, unclassifiable, with features intermediate between diffuse large B-cell lymphoma (DLBCL) and classical
Hodgkin lymphoma (CHL), pattern 1 (case 1): histological sections show large atypical cells with Reed–Sternberg-like and centroblastic
cells in a polymorphous background with eosinophils and punctate necrosis (a and b). Immunohistological studies show that the large
atypical cells express CD45 (c), CD20 (d), CD30 (e) and CD15 (f). Original magnifications: �200, �400.
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variant of nodular sclerosis classical Hodgkin
lymphoma was seen, while in other areas, focal
necrosis was observed. An inflammatory back-
ground of eosinophils, neutrophils and lymphocytes
was present. The neoplastic cells expressed CD30
and CD15 and exhibited strong and uniform posi-
tivity for CD20. In addition, CD79a and CD45 were
also positive. The small lymphocytes were mainly B
cells with admixed small T cells.

Pattern 2 was observed in cases 2 (Figure 2) and 3.
The morphological features of these cases showed a
monomorphous infiltrate of confluent sheet-like
growth of large cells with irregular nuclear contours
and clear cytoplasm. Most of these cells showed
multiple, peripheral small nucleoli, although a
minority of these cells exhibited a single central
nucleolus with immunoblastic features. Classic
Reed–Sternberg cells were not seen. In case 2,
diffuse areas of sclerosis surrounded groups of
neoplastic cells and, in focal areas, well-defined
bands of compartmentalizing fibrosis were also
present. In case 3, the solid sheets of neoplastic
cells were separated by delicate fibrosis that did not
form collagen bands. The background composition
included a moderate inflammatory infiltrate of small
lymphocytes and histiocytes with a scarcity of
plasma cells. Eosinophils were identified only in
case 3. Focal necrosis without neutrophilic debris
was observed in case 2. Both cases showed
immunoreactivity for CD30 and strong and diffuse
expression of CD20; case 2 also showed positivity
for CD15 and CD45. In contrast, case 3 lacked CD15
and was focally positive for CD45. The background
small lymphocytes were a mixture of predominantly
T cells (60%) and B cells (40%).

Pattern 3 was observed in 6 cases (cases 4–9)
(Figure 3). This pattern presented a wider morpho-
logical range, with intricate mixtures of features of
both classical Hodgkin lymphoma and primary
mediastinal B-cell lymphoma. The variation in
cytological features ranged from medium to large
cells with clear cytoplasm resembling centroblasts,
whereas others resembled classical Reed–Sternberg
cells; all were intimately associated with a diffuse
and coarse fibrotic stroma. Case 5, in particular,
showed a nodular architecture with very well-
delineated nodules composed of thick fibrous
bands. The inflammatory infiltrate was sparse with
many lymphocytes and histiocytes, but fewer eosi-
nophils and rare plasma cells. Focal necrosis with-
out neutrophilic infiltrate was observed in cases 4, 6
and 9. There was a partial preservation of the lymph
node parenchyma with hyperplastic follicles in case
4. In all cases with pattern 3, the neoplastic cells
were positive for CD20, CD45 and CD30. A propor-
tion of the Reed–Sternberg-like cells expressed
CD15 in cases 5, 6 and 9, but the remainder of the
cases lacked CD15. The neoplastic Reed–Sternberg-
like cells were also strongly positive for at least one
of the transcription factors BOB1, PAX5 and/or
OCT2. Originally, some of these cases were diag-

nosed as B-cell lymphomas with Hodgkin-like
pattern by the referring pathologist (cases 5 and 7).
EBV was present in 2 cases as demonstrated by the
expression of LMP-1 protein and/or EBER ISH in
cases 7 and 8 (Table 3).

Pattern 4 was observed in 1 case (case 10) (Figure 4)
as a metachronous classical Hodgkin lymphoma,
followed by typical primary mediastinal B-cell lym-
phoma. The initial mediastinal mass showed typical
morphological and immunophenotypic features of
nodular sclerosis classical Hodgkin lymphoma with
Reed–Sternberg and lacunar cells that exhibited
positivity for CD30 and CD15 with focal, weak and
heterogeneous expression of CD20, but lacked CD45.
B-cell transcription factors were variably positive:
PAX5 was weakly positive, with the typical pattern of
classical Hodgkin lymphoma, whereas BOB1 and
OCT2 were negative in this original biopsy. After 1
year, disease recurrence in the mediastinum showed
typical features of primary mediastinal B-cell lym-
phoma. In this second biopsy of the mediastinal mass,
there was a monomorphic proliferation of medium to
large sized cells with round or ovoid nuclei and
abundant clear cytoplasm. There were no Reed–
Sternberg-like cells. The proliferation was associated
with a diffuse fibrosis, with a minimal inflammatory
infiltrate and no necrosis. The neoplastic cells were
strongly positive for CD45, CD20, PAX5 and BOB1,
with weak and focal positivity for CD30, and lacked
CD15 and LMP-1. The findings were therefore typical
of sequential primary mediastinal B-cell lymphoma
in a patient with a previous diagnosis of classical
Hodgkin lymphoma.

It is of interest that among the other immunohis-
tological stains analyzed, 6 of 7 cases showed CD23
positivity in neoplastic cells. P63 expression was
observed in 5 of 9 cases (56%). The expression of
p63 was observed in both cases with pattern 2, in 2
of 4 cases with pattern 3, but also in case 1 that
presented with pattern 1 resembling Hodgkin lym-
phoma. B-cell transcription factors BOB1, OCT2 and
PAX5 showed a range of expression patterns: all
three were strongly positive in 2 cases (cases 6 and
10 in second biopsy); PAX5 was positive in all 10
cases, except in case 4, in which a variable intensity
from weak to strong was observed; all other cases
displayed homogeneous and intense positive nucle-
ar staining for PAX5. Weak/strong expression of
OCT2 was observed in 6 of 8 cases and BOB1 in 4 of
10 cases. CD79a was also positive in all cases,
MUM1/IRF4 in 6 of 10 and BCL6 in 5 of 9 cases.

All 10 cases lacked MYC, BCL2 and BCL6
rearrangements as assessed by FISH studies with
appropriate positive controls.

Clinical follow-up was available in all cases,
except in case 6. Two patients died: one due to
sepsis in the initial phase of chemotherapy
(R-CHOP) treatment (case 4) and the other due to
progression of the disease 8 months after diagnosis
(case 8), despite CHOP treatment (� 6 series). These
patients also had high-stage disease (stages IVa and
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III, respectively). The remaining seven patients
achieved complete remission with combined mod-
ality treatments as shown in Table 5, with outcome

periods from 10 to 28 months. Two of these patients
(cases 5 and 7) also received bone marrow trans-
plantation. One case (case 10), initially treated as

Figure 2 B-cell lymphoma, unclassifiable, with features intermediate between diffuse large B-cell lymphoma (DLBCL) and classical
Hodgkin lymphoma (CHL), pattern 2 (case 2): histological sections show large atypical cells with immunoblastic and centroblastic
morphology with diffuse sclerosis in a background of lymphocytes, histiocytes and few plasma cells (a and b). Immunohistological
studies show that the large atypical cells express CD45 (c), CD20 (d), CD30 (e) and CD15 (f). Original magnifications �200, � 400.
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classical Hodgkin lymphoma (ABVD) with only a
partial clinical response, was switched to R-CHOP
and radiotherapy 4 months later, and achieved

complete clinical remission. Of these 7 cases, 6 (cases
1, 2, 3, 5, 9 and 10) received combined treatment with
chemotherapy and radiotherapy (Table 5).

Figure 3 B-cell lymphoma, unclassifiable, with features intermediate between diffuse large B-cell lymphoma (DLBCL) and classical
Hodgkin lymphoma (CHL), pattern 3 (case 6): histological sections show large atypical cells with anaplastic, Reed–Sternberg-like cells
and centroblastic cells (a and b). Immunohistological studies show that the large atypical cells express CD45 (c), CD20 (d), CD30 (e) and
CD15 (f). Original magnifications: � 200, �400.
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Discussion

Pathologists as well as hematologists have struggled
with the challenges imposed by ‘gray zone lympho-
mas’ and have strived to appropriately classify as

well as treat patients accordingly, although not
always, successfully. In recognition of this dilemma,
the WHO 2008 lymphoma classification addressed
this problem by incorporating two borderline cate-
gories of aggressive B-cell lymphomas that cannot be

Figure 4 For caption see next page.
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further classified.3 In this study, we sought to
address the clinicopathological and immunopheno-
typic features of 10 cases of unclassifiable B-cell
lymphoma overlapping the spectrum between
classical Hodgkin lymphoma and primary mediast-
inal B-cell lymphoma. Our findings show that
these lymphomas span a wide age range, occur
most frequently in the mediastinum and show an
immunoarchitectural pattern that is most often
a combination of morphological and immuno-
phenotypic features of both classical Hodgkin
lymphoma and primary mediastinal B-cell lympho-
ma/diffuse large B-cell lymphoma, although simul-
taneous as well as sequential composite lymphomas
also exist in this milieu, as stated by the WHO 2008
classification.

Both classical Hodgkin lymphoma and primary
mediastinal B-cell lymphoma are two well-estab-
lished clinicopathological entities.3 Typical mor-
phological features of primary mediastinal B-cell
lymphoma include the presence of fine compart-
mentalizing sclerosis, neoplastic cells with abun-
dant clear cytoplasm and/or multilobated nuclei
and the presence of large cells with Reed–Sternberg
cell-like morphology.21 The characteristic immuno-
phenotype includes B-cell-associated antigens, with
the majority of cases expressing BCL6, MUM1/IRF4,
BCL2, CD23 and CD30, the last of which varies in
intensity and is usually found in a subset of tumor
cells.22 Classical Hodgkin lymphoma is character-
ized by the presence of Hodgkin cells (Reed–
Sternberg cells and its variants) that are positive

Figure 4 B-cell lymphoma, unclassifiable, with features intermediate between diffuse large B-cell lymphoma (DLBCL) and classical
Hodgkin lymphoma (CHL), pattern 4 (case 10, sequential composite type): histological sections of the initial biopsy show classical
Hodgkin lymphoma, nodular sclerosis subtype with lacunar cells, Reed–Sternberg cells and mononuclear variants in a polymorphous
background of eosinophils, histiocytes, lymphocytes and neutrophils (a). Immunohistological studies show that the Hodgkin cells
express weak CD20 (b), CD30 (c) and CD15 (d). A subsequent biopsy of the mediastinum shows a monotonous and cohesive atypical large
lymphoid proliferation with clear cytoplasm associated with geographic necrosis and delicate fibrosis without thickened sclerotic bands
(e). Immunohistological studies show that these large atypical cells express CD45 (f), CD20 (g) and CD30 (h). Original magnification:
� 200, �400.
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for CD30, and in more than 80% of the cases, for
CD15, associated with an abundant mixed inflam-
matory infiltrate. The separation between these two
entities is not always clearcut, but extremely
important for therapeutic decision making.7

The overlap between primary mediastinal B-cell
lymphoma and mainly the nodular sclerosis subtype
of classical Hodgkin lymphoma includes clinical,
pathological, genetic and molecular features. Both
classical Hodgkin lymphoma and primary mediast-
inal B-cell lymphoma share several clinicopatholo-
gical characteristics such as female predominance,
presence in young adulthood as well as frequent
manifestation as an anterior mediastinal mass. The
identification of molecular links through gene
expression profiling further support the hypothesis
that there is likely to be pathogenetic overlap and
that these two entities may indeed represent the
opposite ends of a continuum.16 Some studies have
pointed out that despite the molecular overlap,
protein expression in primary mediastinal B-cell
lymphoma appears to resemble that of diffuse large
B-cell lymphoma, not otherwise specified, com-
pared with classical Hodgkin lymphoma, particu-
larly with regard to B-cell-associated antigens,
which are strongly and homogeneously expressed
in both mediastinal and diffuse large B-cell
lymphoma, not otherwise specified, but usually
show weak and heterogeneous expression in classi-
cal Hodgkin lymphoma.13 Quintanilla-Martinez
et al 7 propose that the presence or absence of a
single marker or its variability should not alone
be exploited to render a diagnosis of B-cell lympho-
ma, unclassifiable, and that familiarity with the
acceptable spectrum of morphological and immuno-
phenotypic features should be taken into considera-
tion. For example, the expression of strong CD20
alone is not enough for an otherwise classical
Hodgkin lymphoma to be diagnosed as B-cell
lymphoma, unclassifiable, with features intermedi-
ate between primary mediastinal B-cell lymphoma
and classical Hodgkin lymphoma. In addition to the
strong CD20, if the neoplastic cells were also
positive for PAX5 and/or CD79a, then that diagnosis
may be warranted.

Before the WHO 2008 classification, it was not
always possible to classify accurately the borderline
cases, and therefore, the inclusion of the B-cell
lymphoma, unclassifiable, diagnoses in the WHO
2008 classification offers the pathologist a place to
put difficult cases that cannot be further classified.
Although this approach may make the pathologist
more comfortable, it is imperative that a multi-
disciplinary team approach is used such that
pathologists, hematologists/oncologists and radio-
logists are all closely involved in selecting an
optimal treatment plan for the patient.

Our series of 10 B-cell lymphoma, unclassifi-
able, with intermediate features between classical
Hodgkin lymphoma and primary mediastinal B-cell
lymphoma were in accord with other publishedT

a
b
le

5
S

u
m

m
a
ry

o
f

c
li

n
ic

a
l

fe
a
tu

re
s

in
1
0

c
a
se

s
o
f

u
n

c
la

ss
if

ia
b
le

B
-c

el
l

ly
m

p
h

o
m

a
w

it
h

in
te

rm
e
d

ia
te

fe
a
tu

re
s

b
e
tw

ee
n

c
la

ss
ic

a
l

H
o
d

gk
in

ly
m

p
h

o
m

a
a
n

d
d

if
fu

se
la

rg
e

B
-c

el
l

ly
m

p
h

o
m

a

C
a
se

1
2

3
4

5
6

7
8

9
1
0

P
a
tt

e
rn

1
2

2
3

3
3

3
3

1
/3

4
A

g
e
/s

e
x

2
0
/M

2
3
/M

3
8
/M

5
7
/M

3
7
/M

3
0
/M

8
5
/M

6
1
/F

3
2
/M

1
5
/M

S
ta

g
e

IB
II

IA
IV

A
II

B
N

I
II

II
I

IB
II

B
H

D
L

(U
/l

)
N

I
N

I
2
8
9

1
6
1

1
9
7

N
I

N
I

5
3
8

N
I

2
1
4

H
IV

st
a
tu

s
N

N
N

N
N

N
N

D
N

D
N

N
M

e
d

ia
st

in
a
l

Y
Y

Y
N

Y
Y

Y
N

Y
Y

S
u

p
e
rf

ic
ia

l
L

N
N

N
N

C
,

A
,

I
S

C
N

I
C

I,
A

N
C

D
e
e
p

L
N

N
N

N
R

N
N

I
N

R
N

N
C

e
n

tr
a
l

n
e
rv

o
u

s
sy

st
e
m

N
N

I
N

N
N

N
I

N
N

N
N

O
th

e
r

e
x
tr

an
o
d

a
l

si
te

N
S

o
ft

ti
ss

u
e

N
S

p
le

e
n

N
I

N
I

T
h

y
ro

id
N

N
N

I
B

o
n

e
m

a
rr

o
w

N
N

N
N

N
N

I
N

N
N

N
T

re
a
tm

e
n

t
C

H
O

P
�

4
R

T
C

H
O

P
R

T
R

-C
H

O
P

�
4

R
T

R
-C

H
O

P
E

P
O

C
H

-R
R

T
B

M
T

N
I

C
O

P
2
1

C
H

O
P

�
6

A
B

V
D

a

C
H

O
P

A
B

V
D

a

C
H

O
P

-R
IC

T
R

T
F

o
ll

o
w

-u
p

C
R

1
0
M

C
R

1
8
M

F
O

D
C

R
1
2
M

D
se

p
si

s
1
M

C
R

1
5
M

a
ft

e
r

B
M

T
N

I
C

R
1
2
M

a
ft

e
r

B
M

T
D

O
D

8
M

C
R

1
2
M

C
R

2
8
M

N
:

n
e
g
a
ti

v
e
;

Y
:

y
e
s;

N
I:

n
o
t

in
fo

rm
e
d

;
N

D
:

n
o
t

d
o
n

e
;

L
N

:
ly

m
p

h
n

o
d

e
,

C
:

c
e
rv

ic
a
l,

S
C

:
su

p
ra

c
la

v
ic

u
la

r
ly

m
p

h
n

o
d

e
;

A
:

a
x
il

la
ry

ly
m

p
h

n
o
d

e
;

I:
in

g
u

in
a
l

ly
m

p
h

n
o
d

e
;

C
R

:
c
o
m

p
le

te
re

m
is

si
o
n

;
D

:
d

e
a
d

;
D

O
D

:
d

e
a
d

o
f

d
is

e
a
se

;
F

O
D

:
fr

e
e

o
f

d
is

e
a
se

;
B

M
T

:
b
o
n

e
m

a
rr

o
w

tr
a
n

sp
la

n
t.

a
A

B
V

D
in

it
ia

l
tr

e
a
tm

e
n

t
w

it
h

o
u

t
re

sp
o
n

se
.

Aggressive unclassifiable B-cell lymphoma

G Gualco et al 671

Modern Pathology (2012) 25, 661–674



series.3,15,23 As described in the literature, our
cases also showed male predominance (9 men and
1 women), mediastinal involvement in most cases
(8/10 cases) in addition to which one case showed
retroperitoneal adenopathy, while another exhibited
axillary adenopathy. We organized these cases into
four patterns based on clinicopathological and
immunoarchitectural features, which allowed us to
catalog systematically the spectrum of features in
this spectrum of lymphomas. There was one case
with pattern 1, two with pattern 2, six with pattern 3
(60%) and one with pattern 4. The morphology was
variable, and although the most frequent morpho-
logical findings showed a mixture of features
resembling primary mediastinal B-cell lymphoma,
it also contained Reed–Sternberg cells and variants.
Similarly, immunophenotypic features were typi-
cally aberrant for either a primary mediastinal B-cell
lymphoma or a classical Hodgkin lymphoma: some
cases presented with areas with the expression of
markers typical of classical Hodgkin lymphoma and
other areas typical of primary mediastinal B-cell
lymphoma, while other cases presented with an
intricate mixture of both immunoarchitectural
patterns. In the study of mediastinal gray zone
lymphomas presented by Traverse-Glehen et al,24

58% of cases corresponded to pattern 3 and is very
similar in frequency to our cohort.

The most common immunophenotype included
the expression of CD20, CD30 and CD45, in addition
to which CD15 and EBV were expressed in a subset
of cases. CD20 and CD30 were the two most frequent
markers expressed and were present in all cases in
our series. CD45 was absent in only 1 case, which
was remarkable for morphological features consis-
tent with primary mediastinal B-cell lymphoma
(pattern 2). Our cases also showed a high frequency
of expression of CD79a (8/8) and PAX5 (10/10) even
in Reed–Sternberg-like cells. BOB1 expression was
found in 40% (4/10) of cases; its positivity is typical
of mature B-cell lymphomas, including diffuse large
B-cell lymphoma, primary mediastinal B-cell lym-
phoma and nodular lymphocyte predominant Hodg-
kin lymphoma, but absent or weak in classical
Hodgkin lymphoma, although Reed–Sternberg cells
may also rarely express BOB1.25 Hoeller et al26

proposed an algorithm to separate primary mediast-
inal B-cell lymphoma and classical Hodgkin lym-
phoma, and to avoid the use of B-cell lymphoma,
unclassifiable, by employing BOB1, CD79a and
cyclin E that, according to these authors, enable
accurate classification of the majority of cases of one
or other type. It is worthwhile to note that in that
study the authors included cases with the expres-
sion of CD20 and CD30, but the absence of CD15,
without reference to CD45 status or morphological
features resembling classical Hodgkin lymphoma. If
these cases, however, were CD45 negative, they
could simply represent classical Hodgkin lympho-
ma with CD20 expression. In our series, the use of
BOB1 did not specifically contribute toward the

separation of primary mediastinal B-cell lymphoma
or classical Hodgkin lymphoma, or indeed toward
areas within a case that resembled primary mediast-
inal B-cell lymphoma vs classical Hodgkin lympho-
ma. In addition, all of our cases also expressed
CD79a and PAX5 expression, which is indicative of
a B-cell immunophenotype in these cases.

The existence of B-cell lymphoma, unclassifiable,
with features intermediate between primary med-
iastinal B-cell lymphoma and classical Hodgkin
lymphoma with EBV expression is described in
the WHO 2008 classification.3 The frequency of
EBV in this borderline category is yet to be
determined as only a few cases have been reported
in the literature. In the Traverse-Glehen et al24

series, 2 of 7 cases showed evidence of EBV, while
Minami et al,25 and Quintanilla-Martinez et al7

reported one case each. Two cases in our series
were associated with EBV, both exhibiting pattern 3.
One of these patients was also the only woman in
our series and had high-stage disease (stage III) with
retroperitoneal involvement.

CD23 is frequently expressed in neoplastic cells of
primary mediastinal B-cell lymphoma.3 The expres-
sion of this marker in this lymphoma has been taken
as evidence to suggest the origin of this lymphoma
in ‘asteroid’ thymic B cells.22 This marker is usually
absent in classical Hodgkin lymphoma, and often
lends support for the diagnosis of primary mediast-
inal B-cell lymphoma when typical morphological
features and a B-cell immunophenotype are present.
In our cohort, 5 of 6 cases were positive for CD23,
with immunostaining in both monomorphically
large and Reed–Sternberg-like neoplastic cells.

P63 expression has been reported in normal
lymph nodes and in a subset of reactive lympho-
cytes in other tissues.27 Among hematolymphoid
neoplasms, P63 protein has been described as
positive in some types of non-Hodgkin lymphomas
including diffuse large B-cell lymphoma, not other-
wise specified,26,28 primary mediastinal B-cell lym-
phoma26 and anaplastic large-cell lymphoma,29 but
is absent in classical Hodgkin lymphoma. P63
expression was observed in 5 of 8 of our cases
(63%), which is slightly more frequent than in the
series presented by Eberle et al,23 who found 49%. It
is likely that P63 is expressed in cases biologically
closer to primary mediastinal B-cell lymphoma and
classical Hodgkin lymphoma, although among the
five positive cases in our series, no particular
pattern was preferentially involved.

We also sought to address whether FISH studies
would be useful in detecting MYC-, BCL2- or BCL6-
related rearrangements, which are not infrequently
found in aggressive B-cell lymphomas, particularly
diffuse large B-cell lymphoma. These rearrange-
ments are especially pertinent to cases of B-cell
lymphoma, unclassifiable, with intermediate fea-
tures between diffuse large B-cell lymphoma and
Burkitt lymphoma. Our cases, however, did not
show these rearrangements.
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The treatment of B-cell lymphoma, unclassifiable,
with features intermediate between primary medias-
tinal B-cell lymphoma and classical Hodgkin lym-
phoma is a challenge because its rarity limits
experience not only with diagnosis and subclassi-
fication, but also with therapeutic approaches,
which are yet to be established. Of the nine patients
on whom we obtained complete clinical informa-
tion, all were treated with chemotherapy proto-
cols similar to those used for non-Hodgkin B-cell
lymphomas, and six were also given radiotherapy;
one patient underwent bone marrow transplanta-
tion. Two patients, who were treated only with
chemotherapy, had high-stage disease and suc-
cumbed to their lymphoma. At the completion of
this study, eight patients were alive and free of
disease, although the follow-up period was rela-
tively short at 10–28 months. One patient who
received ABVD for classical Hodgkin lymphoma
with no response (case 9) underwent a repeat biopsy
of the mediastinum, which showed B-cell lympho-
ma, unclassifiable, with features intermediate
between primary mediastinal B-cell lymphoma and
classical Hodgkin lymphoma; the regimen was
altered to R-CHOP and radiotherapy, and the patient
achieved complete remission. In general, our cases
seem to reveal a better outcome than those descri-
bed. This finding raises the important question of
whether this category of lymphomas should be
considered diffuse large B-cell lymphomas with
aberrant immunophenotypes. Additional experi-
ence with larger cohorts of well-characterized
patients over a longer follow-up period will likely
be needed to unequivocally address this issue.

In summary, we presented a series of 10 well-
characterized cases of B-cell lymphoma, unclassifi-
able, with features intermediate between primary
mediastinal B-cell lymphoma and classical Hodgkin
lymphoma that add to our understanding of a new
and difficult-to-diagnose WHO category of lympho-
mas. Our findings confirm and extend previous
observations in the literature and enhance the
morphological and immunophenotypic spectrum
of this category of lymphomas. Further studies are
nevertheless indicated to fully elucidate the disease
heterogeneity and the therapeutic options for
patients with this borderline category of aggressive
lymphomas.
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