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Abstract The diffuse variant of nodular lymphocyte-
predominant Hodgkin lymphoma (D-LPHL) is exceed-
ingly rare. Here we report a case of D-LPHL in a 35-
year-old Caucasian female who presented with left cervical
and right axillary lymphadenopathy. Histopathologic exami-
nation reveals large atypical lymphoid cells resembling
lymphocyte-predominant (LP) cells in a background of reac-
tive T cells, B cells, and histiocytes. Extensive immunohisto-
chemical study demonstrates that these large atypical
lymphoid cells express characteristic phenotype of LP cells
including CD20, CD79a, BOB-1, OCT-2, BCL-6, and EMA
and are negative for CD30 and fascin. The diffuse nature of
the lymphoid proliferation is confirmed by negative CD21,
CD23, and CD35 stains showing a complete lack of follicular
dendritic cell meshworks. The associated Tcell microenviron-
ment shows increased CD57(+) T cells arranged into peritu-
moral cell rosettes. The diagnostic criteria of this case are
discussed and a review of the literature about the differential
diagnosis is provided.
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Introduction

Two categories of Hodgkin lymphomas are described in the
most recent WHO classification of tumors of hematopoietic
and lymphoid tissues: classical Hodgkin lymphoma (CHL)
and nodular lymphocyte-predominant Hodgkin lymphoma
(NLPHL) [1]. NLPHL is a monoclonal B cell lymphoma
with a nodular or a nodular and diffuse proliferation of
scattered large atypical cells known as popcorn or
lymphocyte-predominant (LP) cells (formerly called L&H
cells) with a characteristic immunophenotype that is positive
for CD20, CD79a, CD45, BCL6, J chain, EMA, OCT-2,
BOB-1, and negative for CD30 and CD15. It represents
about 5 % of all Hodgkin lymphomas. The majority of
NLPHL patients are middle-aged males who present with
localized peripheral lymphadenopathy (stage I or II) and
have an indolent course with frequent late relapses and 3–
5 % risk of transformation into diffuse large B cell lympho-
mas. Patients with stage I or II disease have an excellent
prognosis with reported 10-year survival of more than 80 %
compared with an unfavorable prognosis in patients with
advanced-stage disease [1].

Various growth patterns of NLPHL have been described
[1, 2]. The six patterns identified in one series of 118
NLPHL patients included “classic” (B cell-rich) nodular,
serpiginous/interconnected nodular, nodular with prominent
extranodular L&H cells, T cell-rich nodular, diffuse with a T
cell-rich background (T cell-rich B cell lymphoma
[TCRBCL]-like), and a (diffuse) B cell-rich pattern. The
classic nodular pattern is characterized by scattered LP cells
embedded in a follicular dendritic cell meshwork filled with
small reactive B lymphocytes, histiocytes, and numerous
CD4+/CD57+ follicular T helper cells, whereas the diffuse
TCRBCL-like pattern shows scattered LP cells within a mi-
croenvironment of predominantly small reactive T lympho-
cytes with a loss of follicular dendritic cell meshwork [2].
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NLPHL resembles closely the lymphocyte-rich CHL
(LRCHL) subtype in terms of morphology and clinical
presentation [3] while its diffuse variant (D-LPHL) fre-
quently mimics the T cell/histiocyte-rich large B cell lym-
phoma (THRLBCL) in terms of morphology and
immunophenotype [4]. Distinction among these three enti-
ties often poses great diagnostic difficulties to pathologists
in routine and consultation practices. Here we report a case
of D-LPHL in a 35-year-old white woman who presented
with left cervical and right axillary lymphadenopathy. Initial
diagnosis from a community hospital was NLPHL. A sub-
sequent consultation diagnosis at another university hospital
was B cell lymphoma with differential diagnosis of
THRLBCL versus NLPHL. Extensive morphological and
immunohistochemical characterization was subsequently
performed, and a final diagnosis of D-LPHL was rendered.
The diagnostic features of this case are discussed and an
update of the literature on the differential diagnosis and
treatment of D-LPHL, LRCHL, and THRLBCL is reported.

Although D-LPHL has been rarely mentioned in previous
studies on classic NLPHL cases [1–3], there is a lack of
well-documented cases in the English literature. The exis-
tence of a totally diffuse variant of NLPHL is unknown to
many practicing pathologists. Its misdiagnosis can have
adverse impact on patient's management. The present case
provides the most detailed description available so far of the
morphologic and immunophenotypic characteristics seen in
this condition. The use of a carefully integrated diagnostic
approach is—we believe—critical for confirmation of this
uncommon diagnosis. In addition, our report provides a
comprehensive review of the differential diagnosis and
treatment options.

Case report

A previously healthy 35-year-old white woman presented
with left cervical adenopathy (approximately 3 cm in size)
and right axillary lymphadenopathy (approximately 5 cm in
size). Physical examination, laboratory tests, and radiology
were otherwise unremarkable except for the adenopathy as
noted on imaging. An excisional biopsy of the right axillary
lymph node was performed at a community hospital. A
diagnosis of NLPHL was rendered. The case was then
reviewed in consultation at a university-based hospital. A
diagnosis of B cell lymphoma, with differential diagnosis of
THRLBCL versus NLPHL, was rendered. Later on, this
case was submitted to the Department of Pathology of Weill
Cornell Medical College at the New York Presbyterian
Hospital as a second consultation. The specimen received
consists of 1 paraffin block, 4 hematoxylin and eosin
(H&E)-stained slides, 12 immunostained slides, and 15
unstained slides.

Materials and methods

Immunohistochemical analysis was performed on 5-μm par-
affin sections of formalin-fixed, paraffin-embedded tissue
with the following antibodies: CD3 (SP7, Neomarkers),
CD4 (4B12, Novocastra) CD8 (C8144B, Novocastra),
CD10 (56C6, Novocastra), CD15 (MMA, BD Biosciences),
CD20 (L26, Dako), CD21 (269, Novocastra), CD23 (1B12,
Novocastra), CD30 (Ber-H2, Dako), CD35 (E11, Serotec),
CD57 (HNK-1, BD Biosciences), CD79a (JCB117, Dako),
fascin (55K-2, Dako), BOB-1 (C-20, Santa Cruz), OCT-2
(Santa Cruz), BCL-6 (PG-B6P, Dako), BCL-2 (Dako), PAX-
5 (24/Pax5, BD Biosciences), EMA (E29, Dako), PD1
(ProSci), IgD (Dako), and LMP1 (CS.1-4, Dako). Evaluation
of EBER was performed by in situ hybridization (Leica). All
slides were stained using a Leica autostainer following the
standard immunoperoxidase staining protocol for each anti-
body. Appropriate positive and negative controls were used.

The presence of immunoglobulin heavy chain gene rear-
rangements was analyzed using FR3 and JH primers. Rear-
rangements of the immunoglobulin kappa light chain gene
and T cell receptor gamma chain gene were assessed using
the BIOMED-2 assays.

Results

Microscopically, the H&E sections of the right axillary
lymph node excisional biopsy show diffuse effacement of
the nodal structure by an abnormal lymphoid proliferation.
In areas, a vague nodularity is imparted by the presence of
collections of epithelioid histiocytes. The abnormal prolif-
eration consists of numerous small lymphocytes, plasma
cells, histiocytes, and scattered large atypical lymphoid cells
displaying monolobated or polylobated nuclei with vesicu-
lar chromatin and small inconspicuous nucleoli, most con-
sistent with LP-type Hodgkin lymphoma (HL) cell
morphology (Fig. 1a, inset). The diffuse nature of the lym-
phoid proliferation with a complete lack of follicular den-
dritic cell meshworks is confirmed by negative CD21,
CD23, and CD35 stains (Fig. 1b, data not shown).

Extensive immunohistochemical study was performed at
both the outside hospitals and the New York Presbyterian
Hospital at Cornell. The LP-type lymphoid cells show pos-
itive membranous and cytoplasmic stain for CD20 (Fig. 2a),
positive nuclear stain for PAX-5 (Fig. 2b), and negative
stain for CD30 (Fig. 2c) and fascin (Fig. 2d). The tumor
cells also show positive membranous and cytoplasmic stain
for EMA (Fig. 2e) and positive nuclear stain of both OCT-2
(Fig. 2f) and Bcl-6 (data not shown). The stromal cells and
the epithelioid histiocytes are strongly positive for fascin
(Fig. 2d). The LP-type large cells are also positive for
CD79a and BOB-1 and negative for CD10, BCL-2, IgD,
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LMP1, and EBER (data not shown). A proportion of the LP-
type HL cells are positive for CD15 (data not shown). CD3
immunostain shows numerous T lymphocytes in the back-
ground with rosette formation around the large atypical
lymphoid cells with ~25 % of the T lymphocytes being
CD57 positive with rosetting around the large atypical lym-
phoid cells (Fig. 3a, b). Similar T cell rosetting pattern is
also revealed by CD4 and PD1 stains (Fig. 3c, d). The
background lymphocytes consists of 60 % CD4-positive

and 20 % CD8-positive T cells (data not shown). Gene
rearrangements for B and T cell clonality were performed,
and no evidence of clonality was identified.

Discussion

The incidence of D-LPHL is extremely low. The largest
series on the histologic and immunohistologic analysis of

Fig. 1 a Diffuse effacement of the lymph node architecture by atypical
lymphoid proliferation (H&E, original magnification ×40); inset shows
LP-type HL cells with abnormal nuclear lobularity, small- to medium-
sized basophilic nucleoli, and scanty cytoplasm (H&E, original

magnification ×400). b The diffuse nature of this lymphoid prolifera-
tion is confirmed by CD21 immunostain which shows absence of
follicular dendritic cell meshworks (anti-CD21 stain, original magnifi-
cation ×40)

Fig. 2 Immunohistochemical
characterization of the LP-type
HL cells (arrows point to
LP-type HL cells). a Positive
membranous and cytoplasmic
staining of CD20 (CD20 stain,
original magnification ×200). b
Nuclear staining of PAX5
(PAX5 immunostain, original
magnification ×200). c Nega-
tive staining of CD30 (CD30
immunostain, original magnifi-
cation ×600). d Negative fascin
staining in LP-type HL cells but
positive in histiocytes and stro-
mal cells (fascin immunostain,
original magnification ×600). e
Positive cytoplasmic and mem-
branous staining of EMA
(EMA immunostain, original
magnification ×200). f Positive
nuclear staining of OCT-2
(OCT-2 immunostain, original
magnification ×200) in LP-type
HL cells and reactive B cells
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NLPHL patients by the European Task Force on Lymphoma
Project has identified only 7 out of 219 (2 %) NLPHL
patients that showed a diffuse growth pattern [3]. Rare cases
of D-LPHL have also been reported by other groups [2, 5,
6]. In addition, some of the early published cases might
represent LRCHL which were not appropriately identified
due to the partial morphological resemblance and overlap-
ping immunophenotype of these two entities and limited
panel of immunohistochemical stains available at that time
[3]. Although a rare entity, the existence of D-LPHL is
accepted by most hematopathologists [1].

The major differential diagnosis of D-LPHL includes the
diffuse form of LRCHL and THRLBCL. The diffuse form
of LRCHL is a subtype of CHL with scattered Hodgkin and
Reed–Sternberg (HRS) cells in a background of small lym-
phocytes and an absence of neutrophils and eosinophils. The
immunophenotype of HRS cells (CD30+CD15+) in
LRCHL is the same as that in other subtypes of CHL [1].
LRCHL has been shown to display features intermediate
between those of CHL and NLPHL in a recent study, which
demonstrates that the HRS cells in certain LRCHL cases
also express CD20, OCT-2, BCL-6, and BOB-1, which are
typical markers of LP cells in NLPHL. However, none of
the NLPHL cases in their series (0/68) show CD30 expres-
sion and only 4 % of NLPHL cases show CD15 expression
[7]. Another two protein markers, fascin and JunB, are
reported to distinguish LRCHL and NLPHL in a recent
series by Bhargava et al. In this study, the HRS cells of
100 % (11/11) cases of LRCHL demonstrate strong cyto-
plasmic staining pattern of fascin compared with occasional
weak positivity in LP cells of 12.5 % (3/24) of NLPHL
patients [8]. Although D-LPHL can be confused with the
diffuse form of LRCHL histologically and clinically, the

exact diagnosis of these two entities can be reliably distin-
guished by CD30, CD15, and fascin stains.

The more challenging differential diagnosis lies between
D-LPHL and THRLBCL. In fact, this differential diagnosis
has been the subject of numerous studies and multiple
international workshops, and it is a relatively frequent diag-
nostic issue in hematopathology in consultation practice. It
is crucial to make a precise diagnosis since the treatment and
prognosis of these two entities are quite different [1].
THRLBCL is an aggressive lymphoma that accounts for
less than 10 % of diffuse large B cell lymphomas and is
characterized by a limited number of scattered, large atypi-
cal B cells embedded in a background of abundant T cells
and histiocytes. Patients frequently present with advanced
stage with multiorgan involvement and an intermediate to
high-risk International Prognostic Index. This disease is
treated with anthracycline-containing chemotherapy along
with alkylating agents, similarly to diffuse large B cell
lymphoma. The neoplastic cells in THRLBCL may closely
mimic the LP cells in NLPHL both morphologically and
immunohistochemically. None of the immunological
markers currently in use for the neoplastic cells can reliably
distinguish these two entities although Bcl-2 has been
shown to express frequently in THRLBCL but not in
NLPHL [1, 4]. IgD, the expression of which can be seen
in 30 % of cases of NLPHL but is rarely observed in
THRLBCL, may be helpful in distinguishing between these
entities [9]. Many studies have emphasized the importance
of the tumor microenvironment in the differential diagnosis
of D-LPHL and THCLBCL. Although D-LPHL is charac-
terized by increased T lymphocytes in the background and
may not show the follicular dendritic meshwork by CD21/
CD23/CD35 stain, the CD4+/CD57+/PD-1+T cells are

Fig. 3 Characterization of the
LP HL-associated microenvi-
ronment (arrows point to LP-
type HL cells). a Rosette for-
mation around the LP-type HL
cells demonstrated by the pres-
ence of CD3-positive T cells
(CD3 immunostain, original
magnification ×400). b Rosette
formation around the LP-type
HL cells by CD57-positive T
cells (CD57 immunostain,
original magnification ×400). c
The background lymphocytes
are mainly CD4 positive (CD4
immunostain, original magnifi-
cation ×400), and d PD-1-
positive T cells with well-
recognized rosette formation
around the LP-type HL cells
(PD-1 immunostain, original
magnification ×400)
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characteristically increased and form rosettes around the
neoplastic LP cells [4]. This rosette-forming pattern by
CD57+ T cells has also been reported in LRCHL, but not
in THRLBCL. These CD57+ T cells in NLPHL have dis-
tinct cytokine profiles that may suggest a T regulatory-1
response [10]. Instead, the T cell infiltrates in the back-
ground of THRLCBL are mainly CD8+ and/or TIA1+ cy-
totoxic T cells. This key feature has been confirmed by
multiple studies by different groups [1, 4]. Furthermore,
CD20 stain pattern is also helpful. It has been shown that
there are very few CD20+-reactive B cells (<10 %) in
THRLBCL, whereas more reactive B cells are expected in
NLPHL cases [1, 11].

At a molecular level, comparative genomic hybridization
has been done and shows that THRLBCL and NLPHL share
certain genomic imbalances as well as distinctive cytoge-
netic features, which suggests that THRLBCL may derive
from the same precursor cell as NLPHL but diverge to a
different evolutionary direction in the neoplastic process
[12]. Genome-wide expression study of microdissected
L&H cells shows that L&H cells have a surprisingly high
similarity to the neoplastic cells of THRLBCL and CHL
[13]. However, at least 42 genes show differential expres-
sion in L&H cells of NLPHL compared with THRLBCL. A
more recent side-by-side gene expression profiling study of
the tumor cells and microenvironment of NLPHL and
THRLBCL demonstrates that both lymphomas share several
characteristics, whereas the cellular composition of their
microenvironment is clearly different. In contrast to
NLPHL, the background cell population in THRLBCL is
suggestive of a tolerogenic host immune response in which
histiocytes/macrophages play a dominant role [11]. A list of
genes that express differentially is provided in the study and
the authors conclude that THRLBCL and NLPHL are two
distinct entities. However, a caveat of this study is that only
the classical nodular variant of NLPHL cases is compared
with THRLBCL and no D-LPHL cases are included [11].
The gene products that differentially express in NLPHL and
THRLBCL from the above studies may provide novel im-
munologic markers to help distinguish these two entities.
Further gene expression profiling study by microdissection
technique between THRLBCL and D-LPHL cases may shed
more light on their relationship.

The treatment of NLPHL, LRCHL, and THRBCL is
different, which warrants an accurate diagnosis of these
conditions in order to achieve the best patient outcome.
CHL patients with stages IA and IIA disease are commonly
treated with chemotherapy alone (ABVD) or in combination
with radiotherapy and patients with IIB, III, and IV gener-
ally receive chemotherapy-based regimens. LRCHL patients
treated with current regimens have an excellent prognosis
and attention should be paid to avoid acute treatment-related
toxicities since LRCHL patients are generally older

compared with other subtypes of CHL [1]. NLPHL patients
in advanced and early unfavorable stage are treated similar
to CHL patients with similar prognosis. However, the ma-
jority of NLPHL patients have early favorable stage disease.
More data are available now supporting reduced intensity
programs for NLPHL patients with less severe adverse
effects while not compromising cure rates. For example,
involved-field radiotherapy alone instead of extended-field
radiotherapy alone has been adopted by the German Hodg-
kin Study Group and the European Organization for Re-
search and Treatment of Cancer as the treatment of choice
for stage IA NLPHL. Non-alkylating chemotherapy has also
been proposed. Lately, the less toxic anti-CD20 antibody
rituximab monotherapy shows significant activity in multi-
ple clinical trials for NLPHL patients including refractory
and relapsed cases. Larger clinical trials are needed to con-
firm the comparative efficacy of this promising treatment
option. So for NLPHL patients, attention should be focused
on treatments which are effective and avoid long-term tox-
icity [14]. On the other hand, the treatment of THRLBCL is
quite distinct which requires multi-agent chemotherapy di-
rected to a non-Hodgkin lymphoma rather than Hodgkin
lymphoma. The R-CHOP or similar regimens are used with
variable success. The initial Hodgkin lymphoma-directed
chemotherapy or radiotherapy is not as effective and gener-
ally is not recommended for THRLBCL patients [15]. Even
so, certain percentage of THRLBCL cases respond poorly to
chemotherapy [1].

In the present case, a diagnosis of D-LPHL was favored
based on the combined clinical presentation, physical exam-
ination, radiology and staging, morphology, and immuno-
histochemistry. First, the patient had no significant past
medical history and presented with early stage disease (stage
IIA, cervical and axillary lymphadenopathy). The H&E
sections of the right axillary lymph node excisional biopsy
show a lymph node in which the nodal architecture is
diffusely effaced by an abnormal lymphoid proliferation.
The abnormal proliferation consists of numerous small lym-
phocytes, plasma cells, histiocytes, and scattered large atyp-
ical lymphoid cells. The large atypical lymphoid cells
display the characteristic morphology and immunopheno-
type of LP or “popcorn” cells of NLPHL and are negative
for markers of HRS cells of CHL (CD30, fascin). Although
a proportion of the LP-type HL cells are positive for CD15
stain in the current case, this phenomenon has been reported
in previous studies [7]. In addition, the diffuse nature of the
lymphoid proliferation is confirmed by stains of CD21,
CD23, and CD35 which demonstrate a complete lack of
follicular dendritic meshwork. Finally, the associated T cell
microenvironment shows the presence of increased CD57
(+) T cells (25 %) arranged into peritumoral cell rosettes and
a good percentage of small reactive B cells (~20 %) as
revealed by CD20 stain (Fig. 2a). This rosette formation
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feature around the neoplastic atypical cells has not been
reported in THRLBCL and B cells are very sparse in
THRLBCL specimens [1, 11]. The combination of these
findings strongly supports the present diagnosis and rules
out THRLBCL.

In summary, we report a case of D-LPHL with classical
morphology, immunophenotype, and tumoral microenviron-
ment. This case illustrates the extreme difficulty in diagnosing
D-LPHL, for which we currently rely only on the presence of
numerous surrounding B lymphocytes and the identification
of CD57-positive rosettes, which usually are absent in cases of
THRLBCL. Currently, no unequivocal data are available for
such cases regarding optimal treatment, clinical behavior, and
prognosis. Long-term follow-up studies will be necessary to
fully address the above questions.
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