
REVIEW AND PERSPECTIVES

T cell/histiocyte-rich large B-cell lymphoma: an update
on its biology and classification

Thomas Tousseyn & Christiane De Wolf-Peeters

Received: 26 September 2011 /Accepted: 26 October 2011 /Published online: 12 November 2011
# Springer-Verlag 2011

Abstract T cell/histiocyte-rich large B-cell lymphoma
(THRLBCL), originally considered an uncommon variant
of Diffuse Large B-Cell Lymphoma (DLBCL), is recog-
nized by the World Health Organisation as a separate
clinicopathological entity since 2008. It predominantly
affects middle aged men often presenting with advanced
stage disease frequently involving spleen, liver and bone
marrow at time of diagnosis. According to the WHO, this
lymphoma is morphologically characterized by less than
10% of large neoplastic B cells in a background of
abundant T cells and frequently histiocytes. Differentiating
THRLBCL from other lymphoproliferative disorders such
as Nodular Lymphocyte Predominant Hodgkin Lymphoma
(NLPHL) and Lymphocyte-Rich classical Hodgkin lym-
phoma (LRcHL) is important from a clinical point of
view and can be achieved in most cases, given adequate
biopsy specimens, by careful morphological and immunohis-
tochemical evaluation of both the neoplastic cells as well as
the nonneoplastic stromal component. According to this
WHO definition, THRLBCL is still considered a clinically
heterogeneous entity, though it is noted that especially the
cases containing numerous histiocytes behave aggressively
and show resistance to current therapies for DLBCL. Gene
expression profiling studies of THRLBCL provided evidence
for a prominent role for this histiocytic component that is

important for a tolerogenic host immune response in which
they may assist neoplastic cells in escaping the T cell-
mediated immune surveillance. Therefore, reserving the
diagnosis of THRLBCL to cases containing a large proportion
of histiocytes might be relevant, as modulating their activity
could provide new therapeutic options.
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Introduction

After the description by several groups of a striking
infiltrate of reactive T cells in different types of B-cell
lymphomas Ramsay et al. introduced in 1988 the term ‘T
cell-rich B-cell lymphoma’ (TCRBCL) [1–3]. TCRBCL,
occasionally misinterpreted as T cell lymphomas before the
era of immunohistochemistry, has been recognized as a
caveat for pathologists. A particular subgroup of these
TCRBCL may mirror Nodular Lymphocyte Predominant
Hodgkin Lymphoma (NLPHL), is characterized by a
histiocyte-rich stroma and a poor clinical outcome [4, 5]
(Fig. 1). To stress the importance of the histiocytes in these
cases, our group introduced in 1992 the term ‘histiocyte-rich
B-cell lymphoma’ (HRBCL) for these TCRBCL in which the
background population consisted not only of small reactive T
cells but mainly of reactive histiocytes [5].

In the 2001, WHO classification T cell/histiocyte-rich
large B cell lymphoma (THRLBCL) was listed as a variant
of diffuse large B cell lymphoma (DLBCL) and defined by
the ‘presence of scattered large B cells in a background rich
in T cells, together with or without histiocytes’ [6]. Within
this variant of DLBCL, HRBCL was included. Of interest,
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clinicopathological studies on THRLBCL according the
WHO criteria, thus including cases with a variable number
or no histiocytes, resulted in a heterogeneous group of
lymphomas with clinical presentation varying from mild to
rapidly progressive end-stage disease [7–13].

To improve our diagnostic criteria and concept of HRBCL,
a thorough morphologic and immunophenotypic evaluation
of 60 cases was performed and the following diagnostic
criteria proposed for recognition of an entity we called
‘Histiocyte-rich T cell-rich Large B-cell lymphoma’ [14]: (1)
a disturbed lymph node architecture due to a diffuse (or
vaguely nodular) neoplastic infiltrate; (2) composed of

scattered large atypical neoplastic B cells lacking the
expression of CD15; representing only a minority of the
overall cell population and occurring as solitary cells (or in
very small clusters); and (3) a reactive background infiltrate
composed of nonepithelioid histiocytes surrounding the
neoplastic cells, small T cells not forming rosettes, and near
absent small B cells in the neoplastic areas.

This lymphoma was finally considered as a separate
clinicopathological entity in the World Health Organization
(WHO) 2008 classification on lymphoid tumors. Based on
a consensus expert panel, the 2001 definition on
THRLBCL was adapted to cover the lymphoma we

Fig. 1 Morphological and
immunohistochemical character-
ization of THRLBCL (a–e) and
NLPHL (f–j). At low
magnification, H&E staining
illustrates the diffuse (a) versus
nodular (b) pattern of lymph
node involvement in THRLBCL
and NLPHL, respectively. The
CD20-positive (c–d) large
atypical cells (arrow) of
THRLBCL are embedded in
stroma-rich in CD68-positive
histiocytes (e) and small
T lymphocytes in the absence of
small B cells. In contrast, in
NLPHL (f–j), CD20-positive LP
cells (arrow in g) are
embedded in nodular aggregates
of small B cells (h–i) and
surrounded by rosettes of CD3+/
CD57+ T cells (asterisk in j)
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described as ‘Histiocyte-rich T cell-rich Large B-cell
lymphoma’, and the entity THRLBCL was characterized
by ‘a limited number of scattered, large, atypical B cells
embedded in a background of abundant T cells and
frequently histiocytes’ [15]. Still, the presence of numerous
histiocytes was not considered a prerequisite for the
diagnosis leaving the entity diagnosed as such too heteroge-
neous to our opinion.

In this review, we will focus on the pitfalls of diagnosing
this rare entity, provide molecular genetic evidence that
supports our suggestion to reserve the diagnosis THRLBCL
only for cases with a prominent histiocytic background and
provide some hope for new therapeutic approaches by
mediating their function.

Morphological and immunohistochemical
features of THRLBCL

Morphologically, most cases of THRLBCL show a complete
disruption of the normal nodal architecture. However, vague
nodularity may be present. Scattered large atypical neoplastic
B cells are surrounded by a prominent inflammatory
background. The neoplastic B cells do not form aggregates
or sheets but can vary in size and morphology and can
resemble immunoblasts, Hodgkin/Reed–Sternberg-like
(HRS) cells or Lymphocyte Predominant-like (LP) cells,
typical of DLBCL, classical Hodgkin lymphoma, or
NLPHL, respectively [12, 16]. They are embedded within
clusters of bland-looking histiocytes and T cells, but T
lymphocyte rosetting is typically absent.

Immunohistochemical analysis shows that the neoplastic
B cells of THRLBCL mark positive for CD45, CD20 and
CD79a, but lack the expression of CD5, CD15 and CD138.
Only in rare cases do they express CD30. Tumor cells are
typically immunopositive for Bcl6 suggesting their deriva-
tion from germinal center B cells although they are mostly
CD10-negative. Bcl2 expression, a negative predictive
factor in DLBCL, was shown to be positive in up to 50%
of THRLBCL. Expression of other histochemical markers
such as epithelial membrane antigen (EMA) is variable.
The tumoral microenvironment is histochemically character-
ized by CD68+ histiocytes and lymphocytes with a CD3+/
CD5+ profile, which may be CD4+ but most often TIA1+/
CD8+ [12, 14, 17, 18].

Differential diagnosis

Even with careful examination of both the neoplastic cells
as well as the nonneoplastic cells using immunohistochem-
istry, differentiating THRLBCL from other hematologic
tumors may often remain difficult. The morphologic and

immunohistochemical features distinguishing THRLBCL
from NLPHL and classical Hodgkin’s lymphoma (cHL) are
discussed below and summarized in Table 1.

a. THRLBCL versus NLPHL
Indeed, the distinction between THRLBCL and

Nodular Lymphocyte Predominant Hodgkin lymphoma
(NLPHL also known as ‘paragranuloma’) may be
difficult. Nevertheless, an important difference between
both lymphomas lies in their clinical presentation and
prognosis. Therefore, it is crucial to distinguish both
entities as NLPHL is an indolent disorder with a
favorable prognosis and does not require aggressive
treatment in stark contrast to THRLBCL, especially the
variant containing many histiocytes [14, 19]. At low
magnification, the distinction may not be easy because
although THRLBCL most often has a diffuse appear-
ance, it might present with a nodular pattern in a large
proportion of cases. Similarities in morphology and
immunophenotype of the neoplastic cells further com-
plicate the differential diagnosis. Indeed, the LP
(Lymphocyte Predominant) cells or ‘popcorn’ cells of
NLPHL and the scattered neoplastic cells of THRLBCL
share many characteristics including the expression of
pan-B cell markers while lacking the classic HL
markers CD15 and CD30 (see Table 1) (adapted from
Ref. [20]). In both THRLBCL and NLPHL, neoplastic
cells display features of germinal center cells.

However, although NLPHL and THRLBCL are
related in as far as their cell of origin is concerned,
these lymphomas apparently differ in the host immune
response they elicit and differential diagnosis on a
pathological basis largely relies on characteristics of the
nonneoplastic environment [21, 22]. In THRLBCL, the
background stroma is composed of CD8+/TIA1+ small
T cells and large numbers of nonepitheloid histiocytes
surrounding the neoplastic cells, while small B cells are
rare in the neoplastic areas. On the contrary, NLPHL
affects the B follicle, and its stroma is composed mainly
of small B lymphocytes, with CD4+/CD57+ T cells
rosetting around the LP cells. Applying a follicular
dendritic cell (FDC) marker, like CD21 or CD23, is
helpful as FDC meshworks are partially preserved in
the nodular areas containing the small bystander B cells
in NLPHL. In contrast, in THRBCL typically affecting
the extrafollicular compartment, these follicle mantles
and FDC networks are lacking. Alternatively, to FDC
stainings, IgD staining can be used to show the
presence of residual IgD+ follicle mantles that favor
NLPHL [23] above THRBCL. In THRLBCL, large
IDO expressing dendritic cells are located in the
vicinity of tumor cells and this is not observed in
NLPHL. Nearly all stromal components, but not the
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neoplastic cells, in THRLBCL express STAT1, while in
NLPHL STAT1 expression is confined to large dendrit-
ic cells adjacent to the T-cell rosettes and some weak
expression is discerned in the popcorn cells [23].

Fan et al. described four different immunoarchitec-
tural patterns in NLPHL, with the nodular B cell-rich
form (pattern A) being the most frequent and classical
form, which should be easy to distinguish from
THRLBCL [24]. However, the differential diagnosis
becomes more challenging when the number of T cells
increases (T cell-rich nodular areas or pattern D) or
when the LP cells are predominantly localized outside
the B cell-rich nodules (THRLBCL-like areas or
patterns C/E). From a purely morphological perspec-
tive, distinguishing NLPHL/pattern E from THRBCL is
virtually impossible, especially in small biopsy speci-
mens. It is the clinical setting of an advanced clinical stage
at time of diagnosis and poor response to treatment that
can suggest the diagnosis of THRBCL, while a limited

stage and favorable response to treatment would favor the
diagnosis of diffuse NLPHL. Since transition was
suggested of a NLPHL pattern to a T cell/histiocyte-
richlike or diffuse pattern [25], this was not related to a
bad prognosis [26, 27]. Finally, increase in the number of
atypical cells resembling the image of DLBCL does
occur in both NLPHL and THRLBCL only heralding a
worse prognosis in the latter [14].

b. THRLBCL versus LRcHL
At low power examination, lymphocyte-rich classical

Hodgkin’s lymphoma (LRcHL) can mimic THRLBCL as
both entities are characterized by scarce neoplastic cells
embedded in a nonneoplastic inflammatory stroma.
Without additional immunohistochemical stainings, it is
sometimes difficult to distinguish the large atypical cells
in THRLBCL from Hodgkin/Reed–Sternberg cells typi-
cal for cHL. While the large atypical cells of THRLBCL
express CD20, they lack expression of CD15 and CD30.
Based on their opposite immunohistochemical profile, the

Table 1 Differentiating
pathologic features between
THRBCL and NLPHL

THRLBCL T cell/histiocyte-rich
large B-cell lymphoma, NLPHL
Nodular Lymphocyte Predomi-
nant Hodgkin Lymphoma, IB
immunoblastic, HRS Hodgkin/
Reed–Sternberg, LP lymphocyte
predominant, IHC immunohis-
tochemical, EBV Epstein–Barr
virus; EMA epithelial membrane
antigen, FDC follicular dendritic
cells, DC dendritic cells, IDO
indoleamine 2,3-dioxygenase

THRLBCL NLPHL

Overall architectural pattern Diffuse (or vaguely nodular) Nodular, pattern A (or diffuse)

FDC network (CD21+) Absent Disturbed

Residual IgD+ follicle mantles Absent Present

Large neoplastic cellss Scarce Scarce

Morphology IB, HRS, LP LP (‘popcorn’)

IHC profile

LCA/CD45 + +

CD20 + +

CD79a + +

PAX5/BSAP + +

BOB1 + +

OCT2 + +

PU.1 −/+ +

CD30 −/+ −/+
CD15 – –

Bcl-6 +/− +

EBV −/+ −
STAT1 − (+)

EMA −/+ +/−
Bystander cells Abundant Abundant

Small B cells (CD20+) No to few Abundant

Small T cells (CD3+) Numerous Numerous

Predominant population CD8+ CD4+

CD4+ rosetting No Frequent

CD57+ rosetting No Frequent

Histiocytes (CD68+) Numerous; nonepithelioid Few; if present forming
epithelioid granulomas

IDO expressing DCs Present Absent
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combined use of CD20 and CD15 is helpful to differentiate
THRLBCL from LRcHL. Apart from differences in the
neoplastic cells, careful study of the nonneoplastic back-
ground reveals differences in the composition of the
nonneoplastic cells, which in LRcHL typically is composed
of abundant small T cells that do form rosettes around the
neoplastic cells in the absence of histiocytes [28].

Does THRLBCL occur in childhood?

However, the disease entity THRLBCL preferentially affects
middle aged men, a handful of reports were made about
TCRBCL (not necessarily THRLBCL) in the pediatric
population where it tends to be a local disease [29, 30]. They
report a striking predominance of the male gender and unique
morphological characteristics of the atypical B cells (large
lobulated nucleus with pale chromatin resembling LP cells) as
well as absence of EBV infection. In contrast to the reports on
THRLBCL in adults, only few pediatric patients presented with
advanced stages, and bone marrow involvement by TCRBCL
in children was never reported. The little available information
on therapy and follow-up showed that the prognosis was
favorable after a short intensive polychemotherapy regimen for
aggressive lymphomas [30]. In our experience, THRLBCL is
extremely rare, if even existing, in a pediatric population and
other conditions should be ruled out first, in particular,
congenital or acquired immunodeficiencies causing an
aberrant immune respons or Hodgkin lymphoma.

Is THRLBCL related to EBV?

Although the association between EBV and THRBCL has not
been extensively studied, EBV positivity is not a typical feature
of THRLBCL and only a small portion of reported cases display
in situ findings of latent EBV infection (e.g., EBER or LMP1
positivity), mostly in cases that show a morphologic resem-
blance to cHL [31]. Nevertheless, the consensus chapter on
THRLBCL in the 2008 WHO classification advises to
consider these cases within the spectrum of aggressive EBV-
positive DLBCL and avoid classifying them as THRLBCL.
One may wonder if some of these cases represent a type of
“grey zone lymphoma” with features intermediate between
cHL and THRLBCL and correspond to HL cases reported in
the older literature that were associated with a poorer prognosis
that showed expression of CD20 but not CD15 [32].

Molecular genetics of THRLBCL

The molecular genetic background of THRLBCL is hardly
explored as the number of atypical B cells is very low. In

single cell analyses of the atypical cells in THRLBCL,
monoclonal immunoglobulin rearrangements have been
demonstrated [33]. However, conventional PCR technique
on whole tissue sections to detect clonality is limited by the
number of neoplastic cells.

Cytogenetic analysis was successful in a limited number
of cases only but no recurrent abnormalities have been
identified yet [21, 34–36]. Comparative genomic hybrid-
ization performed on microdissected tumor cells demon-
strated that chromosomal imbalances are more numerous in
NLPHL as compared to those found in THRLBCL [36].
This finding strongly argues against the hypothesis that
THRLBCL develops from NLPHL as tumor progression
cannot coincide with a decreased number of chromosomal
abnormalities. However, the atypical B cells in both
lymphomas were found to share rare imbalances on
chromosomes 4q and 19p suggesting a similar precursor
for both disorders.

The difficulty of performing molecular genetic studies or
microarray gene expression profiling in THRLBCL is that
the signature of the neoplastic cells will be outnumbered by
the signature of the predominant stromal reaction. Isolation
of single tumor cells from the nonneoplastic background is
required if one wants to investigate the gene expression
profile of the neoplastic cell component but these data are
largely lacking at present.

Interestingly, as gene expression profiling of several
lymphoma types has shown, the profile of lymphomas is
not only defined by the characteristics of the neoplastic
cells but also of the stromal component or host immune
response that plays a role in predicting the prognosis [37,
38]. To investigate whether the microenvironment surround-
ing the neoplastic cells of THRBCL could play an important
role in determining the clinical outcome in THRLBCL, we
investigated the functional meaning and the biological
significance of this distinctive stroma by comparing the gene
expression profile of whole tissue sections from THRLBCL
cases (with prominent histiocytic component) with that of
NLPHL [23]. Our GEP profiles of THRLBCL indicate a
macrophage/histiocyte-activated status by which the tumor
cells acquire several mechanisms to escape T cell-mediated
immune surveillance by suppressing the proliferation and
activation of effector T cells and their conversion to
regulatory T cells. Similar to the data from Chetaille et al.,
the molecular signature we found in THRLBCL was
dominated by an interferon-dependent pathway including
STAT-1 [39]. Both IFN-γ as well as proteins that are
upregulated in macrophages upon treatment with IFN-γ,
including indoleamine 2,3-dioxygenase (IDO) and
Chemokine (C–C motif) ligand 8 (CCL8), are upregulated
in THRLBCL. CCL8, one of the most potent monocyte
chemoattractants, may contribute to the histiocyte-rich
composition of the stroma in THRLBCL while IFN-γ is
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responsible for the activation of histiocytes and, in synergy
with Toll-like receptor ligands, for the production of high
levels of IDO by histiocytes and dendritic cells. IDO, which
might be expressed by tumor cells as well, has been
described to promote tumoral immune tolerance in a variety
of hematopoietic malignancies [40, 41]. IDO degrades
tryptophan thus lowering tryptophan concentration in
the local microenvironment. Such altered microenviron-
ment protects tumor cells from rejection by the immune
system as T lymphocytes are very sensitive to tryptophan
shortage. IDO thus suppresses local Tcell responses and alters
the conversion of effector T cells into T regulatory cells. Our
findingsmay explain the peculiar composition of the stroma in
THRLBCL as well as the bad prognosis of these patients.

Of interest, other genes found to be upregulated in
THRLBCL overlapped significantly with genes found to be
related to an unfavorable immune response in a subset of
follicular lymphomas and genes found to be related to host
inflammatory response in DLBCL [37, 38]. Our data are
also in concordance with the GEP study by Monti et al. that
recognized a particular subtype of DLBCL, which they
indicated as DLBCL with “host inflammatory response”
[42]. Cases of this subtype showed several characteristics
reminiscent of THRLBCL, not only by their morphology
but also by their clinical presentation and outcome.

On the contrary, the molecular signature in NLPHL
identified B-cell characteristics, implying that the follicular
component seen in typical NLPHL is the predominant
feature. Since there was minimal overlap with the signature
from the purified lymphocyte-predominant cells as reported
by Brune et al., [43] we concluded that the profile was
determined by the abundant background B cells and not by
the scarce neoplastic cells.

Treatment

Multiple study groups compared the clinical outcome
between DLBCL and THRLBCL. Some retrospective
studies showed comparable outcome, while others report
that THRLBCL, especially using a more restricted diagno-
sis (rich in histiocytes), has a worse prognosis and may,
therefore, need more aggressive therapy [7, 14, 44, 45].
This dichotomy results in uncertainty about the best
therapeutic approach when the diagnosis of THRLBCL is
made. Nevertheless, new insights in the molecular
pathogenesis of this disease will provide clues for
targeted therapy with newly developed drugs adapted
to the specific characteristics of the neoplastic cells or
its stromal component. Mediating the host stromal
response that is hallmarked by an increased expression
of IFN-γ, CCL8, IDO and VSIG4, could, e.g., be done
through inhibition of IDO [46].

Conclusion and perspectives

T cell/histiocyte-rich B-cell lymphoma (THRLBCL) is a
relatively new entity. Morphologically differentiating
THRLBCL from Nodular Lymphocyte Predominant Hodgkin
Lymphoma (NLPHL) is not always easy. Since these entities
have a different prognosis and require a different therapeutic
approach, an initial correct histopathological diagnosis is of the
utmost importance. The clue to a correct differential diagnosis
lies in the careful morphologic and immunohistochemical
examination of the tumor microenvironment, which defines the
major difference between the two entities.

GEP studies stress the significant role of the microenvi-
ronment in THRLBCL and emphasize the crucial role of its
histiocytes supporting their presence as a diagnostic
hallmark in the identification of this particular lymphoma.
Because of these results, we suggest to diagnose lymphoma
cases as THRLBCL only if the nonneoplastic component is
rich in histiocytes. However, in addition to further studies
on the biological significance of the peculiar stroma
characterizing THRLBCL, molecular and cytogenetic stud-
ies of isolated tumor cells are necessary to provide more
insights in the pathogenesis and the more precise delinea-
tion of THRLBCL from other lymphomas.
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