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Abstract: Intravascular large B-cell lymphoma (IVLBCL) is a rare, aggressive and often fatal non-Hodgkin lymphoma
characterized by preferential growth of malignant B-cells within the lumina of small vessels. Rituximab plus anthracy-
cline-based chemotherapy is the current standard regimen for IVLBCL, however it has minimal efficacy in relapsed or
refractory diseases. Recent clinical trials have shown a significant anti-lymphoma activity of mammalian target of
rapamycin (mTOR) inhibitors in relapsed and refractory diffuse large B-cell lymphoma (DLBCL); however, the activa-
tion status of the mTOR pathway and the therapeutic potential of mTOR inhibitors in IVLBCL have not yet been stud-
ied. Here we described the clinicopathological features of 3 cases of IVLBCL diagnosed at our institutions, and evalu-
ated the activation status of the mTOR signaling in these tumors. Our results showed that the mTOR complex 2 path-
way was selectively upregulated in IVLBCL, as evidenced by a predominant nuclear localization of the activated form
of mTOR (p-mTOR at Ser2448) with concomitant overexpression of nuclear p-Akt (Ser473) and vascular endothelial
growth factor (VEGF)-A in the lymphoma cells. These data suggest that overactivation of mTOR pathway may play a

role in lymphomagenesis of IVLBCL and mTORC2 inhibitors may be beneficial in treating IVLBCL.
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Introduction

Intravascular large B-cell lymphoma (IVLBCL) is
a rare and aggressive non-Hodgkin lymphoma
characterized by almost exclusive malignant B-
cell infiltrate within the lumina of small blood
vessels, particularly capillaries [1]. It is now rec-
ognized as a separate disease entity, distinct
from the diffuse large B-cell lymphoma (DLBCL),
in the current WHO classification [2]. The
mechanism for this vessel tropism is largely
unknown. Absence of adhesion molecules in-
cluding b1 integrin and ICAM-1 and metallopro-
teinases on the lymphoma cells may cause de-
fective transvascular penetration and impaired
degradation of extracellular matrix to form tu-
mor masses [3], [4]. Aggregation of neoplastic B
-cells occludes the lumina of small vessels,
which may result in multiorgan ischemic injury
clinically.

Owing to its unique intravascular and dissemi-

nated growth pattern, IVLBCL may virtually af-
fect any sites and manifest as nonspecific clini-
cal syndromes. Clinically, there are two variants:
Western variant commonly presents as skin
rashes and multiple neurological deficits, while
patients from Asian countries preferentially
show hemophagocytic syndrome, bone marrow
involvement, and fever of unknown origin (FUO)
[1]. Lymph node and peripheral blood involve-
ments are rare, occurring in only 4-17% and O-
13% of cases, respectively [5]. Elevations in
lactate dehydrogenase (LDH) and b2-
microglobulin, and anemia are present in the
majority of patients [6]. Due to its nonspecific
clinical manifestations, IVLBCL is often a diag-
nostic challenge. As a matter of fact, nearly half
of the cases are discovered in postmortem ex-
amination [7]. A definitive diagnosis requires
histopathological demonstration of malignant B
lymphocytes within the vessel lumina. Recently,
several studies have proposed random skin
biopsies in patients with FUO and nonspecific
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syndromes including mental status changes
and central nervous system (CNS) syndrome
with or without skin lesions for a prompt diagno-
sis of IVLBCL [8].

Adding rituximab to the anthracycline-based
chemotherapy such as CHOP (cyclopho-
sphamide, hydroxydaunorubicin, vincristine, and
prednisone) (R-CHOP) has significantly improved
the previously dismal prognosis of IVLBCL [9],
[10]. However, a substantial proportion of pa-
tients eventually experience relapse, particularly
in the brain, and R-CHOP has minimal efficacy in
these patients [11].

Recently, clinical studies have demonstrated a
significant anti-tumor activity of mammalian
target of rapamycin (mTOR) inhibitors in re-
lapsed DLBCL [12], [13]. However, the activa-
tion status of the mTOR pathway and the poten-
tial therapeutic role of mTOR inhibitors in
IVLBCL have not yet been assessed. In this
study, we describe the clinicopathological fea-
tures of 3 cases of IVLBCL diagnosed at our
institutions, and investigate the activation
status of the mTOR signaling in these tumors.

Materials and methods
Study groups

The pathology database at Lyndon B. Johnson
Hospital and Memorial Hermann Hospital at
Texas Medical Center from 2003 to 2011 was
retrospectively reviewed and a total of 3 cases
of IVLBCL were identified. 16 tissue samples of
reactive lymph nodes were also retrieved from
the database. The tissue microarray block was
subsequently created by manually re-
embedding archived paraffin-embedded tissues
from the reactive lymph nodes as previously
described [14]. This study was conducted ac-
cording to the institutional review board-
approved research protocol.

Immunohistochemical analysis and scoring

The avidin-biotin peroxidase technique was
used, using an autostainer [14] with primary
antibodies against CD3, CD5, CD20, cyclin D1,
Bcl-6, MUM1, Ki-67 (DAKO, Carpinteria, CA),
vascular endothelial growth factor (VEGF)-A,
phosphorylated (p)-mTOR at serine 2448, and p-
Akt at serine 473 (Cell Signaling Technology,
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Inc., Beverly, MA). Primary antibodies against p-
mTOR and p-Akt were incubated at 4°C, and all
other primary antibodies were incubated at
room temperature. Positive and negative con-
trols were run in parallel with the samples. The
expression of p-mTOR, p-Akt, and VEGF-A pro-
tein analytes were assessed using bright-field
microscopy with regard to the following parame-
ters: 1) Cellular compartmentalization of the
chromogenic signal was indicated as predomi-
nantly cytoplasmic or nuclear. 2) Percentage of
positive cells from 1 to 100% was determined in
each individual case. 3) Qualitative assessment
of chromogenic signal intensity was graded as
absent (0), mild (1+), moderate (2+), or strong
(3+). An expression index (El) was calculated by
taking the product of intensity score and per-
centage of positively staining cells.

Flow cytometric analysis

Immunophenotypic analysis of peripheral blood
(Case 3) and bone marrow aspirate (Case 1 and
Case 2) was performed using the whole blood
lysis method, followed by 4-color flow cytometric
analysis on a FACSort analyzer (Becton Dickin-
son, San Jose, CA) using the CD45 versus side-
scatter gating strategy. Monoclonal antibodies,
conjugated to fluorescein isothiocyanate, phyco-
erythrin, allophycocyanin, or peridinin chloro-
phyll protein were used, specific for the follow-
ing antigens: CD3, CD4, CD5, CD7, CD8, CD10,
CD11c, CD13, CDi14, CDi1e6, CD19, CD20,
CD22, CD23, CD25, CD33, CD34, CD45, CD56,
human leukocyte antigen (HLA)-DR, terminal
deoxynucleotidyl transferase (TdT), and surface
immunoglobulin kappa and lambda light chains.
All antibodies were supplied by Becton Dickin-
son, Franklin Lakes, NJ.

Statistical analysis

Student t-test was used to determine signifi-
cance of differences in expression index be-
tween IVLBCL and reactive lymph nodes. P <
0.05 was considered as statistically significant.
Results

Clinical findings

Case 1: A 56-year-old male with a history of

transient ischemic attack and protein C and S
deficiency was transferred from an outside hos-
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pital with a presumed diagnosis of stroke. He
complained of progressive left arm weakness
and tingling, memory and bilateral hearing loss,
and confusion for six months, which was mark-
edly exacerbated one week prior to admission.
Neurological examination was remarkable for
fluctuating mental status, left eye deviation,
nystagmus of the right eye, and bilateral Babin-
ski’s sign. Laboratory evaluation showed throm-
bocytopenia (85 x 106/dL), anemia (hemoglobin
10.0 g/dL), hypoalbuminemia (2.9 g/dL), and a
slightly elevated level of serum LDH (224 U/L).
MRI of the brain demonstrated multiple small
infarcts, and predominantly periventricular and
subcortical white matter lesions with subtle ill-
defined areas of enhancement. These abnormal
radiological findings may be caused by ischemic
vasculopathy/vasculitis, neurotoxic changes, or
lymphoma. Electroencephalography showed
generalized slowing without epileptiform dis-
charges. CT of the abdomen showed a 22-cm
spleen but no lymphadenopathy. All other work-
up including echocardiogram, cerebrospinal
fluid analysis, and bone marrow biopsy were
essentially unremarkable. A brain biopsy was
performed. Histopathologic examination re-
vealed intravascular large B-cell lymphoma cells
within the brain capillaries, confirmed by immu-
nohistochemical stains. The patient received six
courses of R-CHOP. Despite improvement of
neurological symptoms, he presented new on-
set of lymphadenopathies by CT. Eventually, he
underwent autologous bone marrow transplant
(BMT) at an outside hospital. Unfortunately, the
lymphoma relapsed 2 years post-BMT. He then
received a second BMT from a matched unre-
lated donor, and died of graft-versus-host dis-
ease 3 years after initial presentation.

Case 2: A 69-year-old male presented with a 1-
month history of weakness, slurred speech, epi-
sodes of loss of consciousness, and a 15-pound
weight loss. On admission, physical examination
revealed no additional findings. Relevant labora-
tory data included increased levels of serum
LDH (400 U/L) and b2-microglobulin (2.7 g/mL),
and an unremarkable CBC. MRI of the brain
showed nonspecific parenchymal abnormalities
in the supratentorial regions and the corpus
callosum, raising a broad differential diagnosis
including vasculitis, drug-related changes, neu-
rotoxic exposure, encephalitis, or neurodegen-
erative diseases. Brain biopsies were performed
and revealed features of IVLBCL involving both
cortex and white matter. Multiple enlarged
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retroperitoneal, retrocrural lymph nodes and
splenic masses were appreciated on staging CT.
Bone marrow aspirate and biopsy showed no
evidence of lymphoma infiltrates. He was given
high-dose intravenous methotrexate and dis-
charged to an outside hospital for further ther-

apy.

Case 3: This case has been previously reported
[15]. A B51-year-old female came to the emer-
gency room with fever, abdominal pain, nausea
and vomiting for 5 days. She also complained of
one-year history of generalized fatigue and a 50-
pound weight loss. Except for right upper quad-
rant abdominal pain, the physical examination
findings were unremarkable; no appreciable
lymphadenopathy was noted. An abdominal CT
showed gallbladder wall thickening and fluid.
Significant laboratory data included pancyto-
penia (white blood cell count 2.2 x 108 /dL, he-
moglobin 10.7 g/dL, and platelet count 43 x
108/dL), increased serum LDH level (4,539 U/
L), and low serum albumin level (2.1 g/dL). An
initial diagnosis of acute cholecystitis was
made. She underwent cholecystectomy. Histo-
pathologic examination of the gallbladder re-
vealed extensive involvement by IVLBCL. Flow
cytometric analysis of the peripheral blood
showed a small population of monoclonal large
B-cells with immunophenotypes identical to
those seen in the gallbladder. R-CHOP was
given but was interrupted after one course due
to profound neutropenic sepsis. The patient
died of multiorgan failure 21 days after the di-
agnosis.

Pathological findings

Examination of the tissues from all 3 patients
showed similar features: aggregates of atypical
large lymphocytes completely occluded the
lumina of small sized blood vessels (Figure 1A,
1B). The lymphoma cells were large, with ve-
sicular chromatin, irregular nuclear contour, and
single or multiple small nucleoli. Mitotic figures
were easily seen, with Ki-67 proliferation rates
of more than 90% in all three cases (Figure 1C).
Immunohistochemical analysis revealed intense
homogenous CD20 staining (Figure 1D) and
lack of immunoreactivity for CD3. The neoplas-
tic cells were also positive for Bcl-6 (weak nu-
clear stain; image not shown) and MUM1
(Figure 1E) in all cases. CD10 was negative in
case 3 (no tissues were available in case 1 and
case 2 for CD10 immunostain). These findings
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Figure 1. Histopathologic findings of IVLBCL. Brain biopsy from Case 1 (A) and gallbladder from Case 3 (B) showed
obliteration of small blood vessels by aggregates of large atypical lymphoid cells. (C) Proliferation index was high by Ki
-67 staining (Case 1). The neoplastic cells demonstrated intense staining of CD20 (Case 1, D) and strong nuclear
staining of MUM1 (Case 2, E). In a subset of IVLBCL, the tumor cells showed coexpression of CD5 (Case 3, F); how-
ever immunostaining for CD23 and cyclin D1 was consistently negative (not shown). Original magnification x 400.

were consistent with a non-germinal center B- monoclonal B-cell population with immunophe-
cell-like (non-GCB) phenotype in all 3 cases. notype similar to those in the gallbladder tissue.

The lymphoma B-cells in case 3 also coex-
In case 3, flow cytometric analysis was also per- pressed CD5 (Figure 1F); however, lack of im-
formed on peripheral blood, which identified a munostaining for cyclin D1 and TdT argued
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against a diagnosis of mantle cell lymphoma
blastoid variant and lymphoblastic lymphoma,
respectively [1].

Investigation of mTOR-Akt signal pathway

In the reactive lymph nodes, strong nuclear ex-
pression of p-mTOR was detected in a subset of
germinal center B lymphocytes. Within the peri-
follicular area, nearly half of the reactive lymph
nodes were immunonegative for p-mTOR, and
less than 1/3 of cases had weak to moderate
nuclear p-mTOR expression. In contrast, nuclear
staining of p-mTOR was detected in all 3 IVLBCL
cases, with 2 cases showing strong expression
of p-mTOR (Figure 2A, 2B). The expression index
(El) of nuclear p-mTOR was significantly higher
in IVLBCL compared to the perifollicular lympho-
cytes in non-neoplastic controls (300 versus 38
for IVLBCL and reactive lymph nodes, respec-
tively, p = 0.001, Table 1). These data sug-
gested a selective overactivation of mTOR com-
plex 2 (mTORC2) in IVLBCL.

MTORC2 activates the downstream survival
kinase Akt by phosphorylation at serine 473
[16]. Expression of p-Akt was also confined to
the nucleus of lymphocytes. 2 of 3 IVLBCL
showed strong nuclear p-Akt immunopositivity,
whereas only 3 of 16 reactive lymph nodes re-
vealed moderate to strong nuclear p-Akt stain-
ing in the perifollicular lymphocytes (Figure 2C,
2D). The level of nuclear p-Akt ElI was 2-fold
higher in the lymphoma cells than in non-
neoplastic controls (187 versus 87 for IVLBCL
and reactive lymph nodes, respectively, p =
0.29, Table 1); however, this difference failed to
achieve statistical significance, probably due to
the small sample size (n = 3) in IVLBCL.

VEGF-A is a target gene of the mTORC2 signal-
ing via hypoxia-inducible factor-2alpha (HIF-2a)

[17]. The expression of VEGF-A was seen in the
plasmalemmal and cytoplasmic fractions in
both groups. Intravascular lymphomas showed
significantly increased EI of VEGF-A compared to
the perifollicular lymphocytes in reactive lymph
nodes (174 versus 75 for IVLBCL and reactive
lymph nodes, respectively, p = 0.02, Figure 2E,
2F, Table 1).

Discussion

IVLBCL is a rare and often fatal systemic neo-
plasm. Its poor prognosis might be attributed by
multiple factors. First, it is difficult to diagnose
due to its rarity, highly variable and nonspecific
clinical presentations, and often lack of nodal or
extranodal masses. As a consequence, initiation
of chemotherapy is often delayed. Second, the
majority of IVLBCL patients are elderly (median
age, 67 years) with poor performance status,
which make it difficult to implement adequate
chemotherapy. Furthermore, 80% of IVLBCL
cases have biologically unfavorable phenotypes
as activated B-cell (ABC) type [18], and about
30% of IVLBCL cases are CD5-positive [19],
which is known to be associated with signifi-
cantly decreased survival rate in patients with
DLBCL. These findings are identical to our stud-
ies: all 3 cases are ABC type, and the tumor
cells in 1 of 3 cases expressed CD5 [20].

CHOP or CHOP-like anthracycline-containing
chemotherapy was the mainstay of treatment
for IVLBCL in the pre-rituximab era, however its
clinical efficacy was disappointing [21]. Rituxi-
mab remarkably altered the dismal natural his-
tory of IVLBCL. With the addition of rituximab,
the 2-year overall survival was increased from
46% to 66% in European patients [9], and an
even more pronounced improvement was also
observed in Asian patients [22]. However, de-
spite the high initial remission rates, a signifi-

Table 1. Average expression index (El) of mTOR pathway markers in IVLBCL and reactive lymph nodes

Nuclear p-mTOR Nuclear p-AKT VEGF-A
IVLBCL 300* 187 174*
Post-Germinal Center Lympho- 38 87 75

cytes in Reactive Lymph Nodes

*Significant difference in IVLBCL compared to reactive lymph nodes; 3 cases in IVLBCL and 16 cases in reactive

lymph nodes.

Abbreviations: IVLBCL, intravascular large B-cell ymphoma; mTOR, mammalian target of rapamycin; VEGF-A, vascu-

lar endothelial growth factor-A.
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Figure 2. Expression of the mTOR pathway markers in IVLBCL and reactive lymph nodes. A-D: Phosphospecific anti-
bodies against p-mTOR at serine 2448 and p-Akt at serine 473 showed chromogenic signals predominantly confined
to the nucleus. The expression index (El) of nuclear p-mTOR and p-Akt was significantly higher in IVLBCL compared to
the perifollicular lymphocytes in non-neoplastic controls. (A) p-mTOR (Ser2448) in IVLBCL (Case 3); (B) p-mTOR
(Ser2448) in reactive lymph nodes; (C) p-Akt (Ser473) in IVLBCL (Case 3); (D) p-Akt (Ser473) in reactive lymph nodes.
E and F: Antibodies recognizing VEGF-A showed signals in the plasmalemmal/cytoplasmic fractions of lymphocytes.
IVLBCL had significantly increased El of VEGF-A compared to the perifollicular lymphocytes in non-neoplastic lymph
nodes (E) VEGF-A in IVLBCL (Case 2); (F) VEGF-A in reactive lymph nodes. Original magnification x 400.
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cant percentage of patients, 62.5% in one re-
cent report [11], eventually relapsed, particu-
larly in the patients with CNS involvement. Once
relapsed, response was hardly achieved with R-
CHOP or other currently available salvage thera-
pies. In our series, of the two patients who re-
ceived R-CHOP, both experienced treatment
failure: one with high tumor burden died of dis-
ease shortly after diagnosis, while the other
developed disease progression following 6
courses of R-CHOP. Therefore, new therapeutic
strategies are clearly needed for IVLBCL, espe-
cially those with refractory or relapsed diseases.
One promising class of such anticancer drugs
might be the mTOR inhibitors.

mTOR signaling has an essential role in the
regulation of cell growth and survival [23]. It
assembles into two complexes (mTORC):
mMTORC1 is predominantly cytoplasmic and sen-
sitive to rapamycin; in contrast, mTORC2 is both
cytoplasmic and nuclear, and relatively resistant
to rapamycin [23], [24]. Upon activation,
MTORC1 and mTORC2 phosphorylatively regu-
late their respective downstream effectors
p70S6K/4EBP1, and Akt [16]. High levels of
dysregulated mTOR activity are associated with
many human diseases, including lymphoma-
genesis [25], whereas mTOR inhibitors have
exhibited efficacies against advanced lym-
phoma cells both in vitro and in vivo. For exam-
ple, treatment with everolimus induces cell cy-
cle arrest and augments the cytotoxic effects of
rituximab and anthracycline in DLBCL cell lines
[26]. In addition, single-agent everolimus or
temsirolimus has shown an overall response
rate of 28% to 35% in three phase Il trials for
heavily treated refractory/relapsed DLBCL pa-
tients [27]. These positive findings in DLBCL
prompted us to perform a morphoproteomic
analysis of the mTOR signaling in IVLBCL. Our
study has revealed the overexpression of the
following protein analytes in IVLBCL versus the
perifollicular B lymphocytes in their non-
neoplastic counterpart: nuclear p-mTOR
(Ser2448), nuclear p-Akt (Ser473), and VEGF-A.
This data suggests that the rapamycin-
insensitive mTORC2 signaling might be involved
in the tumorigenesis of IVLBCL, and therapies
targeting this pathway might be beneficial in
treating IVLBCL.

A rapalogue such as rapamycin or everolimus,

or temsirolimus would most likely not be very
effective in IVLBCL if used by itself due to poten-
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tially enhanced activation of the mTORC2 target
Akt, causing rapamycin resistance [28]. If a ra-
palogue is considered for treatment in this type
of lymphoma, addition of a histone deacetylase
inhibitor (HDAI) [29], should overcome rapamy-
cin resistance by blocking mTORC2, thus pre-
venting Akt activation [28]. HDAI agents have
shown promising results in recurrent and refrac-
tory lymphomas [30].
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