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Summary

Primary effusion lymphoma (PEL) is a rare and aggressive B-cell non-Hodgkin's lymphoma
that usually presents with malignant effusions without tumor masses. An extracavitary
or solid variant of PEL has also been described. Human herpes virus 8/Kaposi sarcoma-
associated herpes virus (HHV-8/KSHYV) is universally associated with the pathogenesis
of PEL. More than 70% of cases occur with concurrent Epstein-Barr virus infection,
but its relation to the pathogenesis is unknown. Patients are found in the context of
immunosuppressive states (HIV-1 infection, post-organ transplantation). PEL is usually
treated with CHOP (cyclophosphamide, doxorubicin, vincristine, and prednisone)-like
chemotherapy with antiretroviral therapy if HIV-1 is positive. However, it is generally
resistant to chemotherapy with a short median survival of less than 6 months. The optimal
treatment for PEL has not been established yet. More intensive chemotherapy, such as dose-
adjusted EPOCH (DA-EPOCH; etoposide, prednisone, vincristine, cyclophosphamide and
doxorubicin) and CDE (cyclophosphamide, doxorubicin, etoposide) are expected to show
a favorable prognosis. Recently, the molecular steps in KSHV/HHV-8-driven oncogenesis
have begun to be revealed, and molecular targeting therapies such as proteasome, NF-xB,
cytokines and surface antigens would provide evidence for their clinical use.
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1. Introduction

Primary effusion lymphoma (PEL) is defined as "a large
B-cell neoplasm usually presenting as serious effusions
without detectable tumor masses, and is universally
associated with human herpes virus 8/Kaposi sarcoma-
associated herpes virus (HHV-8/KSHV)" by the
WHO Classification of Tumors of Haematopoietic
and Lymphoid Tissues (4th edition) (/). Rare HHV-8-
positive lymphomas indistinguishable from PEL present
as solid tumor masses, named extracavitary PEL (2).
PEL was first described in 1989 as an AIDS-related
lymphoma of uncertain lineage that demonstrated B-cell
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derivation and included Epstein-Barr virus (EBV)
(3). In 1995, Cesarman et al. identified KSHV DNA
sequences within a distinct subtype of AIDS-related
lymphoma presenting with lymphomatous effusions
(4). In 1996, Nador et al. designated this lymphoma
as "primary effusion lymphoma", which is a distinct
entity associated with HHV-8/KSHV (5). The majority
of cases arise in young and middle-aged homosexual
or bisexual men with HIV infection. The disease also
occurs in elderly patients and post-transplantation
patients (Table 1) (6-9). In the majority of PEL cases,
co-infection with EBV has been detected. The latency
of EBV is type I and the role of EBV in the PEL
pathogenesis is still unclear. HIV-infected individuals
have a 60-200-times higher relative risk of developing
NHL than the HIV-negative population (/0). Among
HIV-associated lymphoma, PEL arises more frequently
in the HIV-infected population. PEL accounts for
approximately 4% of all HIV-associated NHL cases
(11,12). PEL is described as a distinct entity and is also
included in "lymphomas occurring more specifically
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Table 1. Etiology of primary effusion lymphoma (PEL)

Category Characteristics

PEL in elderly persons Especially in endemic areas of HHV-8/

KSHV

Post-transplantation PEL ~ With immunosuppressive therapy

HIV-1-related PEL Homosexuals have a high prevalence of

HHV-8/KSHV

in HIV-positive patients" among HIV-associated
lymphoma in the WHO classification (/3).

In this review article, therapeutic evidence from
case series and the potential use of drugs and novel
therapeutic approaches from preclinical evaluation of
this refractory lymphoma are discussed.

2. Clinical features

PEL is clinically characterized by lymphomatous
effusions in body cavities (formerly called body
cavity lymphoma) usually without extracavitary
tumor masses, and the clinical symptoms depend on
the cavities involved. The most common sites are the
pleural, peritoneal and pericardical cavities, and joint
space and meningeal space are rarely involved (/4).
Patients present with dyspnea from pleural or pericardial
effusion, or abdominal distension from ascites, which
are the results of mass effects of malignant effusions.
Patients with PEL with more than one body cavity
involved had a median overall survival (OS) of 4
months compared with 18 months in patients with
only one cavity involved (/5). PEL usually occurs in
advanced AIDS patients with a decreased CD4 T-cell
count at diagnosis. Approximately half of the patients
have pre-existing or develop KS (7/6). HIV-negative
patients with PEL are extremely rare but have been
described in elderly men from the Mediterranean region
(arcas with high prevalence for HHV-8 infection)
and immunocompromised patients after solid organ
transplantation (/7,18). Recently, rare cases of an
extracavitary variant of PEL have been observed
in the lymph nodes or extranodal sites, such as the
gastrointestinal tract, skin, lung, and CNS without
lymphomatous effusions (2,79). Since extracavitary PEL
has immunoblastic-like and anaplastic features with
CD30 expression, it is hard to diagnose without showing
the existence of HHV-8/KSHYV infection.

3. Laboratory features

Cytologic preparation (Cytospin) of the involved
effusion fluid is used for pathological examination
and diagnosis. PEL cells show nuclei that are large,
round and irregular in shape, with prominent nuclei.
The cytoplasm is deeply basophilic with occasional
vacuolated cells.

PEL cells typically express a hematolymphoid
marker, CD45, but they usually lack expressions of
B-cell markers (CD19, CD20, CD79a, surface and
cytoplasmic immunoglobulin) (20). PEL cells express
plasma cell markers, including CD138, VS38c and
MUM-1/IRF4. Moreover, the cells generally express
various activation markers, such as CD30, CD38,
CD71 and epithelial membrane antigen (EMA). They
usually lack T-cell markers (CD2, CD3, CD4, CDS5,
CD7, CD8), although aberrant expression of T cell
antigen may occur. Bcl-6 and c-myc are usually absent,
and immunoglobulin gene rearrangement shows
monoclonality of B-cell origin. Thus, PEL is a post-
germinal center tumor at a pre-terminal stage prior to
plasma cell differentiation (2/). Transcript profiling
confirmed this genesis (22).

The detection of HHV-8 infection in neoplastic
cells is needed for definitive diagnosis of PEL (7).
Immunohistochemistry for latent nuclear antigen-1
(LANA-1) is currently the standard method to detect
the presence of HHV-8/KSHV in lymphoma cells (/4).
Typically positive results are characterized by a nuclear
dot-like pattern. Polymerase chain reaction (PCR)
amplification using a DNA extract from lymphoma
cells is also useful to detect HHV-8/KSHV and measure
peripheral blood HHV-8/KSHYV viral load (23) as HHV-
8 can be detected in the plasma at the onset of PEL (24).
Evidence of EBV infection is most reliably detected
by in situ hybridization for EBV-encoded small RNA
(EBER), while immunohistochemical staining for EBV
latent membrane protein-1 (LMP-1) is negative (25).

High levels of interleukins (IL-6, IL-10) and
soluble forms of antigens such as soluble CD30 might
also help in the identification of a clinical marker for
treatment (26,27). Onset of PEL is mostly related with
immunosuppression (6) and is associated with HIV load
and CD4 cell count in HIV-1 related PEL (26).

4. Molecular genetics

The HHV-8/KSHV genome has a 145 kb gene and
PEL cells usually contain 40-80 copies of HHV-8/
KSHYV episomes per cell and express HHV-8/KSHV
latent genes (Table 2, Figures 1 and 2). Five latent
gene products, which are thought to play significant
roles in PEL, are latency-associated nuclear antigen-1
(LANA-1), LANA-2/vIRF-3, viral cyclin (v-Cyclin),
viral FLICE inhibitory protein (v-FLIP) and Kaposin
(K12). LANA-1 binds to p53 and RB protein, inhibits
their function, and impairs the apoptosis of HHV-
8/KSHV-infected cells (29,30). v-Cyclin (viral
homologue of cyclin D), binds to cyclin-dependent
kinase 6 (CDK6) and inactivates RB protein (37).
v-FLIP, a viral homologue of FLICE inhibitory protein
(c-FLIP), inhibits apoptosis by blocking Fas-and TNF-
mediated caspase activation and activates NF-xB
thorough activation of IKKy (32,33). Kaposin A has
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Table 2. HHV-8/KSHV-encoded protein implicated in tumorigenesis

HHV-8/KSHV -encoded protein

Host cell homologue

Possible function

LANA-1

LANA-2/ vIRF-3

Interferon regulatory factor

Inhibition of p53, Rb and GSK3f
Induce hTERT, Id-1 and IL-6

Inhibition of p53

v-Cyclin D-Type cyclin Inactivation of pRB promotes G1 to S phase transition
v-FLIP FLICE inhibitory protein (c-FLIP) Activation of NF-kB pathway,
Inhibition of CD95L (FasL) and TNF induced apoptosis
Kaposin (K12) Kaposin A: oncogenic potential
Kaposin B: stabilize cytokine expression
K1
Transformation
v-MIPs CC chemokines Chemoattraction, angiogenesis
v-IL-6 IL-6 Growth factor
v-Bcl2 Bcl-2 family proteins Inhibition of apoptosis
v-GPCR IL-8 GPCR Cellar growth signal
v-Ox-2 N-CAM family proteins Cellular adhesion molecule
ORF4 CD21/CR2 complement binding protein Escape form host immune response
vCCLs vIRF4 miRNA
K1 KCP MIR1,2 vIAP vBcl-2 ORF36 ORF45 RTA vIRF1 vIRF2 cluster vGPCR K15
TR i 11— +—
VLG vIRF3 K12 VFLIP  LANA1
Kaposin V-CYC
. Latent genes

Figure 1. HHV-8/KSHYV genome and viral gene expression in PEL. The latent HHV-8 genes LANA, v-cyclin, vFLIP, K12/
Kaposine, and vIRF3 are shown as grey boxes.
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Figure 2. Potential candidate targeting molecules for the treatment of PEL. PEL constitutively activates NF-kB, JAK/STAT
and PI3K/AKT/mTOR pathways, which are essential for the survival of PEL cells. These signaling pathways, cytokines and
surface antigens are considered as targeting molecules for treatment.
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oncogenic potential through cytokesin-1 (34). Kaposin
B stabilizes cytokine expressions, such as IL-6 and
granulocyte-macrophage colony stimulating factor
(GM-CSF), by stabilizing cytokine mRNA containing
AU-rich elements, which plays a role in latent HHV-8/
KSHYV infection (35). vIL-6 is a homologue of cellular
IL-6 (24.6% amino acid sequence identity), directly
binds to gp130 without the cooperation of the IL-6 high
affinity receptor, and triggers the JAK/STAT (Janus
tyrosine kinases/signal transducers and activators of
transcription) pathway (36). LANA-2/vIRF-3 has a
potential role in developing drug resistance by binding
to polymerized microtubules, reducing their stability
(37). Furthermore, HHV-8/KSHV encodes homologous
human interferon response factors (IRF), which inhibit
interferon-mediated effects (38). These viral proteins
are essential for the survival of PEL cells and could be
a target of PEL treatment. The major latency-associated
region of the HHV-8/KSHV genome also encodes 12
micro (mi) RNA genes. Of note, miR-K12-11 is a HHV-
8/KSHV miRNA sharing full seed sequence homology
with human miRNA, miR-155. Given that miR-155
promotes plasma cell differentiation, miR-K12-11
might contribute to HHV-8/KSHV lymphomagenesis
(39,40).

Approximately 50%-80% of PEL are co-infected
with EBV (5). EBV gene expression in dually infected
PEL cells is restricted to EBNA-1 and EBER (latency
I). Although EBV-positive PEL exhibits a different
pattern of gene expression from EBV-negative PEL,
there is no evidence that EBV-positive PEL presents
with the characteristic clinical manifestation, and the
contribution of PEL features is unknown (/3).

5. Differential diagnosis

The most common differential diagnoses in cases of
PEL are other types of non-Hodgkin's lymphoma with
lymphomatous effusion, such as diffuse large B cell
lymphoma (DLBCL) and Burkitt's lymphoma (BL)
with secondary effusion (Table 3). Recently classified
HHV-8-negative PEL-like lymphoma shows similar
clinical and laboratory features, except for being HHV-

8/KSHV negative and CD20 positive (4/), and the term
"HHV-8/KSHV-negative effusion-based lymphoma"
was proposed (42). This lymphoma also presents with
lymphomatous effusion without detectable masses.
HHV-8/KSHV is negative in all cases. Hepatitis C
virus (HCV) and EBV are positive in nearly 30% of
cases, respectively. Patients are generally elderly and
have underlying medical conditions, such as cirrhosis
or cardiovascular dysfunction. It is also considered to
be associated with fluid overload states. Confirmation
of the typical morphology and immunophenotype
described previously and evidence of HHV-8/KSHV
infection are required for the diagnosis of PEL (/).

Pyothorax-associated lymphoma (PAL) is a non-
Hodgkin's B-cell lymphoma developing in the pleural
cavity of patients after a long-term history of pyothorax
resulting from an artificial pneumothorax for the
treatment of pulmonary tuberculosis or tuberculous
pleuritis (43). PAL is more common in Japan and
usually occurs in elderly men with a history of
pulmonary tuberculosis or tuberculous pleuritis. PAL
usually shows the diffuse proliferation of large cells of
B-cell type (diffuse large B-cell lymphoma; DLBL),
and is strongly associated with EBV infection with
the expression of EBV latent genes such as EBNA-2,
LMP-1, together with EBNA-1 (latency III) and HHV-
8/KSHV negative (44).

Plasmablastic lymphoma (PBL) is an aggressive non-
Hodgkin's B-cell lymphoma that presents at both oral and
extra-oral sites (especially the gastrointestinal tract) of
chronically HIV-infected immunosuppressed young men.
The morphology shows plasmablastic differentiation and
plasma cell markers (CD20-, CD38+, CD138+) in all
cases. EBV is detected in most cases, but HHV-8/KSHV
is negative.

Because of their similar morphology and lack of a
B-cell marker, T-cell anaplastic large cell lymphoma
is sometimes confused with PEL (45). Immuno-
histochemistry for anaplastic lymphoma kinase (ALK)
and the TCR gene rearrangement would be helpful in
these cases.

If the morphological findings show large
immunoblastic to plasmablastic with anaplastic

Table 3. Classification and differential diagnosis of non-Hodgkin's lymphomas involving the serous body cavities and

presenting as effusion lymphomas

Systemic lymphomas or body

Type of Primary effusion ~ HHV-8/KSHV-unrelated Extranodal large Extranodal cavity-based mass-forming
lymphoma lymphoma PEL-like lymphoma cell lymphoma Burkitt's lymphoma lymphomas
effusion primary primary primary primary secondary
HHV-8/KSHV + - - -

EBV + +/- +/- +/- various

CD20 - + (70-80%) + + +

c-myc - - - + -
Morphology IBL/ALCL IBL/DLBCL BL Various histoypes

Attenuated from (/3). IBL: Immunoblastic lymphoma, ALCL: Anaplastic large cell lymphoma, DLBCL: diffuse large B-cell lymphoma, BL:

Burkitt's lymphoma.
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morphology, virological analysis of HHV-8/KSHV
and EBV is essential for diagnosis. HHV-8/KSHV can
be demonstrated by PCR, in situ hybridization or by
immuno-histochemistry against LANA-1, which is
consistently expressed in HHV-8/KSHYV infected cells.

6. Treatment

The prognosis of PEL is extremely poor with few long-
term survivors. Owing to the rarity of the disease,
there are very few longitudinal observational series of
patients and prospective randomized clinical studies are
not feasible; thus, treatment is mostly based on expert
consensus opinion and small case series.

6.1. Chemotherapy

Traditional chemotherapy with cyclophosphamide,
doxorubicin, vincristine and predonisolone (CHOP)
is the most common chemotherapy regimen for
treating non-Hodgkin's lymphoma (NHL), and has
been attempted for the treatment of PEL; however,
the prognosis of patients with PEL remains extremely
poor. Boulanger ef al. showed a median survival
of 6.2 months and a 1-year overall survival rate of
approximately 40% (46). Studies using CHOP-like
regimens resulted in similar outcomes. Recently, an anti-
CD20 monoclonal antibody (Rituximab) -containing
regimen became the standard therapy for CD20-positive
B cell NHL. Although most PEL cases do not express
CD20, Rituximab can be considered for the treatment of
rare cases of CD20-positive PEL (47,48).
Methotrexate-containing regimens, such as high-
dose methotrexate and CHOP with methotrexate, have
been studied. However, methotrexate accumulates
in effusions, resulting in delayed clearance and an
increased risk of systemic toxicity. Infusion therapy
such as dose-adjusted EPOCH (DA-EPOCH;
etoposide, prednisone, vincristine, cyclophosphamide
and doxorubicin) and CDE (cyclophosphamide,
doxorubicin, etoposide) has been shown to be well
tolerated and effective in the treatment of AIDS-related

aggressive B-cell lymphomas, and can be applied for
the treatment of PEL (21).

6.2. Stem cell transplantation

The efficacy of high-dose chemotherapy with autologous
stem cell transplantation (ASCT) for chemotherapy-
sensitive relapsed disease in HIV-associated lymphoma
has been reported (49,50). Only two cases have been
reported in PEL (5/,52): one failed to recover from
PEL, while the other was successfully treated with high-
dose chemotherapy with ASCT following complete
remission 12 months post-transplantation. Successful
treatment with reduced-intensity conditioning allogeneic
hematopoietic stem cell transplantation in second
remission has been reported (53). This patient remained
in complete remission 31 months post-transplantation
only on cART with an undetectable HIV viral load.

6.3. Combination antiretroviral therapy (cART)

Prior to the administration of cART, the therapeutic
results with chemotherapy were unsatisfactory in HIV-1
associated lymphomas. The prognostic impact of cCART
in combination with chemotherapy has been reported
in PEL (46), although the impact of cART is lower than
for other HIV-1 associated lymphomas such as DLBCL
and BL (54,55). In addition, complete remission of PEL
patients with cART but without chemotherapeutic drugs
has been reported (56-58). Thus, implementation of
cART is recommended when treating PEL patients with
HIV-1 infection.

It is important to avoid major drug-drug interactions
during chemotherapy (Table 4). Among antiretroviral
agents, protease inhibitors modify the metabolism
of cytotoxic drugs and potentiate myelotoxicity by
inhibiting the CYP3A4 enzyme to various extents (59).
Thus, anticancer drugs, which rely on Cytochrome
P450, should be used carefully with protease inhibitor-
based regimens to avoid inadvertent toxicity. Currently,
integrase strand transfer inhibitors (INSTI), raltegravir
and dolutegravir, are recommended by many experts

Table 4. Adverse effects of anti-HIV-1 reagents during chemotherapy

Agents Adverse effects
AZT Bone marrow suppression, contraindication
d4T/dd1 Peripheral nerve disorder/ileus (avoid with VCR)

Liver dysfunction (toxic for mitochondria)

Protease inhibitor (PI)
RTV >IDV = APV > NFV> = SQV

NNRTI Efavirenz (EFV)
Nevirapine (NVP)
Abacavir (ABC) Hypersensitivity

Tenofovir (TDF) Renal dysfunction

High blood level of anti-cancer agents (inhibition of CYP450-3A4)

Reduced function of anti-cancer agents (activate CYP450)
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Table 5. Anti-HIV-1 treatment during cancer chemotherapy

Recommended therapy EFV + TDF/FTC
RAL + TDF/FTC
Alternative therapy EFV + ABC/3TC
RAL+ABC/3TC

EFV, efavirenz; TDF, tenofovir; FTC, emtricitabine; RAL, raltegravir;
ABC, abacavir; 3TC, lamivudine. Summarized from lines for the Use
of Antiretroviral Agents in HIV-1-Infected Adults and Adolescents
(http://aidsinfo.nih.gov/contentfiles/lvguidelines/adultandadolescentgl.

pdf).

to anchor cART regimens in patients receiving
chemotherapy (Table 5). Another INSTI, elvitegravir is
only available as a component of four-drug combination
product, which contains potent CYP3A inhibitor.

6.4. Treatment of opportunistic infections

Supportive treatment of opportunistic infections is
important in HIV-infected patients and post-organ
transplantation patients with PEL. Granulocyte-colony
stimulating factor (G-CSF) helps reduce chemotherapy-
induced neutropenic complications. All patients
need to receive prophylaxis for Pneumocystis carinii
pneumonia with trimethoprim-sulfamethoxazole,
regardless of the CD4 cell count. For patients who have
severe neutropenia with chemotherapy, alternation
of trimethoprim-sulfamethoxazole for Pneumocystis
carinii prophylaxis can be considered, including
dapsone or aerosolized pentamidine. Infectious
complications may be minimized by using prophylactic
fluroquinolone antibiotics and azoles during periods of
protracted neutropenia. Prophylaxis for Mycobacterium
avium complex (MAC), Toxoplasmosis and other
opportunistic infection should be also considered as
PEL usually arises in an immunodeficient state and
chemotherapy induces myelosuppression. Prophylaxis
against infection during chemotherapy may include
drugs that interact with cART and anticancer agents.
Careful attention must be paid for the adverse effects
and drug-drug interaction among these agents (60).

6.5. Clinical trial

On the basis of recent preclinical data and translational
studies, several new targeted therapies are being
explored, and several clinical trials have been
performed based on expert consensus opinions and
evidence in preclinical studies.

A proteasome inhibitor, bortezomib, is expected
to show clinical effects against PEL. Despite the
promising results of in vitro experiments and a mouse
model (617,62), bortezomib treatment either alone or
in combination with chemotherapy showed no clinical
improvement (20,63). The optimization of treatment
protocol and combination therapy with bortezomib may
be needed to show the preferable effects of bortezomib.
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Figure 3. Treatment and support of AIDS-related
malignant lymphoma -Team Medical Care-

Lenalidomide is an immunomodulatory drug that is
commonly used to treat newly diagnosed and relapsed
multiple myeloma as well as a variety of hematological
malignancies. It exerts its antitumor action through
various mechanisms, such as activation of the
immune system, inhibition of angiogenesis and direct
antineoplastic effects. Treatment with lenalidomide
has never been reported in PEL patients with favorable
results (64). As lenalidomide was also successfully used
to treat three patients with advanced refractory Kaposi
sarcoma, this novel agent is expected to be used in
prospective studies.

Antiviral treatment can be induced to effect the lytic
phase of HHV-8/KSHV viral replication. Complete
remission has been reported after the administration of
an antiviral nucleotide analogue, cidofovir (57,65,66),
an antiviral agent with broad activity against multiple
DNA viruses, inducing lytic replication of HHV-8/
KSHV.

PEL cells are quite sensitive to irradiation in culture
and in a xenograft mouse model (67). It was reported
that chemotherapy-refractory PEL patients achieved
remission and survived for more than 12 months with
radiation therapy (68). Irradiation therapy should be
considered as part of the treatment recommendation for
patients with chemotherapy-refractory PEL-associated
solid masses or localized effusions.

6.6. Mental support

There are considerable difficulties in the treatment
of AIDS-related lymphoma, including the mental
care of patients. The close cooperation of AIDS
doctors and hematologists, intensive care by nurse
specialists, support from pharmacy specialists, and
other co-medical staff is essential. Mental care from a
psychiatrist, clinical psychotherapist, and the patient's
family and friends are quite supportive for patients. It
is especially important to ensure an organic link with
the specialist as well as family and friends for treatment
(Figure 3).
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6.7. Molecular-targeted preclinical studies

Since PEL cells display constitutive activity of many
signaling pathways and survival, including NF-xB, JAK/
STAT and PI3K/AKT pathways, these molecules and
HHV-8/KSHYV latent proteins are considered ideal for
targeted therapy (Figure 2). In particular, vFLIP has the
ability to activate the NF-kB pathway by binding to the
IxB kinase (IKK) complex (32,33), and NF-kB activation
is known to be the key player in PEL oncogenesis, so
various NF-kB and proteosome inhibitors have been
investigated in a preclinical trial. Xenograft PEL mouse
models and in vitro culture of PEL cell lines were used
in preclinical studies, and promising preclinical results
were reported with multiple NF-kB inhibitors, such
as cepharanthine (69), dicthyldithiocarbamate (70),
berberine (77), and heat-shock protein 90 (72,73).
Xenograft mouse models using severe immunodeficient
mice are a powerful tool to confirm the effects and
adverse effects of candidate reagents in a preclinical
study.

The PI3K/AKT pathway, JAK2/STAT3 pathway and
mTOR are also activated in PEL cell lines and could be
promising targets (74-76). Several inhibitors are currently
undergoing clinical trials in patients with hematological
malignancies and can be used for the treatment of PEL in
the near future (77).

Interferon-a and AZT induced TRAIL-mediated
apoptosis of PEL (78,79). IFN-a upregulates TRAIL
in PEL cells while AZT sensitizes them to TRAIL,
resulting in the activation of a suicide program. The
efficacy of this approach needs to be validated in
clinical trials.

6.8. Immunotherapy

Although rituximab, a chimeric anti-CD20 antibody,
has provided a significant survival advantage for B-cell
NHL in combination with standard chemotherapy,
rituximab does not play a significant therapeutic role
in PEL because CD20 is not usually expressed on the
surface of PEL cells. Rare cases expressing CD20 have
been reported to respond to rituximab (47).

CD30 is expressed significantly in case of PEL.
Brentuximab vedotin (SGN-35) is an antibody—drug
conjugate in which a chimeric anti-CD30 antibody is
combined with the synthetic microtubule-disrupting
agent monomethylauristatin E (MMAE) (80). Since
treatment with brentuximab vedotin also prolonged
the survival of a PEL xenograft mouse model (87),
brentuximab is expected to be a candidate for the
treatment of PEL.

PEL cells secrete vascular endothelial growth
factor (VEGF)-A (82), and treatment with mouse
anti-human VEGF-A monoclonal antibody inhibited
the development of ascites in a xenograft mouse
model. Because bevacizumab, a humanized VEGF-A

monoclonal antibody, is clinically used for the treatment
of a variety of human cancers, including colorectal,
non-small-cell lung, ovarian and metastatic renal cell
carcinoma (83), it is also expected to be a novel target
of treatment.

7. Conclusion

PEL is a rare but aggressive form of NHL, mostly
arising in immunodeficient patients. PEL is commonly
resistant to conventional chemotherapy and has a poor
prognosis. Currently, more intensive chemotherapy
with cART is recommended. The management of
opportunistic infection is also needed since PEL arises in
immunodeficient states. Drug interaction between anti-
cancer reagents and cART, especially protease inhibitors,
should be carefully monitored in HIV-1-positive
individuals. Close communication among the oncologist,
the patient's primary HIV-treating physician, and co-
medical staff is needed for the intensive treatment of
AIDS-related PEL patients. It is also important to avoid
drug interactions in chemotherapy. Several molecular-
targeted therapies are in clinical trial and preclinical
stages, and their clinical use is anticipated. Since PEL
is mostly associated with immunodeficient states, early
diagnosis and treatment of HIV-1 may prevent the onset
of PEL.
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