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Factors ART (=) ART (+) P
n 105 52 -
Histology
DLBCL 44 (41.9%) 21 (40.4%) 0.856 (C)
(non-GC/GC) (26/9) (10/8) 0.1665 (C)
BL 33 (31.4%) 18 (34.6%) 0.688 (C)
PBL 13 (12.4%) 3 (5.8%) 0.197 (C)
PEL 5 (4.8%) 1(1.9%) 0.667 (CY)
HL 1 (1.0%) 6 (11.5%) <0.01 (CY)
LBL-KSHV-MCD 0 (0%) 1(1.9%) 0.719 (CY)
Other 9 (8.6%) 2 (3.8%) 0.448 (C)
Age, years (mean) [median, range] 45.1 [42.6, 25-76] 492 [48.5, 30-75] <0.01 (MW)
Men (%) 97 96 0.880 (CY)
CD4 (mean) [median, range] 121.5 [76, 0-560] 280 [184, 6-2431] <0.01 (MW)
EBV-positive (%) 59 44 0.076 (C)
CNS involvement (%) 20 20 0.981 (C)
LN involvement (%) 49 59 0.275 (0)
BM involvement (%) 30 35 0.556 (C)
1-year survival rate (%) 60 66 0.504 (C)

157 cases in the ART era (1997-) were analyzed. P values were calculated using the Chi-square test (C), Chi-square test with Yates correction
(CY), and Mann-Whitney test (MW). See Table 1 for abbreviations. P values < 0.05 are presented in bold.
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Objective: Acquired immunodeficiency syndrome-related non-Hodgkin lymphoma is treated
similarly to non-acquired immunodeficiency syndrome lymphoma, but it is not clear whether
highly intensive regimens are beneficial for acquired immunodeficiency syndrome-related
Burkitt lymphoma. We conducted a multicenter retrospective survey to clarify the clinical out-
comes of acquired immunodeficiency syndrome-related Burkitt lymphoma in the combined anti-
retroviral therapy era in Japan.

Methods: We retrospectively analyzed the outcome of 33 patients with acquired immunodefi-
ciency syndrome-related Burkitt lymphoma, who were diagnosed at five regional hospitals for
human immunodeficiency virus/acquired immunodeficiency syndrome in Japan between
January 2002 and December 2010.

Results: The median follow-up period was 20.0 months (range 0.5—92.7 months). Six (18.2%)
patients were treated with cyclophosphamide, vincristine, doxorubicin, high-dose methotrexate,
ifosphamide, etoposide and high-dose cytarabine, and 23 (69.7%) patients were treated with
hyperfractionated cyclophosphamide, vincristine, doxorubicin, dexamethasone, high-dose
methotrexate and high-dose cytarabine. The overall response rate for all patients was 78.8%,
with a complete response rate of 72.7%. The two-year overall survival rate was 68.1%. There
was no significant difference in overall survival between chemotherapeutic regimens with rituxi-
mab (n = 20) and without rituximab (n= 13) (P = 0.49). The two-year overall survival rate was
66.7% for patients receiving cyclophosphamide, vincristine, doxorubicin, dexamethasone, eto-
poside, ifosfamide and cytarabine, and was 72.6% for patients receiving cyclophosphamide,
vincristine, doxorubicin, dexamethasone, methotrexate and cytarabine (P = 0.72). There was
one treatment-related death.

Conclusions: Highly intensive chemotherapy would bring a high remission rate and prolonged
overall survival for patients with acquired immunodeficiency syndrome-related Burkitt
lymphoma.

Key words: Burkitt ymphoma — AIDS-related — chemotherapy — rituximab — survival
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INTRODUCTION

Combination antiretroviral therapy (cART) has dramatically
reduced the occurrence of opportunistic infections such
as acquired immunodeficiency syndrome (AIDS)-defining
illnesses (ADIs). Decreases in the incidence of AIDS-related
lymphoma (ARL) are not as evident compared with other
ADIs; thus, lymphoma is now a more common cause of
AIDS-related mortality. Adult Burkitt lymphoma (BL)
comprises 1—5% of cases of non-Hodgkin lymphoma (1).
However, BL in human immunodeficiency virus (HIV)
patients is a typical AIDS-defining cancer (ADC) and
accounts for 25—40% of ARLs (2—4). AIDS-related BL
(AIDS-BL) occurs even in subjects with higher CD4 +
lymphocyte counts (3, 5—10), and is therefore important even
in patients who are receiving effective therapy for HIV.
AIDS-BL progresses very rapidly and is associated with a
poor prognosis. In spite of the widespread use of cART, the
survival of patients with AIDS-related diffuse large B-cell
lymphoma (DLBCL) and that of patients with AIDS-BL
remain poor (11, 12). Recent studies have demonstrated
that highly intensive chemotherapeutic regimens, such as
cyclophosphamide, vincristine, doxorubicin, dexamethasone,
etoposide, ifosfamide and cytarabine (CODOX-M/IVAC) or
cyclophosphamide, vincristine, doxorubicin, dexamethasone,
methotrexate and cytarabine (hyper-CVAD/MA), have
improved the survival of patients with non-HIV BL. Thus, the
poor outcomes associated with AIDS-BL in previous reports
might have resulted from the use of less intensive treatment
strategies, such as cyclophosphamide, doxorubicin, vincristine
and prednisone (CHOP)-based chemotherapy (13—15). The
introduction of cART has resulted in improved general health
for patients with HIV; thus, the eligibility of these patients to
receive cytotoxic agents has increased to the point where it is
nearly similar of that of the non-HIV population, and these
patients now would be candidates for highly intensive chemo-
therapy regimens. The CD20-directed monoclonal antibody,
rituximab can improve survival when added to standard
chemotherapy in patients with low-grade B-cell lymphomas
and DLBCL (16—18). Also the addition of rituximab in
non-HIV BL has been examined by randomized clinical trials.
However, the impact of rituximab for patients with AIDS-BL
patients is unknown. Therefore, we performed a nationwide
retrospective survey to elucidate the clinical outcomes and to
identify significant prognostic variables for AIDS-BL in the
cART era.

PATIENTS AND METHODS

PATIENTS

This retrospective study examined the clinical outcomes of all
untreated patients with AIDS-BL who visited one of five re-
gional hospitals for HIV/AIDS in Japan, from January 2002 to
December 2010. The pathological diagnosis of each institu-
tion was accepted. The pathological diagnosis of BL was

AIDS-related Burkitt lymphoma and highly intensive chemotherapy

based on the 2008 World Health Organization (WHO) classifi-
cation. AIDS-BL was defined as immunodeficiency-associated
BL of the 2008 WHO classification. Examination for myc gene
alterations was not mandatory.

Chart reviews were performed for all identified patients to
obtain the following information: age, sex, performance status
(PS) at diagnosis, number of CD4 + cells at diagnosis, prior
AIDS, concurrent opportunistic diseases, prior cART, clinical
stage, lactate dehydrogenase (LDH), the International Prognostic
Index (IPI), disease site, presence of central neurological system
(CNS) involvement, presence of bone marrow (BM) involve-
ment, chemotherapy regimen, tumor response and clinical out-
comes. This study received approval from the appropriate
ethics committees.

DEFINITIONS OF TERMS AND TREATMENT

The PS was evaluated according to the Eastern Cooperative
Oncology Group scale (19). Clinical stage was assessed using
the Ann Arbor staging system (20). The IPI was assessed
according to the International Non-Hodgkin Lymphoma
Prognostic Factors project (21). The response was assessed
according to the International Workshop Criteria for
non-Hodgkin lymphoma (22). Patients were classified accord-
ing to tumor response: complete response (CR), CR uncon-
firmed (CRu), partial response (PR), stable disease (SD) or
disease progression (PD). The overall response rate (ORR)
was calculated as the proportion of patients who achieved a
CR, CRu or PR.

The CODOX-M/IVAC regimen consisted of cyclophospha-
mide, vincristine, doxorubicin and high-dose methotrexate, al-
ternating with etoposide, ifosfamide and high-dose cytarabine
(23). The hyper-CVAD/MA regimen consisted of hyperfrac-
tionated cyclophosphamide, vincristine, doxorubicin and
dexamethasone, alternating with high-dose methotrexate and
cytarabine (24). The EPOCH regimen consisted of etoposide,
vincristine, doxorubicin, cyclophosphamide and prednisone
(25). These regimens and rituximab combinations were
chosen according to each institutional decision.

STATISTICAL ANALYSES

Progression-free survival (PFS) was defined as the time
between the date of initial chemotherapy until the date of PD
or death from any cause. The absence of PD was treated as a
censored observation. Overall survival (OS) was defined as
the time from the date of initial chemotherapy to the date of
death due to any cause. Patients without such events were
treated as censored observations. PFS and OS were estimated
using the Kaplan—Meier method, and survival curves were
compared using the log-rank test. Univariate Cox regression
analyses were used to estimate the hazard ratios and 95% con-
fidence intervals. A two-sided P < 0.05 was considered to in-
dicate statistical significance. Subgroups stratified by clinical
variables were compared using the log-rank test. All statistical
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analyses were performed using STATA 8.1 (STATACORP
LP, College Station, TX, USA).

RESULTS
PATIENT CHARACTERISTICS

Thirty-three patients with AIDS-BL were enrolled. The distri-
butions of clinical characteristics of patients are listed in
Table 1. Twenty cases underwent analysis of the myc gene,
and myc rearrangements were detected in 14 patients. The
median age was 41 (range 26—70) years, and 97% of
the patients were male. Ten (30.3%) had a history of AIDS.
The median CD4 + lymphocyte count and HIV viral load at
diagnosis of AIDS-BL were 205/mm? (range 3—488/mm?)
and 13 700 copies/ml (range 0—12 000 000 copies/ml), re-
spectively. Twenty-nine (87.9%) patients were diagnosed in
the advanced stage (III/IV), with BM involvement in 17
(51.5%) patients and CNS infiltration in seven (21.2%)
patients. Ten (30.3%) were treated with cART at diagnosis, and
their median CD4 + lymphocyte count and HIV viral load at
diagnosis of AIDS-BL were 316/mm? (range 3—488/mm®) and
100 copies/ml (range 0—15,000 copies/ml), respectively. Viral
load values were not available in two cases. Finally, cART was
administered to 90.9% of the patients. For chemotherapy, six
(18.2%) patients were treated with CODOX-M/IVAC, 23
(69.7%) patients were treated with hyper-CVAD/MA, two
(6.1%) patients were treated with EPOCH and two (6.1%)
patients were treated with CHOP.

PATiENT QUTCOMES

Response at the end of treatment among 32 assessable patients
was as follows: ORR, 26 (78.8%) patients; CR, 24 (72.7%)
patients; PR, two (6.1%) patients; SD, one (3.0%) patient and
PD, five (15.2%) patients. The overall median follow-up
period was 20.0 months (range 0.5—92.7 months). Figure 1
shows the Kaplan—Meier curves for PFS and OS in all
patients. The estimated 2-year PFS and OS rates were 59.7
and 68.1%, respectively. At the time of analysis, 10 of 33
patients (30.3%) died, and nine (27.3%) experienced recur-
rence. There was one treatment-related death.

ImpACT OF RITUXIMAB AND CHEMOTHERAPY REGIMENS

Twenty (60.6%) patients were treated with rituximab-
containing regimens (rituximab group) and 13 (39.4%)
patients were not (non-rituximab group). Of the 20 patients of
the rituximab group, none were treated with CODOX-M/
IVAC. Fifteen (75.0%) patients in the rituximab group and
nine (69.2%) patients in the non-rituximab group achieved
CR. The median follow-up in the rituximab group was 17.6
months (range 0.5—73.3 months) and that in the non-
rituximab group was 34.1 months (range 1.3—92.7 months).
The estimated 2-year PFS rates were 53.3% in the rituximab
group and 69.2% in the non-rituximab group; the estimated

Jpn J Clin Oncol 2014 Page 3 of 6
Table 1. Patient characteristics
n Percentage
Median age, years (range) 41 (26-70)
<30 3 9.1
31-40 12 36.4
41-50 10 303
51-60 6 18.2
>61 2 6.1
Male sex 32 97.0
ECOG performance status
0-1 11 333
>2 22 66.7
Previous AIDS before AIDS-BL 10 303
Prior cART before AIDS-BL 10 303
Opportunistic disease at diagnosis 17 51.5
of AIDS-BL
CD4 + lymphocyte count at diagnosis
of AIDS-BL (/mm?)
<50 2 6.1
50-100 3 9.1
100—200 10 30.3
>200 18 54.5

Median HIV viral load, copies/ml (range) 13 700 (012 000 000)

Ann Arbor stage
I-II 4 12.1
1T 2 6.1
1\ 27 81.8
Bone marrow involvement 17 51.5
CNS infiltration 7 21.2
Extranodal disease 30 90.9
Serum LDH > upper limit of normal 27 81.8

Chemotherapy regimen

CODOX-M/IVAC 6 18.2

Hyper-CVAD/MA 23 69.7

EPOCH 2 6.1

CHOP 2 6.1
Rituximab

Yes 20 60.6

No 13 394

n, number of patients; ECOG, Eastern Cooperative Oncology Group; AIDS,
acquired immunodeficiency syndrome; AIDS-BL, AIDS-related Burkitt
lymphoma; cART, combination antiretroviral therapy; HIV, human
immunodeficiency virus; CNS, central nervous system; LDH, lactate
dehydrogenase; CODOX-M/IVAC, cyclophosphamide, vincristine,
doxorubicin, dexamethasone, etoposide, ifosfamide and cytarabine;
hyper-CVAD/MA, cyclophosphamide, vincristine, doxorubicin,
dexamethasone, methotrexate and cytarabine; EPOCH, etoposide, vincristine,
doxorubicin, cyclophosphamide and prednisone; CHOP, cyclophosphamide,
doxorubicin, vincristine and prednisone

_91_

$107 ‘07 Areruge,f uo 3sond £q /510 sjeuunolpioyxo 0dfly/:dny woy papeojumo



Page 4 of 6

Ei
5,

}
S 383

wi
<

N
o O

Progression-free survival {%
-
<D

et
o

<

¥ T Y ¥ ¥ T T T

12 24 36 48 60 72 84 96
Months from treatment

o

AIDS-related Burkitt lymphoma and highly intensive chemotherapy

100

80
70

50
40
30
20
10

Overall survival {%)

0 T ¥ T T 4 ¥ v v

¢} 12 24 36 48 60 72 84 96
Months from treatment

Figure 1. Kaplan—Meier curve of progression-free survival (PFS) (A) and overall survival (OS) (B) in patients with acquired immunodeficiency

syndrome-Burkitt lymphoma.
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Figure 2. Kaplan—Meier curve of PFS (A) and OS (B) in patients with acquired immunodeficiency syndrome-Burkitt lymphoma treated by rituximab -containing
chemotherapy (rituximab group: gray line) and by chemotherapy alone (non-rituximab group: black line).

2-year OS rates were 62.6 and 76.9%, respectively. There was
no significant difference in PFS and OS between chemother-
apy regimens with rituximab and without rituximab (P = 0.44
and P = 0.49, respectively) (Fig. 2).

Six (18.2%) patients received CODOX-M/IVAC and 22
(66.7%) patients received hyper-CVAD/MA. The patients re-
ceiving rituximab was none in the CODOX-M/IVAC group
and 18 (81.8%) in the hyper-CVAD/MA group. Age, PS, clin-
ical stage and LDH were similar among the CODOX-M/IVAC
and hyper-CVAD/MA groups. We also compared the PFS and
the OS between patients receiving CODOX-M/IVAC and
patients receiving hyper-CVAD/MA. The median follow-up
in patients receiving CODOX-M/IVAC was 21.9 months
(range 1.3—92.7 months) and that in patients receiving
hyper-CVAD/MA was 27.7 months (range 0.5—73.3 months).
The 2-year PFS rate was 66.7% for patients receiving
CODOX-M/IVAC, compared with 64.2% for patients receiv-
ing hyper-CVAD/MA (P = 0.35) (Fig. 3). The 2-year OS rate

was 66.7% for patients receiving CODOX-M/IVAC, com-
pared with 72.6% for patients receiving hyper-CVAD/MA
(P=0.72).

ProagNosTIc FACTORS FOR SURVIVAL IN PATIENTS WiTH AIDS-BL

Significant clinical variables that affected PFS or OS were
identified using univariate Cox regression analyses. Factors
predicting poor PFS in univariate analyses were CNS infiltra-
tion, extranodal disease (>2), IPI score (3—4) and CR
to chemotherapy (P = 0.030, P=0.039, P=0.013 and
P = 0.023, respectively). There was no significant prognostic
factor for OS in univariate analyses.

The clinical outcomes were compared between MYC posi-
tive cases (n = 14) and negative cases (n = 6). There was no
significant difference in OS and PFS between the abnormal-
ities and non-abnormalities of MYC (P = 0.16 and P = 0.19,
respectively).
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Figure 3. Kaplan—Meier curve of PFS in patients with acquired immunodefi-
ciency syndrome-Burkitt lymphoma treated by hyper-CVAD/MA (gray line)
and by CODOX-M/IVAC (black line).

DISCUSSION

We retrospectively evaluated the clinical outcomes of patients
with AIDS-BL who received chemotherapy. We identified 33
patients who were treated at regional hospitals for HIV/AIDS
in Japan. The ORR and CR rates for all patients were 79 and
73%, respectively. The estimated 2-year PFS and OS rates of
all patients were 59.7 and 68.1%, respectively. Mead et al.
(23) conducted a clinical trial of highly intensive regimens for
non-HIV BL and AIDS-BL, and reported that the estimated
2-year PFS and OS rates of all patients were 60 and 63%, re-
spectively. Thus, favorable overall outcomes were shown for
patients with AIDS-BL in this study. There was no significant
difference in the OS and the PFS between chemotherapy regi-
mens with/without rituximab (P = 0.49 and P = 0.44, respect-
ively). In addition, there were no differences in the OS and the
PFS when comparing CODOX-M/IVAC and hyper-CVAD/MA
groups (P = 0.72 and P = 0.35, respectively).

The institution of cART has transformed HIV infection into
a chronic disease in developed countries and has decreased
the incidence of ADCs (26—28). cART consists of two
or three antiretroviral agents including reverse transcriptase
inhibitors (nucleoside/nucleotide, non-nucleoside), protease
inhibitors and integrase strand transfer inhibitor. The applica-
tion of cART and the cautious management of infections
(including prevention) have significantly improved the prog-
nosis of the HIV-infected population, mostly by reducing
opportunistic infections. However, the incidence of BL and
cervical cancer has not declined in this population (9, 26).
AIDS-BL tended to occur in patients with relatively higher
CD4 + lymphocyte counts when compared with other lymph-
omas (3, 5—10). Chronic antigenic stimulation of B-cell by
chronic HIV viremia may be the pathogenetic mechanism of
AIDS-BL, and patients with chronic HIV viremia have a
higher incidence of ARL than those with undetectable viral
loads (28, 29). In the present study, 10 (30.3%) patients had
been treated with cART at the time of AIDS-BL diagnosis,
and the viral loads of these patients tended to be low. Two
patients had undetectable viral loads. Therefore, even with the
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widespread use of cART, AIDS-BL remains an important
disease among ADCs.

BL is a rapidly proliferating tumor that develops over a
matter of days or weeks and that has a propensity for CNS in-
volvement. The prognosis of patients with AIDS-BL is very
poor. Lim et al. (11) reported that the addition of cART to
CHOP-based chemotherapy resulted in a significant improve-
ment in the outcome of AIDS-related DLBCL, whereas the
survival of patients with AIDS-BL remained poor. Similarly,
in a Phase II study, the survival of patients with ATDS-BL was
significantly worse when compared with patients of AIDS
non-BL who were treated with rituximab plus CDE (cyclo-
phosphamide, doxorubicin and etoposide) (30). The reason
for these poor outcomes was likely related to the fact that
patients received only reduced-dose chemotherapy regimens
(13, 14). Wang et al. (31) compared HIV-infected BL patients
and non-HIV-infected BL patients treated with CODOX-M/
IVAC or less intensive regimens, and reported that the 2-year
event-free survival was significantly better in patients treated
with CODOX-M/IVAC than in those receiving less intensive
chemotherapy. In two retrospective studies, toxicity and out-
comes experienced by patients with AIDS-BL were similar to
those of patients with non-HIV BL in response to CODOX-M/
IVAC or hyper-CVAD/MA (24, 31). Another prospective
study clarified that patients with AIDS-BL treated with inten-
sive immunochemotherapy had a higher incidence of severe
mucositis and infections than patients with non-HIV-infected
BL; however, the survival was similar when comparing those
two groups (32). Therefore, in the cART era, more intensive
regimens should be considered for patients with AIDS-BL in
a manner similar to treatment offered to patients with
non-HIV BL. EPOCH would be another promising regimen
for ARLs including BL and be less intensive than
CODOX-M/IVAC and hyper-CVAD/MA (25, 33). It might be
considered a good alternative for frail patients.

Standard chemotherapy regimen for AIDS-BL patients
remains controversial. Our study showed that the type of chemo-
therapy regimen had no significantly different impact on out-
comes when comparing CODOX-M/IVAC vs. hyper-CVAD/
MA (2-year PFS, 66.7 and 64.2%, respectively; P = 0.35, and
2-year OS, 66.7 and 72.6%, respectively; P = 0.72). This result
suggests that intensive chemotherapy regimens might provide to
favorable outcomes to patients with AIDS-BL.

One important question is whether patients with AIDS-BL
should be treated with rituximab. The B-cell lineage restricted
marker, CD20 is strongly expressed in BL. In vitro, rituximab
has a proven anti-BL effect (34). One randomized clinical trial
of ARL treated with rituximab reported that the addition of
rituximab to CHOP was associated with a significantly higher
risk of treatment-related death when compared with the use of
CHOP alone. This was due to an increase in infection-related
deaths in patients receiving rituximab plus chemotherapy, espe-
cially in patients with CD4 + lymphocyte counts <50/mm?®
(35). Another study showed that the addition of rituximab
increased the risk of infections (36). No randomized trial exam-
ining the role of rituximab has been performed in patients with
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AIDS-BL. In the present study, rituximab-containing chemo-
therapy was not superior to chemotherapy without rituximab.
The reasons for these results were not apparent, but the
rituximab-containing highly intensive chemotherapy might
contain some defects in treating AIDS-BL patients.

In conclusion, this study demonstrated favorable overall
outcomes for patients with AIDS-BL in the cART era. Highly
intensive chemotherapy regimens would bring high remission
rates and prolonged OS. The addition of rituximab to highly
intensive chemotherapy has not shown to be beneficial for
patients with AIDS-BL. These data warrant the design of a
prospective trial to optimize the treatment for patients with
AIDS-BL.
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New approaches to treating
primary effusion lymphoma

Hiroki Goto & Seiji Okada’
" Kumamoto University, Center for AIDS Research, Division of Hematopoiesis, Chuo-ku,
Kumamoto, Japan

Introduction: Primary effusion lymphoma (PEL} is rare and aggressive B-cell
non-Hodgkin’s lymphoma that presents with malignant effusions without
tumor masses. Kaposi‘s sarcoma-associated herpes virus/human herpes virus-
8 is universally associated with the pathogenesis of PEL. It is generally resistant
to chemotherapy with a short median survival of < 6 months. The optimal
treatment for PEL is not well defined and there is a need to establish a
standard therapy.
Areas covered: This review summarizes the dis

Primary effusion lymphoma (PEL) is 2 rare aggressive subtype of non-Hodgkin’s
lymphoma (NHL) that cypically shows malignant effusions without tumor masses.
Human immunodeficiency virus (HIV)-infected individuals have a 60 — 200 times
higher relative risk of developing NHL than the HIV-negative population 1.
Among HIV-associated lymphoma, PEL arises more frequently in the HIV-infected
population. PEL accounts for approximately 4% of all HIV-associated NHL
cases [2]. PEL was first described in 1989 as an AIDS-related lymphoma of uncertain
lineage that demonstrated B-cell derivation and included Epstein-Barr virus
(EBV) 131. In 1995, Cesarman ez 4l. identified Kaposi’s sarcoma-associated herpes
virus (KSHV) DNA sequences within a distinct subtype of AIDS-related lymphoma
presenting with lymphomatous effusions 14]. In 1996, Nador er 2/ designated this
lymphoma as ‘primary effusion lymphoma’, which is a distinct entity associated
with KSHV 151. KSHV, also called human herpes virus-8 (HHV-8), is a member
of the y-herpes virus family with a peculiar tropism for lymphocytes, endothelial
cells, keratinocytes and marrow stromal cells. KSHV was first characterized in
HIV-infected patients with Kaposi’s sarcoma (KS) [6}. KSHV-infected endothelial
cells constitute KS. KSHV also causes a lymphoproliferative disorder, multicentric
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Article highlights.

e Primary effusion lymphoma (PEL) is universally associated
with KSHV/HHV-8 infection and demonstrates unique
clinical features.

» Detection of KSHV LANA-1 and phenotypic analysis lead
to a diagnosis of PEL.

« Standard treatment of PEL is not well defined due to its
low incidence and lack of clinical trials.

= Initiation or continuation of cART and supportive
therapies are recommended at the onset of diagnosis.

= Molecular-targeted therapies, including targeting
proteasome, cytokines and surface antigens, are being
considered for PEL treatment.

This box summarizes key points contained in the article.

Castleman’s disease (MCD) by infecting plasmablasts express-
ing IgM lambda [71. In the majority of PEL cases, co-infection
with EBV has been detected. EBV plays an unclear role in
PEL pathogenesis. In the World Health Organization classifi-
cation of neoplastic diseases of hematopoietic and lymphoid
tissues, PEL is described as a distinct entity and is also
included in ‘lymphomas occurring more specifically in
HIV-positive patients’ among HIV-associated lymphoma s).

Given its pathogenesis and unique clinical manifestation,
the clinical evidence observed in HIV-associated lymphoma,
including diffuse large B-cell lymphoma (DLBCL) and Bur-
kitt’s lymphoma (BL), could not be applied to PEL. Conven-
tional cyclophosphamide, doxorubicin, vincristine and
prednisone (CHOP) regimens did not improve survival com-
pared with other HIV-associated NHL. Survival on conven-
tional chemotherapy is very poor with PEL. The effusions
can be managed by repeated drainage but eventually solid
nests of PEL abolish vital organ functions. A large clinical trial
has not been possible for PEL until now due to the low inci-
dence of this lymphoma. To assess the iz vivo efficacy of novel
agents, a PEL xenograft mouse model could be a useful tool
because the mouse model showed ascites formation, reflecting
the clinical manifestation of human PEL (9,10].

In this review, the therapeutic evidence from case series and
the potential use of drugs and novel therapeutic approaches
from preclinical evaluation using a mouse model of this
lymphoma are discussed.

2. Primary effusion lymphoma

2.1 Clinical features

PEL is clinically characterized by lymphomatous effusions in
body cavities, including the pleural, pericardial and peritoneal
cavities, usually without extracavitary tumor masses. Patients
present with dyspnea from pleural or pericardial effusion or
abdominal distension from ascites, which are the results of
mass effects of malignant effusions. PEL usually occurs in
advanced AIDS patients with a decreased CD4 T-cell count
at diagnosis. About 50% of the PEL patients have preexisting

KS or develop KS [111. HIV-negative PEL patients have been
described in elderly men from the Mediterranean region and
in  immunocompromised patients after solid organ
transplantation 12,131,

The incidence of PEL depends on the seroprevalance of
KSHYV. There are endemic areas of KSHYV infection, including
sub-Saharan Africa (infection rate of 50 ~ 70%) and the Med-
iterranean region (infection rate of 20 - 30%), while North
America exhibits only a 1 - 3% infection rate among healthy
donors 1141. However, KSHV infection is not likely sufficient.
The presence of cofactors such as an immunodeficient status
may hasten the progression to disease.

Recently, PEL has been categorized into classic PEL and an
extracavitary variant of PEL. Classic PEL is characterized by
lymphomatous effusions in body cavities, while an extracavi-
tary variant of PEL present as a solid tumor and have no
malignant effusions. Their morphology, immunophenotypes
and molecular characteristic are not significantly differenc [15].

Classification of KSHV-associated diseases, including PEL,
KSHV-associated MCD and XS, is shown in Table 1.

2.2 Laboratory features

Morphologically, PEL cells show features of immunoblastic
lymphoma and anaplastic large-cell lymphoma (ALCL).
They also show plasma cell differentiation (Figure 1).

PEL cells express plasma-cell markers (CD38, CD138 and
IRF4/MUM1), CD30, CD71 and epithelial membrane anti-
gen, human leukocyte antigen-DR and CD45 p51. B-cell
markers (CD19, CD20, CD79a, surface and cytoplasmic
immunoglobulin) and T-cell markers (CD2, CD3, CD4
CD35, CD7 and CDS8) are not typically detected. Despite its
null phenotype, PEL is represented by a monoclonal B-cell
population.

Immunohistochemistry for latent nuclear antigen-1
(LANA-1) is recommended to detect the presence of KSHV
in lymphoma cells. Polymerase chain reaction amplification
using a2 DNA extract from lymphoma cells is also useful in
detecting KSHV and in measuring peripheral blood KSHV
viral load (16. 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 is negative.

High levels of interleukins (IL-6 and IL-10) and soluble
forms of antigens, such as soluble CD30, might also help in
diagnosis (17.18].

Cytogenetic analysis has demonstrated complex karyotypes
but no common chromosomal abnormality. Analysis of
immunoglobulin gene rearrangement shows monoclonality
of B-cell origin.

2.3 Molecular genetics

PEL cells contain 40 ~ 80 copies of KSHV episomes per cell
and express KSHV latent genes. Four latent gene products,
which are thought to play significant roles in PEL, are
LANA-1, viral cydin (v-cyclin), viral FADD-like
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PEL KSHV-associated MCD KS
Disease Lymphoma Lymphoproliferative disease Sarcoma
Cell origin Post-germinal center B cell Naive B cell Blood vascular endothelial cell
Organ Body cavity (classic PEL) Lymph node Skin, internal organ
EBV + (50 - 80%) - -

KS: Kaposi's sarcoma; MCD: Multicentric Castleman's disease; PEL: Primary effusion lymphoma.

Figure 1. Wright-Giemsa staining of PEL cells from a patient
with pericardial effusion are shown. PEL cells show features
of immunoblastic lymphoma and ALCL characterized by
large size, large nucleus with prominent nucleoli and
abundant basophilic cytoplasm.

interleukin-1 B-converting enzyme (FLICE-inhibitory pro-
tein) (vFLIP) and Kaposin. Additional latency-associated pro-
teins assigned to PEL include vIL-6 and LANA-2/vIRE-3.
LANA-1 binds to TP53 and RBI, impairing apoptosis of
KSHV-infected cells 119.20. The v-cyclin, which is a viral
homolog of cyclin D, binds to cyclin-dependent kinase 6,
and induces progression through the cell cycle p211. The vFLIP
inhibits apoptosis by blocking Fas-mediated caspase activa-
tion and activates nuclear factor-kappa B (NF-xB) 22.231.
Kaposin A has oncogenic potential through cytokesin-1 241.
Kaposin B stabilizes cytokine expressions, such as IL-6 and
granulocyte-macrophage colony-stimulating factor, by inhib-
iting the degradaton of mRNA containing AU-rich ele-
ments 25]. The vIL-6 is a homolog of cellular IL-6 (24.6%
amino acid sequence identity) and its signaling triggers the
Janus rtyrosine kinases/signal transducers and activators of
transcription (JAK/STAT) pathway, thus inducing auto-
crine/paracrine signaling (26]. LANA-2/VIRF-3 has a potential
role in developing drug resistance by binding to polymerized
microtubules, reducing their stability [271. Further, KSHV
encodes homologous human interferon response factors
(IRF), which inhibit interferon (JFN)-mediated effects [28].

The major latency-associated region of KSHV genome enco-
des 12 microRNA (miRNA) genes. Of note, miR-K12-11 is
a 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
KSHV Iymphomagenesis {29,301

Approximately 50 - 80% of PEL are co-infected with
EBV (5. EBV gene expression in dually infected PEL cells is
restricted to Epstein-Barr nuclear antigen 1 and EBER.
Although EBV-positive PEL exhibits a different pattern of
gene expression compared to EBV-negative PEL, there is no
evidence that EBV-positive PEL presents with the characteristic
clinical manifestation.

Immunoglobulin gene rearrangements and somatic hyper-
mutation occur in PEL cells (311. Gene expression analysis
has shown a phenotype intermediate between immunoblasts
and plasma cells (321. These results suggest that the cell of
origin is a post-germinal center B cell.

Most of the cases lack the characteristic chromosomal
translocation, such as BCL-2, BCL-6 and ¢-MYC, and show
complex karyotypes without recurrent abnormalities {4.5). In
PEL cell lines, p53 and PTEN genes are rarely mutated.
The fragile histidine triad and WW domain-containing oxi-
doreductase, two fragile site tumor suppressor genes, are
deleted in many PEL cell lines (85%) 1331; however, genome-
wide association analysis is limited by the scarcity of cases.

2.4 Differential diagnosis

The most common differential diagnosis in cases of PEL is
another type of NHL with lymphomatous effusion, such as
DLBCL and BL with secondary effusion. Confirmation of
the typical morphology and immunophenotype described
previously and evidence of KSHV infection are required for
the diagnosis of PEL.

Pyothorax-associated lymphoma (PAL), which arises in the
setting of long-standing pyothorax related to the treatment of
tuberculosis, may be included in the differential diagnosis.
PAL is more common in Japan and usually occurs in elderly
men with a history of pulmonary tuberculosis or tuberculous
pleuritis treated with pneumothorax, resulting in a pyothorax.
This lymphoma is usually a large cell lymphoma of B-cell
lineage, expressing B-cell markers and staining EBV-positive
and HHV-8 negative (34].

To date, 52 cases of KSHV/HHV-8-unrelated PEL-like

lymphoma have been reported in the literature {351. Recently,
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Table 2. Laboratory features of classic PEL and other lymphomas with effusion.

PEL DLBCL BL KSHV-unrelated
PEL-like lymphoma

Effusion Primary Secondary Secondary Primary
KSHV e - - -

I+ +
EBV + (50 - 80%) (HIV-associated: (HIV-associated: + (30%)

30 - 90%) 30 - 70%)
D19, €D20 - + + + (70 - 80%)
CD30 + - - -
CD138 + - - -

- . + -

c-myc rearrangement

++: 100%; +: 20%-99%; - < 20%.

BL: Burkitt's lymphoma; DLBCL: Diffuse large B-cell lymphoma; PEL: Primary effusion lymphoma.

the term ‘KSHV/HHV8-negative effusion-based lymphoma’
was proposed by Alexanian ez al. (36). Similar to PEL, this lym-
phoma presents with lymphomatous effusion without detect-
able masses. KSHV is negative in all cases. Hepatitis C virus
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 considered to be associated with fluid overload states. Lab-
oratory features of classic PEL and other lymphomas with
effusion are shown in Table 2.

Plasmablastic lymphoma (PBL) is an infrequent B-cell
NHL with a common extranodal presentation in HIV-
infected patients. The involvement of the oral cavity is most
frequently associated with PBL but has also been reported in
other organs such as the gastrointestinal tract. The prognosis
of PBL is as poor as that of PEL. The morphology shows plas-
mablastic differentiation. The immunophenotype of PBL is
similar to that of PEL (CD20°, CD38" and CD138%).
KSHV-positive solid lymphomas with plasmablastic features
should be considered an extracavitary variant of PEL.

Because of their similar morphology and lack of a B-cell
marker, T-cell ALCL is sometimes confused with PEL 371,
Immunohistochemistry for anaplastic lymphoma kinase and
the T-cell receptor gene rearrangement would be helpful in
these cases.

The differential diagnosis of PEL requires morphological
studies by an expert pathologist and analysis of virology and
phenotypes. Among these examinations, the presence of
KSHYV infection is necessary in the diagnosis of PEL. Suspect-
ing PEL and performing LANA-1 immunohistochemistry
play the most important roles in diagnosis.

2.5 Prognostic factors and outcome

All cases of PEL are stage IV in standard Ann Arbor staging
due to the presence of malignant effusions in body cavities.
The International Prognostic Index, which predicts prognosis
in NHL 1381, has never been assessed in a large cohort of PEL
patients. Poor performance status and the absence of

combination antiretroviral therapy (cART) before the diagno-
sis of PEL are strong predictors of a poor clinical outcome in
HIV-infected PEL patients {2.391. The number and location of
body cavities involved are also prognostic in PEL patients [401.
Multicentric cooperative studies are required to confirm these
prognostic factors.

2.6 Treatment

2.6.1 CHOP-like regimen

CHOP consists of cyclophosphamide, doxorubicin, vincris-
tine and prednisone. CHOP chemotherapy is one of the
most common chemotherapy regimens for treating NHL.
This regimen can also be combined with a chimeric anti-
CD20 monoclonal antibody rituximab if the lymphoma is
of B-cell origin expressing CD20 (R-CHOP); however, ritux-
imab is not incorporated into the treatment regimen in PEL
because this lymphoma generally lacks CD20. A CHOP-like
regimen has been reported to achieve a 43 - 57% complete
remission (CR) rate in PEL patients; however, overall survival
is still < 6 months (2,39,41]; therefore, there is a need to develop
new regimens to improve the clinical outcome of PEL instead

of CHOP.

2.6.2 Combination antiretroviral therapy

Prior to the administration of cART, the therapeutic results
with chemotherapy containing anthracycline were unsatisfac-
tory in HIV-positive patients. The prognostic impact of
cART in combination with chemotherapy has been reported
in PEL 391 In addition, CR of PEL patients with sole cART
has been described 42,431. Thus, implementation of cART is
recommended when treating HIV-infected patients with
PEL. Among antiretroviral agents, protease inhibitors may
modify the mertabolism of cytotoxic drugs and potentiate
myelotoxicity by inhibiting the CYP3A4 enzyme 441. Thus,
anticancer drugs, which rely on CYP, should be used care-
fully with protease inhibitor-based regimens to avoid inad-
vertent toxicity. Raltegravir-based regimens could be the
first choice during chemotherapy because of less frequent
drug interactions.

4 Expert Opinion on Orphan Drugs (2013) 1(12)

__98_



Expert Opinion on Orphan Drugs Downloaded from informahealthcare.com by Kinokunya Co Ltd on 10/23/13

For personal use only.

2.6.3 Proteasome inhibitor

Bortezomib is a 268 proteasome inhibitor that is effective for
several malignancies, such as multiple myeloma [45] and mantle
cell lymphoma 46]. Bortezomib can induce apoptosis via sev-
eral mechanisms, including NF-xB inhibition 47, activation
of a terminal unfolded protein response (48], and prevention
of degradarion of proapoptotic proteins and tumor-suppressor
genes targeted for ubiquitination by KSHV during viral onco-
genesis [49]. In clinical salvage therapy in three HIV-infected
PEL patients, bortezomib failed to control the progression of
PEL 150]. Bortezomib has been shown to enhance the iz vitro
antitumor effect of anticancer agents such as doxorubidin [513;
therefore, combination chemotherapy with bortezomib and
anthracycline-based regimens is promising.

2.6.4 Inhibition of NF-«xB

The vELIP has the ability to activate the NF-xB pathway by
binding to the IxB kinase (IKK) complex 122:23]. Activation
of NF-«B is involved in various kinds of cancer development
and progression (521. NF-xB activation is also critical for
KSHYV viral latency and oncogenesis. Although recent reports
showed that bortezomib did not inhibit NF-«B activity (53,54,
NEF-xB could be an effective molecular targer of PEL 55.58).
The development of NF-kB inhibitors that have low toxicity
is expected. Recently, the effects of hear shock protein
90 (HSP90) inhibitors on the proliferation of PEL cells
via the inhibition of the NF-xB pathway have been
reported [59.60]. The molecular chaperone HSP90 could be a
molecular target because it is a component of the IKK
complex and is required for its activity.

2.6.5 JAK inhibitor

Constitutive phosphorylation of JAK2/STAT3 is constitu-
tively phosphorylated in PEL cell lines (1. The
JAK2 inhibitor AG490 suppressed STAT3 phosphorylation,
resulting in efficient apoptosis and the reduction of survivin
expression. Survivin has been implicated in both cell cycle
control and apoptosis resistance (621. Targeting survivin by
STAT3 inhibition may provide an effective therapeutic
approach for PEL. Curcumin (diferuloylmethane), a natural
compound isolated from the plant Curcuma longa, also sup-
presses STAT3 activation, inducing the apoptosis of PEL
cells (63]. Several JAK2 inhibitors, which are currently under-
going clinical trials in patients with myeloproliferative
neoplasms, are also promising in the treatment of PEL.

2.6.6 Inhibition of phosphoinositol-3-kinase/AKT

The phosphoinositol-3-kinase (PI3K)/AKT pathway is con-
stitutively activated in PEL cell lines 1641. KSHV K1 activates
the PI3K/AKT pathway in B cells 1651. Another viral protein,
viral G-protein-coupled receptor, can also activate this path-
way in endothelial and epithelial cells 66). No activating
PI3K mutations have been detected in PEL cell lines, and
only two PEL cell lines display PTEN mutations associated
with a loss of PTEN protein expression 7. Inhibition of

New approaches to treating primary effusion lymphoma

PI3K activity by LY294002 causes dephosphorylation of
AKT, GSK3 and FKHR, inducing apoptosis in PEL cell
lines (641. Suppression of p-AKT in PEL cells via generation
of reactive oxygen species is also effective for PEL treat-
ment [68. Moreover, there is a strong biological link between
NF-xB and PI3K/AKT in the modulation of anti-apoptotic
effects in PEL cells 69 Synergistic targeting of NF-xB and
PI3K/AKT pathways may have a therapeutic potential for
the treatment of PEL. PI3K pathway inhibitors are already
undergoing early clinical trials for several malignancies,
providing important implications for the treatment of PEL.

2.6.7 Inhibition of mammalian target of rapamycin

Mammalian target of rapamycin (mTOR), its activator AKT
and its target p70S6 kinase are phosphorylated in PEL cell
lines 70]. The allosteric mTORC1 inhibitor rapamycin binds
to FK506-binding protein 12, inhibiting mTOR kinase activ-
ity. Rapamycin has been effective at inducing apoptosis of
PEL cell lines and in an iz vive xenograft mouse model {703;
however, two renal transplant patients who received rapamy-
cin have been reported to develop PEL. Rapamycin may not
protect HHV-8-infected renal transplant recipients from the
occurrence of PEL or progression of preexisting PEL {711
The dual PI3K/mTOR inhibitor NVP-BEZ235 has been sig-
nificantly more efficacious in vitro and in a PEL xenograft
tumor model. AKT at Ser473 is phosphorylated by the
rapamycin-insensitive mTORC2, which is responsible for
activating AKT in a feedback loop and has been implicated
in rapamycin failure after prolonged treatment [72,73].

NVP-BEZ235 can prevent this feedback loop.

2.6.8 Antiviral therapy

Antiviral treatment can be induced to effect the lytic phase of
KSHYV viral replication. CR has been reported after the
administration of antiviral nucleotide analog, cidofo-
vir [43,74,75], an antiviral agent with broad activity against mul-
tiple DNA viruses, inducing lytic replication of KSHV. I
vitro studies have also shown the efficacy of antiviral therapy
against PEL cell lines 76). Induction of lytic replication of
KSHYV while blocking virus production has been considered
for anti-PEL therapy (771.

2.6.9 Combination therapy with IFN-a and
azidothymidine
IFNs were found to induce the expression of the proapoptotic
protein tumor necrosis factor-related apoptosis-inducing
ligand (TRAIL) in human dendritic cells and T lymphocytes,
which caused apoptosis in TRAIL receptor-expressing tar-
gets [78,79]. Azidothymidine (AZT), which is also known as
the firse HIV nucleoside reverse-transcriptase inhibitor, was
originally developed as an anticancer agent.

IFN-0. and AZT induced TRAIL-mediated apoptosis of
PEL (80,81). IFN-0¢ upregulates TRAIL in PEL cells, while
AZT sensitizes them to TRAIL, thus resulting in the
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activation of a suicide program. The efficacy of this approach
needs to be validated in clinical trials.

2.6.10 Antibody-based therapy

Although rituximab, a chimeric anti-CD20 antibody, has pro-
vided a significant survival advantage for B-cell NHL in com-
bination 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. Only rare
cases expressing CD20 have been reported to respond to
rituximab (82}

Brentuximab vedotin (SGN-35) is an antibody-drug con-
jugate in which a chimeric anti-CD30 antibody is combined
with the synthetic microtubule-disrupting agent monomethyl
auristatin E 183]. Recently, brentuximab vedotin was approved
for the treatment of CD30-positive relapsed Hodgkin’s lym-
phoma (HL) and systemic ALCL [84]. Treatment with bren-
tuximab vedotin also prolonged the survival of a PEL
xenograft mouse model 85]. Subsequence clinical studies
in HL and ALCL patients would provide evidence for the
clinical use in PEL.

PEL cells secrete vascular endothelial growth factor
(VEGF)-A 1s61. Moreover, treatment with mouse anti-human
VEGF-A monoclonal antibody inhibited the development of
ascites in a xenograft mouse model. Bevacizumab, a human-
ized VEGE-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 carcino-
mas [87). Evaluation of the effect of bevacizumab on PEL
in vivo is needed.

2.6.11 High-dose chemotherapy with autologous stem
cell transplantation

Efficacy of high-dose chemotherapy with autologous stem cell
transplantation (ASCT) for chemotherapy-sensitive relapsed
disease in HIV-associated lymphoma has been reported 1s81.
Only two cases have been reported in PEL (89,901. One failed
to eradicate PEL, while another was successfully treated with
high-dose chemotherapy with ASCT following CR 12 months
post-transplantation. In a case of HIV-associated PBL, which
also occurs specifically in HIV-infected patients and generally
has a poor prognosis, ASCT has been successfully performed,
resulting in CR {91 It might, therefore, be considered for
chemotherapy-sensitive relapsed disease and in patients who
have a good performance status.

2.6.12 Allogeneic hematopoietic stem cell
transplantation (HSCT)

Successful treatment with reduced-intensity conditioning
allogeneic hematopoietic stem cell transplantation (HSCT)
in second remission has been reported 921. This patient
remained in CR at 31 months post-transplantation only on
cART with undetectable HIV-viral loads. Allogeneic HSCT
can be performed even in HIV-infected patients if we are
aware of the drug interactions and opportunistic infections.

2.6.13 Radiation

PEL cells are sensitive to irradiation in culture and in a xeno-
graft mouse model 93]. It was reported that chemotherapy-
refractory PEL patients achieved remission and survived
for > 12 months [94]. Although radiation would be a choice
for the treatment of an extracavitary variant of PEL, espe-
cially, there is a need for optimization in several factors,
including stage, bulky mass and extranodal sites.

2.6.14 Immunotherapy

In experimental studies using a xenograft mouse model, the
efficacy of immunotherapy using natural killer cells and &
T cells has been reporred 195,96]. PEL occurs with an immuno-
deficient status; therefore, it is susceptible to immune cells.
However, more clinical investigation is needed to perform
immunotherapy against PEL.

3. Expert opinion

PEL is aggressive and resistant to conventional chemotherapy
with a poor prognosis. There are several treatment precautions
for the treatment of PEL. PEL is commonly accompanied by
HIV infection; therefore, drug interactions between antican-
cer agents and cART should be carefully monitored. The
management of opportunistic infection is also needed. Next,
controlling malignant effusion is vital because it may have a
mass effect on the organs and change the anticancer drug dis-
tribution throughout the body. Repeated drainage and the use
of diuretics may be performed to discharge malignant effu-
sion. Prior to treatment, suspecting PEL and performing the
test to detect KSHV are essential if patients have effusion or
solid lymphomas with plasma-cell differentiation. A flow
chart illustrating the diagnostic work up of a PEL patient is
depicted in Figure 2. We would caution against a diagnosis,
especially in the case of other NHL with malignant effusion,
because therapeutic approaches might be different for some
NHLs. All patients should be evaluated for any signs of tumor
lysis, including lacrate dehydrogenase, electrolytes, creatinine,
calcium, phosphorus and uric acid, because the clinical course
of PEL is very aggressive. Appropriate interventions are the
key for preventing and managing tumor lysis syndrome.
Despite the evidence of case reports and the results of pre-
clinical experiments using mouse model, there is still no stan-
dard treatment in anti-PEL therapy. Among anticancer
agents, the use of high-dose methotrexate should be avoided
in patients with effusions. The accumulation of methotrexate
may result in delayed clearance and systemic toxicity. To min-
imize cardiac toxicity, liposomal anthracyclines may offer the
pharmacokinetic benefits of infusional doxorubicin. The
safety and efficacy of substituting liposomal anthracyclines
for doxorubicin in HIV-associated lymphoma has been
reported [97,981. Combination chemotherapies such as
bortezomib-containing regimens might be beneficial for this
aggressive lymphoma because there is no evidence of curing
PEL with conventional systemic chemotherapy including
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Figure 2. Flow chart illustrating diagnostic work up of a PEL patient.
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Figure 3. Potential candidate targeting molecules for the treatment of PEL are shown. PEL shows constitutive activity of
signaling pathways for cytokine production and cell survival, including the NF-xB, JAK/STAT and PI3K/AKT/mTOR pathways.
These signaling pathways, cytokines and surface antigens are considered for the molecular targets of PEL.

CHOP-like regimens. Moreover, Optimal treatment for
relapsed or refractory PEL has not been defined. The regi-
mens used for relapse or refractory NHL, such as ESHAP
(etoposide, solumedrol, high-dose cytosine arabinoside, plati-
num) and ICE (ifosmide, cisplatin, etoposide), have been
considered [99,100]. If patients have chemosensitive disease

and a good performance status, high-dose chemotherapy
with ASCT may be an oprion.

The implementation of cART appears to be associated with
a better prognosis in trials with other HIV-associated lympho-
mas [101,102]. In addition, there are case reports of PEL patients
achieving prolonged remission with cART alone 42,431 Thus,
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initiation or continuation of cART is recommended for the
treatment of HIV-infected PEL patients.

Attention to supportive treatment for opportunistic infec-
tions is important in HIV-infected PEL patients. Granulo-
cytes colony-stimulating factor helps reduce chemotherapy-
induced neutropenic complications. All patients need to
receive prophylaxis for Preumocystis carinii pneumonia,
regardless of the CD4 cell count. For patients who have
severe neutropenia with chemotherapy, alternatives to
trimethoprim-sulfamethoxazole for Preumocystis carinii pro-
phylaxis can be considered, including dapsone or acrosolized
pentamidine. Infectious complications may be minimized by
using prophylactic fluoroquinolone antibiotics and azoles
during periods of protracted neutropenia.

It should be recognized that there is a significant risk of
drug interactions between chemotherapy and cART regimens,
particularly protease inhibitor-based regimens. Raltegravir-
based regimens are less frequently associated with drug inter-
actions. Close communication between the oncologist and the
patient’s primary HIV-treating physician is also important to
avoid drug interactions in chemotherapy.

Better understanding of the oncogenesis of KSHV would
lead to the development of novel therapies in PEL. Potential
candidate targeting molecules for the treatment of PEL are
shown in Figure 3. PEL displays constitutive activity of
many signaling pathways in survival and growth, including
the NF-xB, JAK/STAT and PI3K/AKT/mTOR pathways.
These constitutive activared signal cascades are also seen in
resistant hematological malignancies such as multiple mye-
loma; therefore, the clinical evaluation of novel agents target-
ing these signaling pathways in resistant hematological
malignancies would provide information for their clinical
use in PEL.
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Primary effusion lymphoma (PEL) is a non-Hodgkin lymphoma that occurs predominantly in patients
with advanced AIDS. In this study, we examined the effect of HIV protease inhibitors, Lopinavir (LPV),
Ritonavir (RTV) and Darunavir (DRV) on PEL cell lines in vitro and in vivo. LPV and RTV, but not DRV
induced caspase-dependent apoptosis and suppressed NF-xB activity by inhibiting IKK phosphorylation

in PEL cells. In a PEL xenograft mouse model, LPV significantly inhibited the growth and invasion of PEL
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cells. These results suggest that LPV may have promise for the treatment and prevention of PEL, which
occurs in HIV/AIDS patients.

© 2013 Elsevier Ireland Ltd. All rights reserved.

1. Introduction

Primary effusion lymphoma (PEL) is a subtype of non-Hodgkin
B cell lymphoma that mainly presents in patients with advanced
AIDS, but is sometimes also found in immunosuppressed patients,
such as those who have undergo organ transplantation [1,2].
Among AIDS-related NHLs, PEL generally has an extremely aggres-
sive clinical course with a median survival of only 6 months [2,3].
PEL usually presents as a lymphomatous effusion in body cavities
and is caused by Kaposi sarcoma-associated herpes virus (KSVH/
HHV-8) [1]. A number of constitutively activated signaling path-
ways play critical roles in the survival and growth of PEL cells.
These include nuclear factor (NF)-xB, JAK/STAT and PI3 kinase
[4-6]. KSHV/HHV-8 encodes a virus Fas-associated death do-
main-like interleukin-1B-converting enzyme (FLICE) inhibitory
protein (VFLIP) that has the ability to activate the NF-xB pathway
{7-9]. vFLIP has been shown to bind to the IKK complex to induce
constitutive kinase activation {10} and, as a result, PEL cells have
high levels of nuclear NF-xB activity, whereas inhibition of NF-
kB induces apoptosis in PEL cells [5,11}. These studies support
the idea that vFLIP-mediated NF-xB activation is necessary for
the survival of PEL cells and that this pathway represents a target
for molecular therapy for this disease.

HIV-1 protease inhibitors (HIV-PIs) have been successfully used
in the treatment of HIV-1 infection. Incorporation of HIV-PIs in

* Corresponding author. Tel.: +81 96 373 6522; fax: +81 96 373 6523.
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combination antiretroviral therapy (cART) has significantly re-
duced morbidity and mortality and prolonged the lifespan of pa-
tients with HIV infection. However, HIV-PIs have been shown to
directly affect cell metabolism, interfere with host proteases and
induce metabolic abnormalities such as insulin resistance, lipodys-
trophy, and hyperlipidemia, even though they were designed to
selectively interfere with the catalytic site of HIV protease. Re-
cently, HIV-PIs have become a focus of attention for having anti-tu-
mor effects {12]. HIV-PIs have been shown to block angiogenesis,
tumor cell invasion and tumor cell growth, and to induce endothe-
lial reticulum stress, autophagy and tumor cell apoptosis both
in vivo and in vitro {13~ 15]. Interestingly, the mechanisms of these
anti-tumor effects are different with each HIV-P], indicating that,
although classified together, HIV-PIs are quite distinct compounds
{16}

Ritonavir (RTV) has been shown to inhibit the chymotrypsin-
like activity of the 20S proteasome and to activate the chymotryp-
sin-like activity of the 26S proteasome conversely [17-19]. RTV
also has been reported to inhibit the transactivation of NF-xB in-
duced by activators such as TNFo, HIV-1 Tat protein and the hu-
man herpesvirus 8 protein ORF74 {20] It is possible that
inhibition of NF-xB activation by RTV is linked to additional path-
ways other than proteasome inhibition. HIV-PIs also have been
shown to have direct antiangiogenic and antitumor activity {12].
Recently, it was reported that RTV inhibits the growth and infiltra-
tion of ATL cells through targeting NF-xB [14,21]. Lopinavir (LPV) is
a frequently used HIV-PI, but only a few antitumor effects have
been reported [22]. Recently, a second generation HIV-PJ,
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