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Abstract

Rare cases of human herpesvirus 8 (HHV8)-negative effusion-based large B-cell lymphoma
(EB-LBCL) occur in body cavities without antecedent or concurrent solid mass formation. In
contrast to HHV8+ primary effusion lymphoma (PEL), EB-LBCL has no known association with
HIV or HHV8 infection. However, the small sample sizes of case reports and series worldwide,
especially from non-Japanese regions, have precluded diagnostic uniformity. Therefore, we
conducted a retrospective, multi-institutional study of 55 cases of EB-LBCL and performed

a comprehensive review of an additional 147 cases from the literature to identify distinct
clinicopathologic characteristics. In our study, EB-LBCL primarily affected elderly (median age
80 years), immunocompetent patients and manifested as lymphomatous effusion without a solid
component. The lymphomatous effusions mostly occurred in the pleural cavity (40/55, 73%),
followed by the pericardial cavity (17/55, 31%). EB-LBCL expressed CD20 (53/54, 98%) and
PAX5 (23/23, 100%). Most cases (30/36, 83%) were of non-germinal center B-cell subtype per the
Hans algorithm. HHV8 infection was absent (0/55, 0%), while Epstein-Barr virus was detected in
6% (3/47). Clinically, some patients were managed with drainage alone (15/34, 44%), while others
received rituximab alone (4/34, 12%) or chemotherapy (15/34, 44%). Eventually, 56% (22/39)
died with a median overall survival (OS) of 14.9 months. Our findings were similar to those from
the literature; however, compared to the non-Japanese cases, the Japanese cases had a significantly
higher incidence of pericardial involvement, a higher rate of chemotherapy administration, and
longer median OS. Particularly, we have found that Japanese residence, presence of pericardial
effusion, and absence of MYC rearrangement are all favorable prognostic factors. Our data suggest
that EB-LBCL portends a worse prognosis than previously reported, although select patients

may be managed conservatively. Overall, EB-LBCL has distinct clinicopathologic characteristics,
necessitating the establishment of separate diagnostic criteria and consensus nomenclature.

Keywords

HHV8-negative primary effusion lymphoma (PEL); HHV8-negatvie effusion-based large B-cell
lymphoma; PEL-like lymphoma

INTRODUCTION

Cases of large B-cell lymphoma have been observed in the body cavities without associated
tumor masses. A substantial proportion of these cases occur in HIV-positive patients and

are associated with human herpervirus-8 (HHV8) infection, which has been recognized by
the World Health Organization (WHO) Classification as a distinct entity known as primary
effusion lymphoma (PEL).1: 2 PEL is commonly positive for CD45, CD138, and CD30,
while the pan B-cell markers CD20, CD79a and PAX5 are negative. In addition to HHV8
infection, most cases of PEL are positive for Epstein-Barr virus (EBV) infection. However,
it has become increasingly apparent that HHV8-negative large B-cell lymphomas may occur
in body cavities without lymphomatous mass formation.3~7 Despite some similarities to PEL
in clinical presentation and cytologic features, these HHV8-negative effusion-based large
B-cell lymphomas (EB-LBCLs) typically occur in HIV-negative, elderly patients, and the
lymphoma cells are usually positive for pan B-cell markers.

Mod Pathol. Author manuscript; available in PMC 2023 February 14.
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Currently, there is no standardized nomenclature for the EB-LBCL. In the English literature,
it has been described as HHV8-negative PEL,8-10 primary HHV8-negative effusion-

based lymphoma,® HHV8-negative malignant effusion lymphoma,1 PEL-like lymphoma,12
primary PEL-like lymphoma,t3 HHV8-unrelated PEL-like lymphoma,”> 14-16 and type I
PEL.17 Although EB-LBCL and PEL have similar clinical presentations with lymphomatous
effusions in the body cavities and no solid mass formation, they appear to be distinct
entities as demonstrated by different demographic features, etiology, immunophenotype,
and prognosis. Hence, using the nomenclature of “PEL” in this HHV8-negative entity may
cause further confusion for treating physicians. In this article, we tentatively designate

the HHV8-negative effusion lymphoma as “EB-LBCL”. The ultimate nomenclature of this
HHV8-negative entity may be best held until there is consensus among hematopathology
and hematology societies.

The 2017 WHO Classification has not defined EB-LBCL as a specific entity. It is currently
uncertain as to whether EB-LBCL should be considered a unique entity or a neoplasm that
exists along the clinical spectrum of conventional diffuse large B-cell lymphoma (DLBCL).
Most cases of EB-LBCL were reported in Japan, though there were also scattered case
reports and series elsewhere worldwide. According to the literature, the clinical behavior
and prognosis of EB-LBCL are highly variable. Surprisingly, a small number of patients
experience spontaneous resolution of disease after drainage of body fluids alone without
chemotherapy.18-22 We have also encountered similar cases in our practice. In addition,
based on a large Japanese cohort, EB-LBCL was associated with a favorable prognosis.®
However, from our own experience in the United States (US), many patients had a dismal
prognosis.

EB-LBCL may pose a challenge to pathologists since it has no clear consensus terminology
or diagnostic criteria, and it is therefore likely underappreciated in practice. In addition, the
clinical behavior and optimal management of EB-LBCL remain to be further elucidated.
Hence, we conducted this multi-institutional retrospective study in the US and present a
comprehensive review of the literature worldwide to define the clinicopathologic features of
EB-LBCL.

MATERIALS AND METHODS

Case Selection

The pathology archives from multiple institutions within the US were reviewed to identify
cases of EB-LBCL from 2000-2022. The inclusion and exclusion criteria are summarized
in Table 1. In brief, only HHV8-negative large B-cell lymphomas initially presenting as a
malignant effusion without any solid tumor mass were selected for this study. In addition,
effusion lymphomas with unknown HHV8 status, plasmablastic immunophenotype, history
of low-grade B-cell lymphoma, or history of organ transplant were excluded from this study.
Ultimately, a total of 55 cases of EB-LBCL were included, all of which had no antecedent
or concurrent solid large B-cell lymphoma. The diagnosis of each case was confirmed with
necessary clinical data, immunohistochemical stains, and molecular genetic studies.

Mod Pathol. Author manuscript; available in PMC 2023 February 14.
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An extensive literature search was performed in PubMed using a combination of

different key words, including “HHV8-negative”, “HHV8-unrelated”, “primary effusion
lymphoma”, “effusion-based lymphoma”, “malignant effusion lymphoma”, and “primary
effusion lymphoma-like (PEL-like)”. All published cases were carefully reviewed to
exclude those with an ambiguous diagnosis or those with plasma cell myeloma or T-cell
lymphoma. A total of 147 cases of EB-LBCL met our criteria and were retrieved from the
literature, 47 9-12, 14,15, 18, 20-53 \yhjch included 64 cases from a large Japanese cohort
(hereafter referred to as the “Kaji group™),° 23 additional cases from Japan (hereafter
referred to as the “non-Kaji group”), 20 East Asian cases from Korea and Taiwan (hereafter
referred to as the “other East Asian group”), and 40 cases from the Western countries
(hereafter referred to as the “Western group™). Based on the geographic and survival data
(more information in Survival Analysesunder Literature Review) as well as previous reports
of Japanese ethnicity being a favorable prognostic factor,>* the Kaji and non-Kaji groups
were combined and referred to as the “Japanese group” in some of the statistical analyses.
Likewise, the other East Asian and Western groups in the literature were combined and
referred to as the “non-Japanese group”. The non-Japanese groups in the literature were
combined with the cases from our study to form the “all-non-Japanese group”.

Specimen Processing and Cytologic Evaluation

The cytology smears of the lymphomatous effusions were made into cell blocks by
centrifuging the samples into pellets via traditional methods or using the Cellient™
Automated Cell Block Processor (Hologic Corporation, Marlborough, MA, USA). The
samples were then sent to histology where they were subsequently sectioned at 4.0 pm
and stained with hematoxylin & eosin (H&E). The cytologic features of lymphoma cells
were classified into: 1) Centroblastic: large cells with round nuclei, vesicular chromatin,
and several small peripheral nucleoli; 2) Immunoblastic: large cells with round and
centrally located nuclei, vesicular chromatin and a prominent, eosinophilic nucleolus; 3)
Plasmablastic: large cells with round, often eccentrically placed nuclei with one or several
prominent nucleoli; and 4) Pleomorphic: large or anaplastic cells with variable sizes and
shapes, frequent multinucleation, and prominent nucleoli.

Immunohistochemical Staining

Immunohistochemical stains were performed on the cell blocks using Leica Bond (Leica
Biosystems, Buffalo Grove, IL, USA) and Ventana Benchmark Ultra (Ventana Medical
Systems, Tucson, AZ, USA) immunostainers with satisfactory negative and positive

controls. The antibodies, clones, dilutions, and manufacturers are summarized in Table

2. Expression of BCL6, CD10 and MUML in the lymphoma cells was evaluated with

a cutoff of 30% for each antibody. The cell-of-origin (COO) of the selected cases was
classified into either germinal center B-cell (GCB) or non-GCB subtype according to the
Hans algorithm.5® The cutoff for BCL2 and MY C expression was set at 50% and 40%,
respectively, according to the literature.?® Ki67 was utilized to assess the proliferation rate of
lymphoma cells (0-100%). The immunostains of other antibodies were graded as negative or
positive.

Mod Pathol. Author manuscript; available in PMC 2023 February 14.
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In-Situ Hybridization

Digoxigenin-labeled probes (DAKO) were used to detect EBV-encoded small RNA-1
and -2 (EBER-1/2) for EBV infection, immunoglobulin kappa light chain (/GK), and
immunoglobulin lambda light chain (/GL). The assays were performed on a Leica Bond
platform with prediluted probes for EBER, /GK; and /GL (Leica Biosystems).

Fluorescence In Situ Hybridization (FISH)

FISH studies for BCL2, BCL6, and MYC rearrangements were performed on 5.0 um
unstained sections and prepared from formalin-fixed paraffin-embedded (FFPE) tissue
blocks. Break-apart probes of BCL2, BCL6, and MYC (Vysis® Inc., Downers Grove,

IL, USA) were used to interrogate the loci of interest. Prior to hybridization, slides were
pretreated using an automated VP 2000™ processor (Abbott Molecular Inc., Abbott Park,
IL, USA) with standard protocols. Following pretreatment, the cells and probes underwent
co-denaturation at 73°C for 5 minutes using the Hybrite™ hybridization system (Abbott
Molecular Inc.) and then incubated overnight at 39°C in a humidified chamber. Nuclei were
counterstained with 4, 6-diamidino-2-phenylindole (DAPI) and the slides were analyzed
using an Olympus BX53 fluorescence microscope (Olympus, Tokyo, Japan). Hybridization
signals were assessed from 30 interphase nuclei with an established cut-off of 20% for
rearrangement positivity.

Molecular Assays for Gene Rearrangements

Polymerase chain reaction (PCR) assays were utilized to detect gene rearrangements of
immunoglobulin heavy chain (/GH) and T-cell receptor gamma ( 7RG). Briefly, genomic
DNA was extracted from FFPE tissues. Then, the gene rearrangement products for /GH and
7RG were amplified by PCR and analyzed on an ABI 3500XL genetic analyzer (Applied
Biosystems, Foster City, CA, USA) with appropriate positive and negative controls. For
IGH gene rearrangements, two sets of primers were used. The primers were specific

for the variable and joining regions of the /GH gene and the sequences were published
previously.>”: 98 For TRG gene rearrangements, three sets of primers specific for different
gamma variable regions were paired with different joining region primers of the 7RG
gene.>®

Statistical Analyses

Univariate survival analysis was performed to identify potentially significant characteristics;
all cases (including ours and those in the literature) with adequate clinical and survival data
were included in the analyses. With the exception of stratifying overall survival (OS) by
region where the study was conducted (Japan, West, and other East Asia), the study by

Kaji et al. was excluded due to lack of adequate individual case data. The characteristics
identified as significant or nearly significant by univariate analysis were included in the
multivariable analysis.

Survival curves for each categorical variable were generated using the Kaplan-Meier
method. Survival rates were compared using the log-rank test of equality across strata;
these analyses were performed using GraphPad Prism software, version 9.2.0 (GraphPad
Software, La Jolla, CA, USA). A Cox proportional hazard regression model was used for

Mod Pathol. Author manuscript; available in PMC 2023 February 14.
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testing multiple variables and interactions between variables in Stata 16 (Stata Statistical
Software: Release 16) (StataCorp LLC., College Station, TX, USA). The Pearson’s
chi-squared test and the Fisher’s exact test were used to assess categorical variable
characteristics among multiple groups. Significance level was set at 0.05.

Clinical Features

The demographics and clinical characteristics of the 55 cases of EB-LBCL in our study are
summarized in Table 3. There was no gender predisposition, with a male to female ratio

of approximately 1:1 (28:27). Most patients were elderly with a median age of 80 years
(range 35-99 years). HIV and HCV infections were detected in 5% (1/20) and 10% (2/20)
of patients, respectively. Seventy-nine percent (30/38) of patients had risk factors for fluid
overload, including congestive heart failure, chronic renal failure, and cirrhosis, and 47%
(15/32) of patients developed edema or benign effusions prior to or simultaneously with the
malignant effusions.

The pleural cavity was the most common site of lymphomatous effusion (40/55, 73%), with
exclusive pleural involvement in 34 (62%) cases (Table 3) (Fig 1A and 1B). Involvement

of the pericardial cavity was seen in 17 cases (31%), including 11 (20%) with exclusive
pericardial involvement. Peritoneal effusions were noted in 4 (7%) cases. Overall, six cases
(11%) had concurrent involvement of both pleural and pericardial cavities. Forty-eight
percent (16/33) of cases had large effusions of at least one liter in volume. None of the

55 cases had solid mass formation of lymphoma in the body cavities or elsewhere prior

to, concurrently, or during initial lymphoma staging. Additional information from a staging
bone marrow biopsy was available in 20 cases and all had no involvement of large B-cell
lymphoma, although two cases showed incidental monoclonal B-cell lymphocytosis (MBL).

Morphologic Features and Diagnoses

The malignant effusions in the body cavities mostly contained numerous lymphoma cells,
which were large with variable cytologic features. The detailed cytologic characteristics
were recorded in 27 cases. Eleven (41%) cases displayed cells with centroblastic cytology
(Fig 2A and 2B), eight (30%) revealed cells with pleomorphic or anaplastic cytology (Fig
2C and 2D), and seven (26%) contained cells with immunoblastic cytology (Fig 2E). One
case (3%) had plasmablastic morphology (Fig 2F), with the tumor cells expressing B-cell
markers (CD19, CD20 and CD22) but not CD138.

Nine cases with plasmablastic immunophenotype were excluded. We also excluded six cases
with a history of low-grade B-cell lymphoma, six cases lacking HHV8 studies, and one case
with a history of renal transplant.

Immunohistochemistry and In-Situ Hybridization

The results of immunohistochemical stains and EBER-ISH studies are summarized in Table
4. EB-LBCL expressed CD45 (93%, 40/43), CD20 (98%, 53/54), and PAX5 (100%, 23/23)
(Fig 3A to 3C), whereas CD3 was negative in all 46 cases stained. CD138 was mostly

Mod Pathol. Author manuscript; available in PMC 2023 February 14.
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negative (Fig 3D) except one case with focal positivity (1/27, 4%). Three of 47 (6%) cases
were positive for EBV, and HHV8 was negative in all 55 cases (Fig 3E and 3F). BCLS6,
CD10 and MUML1 were positive in 68% (26/38), 15% (7/48), and 88% (28/32) of cases,
respectively (Fig 3G to 31), and thus most cases (30/36, 83%) were classified as non-GCB
subtype per the Hans algorithm. BCL2 and MYC were positive in 83% (30/36) and 43%
(12/28) of cases, respectively; overall, 10 of 26 (38%) cases were considered dual-expressor
lymphomas (DEL), with over-expression of both MYC and BCL2. CD30 was variably
positive in 27% (8/30) of cases and cyclin D1 was negative in all 23 cases stained. Ki67
proliferation indices were available in 35 cases, with a median proliferation rate of 80%
(range 30 — 95%).

Molecular and Genetic Studies

Rearrangements of BCL2, BCL6, and MYC genes were detected in 2/22 (9%), 7/20 (35%),
and 6/29 (21%) cases, respectively (Table 4). Three of 25 (12%) cases had both MYC

and BCLZ2and/or BCL6 rearrangements and were therefore classified as “high-grade B-cell
lymphoma with MYCand BCLZ2and/or BCL6 rearrangements . By PCR assays, three of
four (75%) cases were positive for clonal /GH gene rearrangement, whereas 7RG gene
rearrangement was not detected in the one case tested.

Clinical Course, Treatment, and Prognosis

Clinical management information was available in 34 cases (Table 3). Fifteen (44%)
patients were treated with drainage of the body fluids alone without any chemotherapy,

four (12%) received rituximab alone during the course of the disease, and fifteen (44%)
received chemotherapy, mostly with CHOP (cyclophosphamide, doxorubicin, vincristine,
and prednisone) or CHOP-like regimens, including R-CHOP (rituximab, cyclophosphamide,
doxorubicin, vincristine, and prednisone; 10 cases) and EPOCH (etoposide, prednisone,
vincristine, cyclophosphamide, and hydroxydaunorubicin; 3 cases).

A total of 50 cases had sufficient clinical follow-up data, with a median follow-up interval of
three months (range 1 — 180 months). Seven of 48 (15%) patients developed solid lymphoma
masses during follow-up, with a median interval of 41 months (range 5 — 180 months).

Of those who were treated with chemotherapy, 14 of 22 (64%) patients achieved complete
remission (CR) initially, seven (32%) patients showed disease persistence or progression,
and one (4%) patient had partial response. Of the 15 patients treated with drainage only, six
patients were discharged to hospice care without chemotherapy, either due to other severe
comorbidities or refractory disease; the remaining nine were managed with drainage alone,
and four of five patients achieved CR, with one patient remaining in CR and alive 82 months
after initial diagnosis. Eventually, 22 of 39 (56%) patients died. Overall, EB-LBCL in our
study had an unfavorable prognosis, with a median OS of 14.9 months and a 2-year OS of
44%.

Literature Review of EB-LBCL

Clinical Features—A total of 202 cases of EB-LBCL were included in this review,
including 55 from our study and 147 from the literature. The clinicopathologic features
and statistical results are listed in Tables 3 — 5. Among all cases of EB-LBCL (those in

Mod Pathol. Author manuscript; available in PMC 2023 February 14.
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our study and in the literature), most occurred in elderly patients (median age 79 years,
excluding the Kaji group due to lack of detailed individual data) with a male to female

ratio of approximately 5:4 (113:89) and a risk of fluid overload in 56% (89/158) of patients.
None of these patients had solid mass formation of lymphoma prior to or concurrent with
the diagnosis of EB-LBCL. The patients in our study had a significantly higher risk of fluid
overload (30/38, 79%), compared to the Japanese group (41/82, 50%, p=0.003) and the
non-Japanese group (18/38, 47%, p=0.008). The Japanese group had a significantly higher
incidence of pericardial effusion (49/87, 56%, including mixed effusions) compared to our
group (17/55, 31%, p=0.004) and the all-non-Japanese group (28/115, 24%, p<0.0001)
(Table 3, Table 5, and Fig 5A). In addition, the Japanese group tended to present with mixed
effusions, particularly simultaneous pleural and pericardial effusions (Table 3, Table 5, and
Fig 5A).

Most (85%, 71/84) of the patients in the Japanese group received chemotherapy, compared
to 46% (42/91) in the all-non-Japanese group (p<0.0001) and 56% (19/34) in our group
(0=0.002). The rates of complete response to chemotherapy and/or drainage were not
significantly different among these three groups (Tables 3 and 5).

Pathological Features—The results of immunohistochemical stains, EBER-ISH, and
molecular studies are summarized in Table 4. Most cases stained positively for CD45 (76%,
55/72) and CD20 (96%, 182/190). Sixteen of 171 (9%) cases were positive for EBV, and
HHV8 was not detected in any of the 202 cases. BCL6, CD10 and MUM1 were positive

in 51% (62/121), 16% (24/152), and 75% (84/112) of cases, respectively. Overall, the
non-GCB subtype accounted for 79% (98/124) cases of EB-LBCL. Expression of BCL2
and MY C was detected in 73% (70/96) and 34% (21/61) of cases, respectively, and 25%
(19/63) of cases were classified as DEL. Rearrangements of BCLZ2, BCL6, and MY C genes
were detected in 11% (6/54), 29% (16/55), and 19% (20/107), respectively. Six percent
(6/100) of cases had both MY Cand BCLZ2and/or BCL6 rearrangements. Taken together,
among the three groups (our study, Japanese, and non-Japanese), there were no significant
differences regarding immunophenotype, EBV status, COO subtype, and rearrangements of
BCLZ, BCL6and MYC genes (Tables 4 and 5).

Survival Analyses—Our survival analyses demonstrated that the patients in the Kaji
group had significantly better OS than all other groups, including our cohort (Fig 4A). In
addition, the non-Kaji group tended to have better OS than the other East Asian group, the
Western group, and our cohort, although these observations were not statistically significant
(Fig 4A).

Since the Kaji and non-Kaji groups had the best OS and were both comprised of cases from
Japanese studies, the difference in OS among Japanese and non-Japanese cases was further
investigated. We therefore combined the Kaji and non-Kaji groups to form the “Japanese
group” (Fig 4B). In addition, the other East Asian and Western groups from the literature
showed no difference in OS (Fig 4A), and they were combined and referred to as the “non-
Japanese group” (Fig 4B). Overall, the OS of the Japanese group (median 63.6 months) was
significantly better than that of the non-Japanese group (median 11.0 months, £=0.0002) and

Mod Pathol. Author manuscript; available in PMC 2023 February 14.
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of our study (median 14.9 months, p<0.0001) (Fig 4B). There was no significant difference
in OS between our group and the non-Japanese group (p=0.6846) (Fig 4B).

The presence of pericardial effusion, either alone or mixed, was associated with improved
OS when compared to the presence of pleural or peritoneal effusion (Fig 5B); however,
only the comparison of OS among those with pericardial effusion, either alone or mixed,
(“pericardial total””) and those with peritoneal effusion, either alone or mixed, (“peritoneal
total”) reached statistical significance (p=0.0063) (Fig 5B). In addition, patients that
received chemotherapy had significantly improved OS compared to those that did not
receive chemotherapy (£=0.0016) (Fig 5C).

Dual-expressor status, COO subtype status, and the presence of EBV infection provided no
significant prognostication to the OS of EB-LBCL (Fig 6A, 6B and 6C). Unsurprisingly,
MY C rearrangement was associated with a significantly unfavorable OS (p=0.0054) (Fig
6D), and all 10 patients with MY C rearrangement died within one year.

The predictors included in the multivariable analysis were as follows: region where study
was conducted (Japan vs. non-Japan), age group using median age as cutoff (<79 or > 79
years), and the presence of peritoneal effusion. No significant interactions between these
variables were identified. MYC rearrangement status was excluded from the model due

to small sample size. Japanese residence was an independent favorable prognostic factor
(HR=0.475; 95% Cl, 0.216-1.044, p=0.064), while the presence of peritoneal effusion
(HR=3.652; 95% ClI, 1.763-7.565, £=0.004), and age of at least 79 years (HR=2.251; 95%
Cl, 1.287-3.938, p<0.001) were independent unfavorable prognostic factors.

DISCUSSION

Etiology of EB-LBCL

Although it is difficult to accurately determine the prevalence of EB-LBCL due to its

rarity, EB-LBCL is likely more common than PEL. According to the 5-year data in Miyagi
Prefecture, Japan, the incidence of EB-LBCL is 0.1% among newly diagnosed lymphoid
leukemias and/or lymphomas.®0 In a recent Japanese study, the incidence of EB-LBCL was
>12 times higher than that of PEL.® In addition, based on the limited data from a single
institution in our study, there were 24 EB-LBCLs and 11 PELs within the last 20 years. The
lower EB-LBCL to PEL ratio in our observation is likely due to the higher prevalence of
HHV8+ patients in the US than in Japan.51

Currently, the etiology of EB-LBCL remains uncertain. Fluid retention has been considered
to be one of the potential pathogeneses of EB-LBCL.** According to the overall findings
from our study and the literature, 56% (89/158) of patients had underlying conditions
placing them at risk for fluid retention, including congestive heart failure, cirrhosis, and
chronic renal failure.

The association of HCV with EB-LBCL has been actively explored, albeit with inconsistent
findings. HCV infection was reported in up to 22-33% cases of EB-LBCL,’: 40. 44, 62
whereas in a recent large Japanese series only one of 61 cases was positive.®> The rates
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of HCV infection in our study (10%) and in the non-Japanese group from the literature
(15%) are higher than those in the Japanese group (6%). Based on our review, 16 of 138
(12%) cases had peritoneal involvement; among the 10 cases that were HCV+, six cases
(60%) had peritoneal involvement. In other words, six of the 16 (38%) cases with peritoneal
involvement were HCV+. Therefore, a substantial proportion of the peritoneal cases were
likely associated with cirrhosis caused by HCV. HCV has been shown to be lymphotropic
and clonal expansions of B-cells have been detected in HCV-infected patients. Moreover,
the detection of HCV-RNA in peritoneal fluid indicates that persistent antigenic stimulation
may play a causative role in EB-LBCL by promoting clonal expansion of intraperitoneal
B-cells.53 Besides EB-LBCL, HCV has been implicated in lymphomagenesis for several
other non-Hodgkin lymphoma subtypes.®4: 85 Studies have shown that HCV-associated
lymphomas may arise from B cells that were activated by the HCV-E2 protein, and the
putative E2 receptor (CD81) forms a signaling complex including CD19.66 Other studies
have proposed that the lymphomagenesis of HCV may be partially through stimulating
BCL2 over-expression and MYC amplification.67. 68

EBYV infection has been detected in DLBCL, with a prevalence of 5-15% among Asian
and Latin American patients and <5% among Western patients.59 According to our data,
12% (23/193) of EB-LBCL cases were EBV+, which is similar to the incidence of EBV+
DLBCL. Nevertheless, the overall findings suggest that EBV infection may contribute to a
small percentage of EB-LBCL cases.

Immunosuppression is likely not a major predisposing factor for EB-LBCL, although rare
cases have been reported in patients with congenital immunodeficiency, including common
variable immunodeficiency (CVID).10: 13 In our study and in the literature, only three of
125 (2%) patients had HIV infection (six cases with organ transplantation were excluded).
However, EB-LBCL tends to occur in elderly patients, with a median age of 79 years based
on our review; therefore, immunosenescence or altered immunosurveillance of the elderly
might contribute to the development of EB-LBCL.

Interestingly, the non-GCB subtype accounts for the majority (79%) of EB-LBCL. It is
likely that the lymphoma cells in the effusions tend to demonstrate terminal differentiation to
the plasmablastic or plasmacytic stage, in contrast to the conventional solid DLBCL.

Based on our study and literature review, MYC, BCLZ2, and BCL 6 gene rearrangements
were detected in 19%, 11%, and 29% of EB-LBCL cases, respectively. In contrast, these
rearrangements are less often identified in PEL, supporting different pathogeneses for these
two entities. The genetic alteration of A/YC has been proposed to be involved in the
pathogenesis of EB-LBCL.”% MY C rearrangement is more common in EB-LBCL (19%)
than in conventional DLBCL (~10%),’! and this rearrangement is associated with a poor
prognosis in both entities. One case of EB-LBCL was reported to have t(9;14)(p13;932),
involving PAX5and /GH.?*

EB-LBCL has been reported to display complex genomic changes,1% 70 including complex
numeric and structural chromosomal abnormalities. A recent study with next generation-
sequencing assays on 11 cases of EB-LBCL revealed a complex genomic landscape with

Mod Pathol. Author manuscript; available in PMC 2023 February 14.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Gisriel et al.

Page 11

frequent mutations, copy number aberrations, and translocations. In addition to the high
frequency of somatic hypermutations, the most common recurrent mutations involved
HISTIHIE and MYD88.>3 These aberrations are typically found in the activated B-cell
subtype (ABC) of DLBCL and enriched in extranodal DLBCL. Other common mutations
were detected in B7G1 and/or BTG2, IRF4and SYNE153 Moreover, biallelic inactivation
of PRDM! due to deletions and/or mutations was noted in a subset of EB-LBCL.>3

Differential Diagnoses of EB-LBCL

EB-LBCL may be confused with other cavity-based effusion or solid B-cell lymphomas,
particularly PEL and pyothorax-associated lymphoma (PAL) (Table 6). PEL is a rare entity
of large B-cell lymphoma as defined by the 2017 WHO Classification. It mostly occurs in
young to middle-aged HIV+ males and occasionally in patients with other immunodeficient
conditions, including solid organ transplantation and immunosenescence in the elderly. PEL
commonly exhibits plasmablastic cytology and is typically negative for pan-B-cell markers
(CD20, CD79a, and PAX5). The tumor cells are mostly positive for CD45, CD30 and
CD138. Characteristically, HHV8 is consistently positive by definition, while EBV infection
is noted in most cases. In contrast to PEL, EB-LBCL occurs in elderly patients without
HIV infection. Moreover, EB-LBCL usually expresses pan-B-cell markers with no HHV8
infection and has a low association with EBV. Therefore, EB-LBCL and PEL appear to be
biologically distinct entities.

PAL is a prototype of DLBCL associated with chronic inflammation in the thorax.”3
However, compared to EB-LBCL, patients with PAL are much younger and usually

have a long history of chronic pyothorax or chronic pleuritis due to therapeutic artificial
pneumothorax or tuberculous pleuritis. PAL presents with mass lesions in the pleura and/or
lung near the pleura and is strongly associated with EBV infection.

It is necessary to separate EB-LBCL from conventional solid DLBCL with concurrent

or subsequent malignant effusions (more discussion below). In addition, other high-

grade B-cell or T-cell lymphomas occasionally manifest as lymphomatous effusions,
including Burkitt lymphoma, blastoid/pleomorphic mantle cell lymphoma, peripheral T-cell
lymphoma, and anaplastic large-cell lymphoma, which can be separated from EB-LBCL
based on the clinical presentations and immunophenotypic features.

Clinical Management and Survival of EB-LBCL

Due to the rarity of EB-LBCL, no standard therapeutic regimen has been recommended thus
far. Based on findings from the literature and our study, the OS was highly variable; some
patients died within a short period of follow-up, while some had complete remission with
drainage alone and no chemotherapy.12: 18. 19 Therefore, select patients with EB-LBCL may
benefit from a watchful-waiting approach after drainage without systemic chemotherapy;
however, specific selection criteria haven’t been established for this group of patients. A
recent review summarized 13 cases of EB-LBCL who survived longer than one year without
treatment; in contrast to other more aggressive EB-LBCLSs, these cases tended to occur in
older patients with fewer comorbidities, a lower rate of viral infections (such as HCV), and
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fewer aggressive cytomorphological features.2! Nevertheless, the mechanism underlying the
complete remission of EB-LBCL with drainage alone remains mysterious.

In the Japanese study from Kaji, et. al., 56 patients with EB-LBCL received immediate
systemic chemotherapy, and 48 (86%) patients were treated with first-line therapy including
CHOP or a CHOP-like regimen with or without rituximab.> The overall response rate was
95%, and 73% achieved complete remission. The 2-year OS and progression free survival
rates were 84.7% and 73.8%, respectively, indicating a favorable prognosis. These response
and survival rates were higher than those observed for similarly aged patients with nodal
DLBCL.®

To our knowledge, no clinical trials have been conducted on patients with EB-LBCL. This
is likely due to the limited number of cases reported in the literature, and it may also

reflect a lack of consensus regarding whether or not EB-LBCL represents a distinct entity.
Based on the data from our study and the literature, systemic chemotherapy with CHOP

or a CHOP-like regimen should be recommended for qualified patients without significant
contraindications or comorbidities. Chemotherapy with R-CHOP following drainage of the
effusion is likely beneficial in select patients with prolonged survival. Drainage of effusions
alone may be considered for patients who cannot tolerate chemotherapy or elderly patients
with significant comorbidities who may not benefit from chemotherapy.

One review suggested that Japanese ethnicity, pericardial effusion, and CD20 expression
were favorable prognostic factors, whereas peritoneal effusion and CD20 negativity were
unfavorable prognostic factors.>* History of fluid overload, HCV, and peritoneal effusion
were significantly correlated with patients younger than 70 years, while pericardial and
pleural effusions were significantly correlated with patients aged 70 years and above. In the
multivariate analysis, age over 70 years and CD20 expression were independent favorable
prognostic factors, and EB-LBCL with positive CD20 expression had a better outcome after
rituximab treatment.5# 62 Therefore, chemotherapy with rituximab may be an appropriate
standard therapy for EB-LBCL with CD20 expression. Overall, these findings reported in
the literature are mostly in line with the findings from our study. Our study further supports
the idea that non-Japanese residence and presence of peritoneal effusion are independently
associated with an unfavorable prognosis. It is not entirely clear as to why the presence of
peritoneal effusion is an independent poor prognostic factor. One possible explanation is that
peritoneal effusions tend to be associated with cirrhosis, a disease that carries high morbidity
and mortality on its own. It is also uncertain as to why pericardial effusion, either alone

or concurrent, is associated with significantly improved OS. It is possible that pericardial
effusions tend to cause the most symptoms early on, which leads to earlier detection of
lymphoma. We did not include CD20-negative/CD138+ EB-LBCLS in our study since most
of them are of plasmablastic immunophenotype; these cases will be studied separately.

Should EB-LBCL be Considered a Distinct Entity?

It was uncertain whether or not EB-LBCL should be considered as part of the spectrum
or a continuum of conventional DLBCL, not otherwise specified. Based on our findings
and literature review, EB-LBCL primarily occurs in the elderly with a median age of 79
years, in contrast to the mid-60s of conventional DLBCL. In addition, according to the Hans
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algorithm, the non-GCB subtype accounts for 79% of EB-LBCL, which is significantly
higher than that of conventional DLBCL.

In our study, only seven of 48 EB-LBCLSs relapsed as solid masses, with a median interval of
41 months (range 5 — 180 months). Moreover, in another ongoing study, we have collected

a large number of effusion DLBCLSs in the body cavities with antecedent and/or concurrent
solid forms (so called solid-effusion DLBCLSs). We have noticed significant differences
between EB-LBCL and solid-effusion DLBCL regarding demographic characteristics,
immunophenotypic features, molecular genetic changes, clinical behaviors, and outcomes
(data not published). Therefore, EB-LBCL likely represents a distinct entity rather than a
continuum of solid lymphoma.

Currently, consensus criteria for diagnosis and classification of EB-LBCL have not yet been
created. Since 1997, several classification systems have been proposed to characterize and
classify EB-LBCL, with emphases on clinical features, morphology, immunophenotype,
HHV8 status, and molecular genetic aberrations (particularly MYC gene status). Moreover,
there is a lack of standardized nomenclature for this entity with many different terminologies
used. Particularly, the different diagnostic terms, as designated in many case reports and
series, can be confusing. Therefore, there is a need to standardize the diagnostic criteria

and nomenclature of EB-LBCL, in order to maintain international uniformity and promote
effective communication among pathologists and other clinical teams. Furthermore, it may
be worthwhile to consider EB-LBCL as a disease entity separate from conventional DLBCL
for the reasons discussed above.

In the 2017 WHO Classification of Lymphoid Neoplasms, PEL is defined as a large B-cell
neoplasm that typically occurs in the setting of immunodeficiency and lacks pan-B-cell
markers; in this classification, PEL is universally associated with HHV8.2 Now that there is
increased awareness of an effusion-based large B-cell lymphoma that is not associated with
HHV8, a unified term for this type of lymphoma is needed. EB-LBCL and PEL are likely
unrelated entities with different etiology, immunophenotype, and prognosis. On the other
hand, their clinical presentations (lymphomas manifesting as malignant effusions without
an associated solid component) are nearly the same. Therefore, as in the classification

of anaplastic lymphoma kinase (ALK)-positive and ALK-negative anaplastic large cell
lymphomas (ALCLS), it may be worthwhile to consider EB-LBCL as “HHV8-negative
PEL”, similar to that proposed by some publications®-10- 12 17 Nevertheless, an ultimate
term for EB-LBCL should be determined based on consensus among the hematopathology
and hematology societies.

In conclusion, compared to conventional DLBCL, EB-LBCL demonstrates unique
clinicopathologic features; it tends to occur in elderly, otherwise immunocompetent
individuals with no antecedent or concurrent solid lymphomas. There is no HHV8 infection
and EBV is mostly negative. It is typically of non-GCB subtype and is associated with

a worse prognosis than previously reported, although select patients may be managed
conservatively. Taken together, our data suggest that EB-LBCL is a unique entity that
necessitates consensus criteria. In addition, consensus terminology is needed to reflect the
nature of this entity and to replace many different terms used in the literature.
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Figure 1.
Clinical imaging studies of EB-LBCL. Computed tomography (CT) scans of the chest

demonstrate a moderate amount of bilateral pleural effusions in one patient (A) and a large
amount of left pleural effusion in another patient (B).

Mod Pathol. Author manuscript; available in PMC 2023 February 14.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuepy Joyiny

1duosnuely Joyiny

Gisriel et al.

)

Figure 2.
Cytologic features of EB-LBCL. A spectrum of cytomorphology is noted, including

centroblastic cytology (A: Diff-Quick, 600x and B: H&E, 600x), large pleomorphic
or anaplastic morphology (C: Wright-Giemsa, 600x and D: cell block, H&E, 400x%),
immunoblastic cytology (E: H&E, 600x), and plasmablastic morphology (F: Wright-
Giemsa, 600x).

Mod Pathol. Author manuscript; available in PMC 2023 February 14.

&




1duosnuey Joyiny 1duosnuepy Joyiny 1duosnuepy Joyiny

1duosnuey Joyiny

Gisriel et al.

-y
N

i

%

L { W}

.t
Al
ol

'.
BB ONE S
im -
@
e’ g'

1
»
:Svged

a
/ ) [ P e [4
B o & e ;a, ,
Qoo T.e ¢"§g¢ o i s T e a1 &
S AL 32 Gl te i ne e, SR g e K
3 0 3d 0N, et T e w gt tae 02 TN e e e

Figure 3.
Immunophenotype of EB-LBCL. EB-LBCL is positive for CD45 (A), CD20 (B), and PAX5

(C) but negative for CD138 (D), HHV8 (E), and EBER-ISH (F). Most cases of EB-LBCL
belong to the non-GCB subtype, with negative CD10 (G) and BCL6 (H) but positive MUM1
staining (1). (A-1: 400x)
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Figure 4.
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—1 Japanese group

-
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Probability of Survival
(3]
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Follow up (months)
group Non. Current study

Case number 86 57 39
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2-year OS 79% 44% 44%
Japanese vs. Non-Japanese p=0.0002
Japanese vs. Current study Pp<0.0001
B Non-Japanese vs. Currentstudy ~ p=0.6846

Statistical analyses of the overall survival (OS) of our cohort and different groups in the
literature. (A) The Kaji group had significantly better OS than the non-Kaji group, our
group, and the other East Asian and Western groups from the literature. (B) The Kaji and
non-Kaji groups were combined to form the Japanese group, and the Western and Other East
Asian groups in the literature were combined to form the non-Japanese group; the Japanese
group had significantly better OS than the non-Japanese group and our study.
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Figure 5.
Statistical analyses of the overall survival (OS) based on effusion sites and therapy. (A)

Effusion sites of our cohort, the Japanese group, and the non-Japanese group in the
literature. The Japanese group tended to present with more pericardial and mixed effusions
than the other groups. (B) Statistical analyses of the cases in our study and the literature
showed that pericardial effusion, either alone or mixed, was associated with better OS

than pleural or peritoneal effusions; however, only the comparison between pericardial
total and peritoneal total was statistically significant. (C) Chemotherapy improved the OS
significantly.
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Figure 6.

Survival analyses of multiple factors of EB-LBCL. COO subtype (A), dual-expressor status
(B) and EBYV infection (C) provided no significant prognostic values to the OS of EB-
LBCL. MYCrearrangement in EB-LBCL was associated with significantly unfavorable OS

(D).
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Table 1.

Inclusion and exclusion criteria for case selection.

Inclusion Criteria

. Large B-cell lymphoma with lymphomatous effusion and no antecedent or concurrent solid tumor mass formation
. Effusion sites: Pleural, peritoneal, and pericardial
. Lymphoma types

- Diffuse large B-cell lymphoma (DLBCL)

- High-grade B-cell lymphoma with MYCand BCLZ2and/or BCL6 rearrangements

Exclusion Criteria

. Prior or concurrent solid diffuse large B-cell lymphoma (DLBCL) of nodal or extranodal sites, including serosal surfaces of body
cavities

. High suspicion of solid DLBCL from clinical examinations or imaging studies

. Lymphoma types

- HHV8+ primary effusion lymphoma (PEL), including solid variant
- Plasmablastic lymphoma (PBL)
- Burkitt lymphoma
- Post-transplant lymphoproliferative disorder, monomorphic DLBCL or PBL type
- Plasmablastic plasma cell myeloma presenting with body cavity effusions
- Blastic or pleomorphic mantle cell lymphoma
- Peripheral T-cell lymphoma or anaplastic large-cell lymphoma
. Cases with prior or concurrent low-grade B-cell lymphoma

. Cases lack of HHV8 studies
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Table 2.

Antibodies stained in this study.

Antibody Clone Dilution  Manufacturer
BCL2 124 1:150 Dako
BCL6 PG-B6p 1:50 Dako
CD3 2GV6 Prediluted Ventana
CD10 56C6 1:40 Cell Marque
CD20 L26 1:200 Dako
CD30 BERH2 1:300 Dako
CD45 2B11+PD7/26 1:400 Dako
CD138 MI15 1:2 Cell Marque

Cyclin D1 SP4 1:50 Biocare
HHV8 LN53 1:400 Millipore
Ki67 MIB-1 1:300 Dako

MUM1 MUM1P 1:50 Dako
MYC Y69 1:100 Abcam
PAX5 SP34 Prediluted Ventana

Abcam Abcam, Waltham, MA, Biocare Biocare Medical LLC, Pacheco, CA, Cell Marque Cell Marque, Rocklin, CA, Dako Dako North America
Inc., Carpinteria, CA, Millipore MilliporeSigma, Burlington, MA, Ventana Ventana Medical Systems Inc., Tucson, AZ.
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