'.) Check for updates

Regular Article

LYMPHOID NEOPLASIA

Viral, immunologic, and clinical features of primary
effusion lymphoma

Kathryn Lurain,” Mark N. Polizzotto," Karen Aleman," Manisha Bhutani," Kathleen M. Wyvill," Priscila H. Gongalves,” Ramya Ramaswami,’
Vickie Ann Marshall,?2 Wendell Miley,? Seth M. Steinberg,® Richard F. Little," Wyndham Wilson,* Armando C. Filie,® Stefania Pittaluga,®
Elaine S. Jaffe,> Denise Whitby,? Robert Yarchoan," and Thomas S. Uldrick'®

"HIV and AIDS Malignancy Branch, Center for Cancer Research, National Cancer Institute, National Institutes of Health, Bethesda, MD; 2Viral Oncology Section,
AIDS and Cancer Virus Program, Leidos Biomedical Research, Frederick National Laboratory for Cancer Research, Frederick, MD; ®Biostatistics and Data
Management Section, “Lymphoid Malignancies Branch, and ®Laboratory of Pathology, Center for Cancer Research, National Cancer Institute, National Institutes
of Health, Bethesda, MD; and “Fred Hutchinson Cancer Research Center, Seattle, WA

Primary effusion lymphoma (PEL) is an aggressive HIV-associated lymphoma with a relatively

o . poor prognosis in the era of effective HIV therapy. Kaposi sarcoma herpesvirus (KSHV) is the
® PEL in individuals with

HIV is associated with
a Kaposi sarcoma
herpesvirus-driven IL-
6 and IL-10-related
syndrome.

etiologic agent, and ~80% of tumors are coinfected with Epstein-Barr virus (EBV). A better
understanding of how KSHV-related immune dysregulation contributes to the natural history
of PEL will improve outcomes. Twenty patients with PEL diagnosed between 2000 and 2013,
including 19 treated with modified infusional etoposide, vincristine, and doxorubicin with
cyclophosphamide and prednisone (EPOCH), were identified. We compared their clinical,
virologic, and immunologic features vs 20 patients with HIV-associated diffuse large B-cell
lymphoma and 19 patients with symptomatic interleukin (IL)-6 related KSHV-associated
multicentric Castleman disease. Survival analyses of treated patients with PEL were then
performed to identify prognostic factors and cancer-specific mortality. Compared with
HIV-associated diffuse large B-cell lymphoma, PEL was associated with significant hypo-
albuminemia (P < .0027), thrombocytopenia (P = .0045), and elevated IL-10 levels (P < .0001). There were no significant
differences in these parameters between PEL and KSHV-associated multicentric Castleman disease. Median overall survival
in treated patients with PEL was 22 months, with a plateau in survival noted after 2 years. Three-year cancer-specific survival
was 47%. EBV-positive tumor status was associated with improved survival (hazard ratio, 0.27; P = .038), and elevated IL-6
level was associated with inferior survival (hazard ratio, 6.1; P = .024). Our analysis shows that IL-6 and IL-10 levels
contribute to the natural history of PEL. Inflammatory cytokines and tumor EBV status are the strongest prognostic factors.
Pathogenesis-directed first-line regimens are needed to improve overall survival in PEL. (Blood. 2019;133(16):1753-1761)

® EBV status of the
tumor and elevated
serum IL-6 levels are
prognostic in PEL.

and the unique clinical manifestations of KSHV-associated ma-
lignancies. In KSHV-MCD, patients have an elevated circulating
KSHV viral load and KSHV-associated B-cell lymphoproliferation
leading to adenopathy, splenomegaly, and a range of systemic
inflammatory symptoms. Human interleukin-6 (IL-6) and IL-10
and the KSHV-encoded homolog viral IL-6 (vIL-6) are implicated
in pathogenesis.®” Treatment of KSHV-MCD with the mono-
clonal anti-CD20 antibody rituximab leads to long-term disease
remission in most patients and dramatically improves survival.'°

Introduction

Primary effusion lymphoma (PEL) is an aggressive B-cell non-Hodgkin
lymphoma with a unique clinical presentation and gene expression
profile.’ It was originally described as an effusion lymphoma in
patients with HIV; however, extracavitary presentations have sub-
sequently been noted. Kaposi sarcoma herpesvirus (KSHV), also
known as human herpesvirus-8, is the etiologic agent of PEL as well
as Kaposi sarcoma and a form of multicentric Castleman disease
(KSHV-MCD).>* Approximately 80% of PEL cases are coinfected
with Epstein-Barr virus (EBV) and KSHV. Given this common viral
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etiology, patients with PEL may have concurrent Kaposi sarcoma
and/or KSHV-MCD. There is currently a poor understanding of the
disease pathogenesis of this rare lymphoma whose incidence may
be increasing in the era of modemn antiretroviral therapy (ART).>

KSHV is notable for its ability to cause dysregulation of the host
immune system, which may contribute to disease pathogenesis

Cytokine-related severe systemic inflammation has also been
described in HIV/KSHV coinfected patients with no histopath-
ologic characteristics of KSHV-MCD, and this condition has been
labeled Kaposi sarcoma herpesvirus inflammatory cytokine syn-
drome (KICS)."" These patients exhibit elevated IL-6, vIL-6, IL-10,
and KSHV viral loads, and a working definition of KICS based
on clinical features and KSHV viral load has been proposed
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explained by known medical condition):

a. Symptoms b. Laboratory abnormalities

Fever > 38°C Anemia

Fatigue Thrombocytopenia
Edema Hypoalbuminemia
Cachexia Hyponatremia

Respiratory symptoms
Gastrointestinal disturbance Lymphadenopathy
Arthralgia or myalgia Splenomegaly
Altered mental status Hepatomegaly
Neuropathy Effusion
2. Evidence of systemic inflammation

Elevated C-reactive protein
3. Elevated Kaposi sarcoma herpesvirus viral load

> 100 copies/10¢ PBMCs in blood or effusions

Castleman disease

spleen

blood mononuclear cell.

1. > 2 Clinical manifestation from below (> Grade 1 Equivalent by CTACE, not

(<12 g/dL)
(<100 109/pL)
(<3.5 g/dL)
(<135 mEq/L)

c. Radiographic abnormalities

4. No evidence of Kaposi sarcoma herpesvirus-associated multicentric

Exclusion requires pathologic assessment of lymph nodes, bone marrow, and/or

CTCAE indicates Common Terminology for Adverse Events; PBMC, peripheral

Figure 1. Working case definition of KICS. CTCAE, Common
Terminology for Adverse Events.

(Figure 1). KICS commonly occurs in the setting of suppressed
CD4* T-cell counts but is not attributable to uncontrolled HIV
viremia.'? Most patients with KICS have concurrent Kaposi sar-
coma and/or PEL, and its diagnosis carries a poor prognosis.

PEL prognosis is poor compared with that of HIV-associated diffuse
large B-cell lymphoma (HIV-DLBCL) or Burkitt lymphoma.™®'* In
the era of effective combination ART, published median overall
survival remains <1 year.'® PEL has no established therapy but
is sometimes treated similarly to other aggressive non-Hodgkin
lymphomas with anthracycline-based regimens along with ART in
HIV-infected patients. Durable complete remissions were noted
in 43% of patients in the largest series treated with ART and CHOP
(cyclophosphamide, doxorubicin, vincristine, and prednisone).

Factors associated with the clinical presentation and overall survival
in PEL remain poorly characterized. The goals of the present study
were to establish virologic, immunologic, and clinical features of
PEL through comparison with 2 better-studied HIV-associated
lymphoproliferative disorders, KSHV-MCD and HIV-DLBCL. We
hypothesized that the inflammatory profile of patients with PEL is
unique to KSHV-associated diseases and therefore distinct from
that of patients with HIV-DLBCL, the most common lymphoma
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affecting people living with HIV. We further hypothesized that
immune and/or viral biomarkers would have prognostic value
in HIV-infected patients with PEL treated with ART and curative-
intent modified EPOCH (infusional etoposide, vincristine, and
doxorubicin with cyclophosphamide and prednisone).

Methods

Study design and patient selection

To evaluate baseline immunologic and clinical features in HIV-
associated PEL, we performed a cross-sectional analysis com-
paring untreated patients with PEL vs HIV-infected patients with
symptomatic KSHV-MCD or untreated HIV-DLBCL. We identi-
fied patients with these diseases participating in clinical studies
(#NCT00092222, #NCT01419561, and #NCT00006518) in the
HIV and AIDS Malignancy Branch and the Lymphoid Malignancies
Branch clinics at the Center for Cancer Research, National Cancer
Institute. All cases were pathologically confirmed in the Labo-
ratory of Pathology, National Cancer Institute, and evaluated at
the time of active disease. Diagnoses were based on cytopathology
and/or hematoxylin and eosin staining of tissue supported by im-
munohistochemistry. KSHV tumor status was confirmed by staining

LURAIN et al

20z aunr g0 uo 3senb Aq Jpd'6E£E€68PO0IA/EGLESSL/ESL L/9L/EE L/Pd-BloIE/POOIqABU SUOlEDIIgNdYSE//:dY WOy papeojumog



for latency-associated nuclear antigen (anti-ORF73 rat monoclonal
antibody; Advanced Biotechnologies, Eldersburg, MD). EBV
tumor status in PEL was evaluated by in situ hybridization against
EBV-encoded small RNA (EBER). Stored baseline serum speci-
mens for cytokine analyses and peripheral blood mononuclear
cells (PBMCs) for KSHV and EBV viral load were analyzed. Clinical
records were reviewed for baseline clinical laboratory parameters
before initiation of therapy. All lymphomas were staged according
to the Lugano classification for non-Hodgkin lymphoma.?¢

To evaluate prognostic factors in PEL, retrospective survival analyses
were performed in patients with PEL treated with ART and EPOCH
modified by one or more therapies: rituximab, bevacizumab,
and/or high-dose methotrexate. Patient records were evaluated
for a history of other KSHV-associated diseases and clinical and
laboratory abnormalities included in our working criteria for KICS.
All patients signed informed consent on an institutional review
board-approved protocol for correlative studies and biospeci-
men storage.

KSHV and EBV quantitative real-time polymerase
chain reaction and KSHV serology

PBMC-associated KSHV and EBV viral DNA were quantified by
using primers for KSHV Ké and EBV pol gene regions with
cellular equivalents quantified by using human endogenous
retrovirus 3 primers, as previously described," and reported as
viral DNA copies per million PBMCs. KSHV serostatus of patients
with HIV-DLBCL was determined by reactivity against K8.1
and/or latency-associated nuclear antigen using a bead-based
multiplex Luminex assay.

Immunologic assays

Serum IL-6, IL-10, IL-1B, IL-8, IL-12 p70, interferon vy (IFN-y), and
tumor necrosis factor a (TNF-a) were evaluated by using a com-
mercial multiplex assay (Meso Scale Discovery, Gaithersburg, MD).
The Meso Scale IL-6 assay did not detect vIL-6 at concentrations
up to 20000 pg/mL. CD4" T-cell counts were assessed by fluorescent-
activated cell sorting. Plasma HIV-1 mRNA was measured by quan-
titative polymerase chain reaction using Amplicor HIV-1 Monitoring
Kits (Roche Diagnostic Systems, Branchburg, NJ). HIV viral load
was not measured in patients with HIV-DLBCL treated before the
advent of combined ART in 1994. These patients were assumed
to have HIV viral loads >100 copies/mL.

Statistical analysis

Clinical laboratory features and hypothesized inflammatory
mediators of disease were compared between patients with PEL,
KSHV-MCD, and HIV-DLBCL. Continuous parameters were com-
pared between groups by using the exact 2-tailed Wilcoxon rank
sum tests.

For survival analyses, cancer-specific mortality was evaluated
from initiation of therapy to death with evidence of lymphoma or
censoring at last follow-up in May 2016. Baseline factors were
evaluated for prognostic value. These factors included history of
KSHV-MCD and/or Kaposi sarcoma, tumor EBV status, and select
clinical laboratory parameters: sodium, hemoglobin, platelets,
albumin, C-reactive protein (CRP), lactate dehydrogenase, ferritin,
CDA4+ T-cell count, and HIV viral load. We also evaluated treatment-
related factors, including protease inhibitor-based ART regi-
men, history of liposomal doxorubicin use, and inclusion of
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rituximab, bevacizumab, and/or high-dose methotrexate with
EPOCH. The included immunologic and virologic biomarkers
were those previously described as elevated in cases of KSHV-
MCD or KICS: IFN-y, TNF-q, IL-6, IL-8, IL-10, immunoglobulin E
(IgE), ferritin, serum k and \ free light chains, and KSHV and EBV
viral load."” Prognostic factors with continuous parameters were
dichotomized near the median. Survival was evaluated by using
the Kaplan-Meier method, and 2-sided log-rank tests were
used to determine the statistical significance of differences
between curves. Multivariable analyses used Cox regression
with backward and stepwise selection, initially including vari-
ables with a univariate P value <.10. In view of the number
of evaluations performed, a P value <.005 was considered sta-
tistically significant and between .005 and .05 was considered
a strong trend.

Correlations between significant prognostic markers and EBV
viral load were evaluated by using Spearman'’s rank correlation.
Correlation coefficients >0.7 were considered strong, between
0.5 and 0.7 moderately strong, between 0.3 and 0.5 weak to
moderately strong, and <0.3 weak.

Results

Patient characteristics

We identified 20 HIV-positive patients with PEL diagnosed
between 2000 and 2013: 19 men and 1 woman. Median age at
diagnosis was 44 years. Eight patients had confirmed extracavitary
disease in addition to cavitary disease, and 1 had extracavitary
disease only. All patients had stage IV disease. Fifteen had
concurrent Kaposi sarcoma, and 6 had concurrent KSHV-MCD.
Nine patients had an HIV viral load <100 copies/mL, and median
CD4* count was 127 T cells/pL. Nineteen were treated with
modified EPOCH and were included in the survival analyses. One
patient included in the baseline cytokine analysis died before
receiving treatment and was not included in this analysis. Tumor
EBER status (EBV coinfection) was determined in these 19
patients; 14 were EBER positive and 5 were negative. Median
potential follow-up time for PEL survival analyses was 5.9 years
(range, 3.4-16.8 years). One patient was censored at the time of
death from drug overdose with no evidence of PEL on autopsy
26 months after completing therapy. All other deaths were at-
tributed to complications of PEL.

One comparison group of subjects comprised 20 patients with
HIV-DLBCL diagnosed between 1983 and 2011. All patients with
DLBCL had stage Ill or IV disease. Eighteen were men, and 2
were women with a median age of 39 years at diagnosis (range,
32-54 years). Median CD4* countwas 52 T cells/pL. The second
comparison group comprised 19 HIV-infected patients with
symptomatic KSHV-MCD diagnosed between 2001 and 2009:
17 men and 2 women with a median age of 43 years (range, 29-
54 years) and median CD4* count of 266 T cells/pL at diagnosis.
No KSHV-MCD control patients developed PEL during follow-
up. Tables 1 and 2 present complete patient characteristics.

Inflammatory milieu of PEL compared with
KSHV-MCD and HIV-DLBCL

Nineteen patients with PEL had available baseline cytokine data
and were included in the inflammatory milieu analysis. Eleven of
the 14 patients with no history of KSHV-MCD also had complete
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Table 1. Patient characteristics

Characteristic PEL (n = 20) MCD (n = 19) HIV-DLBCL (n = 20)
Demographic characteristics
Age, median (range), y 44 (22-69) 43 (28-54) 39 (32-54)
Sex, male:female 19:1 17:2 18:2
Race, n (%)
White 9 (45) 9 (47) 17 (61)
Hispanic 4 (20) 2(11) 4 (14)
African American 5 (25) 4 (21) 6 (21)
African immigrant 2 (10) 4 (21) 1(4)
Clinical characteristics, n (%)
Kaposi sarcoma 15 (75) 9 (32 6 (30)
KSHV-MCD 6 (30) 19 (100) 14)
HIV viral load <100, copies/mL 9 (45) 14 (74) 3 (15)
Laboratory parameters, median (range)*
IgG, mg/dL 1990 (641-4900) 3125 (1680-6050) —
IgE, U/L 68 (<1-46 950) 397 (24-4360) —
Serum FLC k, mg/dL 8.7 (1.5-60) — —
Serum FLC \, mg/dL 6.7 (1.7-45) — —
Ferritin, pg/L 804 (87->4500) 1455 (154-52 256) —

—, clinical data not collected; FLC, free light chain.

*Laboratory parameters for patients with PEL includes only the 19 patients included in the inflammatory milieu analysis.

CRP and KSHV data available for analysis, and all met criteria
for KICS. Patients with PEL and patients with symptomatic
KSHV-MCD without PEL had similar laboratory and inflam-
matory cytokine profiles, with no significant differences or
strong trends toward differences in measured parameters.
Sensitivity analyses, which excluded the 5 patients with PEL
and concurrent KSHV-MCD, confirmed there were no differences
between PEL patients without KSHV-MCD and the comparison

patients with KSHV-MCD alone. By contrast, several clinical
laboratory parameters and cytokines were found to be signifi-
cantly different or with a strong trend toward difference between
patients with PEL and comparison patients with HIV-DLBCL
(Table 2). Despite a trend toward higher CD4* counts (P = .021),
patients with PEL had markedly elevated IL-10, hypoalbuminemia,
and thrombocytopenia (P < .0001, .0027, and .0045, respectively).
There were also strong trends toward differences between patients

Table 2. Clinical laboratory parameters and inflammatory cytokines in symptomatic PEL compared with KSHV-MCD

and HIV-DLBCL

Parameter PEL KSHV-MCD P HIV-DLBCL P

Clinical laboratory parameter, median (IQR)
CD4 cells/plL 127 (53, 389) 266 (186, 670) .041 52 (24, 193) .021
Hemoglobin, g/dL 9.2 (7.9,11.4) 9.9 (8.8, 11.7) 42 10.7 (9.4, 12.2) 12
Platelets X 1000/pL 106 (30, 247) 112 (49, 262) .58 229 (176, 310) .0045
Albumin, mg/dL 2.1 (1.6, 2.9) 2.7 (2.0, 3.0) 1 3.4 (2.6, 3.8) .0027
Sodium, mEg/L 133 (132, 140) 134 (130, 138) 71 134 (137, 140) .28

Inflammatory cytokines, median (IQR)
IFN-y, pg/mL 1.7 (2.7, 33) 3.8(2.2,11) 16 14.2 (5.2, 35) 71
IL-10, pg/mL 187 (111, 10K) 310 (47, 1824) 47 11.7 (2.0, 53) <.0001
IL-12p70, pg/mL 7(1.8,17.7) 4.6 (2.5, 12.3) 73 1.4 (0.4, 2.9) .0093
IL-1B, pg/mL 1.6 (0.6, 3.1) 1.1 (0.6, 1.9) .50 0.5(0.3,1.2) .019
IL-6, pg/mL 15.2 (7.4, 42) 18 (7.6, 52) .89 5.0 (2.9, 16) .047
IL-8, pg/mL 38 (25, 90) 39 (14, 111) 77 49 (28, 137) .57
TNF-a, pg/mL 25 (12, 44) 27 (18, 44) .75 25 (11, 35) .90
KSHV VL, copies/10¢ PBMC 28.6K (500, 116K) 20.7K (2250, 154K) .89 0 (0, 0) <.0001
EBV VL, copies/10¢ PBMC 1580 (35, 4333) 488 (1, 1692) .09 613 (1, 2769) .31

P values are comparisons between PEL and either KSHV-MCD or HIV-DLBCL according to Wilcoxon rank sum test. P < .005 is considered statistically significant; P < .05 is considered

a strong trend.

IQR, interquartile range; VL, viral load.
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Figure 2. Clinical laboratory parameters and inflammatory cytokines in symptomatic PEL compared with KSHV-MCD and HIV-DLBCL. Between-group comparison of
(A) log serum human IL-10 levels, (B) log KSHV viral loads, (C) albumin levels, and (D) platelet levels.

with PEL and HIV-DLBCL with respect to IL-1B, IL-6, and IL-12
(P=.019,.047, and .0093) (Figure 2). Sensitivity analysis restricted
to patients with PEL and HIV-DLBCL with uncontrolled HIV viremia
confirmed significant differences in IL-10 between the groups
(P = .0027) and a strong trend toward clinically meaningful dif-
ferences in hypoalbuminemia (P = .01) and thrombocytopenia
(P = .05). PBMC-KSHYV viral load was markedly elevated in PEL at
levels comparable to that seen in KSHV-MCD. Three (15%) pa-
tients with HIV-DLBCL were KSHV seropositive, and only 1 pa-
tient had a detectable KSHV viral load. EBV viral load in PEL was
comparable to that in KSHV-MCD and HIV-DLBCL, with no sig-
nificant difference between groups.

Curative-intent treatment in patients with PEL
Nineteen patients with PEL received modified EPOCH; the
median number of cycles was 6. In addition to receiving EPOCH,

PROGNOSTIC FACTORS IN PEL

15 patients (80%) received rituximab, 9 (47%) received bevacizumab,
and 3 (16%) received methotrexate. Six patients (32%) had
previously received liposomal doxorubicin. All received ART,
and in 8 patients (42%), this therapy included a protease inhibitor.
Ten patients (53%) had a complete response to treatment.

Overall survival and factors associated with death
Median overall survival was 22 months, and 3-year cancer-specific
survival was 47% (Figure 3). Baseline factors associated with
inferior survival in univariate analysis were elevated serum IL-6
(P=.013),IL-10 (P = .041), and IgE (P = .019) levels (Table 3). Elevated
ferritin (P = .054) and thrombocytopenia (P = .10) exhibited
a tendency toward association with cancer-specific survival. In
addition, median overall survival for EBER-positive and EBER-
negative PEL cases was significantly different (P = .029). Median
overall survival for EBER-positive cases was not reached, with

€ blood® 18 APRIL 2019 | VOLUME 133, NUMBER 16 1757

20z aunr g0 uo 3senb Aq Jpd'6E£E€68PO0IA/EGLESSL/ESL L/9L/EE L/Pd-BloIE/POOIqABU SUOlEDIIgNdYSE//:dY WOy papeojumog



A
Survival
100 4
75
[<5]
=
=
E 50 N 1 1 Ll Ll l
5]
S
25 |
0 A T T T T T T T T T T T T
0 1 2 3 4 5 6 7 8 9 10 M
Years
Cc
Survival by Interleukin-6
100 4
75 | L L L L LL J
med 7.4 ng/mL (1.7 - 14.9)
2
=
e 504 p = 0.01
3
s
25 |
0 med 29 ng/mL (15.2 - 90.7)
0 1 2 3 4 5 6 7 8 9 10 M
Years

B
Survival by Tumor EBER Status
100 A
75 1
g L L Ll Ll l
= EBER+
= 50
bt
o p=0.03
25 1
EBER-
0 A T T T T T T T T T T T T
0 1 2 3 4 5 6 7 8 9 10 M1
Years
D
Survival by Interleukin-10
100 A
75 1
g L L L LL l
= med 111 ng/mL (8.3 - 153)
= 50 1 p =0.04
S
&
25 1 ! 1
med 8727 ng/mL (187 - >10,000)
0
0 1 2 3 4 5 6 7 8 9 10 11
Years

Figure 3. Cancer-specific survival in primary effusion lymphoma. (A) Cancer-specific survival in entire cohort, (B) according to tumor EBER status, (C) according to serum
IL-6 above or below the median, and (D) according to serum IL-10 above or below the median. P values from 2-sided log-rank test. med, median.

a 3-year cancer-specific survival of 64%, whereas median overall
survival in EBER-negative PEL was 10.4 months, with no patients
alive at 3 years (Figure 3).

There were strong correlations among a number of inflammatory
biomarkers in the patients with PEL (Table 4). IL-10 was mod-
erately or strongly correlated with IL-6 and IFN-y (r = 0.60, 0.76;
P = .008 and .0002, respectively), and ferritin and platelets had
a strong negative correlation (r = -0.82; P = .0002). Moderately
strong correlations between IL-6 and ferritin (r = 0.59; P = .02),
IL-10 and IgE (r = 0.54; P = .04), and KSHV and EBV viral load
(r = 0.58; P = .009) were observed.

In Cox analyses with backward elimination starting with the
significant factors observed in univariate analysis, IgE level was
the strongest predictor of survival. Because of the uncertain
significance of IgE in disease pathogenesis, 2 additional Cox
models were created, both excluding IgE. In one, using back-
ward elimination, EBER positivity was associated with signifi-
cantly decreased risk of death (hazard ratio, 0.27; 95% ClI,
0.076-0.93; P = .038), and in the other, using stepwise elimi-
nation, elevated IL-6 levels were associated with worse prognosis
(hazard ratio, 6.12; 95% Cl, 1.27-29.5; P = .024). Common clinical
parameters such as hemoglobin, albumin, CRP, serum free light
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chains, lactate dehydrogenase, CD4" count, HIV viremia, and
treatment-related factors, as well as IL-8, TNF-a, IFN-y, and
KSHV and EBV viral loads, were not associated with overall
survival (all P > .15). There was no significant difference in
overall survival between patients with PEL and with and without
KSHV-MCD (P = .39).

Discussion

Several important novel observations were noted in this study of
59 patients with HIV-associated lymphoproliferative disorders.
First, there was significant clinical overlap between PEL, KSHV-
MCD, and KICS. All patients with PEL with complete data had
either concurrent KSHV-MCD or met working criteria for KICS.
There were no significant differences in laboratory parameters
or inflammatory cytokines between patients with PEL and symp-
tomatic KSHV-MCD patients without PEL. Furthermore, patients
with PEL with higher levels of inflammatory factors had a worse
prognosis. Unexplained hypoalbuminemia and thrombocyto-
penia in HIV-infected patients with suspected lymphoma should
raise the index of suspicion for PEL. We also noted that PEL
in HIV occurs at a broader range of CD4* T-cell counts than
previously appreciated and can occur in the setting of effective
HIV suppression. However, despite having higher CD4* T-cell
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Table 3. Univariate log-rank test analysis of factors
associated with survival in 19 patients with PEL treated
with modified EPOCH

Variable P

Platelets (above vs below median) .10
Hemoglobin (above vs below median) 24
Albumin (above vs below median) .64
CRP (above vs below median) .99
Ferritin (above vs below median) .054
Lactate dehydrogenase (above vs below median) 15
IgG (above vs below median) 21
IgE (above vs below median) .019
k FLC (above vs below median) .87
A FLC (above vs below median) .87
CD4* (above vs below median) .82
HIV <100 copies/mL 71
KSHV viral load (above vs below median) 51
Tumor EBV status .029
Clinical Kaposi sarcoma .61
KSHV-MCD .39
Previous doxorubicin/liposomal doxorubicin .63
Rituximab with therapy 21
Bevacizumab .84
High-dose methotrexate .54
Protease inhibitor-based antiretroviral regimen .30
IL-6 (above vs below median) .013
IL-8 (above vs below median) .60
IL-10 (above vs below median) 041
INF-y (above vs below median) 37
TNF-a (above vs below median) .26

counts than the patients with HIV-DLBCL, patients with PEL
had markedly elevated serum IL-10 levels and KSHV viral
loads. By contrast, an elevated KSHV viral load was rarely
detected in patients with HIV-DLBCL, even in KSHV-seropositive
patients. KSHV viral load, therefore, may be helpful in the
diagnostic evaluation of HIV-infected patients with suspected
lymphoma. Overall, our findings show that cytokine dysreg-
ulation characterizes the unique pathogenesis, symptom
profile, and natural history of PEL that distinguishes it from
HIV-DLBCL. Our findings also identify for the first time that
biomarkers of immune dysregulation are prognostic in patients
with PEL.

PROGNOSTIC FACTORS IN PEL

KSHV-encoded oncogenes such as vilL-6 or viral homolog of
the Fas-associated death domain-like IL-1-B-converting en-
zyme inhibitory protein (vFLIP) from PEL cells or other KSHV
cellular reservoirs may contribute to pathogenesis.'? Previous
research has shown that KSHV vIL-6 contributes to the path-
ogenesis of PEL, KSHV-MCD, and KICS and may be detected
in effusions or serum in patients with these diseases.!'817
Transgenic mice with inducible vFLIP expression develop el-
evated IL-6, IL-10, and INF-y levels, as observed in PEL, KSHV-
MCD, and KICS.2° Lastly, PEL cells themselves may be a major
source of IL-10, which is an autocrine growth factor in cell
culture.’ Preclinical data suggest that KSHV may induce IL-10
expression through binding of the promoter region of the
human IL-10 gene via KSHV replication and transcription factor
in cooperation with host cellular transcription factors, and
KSHV-encoded microRNA may induce secretion of IL-6 and
IL-10 by macrophages and monocytes.?'?? Interestingly, EBV
also encodes a viral homolog of IL-10 whose role in PEL is
unknown.?3

HyperFerritinemia, elevated IgE, and human cytokine profiles
seen here in patients with PEL are associated with dysregulated
cytokine activation (IL-10, IL-6, and IgE), KSHV replication, and
macrophage activation syndromes (hyperferritinemia, throm-
bocytopenia, IFN-y, IL-6, and IL-10). These findings suggest that
abnormalities in both innate and acquired immunity are common
in PEL and contribute to pathogenesis.’>?* Targeting cytokine
dysregulation may have a role in future treatment approaches in
PEL. In the treatment of KSHV-MCD, rituximab leads to rapid
decreases in IL-6 and IL-10 levels, and this outcome was the
rationale for its use in the treatment of patients with PEL in this
series, despite PEL being a CD20- lymphoma. In PEL, rituximab
was hypothesized to deplete the KSHV-infected B-cell reservoir
and treat concurrent KSHV-MCD, which was present in 30% of
the patients with PEL in this series. We are currently studying its
use in PEL prospectively.

Another important and unexpected finding is that EBV status of
the tumor is prognostic in PEL, with EBV positivity associated
with improved survival. This finding is in contrast to HIV-DLBCL
in which EBV positivity is associated with worse survival, sug-
gesting that EBV plays different roles in the pathogenesis of PEL
and HIV-DLBCL.?* Gene expression profiling in PEL effusions
has shown that expression of cell cycle and signal transduction
regulators differ between EBV-positive and EBV-negative tumors,
suggesting they have distinct biologic features.2¢

To our knowledge, this study is the largest single-center cohort
of patients with PEL treated with modified EPOCH backbone
therapy in the combined ART era in the United States. A po-
tential limitation was referral bias, as some of the cases had
delayed diagnosis or treatment, which may have affected the
patients with PEL, KSHV-MCD, and HIV-DLBCL differently.
However, all PEL and HIV-DLBCL cases were stage Il or IV, and
significant differences in cytokine profile were still noted be-
tween the 2 groups. In addition, a greater proportion of HIV-
DLBCL cases had uncontrolled HIV, and conclusions regarding
relative CD4* T-cell counts are therefore not generalizable in the
ART era. Previous studies have shown that HIV viremia and CD4*
lymphocytopenia tend to lead to increased inflammatory cyto-
kines and worse cytopenias than when HIV viremia is controlled.
These significant differences in inflammatory cytokines and
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Table 4. Spearman correlation coefficients between immunologic and virologic parameters

KSHV VL — 0.58 0.10 0.25 0.32 —0.31 0.42 0.40
EBV VL 0.58 — 0.08 0.30 0.25 -0.23 0.23 0.22
IL-6 0.10 0.08 — 0.60 0.40 -0.32 0.59 0.45
IL-10 0.25 0.30 0.60 — 0.76 —0.52 0.51 0.54
IFN-y 0.32 0.25 0.40 0.76 — —0.40 0.35 0.47
Platelets -0.31 -0.23 -0.32 —0.52 —0.40 — -0.82 -0.19
Ferritin 0.42 0.23 0.59 0.51 0.35 —0.82 — 0.11
IgE 0.40 0.22 0.45 0.54 0.47 -0.19 0.11 —

clinical features, despite potential confounding of HIV and CD4*
T-cell counts, suggest that the distinct clinical presentation of
PEL is largely a consequence of KSHV-associated pathogen-
esis rather than a sequela of untreated HIV.'? These findings
are further supported by the lack of observed differences
between PEL and KSHV-MCD in these same clinical, immu-
nologic, and viral parameters.?”-?® Lastly, our sample size was
able to identify PEL-associated prognostic factors with strong
effect sizes. Larger studies are needed to identify additional
factors and for comparisons with other rarer HIV-associated
lymphoma subtypes.

Importantly, the present study provides further evidence that
PEL should be approached with curative intent. In our series,
modified EPOCH resulted in 3-year cancer-specific survival
of 47%. No patient who survived 2 years after the diagnosis
of PEL has subsequently died of PEL. Despite improvement
over previously reported outcomes, the addition of agents
targeting KSHV-driven oncogenesis would likely further im-
prove survival.?? Lenalidomide, a drug with multiple immune
modulatory targets, including KSHV-driven IFN response
factor 4 upregulation, has been shown to be cytotoxic in PEL
tumor lines and reverse KSHV-induced downregulation of major
histocompatibility complex-1, B7-2 and ICAM-1.2020-32 A clinical
study of lenalidomide combined with EPOCH and rituximab
in patients with PEL is currently evaluating this approach
#NCT02911142).
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