International Journal of Hematology (2023) 117:769-773
https://doi.org/10.1007/512185-022-03499-2

CASE REPORT

=

Check for
updates

Development of Epstein—Barr virus-associated lymphoproliferative
disorder and hemophagocytic lymphohistiocytosis during long-term
lenalidomide maintenance therapy in multiple myeloma
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Abstract

Reactivation of Epstein—Barr virus (EBV) has been considered a very rare event among patients on immunomodulatory
drugs (IMiDs) such as lenalidomide, and an association between the two has not well been recognized. We have recently
experienced a rare case of multiple myeloma in which the patient had suffered EBV reactivation during long-term lenalido-
mide maintenance therapy. The patient subsequently developed EBV-associated lymphoproliferative disease (LPD) as well
as EBV-associated hemophagocytic lymphohistiocytosis (EBV-HLH), which was fatal despite intensive treatment. Although
rare, clinicians should be aware that such fatal EBV reactivation could occur as a minor yet critical complication of long-term
maintenance therapy with IMiDs in multiple myeloma patients. Regular monitoring and early detection of EBV reactivation
would be beneficial for these patients, so that proper diagnostic examinations can be initiated without delay.
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Introduction

Epstein—Barr virus (EBV) is one of the most prevalent
viruses among humans, and approximately 90 to 95 per-
cent of adults are EBV antibody seropositive [1]. Like other
members of the herpesvirus family, EBV has a latency phase.
However, unlike other herpesvirus, the principal human host
cells for EBV are limited to B lymphocytes, T lymphocytes,
NK cells, epithelial cells and myocytes. Chronic infection
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of EBV could sometimes transform these cells and develop
various epithelial cell or hematological malignancies, espe-
cially among patients with immunosuppressive conditions
[2]. Studies show that initial infection followed by lytic EBV
replication and latent EBV infection could both contribute
to the malignant transformation of the EBV-infected cells
[3]. Interestingly, immunomodulatory drugs (IMiDs) such
as lenalidomide have been shown to promote reactivation
of EBV lytic replication in mammalian cells in vitro [4].
Under the presence of lenalidomide, substrate selectivity of
cereblon, the key molecule that mediates protein degradation
via the ubiquitin—proteasome systems, is directed toward a
limited number of targets including transcription factors
such as Ikaros (IKZF1) and Aiolos (IKZF3) [5]. Because
Ikaros has been known as an indirect repressor of genes that
are required for the activation of EBV [6], degradation of
such transcription factor by lenalidomide treatment could
lead to the reactivation of EBV in mammalian cells. Despite
these findings from basic biological experiments, the devel-
opment of EBV reactivation is very rare among patients on
IMiDs treatment, and thus the association of lenalidomide
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use and EBV reactivation has not been well-recognized in
clinical settings.

We have recently experienced a rare case of multiple mye-
loma who had suffered EBV reactivation during the long-
term maintenance therapy with lenalidomide for 4 years. The
patient subsequently developed EBV-associated lymphopro-
liferative disease (EBV-LPD) as well as hemophagocytic
lymphohistiocytosis (HLH), which was fatal despite inten-
sive treatment. Although rare, reactivation of EBV could
occur in patients with multiple myeloma under long-term
IMiDs treatment. Periodical monitoring and early detection
of EBV reactivation could be beneficial for such patients to
initiate proper diagnostic examinations without delay.

Case description

A 75-year-old Japanese male with a 4-year history of non-
secretary multiple myeloma (international staging system
I, international staging system-revised II), presented with
malaise and periodical fever during the 45th course of the
lenalidomide maintenance therapy. The patient had been in a
stringent complete response after three courses of induction
chemotherapy of bortezomib, lenalidomide, and dexameth-
asone (VRd), followed by autologous hematopoietic stem
cell transplantation and lenalidomide maintenance therapy.
During the initial workup, mild pancytopenia (white blood
cell (WBC) count: 1500/uL, hemoglobin level: 118 g/L,
platelet count: 1.3 10%/uL) and inflammation (C-reactive

Fig. 1 Development of EBV—
LPD and EBV-HLH follow-
ing long-term lenalidomide
treatment for multiple myeloma.
A PET-CT showed increased
uptake of FDG in multiple
lymph nodes, pituitary gland,
liver, and spleen (SUV max:
20.5). B, C Analysis of the
bone marrow aspiration showed
hypocellular bone marrow

with significant proliferation

of phagocyting macrophages
indicated by arrowheads (B)
and infiltration of a few large
lymphoid cells with basophilic
cytoplasm indicated by arrows
©
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protein (CRP): 1.2 x 10* ug/L) were noted. Positron emission
tomography combined with computed tomography (PET-
CT) showed significantly increased uptake of fluorodeoxy-
glucose (FDG) in the multiple lymph nodes systemically,
as well as in the pituitary gland, the liver, and the spleen
(Fig. 1A, B; Day 0 in Fig. 2). Extramedullary plasmacytoma
or lymphoproliferative disease (LPD) was suspected, and the
fine-needle aspiration biopsy (FNA/FNB) was performed.
The biopsied lymph node did not contain enough B cells to
examine their clonality by southern blotting or flow cytom-
etry. After a 1-month follow-up in the outpatient department,
the patient was admitted to the hospital for further investi-
gations (1st admission in Fig. 2). Besides persistent fever
above 38 C, the elevation of CRP to 1.3 x 10° pg/L, liver
dysfunction (aspartate aminotransferase (AST) 122 TU/L,
alanine aminotransferase (ALT) 103 IU/L, lactate dehy-
drogenase (LDH) 381 TU/L, y-glutamyl transpeptidase
(y-GTP) 462 TU/L, alkaline phosphatase (ALP) 279 IU/L,
total bilirubin 29.1 umol/L), and progressive pancytopenia
(WBC counts of 1000/uL, a hemoglobin level of 94 g/L,
platelet counts of 4.7 x 10%/uL) were noted. Results of physi-
cal examination and systemic imaging study with CT scan
were negative for active bacterial or fungal infections. Nota-
bly, the serological antibody test for EBV resulted positive
for VCA (virus capsid antigen)-IgG (320 X) and EA (early
antigen)-IgG (80 %), while negative for EBNA (EBV nuclear
antibody)-IgG. Purification of viral nucleic acids was per-
formed using the QIA symphony DSP Virus/Pathogen Mini
Kit version 1 (Qiagen). TagMan gene expression assay of
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Fig.2 The clinical course of
the case. The patient developed
EBV-associated lymphoprolif-
erative disease (LPD) as well
as EBV-associated hemophago-
cytic lymphohistiocytosis
(EBV-HLH) after 4 years of
lenalidomide maintenance
therapy for multiple myeloma.
Despite intensive treatment
including HLH-2004 regimen,
pancytopenia and immunosup-
pression did not improve and
proved lethal. ALT aspartate
alanine transferase, BMA/B
bone marrow aspiration/biopsy,
EBV-DNA EB virus deoxyribo-
nucleic acid, G-CSF granulo-
cyte colony-stimulating factor,
HLH hemophagocytic lympho-
histiocytosis, PET-CT positron
emission tomography-computed
tomography, Plt platelets, CRP
C-reactive protein, WBC white
blood cells

EBV-DNA was carried out using the TaqPath qPCR Master
Mix, CG (Applied Biosystems). The reaction was carried out
for 50 cycles of two-step PCR (denaturation at 94 °C for 15s,
and annealing/extension at 60 °C for 60 s). The fluorescence
intensity was analyzed by the QuantStudio 12 K Flex Real-
Time PCR System (Applied Biosystems). The whole blood
EBV-DNA level was elevated to 900 copies/mL, indicating
the reactivation of EBV infection. The symptoms gradu-
ally improved with supportive care and termination of the
lenalidomide maintenance therapy for multiple myeloma,
and the patient was discharged (Discharge in Fig. 2). Within
1 month after the discharge, the patient was readmitted to
the hospital because of the aggravation of malaise and fever
(2nd Admission in Fig. 2). Complete blood counts showed
recurrence of prominent pancytopenia with decreased WBC
counts of 700/uL (Neutrophil 500/uL), a hemoglobin level
of 111 g/L, and platelet counts of 5.9 x 10*/uL. Elevations
of the serum CRP level to 1.1x 10° pg/L, the serum fer-
ritin level to 5.1 x 10° ng/mL, and soluble interleukin-2
receptor levels to 1.4 x 10 U/mL were observed. Persistent
liver dysfunction (AST 115 IU/L, ALT 116 1U/L, LDH
377 IU/L, y-GTP 913 TU/L, ALP 673 TU/L) with hyperbili-
rubinemia (total bilirubin 90.6 umol/L, and direct bilirubin
57 umol/L) was noted as well. Laboratory data at 3 months
before the 1st admission, at the 1st and 2nd admission is
shown in Supplemental Table 1. Imaging studies with CT
scan showed hepatosplenomegaly, bilateral pleural effusion
and ascites. In addition, the serum EBV-DNA level was
significantly increased to 9.0x 10° copies/mL. To exam-
ine the cell-lineage-specific infection of EBV, we sorted
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the hematopoietic cells into five lineages— CD19 + B cells,
CD4 + T-cells, CD8 + T-cells, CD56 + NK cells and other
cells—and extracted genomic DNA from each of the line-
ages. Quantification of the levels of EBV genomic DNA
by the polymerase chain reaction (PCR) analysis showed
specific amplification exclusively from the CD19 + B cells
(1.1 x 103 copies/pg DNA). Together with proliferated
EBV-positive B cells, multiple lymph node enlargement
with active FDG incorporation by PET-CT, and increased
levels of serum EBV-DNA, the present case was clinically
diagnosed as EBV-LPD. Analysis of the bone marrow
aspiration showed hypocellular bone marrow with a signifi-
cant proliferation of phagocyting macrophages, as well as
emergence of a few large lymphoid cells with basophilic
cytoplasm (Fig. 1C, D). Considering the persistent pancy-
topenia, elevated ferritin level of 17,484 ng/mL, and hyper-
triglyceridemia of 3.7 mmol/L, the patient was also diag-
nosed as HLH based on HLH-2004 diagnostic criteria [7],
in addition to EBV-LPD. With a hope to ameliorate severe
pancytopenia, the patient immediately underwent HLH-2004
regimen, which includes continuous use of cyclosporine and
dexamethasone with periodical use of etoposide [8]. The
pancytopenia and immunosuppression, however, rapidly
progressed despite intensive therapy, and the patient suc-
cumbed to death due to invasive pulmonary aspergillosis
and multi-organ dysfunction on Day 25 of the HLH-2004
regimen. The autopsy has confirmed that the resolution of
multiple lymph node enlargement followed by replacement
with scarring fibrosis, indicating that the EBV-infected
lymphocytes have been eradicated after administration of
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intensive HLH-2004 chemotherapy. The clinical course of
the patient is summarized in Fig. 2.

Discussion

EBV-LPD is a life-threatening complication in patients
under immunosuppressive conditions. Because the immu-
nodeficiency often disrupts the normal balance between
latency infected B-cell proliferation and the EBV-specific
T-cell response, the EBV-positive B cells outgrow and
may develop into LPD [9]. Iatrogenic immunodeficiency
is often induced by methotrexate and other well-known
immunosuppressive medications in patients with autoim-
mune disease or post-organ transplant. Spontaneous devel-
opment of EBV-LPD has repeatedly been documented in
these immunocompromised patients [10]. Of note, novel
agents with immunomodulatory effects have recently been
shown to induce such chronic immunodeficiency and lym-
phoproliferative diseases [11, 12]. Lenalidomide, a deriva-
tive of thalidomide, is a potent anti-myeloma agent as well
as a representative immunomodulatory drug. Although the
present case might be the first and only report describing
the clear association of lenalidomide use and EBV-LPD
development, reactivation of EBV was seen in one out of
the 30 patients with multiple myeloma under lenalidomide
maintenance therapy in the HOVON76 Trial, and EBV-LPD
was observed in one Japanese patient out of 96 East Asian
patients after administration of a combination therapy of
daratumumab, lenalidomide, and dexamethasone, which
resulted in discontinuation of the therapy in the POLLUX
study, both of which were regarded as an unrelated adverse
event at that time [13, 14]. In clinical settings, it is difficult to
tell replication of EBV, a condition that infectious virion is
actively produced during lytic replication, from proliferation
of EBV-infected B cells stimulated by latent EBV proteins.
Based on the finding of high levels of serum VCA-IgG in
the present patient, we speculate that reactivation of EBV is
more likely in this case [15]. Considering the present case
and the results from HOVONT76 trial and POLLUX study,
potential association of LPD development and IMiDs use
is suspected, and its incidence might have been underesti-
mated, which should be further investigated in future studies.

Besides developing EBV-LPD after long-term lena-
lidomide use, the present case progressed to HLH, which
is usually a non-neoplastic, benign process with prominent
but self-limited hemophagocytosis. In contrast, HLH is
an often fatal, progressive condition with uncontrollable
hemophagocytosis. The present case reminds hematologists
in practice that reactivation of EBV could happen in patients
under long-term IMiDs treatment, and periodical monitoring
and early detection of EBV reactivation are critical in such
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patients to initiate proper management of this potentially
fatal condition.

Supplementary Information The online version contains supplemen-
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