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Chronic active Epstein-Barr virus infection (CAEBV) is one of the Epstein-Barr

virus (EBV)-positive T- or NK-lymphoproliferative diseases. It is considered rare and

geographically limited to Japan and East Asia. However, CAEBV is drawing international

attention, and the number of case reported worldwide is increasing, after its classification

in the EBV-positive T- or NK-cell neoplasms, in the 2016 WHO classification. In this

article, I review current advances in the study of CAEBV under the new definition and

show future directions. In CAEBV, EBV-infected T or NK cells clonally proliferate and

infiltrate multiple organs, leading to their failure. These characteristics define CAEBV as

a lymphoid neoplasm. However, the main symptom of CAEBV is inflammation. Recently,

the mechanisms underlying the development of CAEBV have gradually become clearer.

EBV infection of T or NK cells can occur during the acute phase of primary infection

with a high EBV load in the peripheral blood. In addition, it was reported that cytotoxic T

cells decreased in numbers or showed dysfunction in CAEBV. These findings suggest

that undetermined immunosuppressive disorders may underlie persistent infection of

T or NK cells. Furthermore, EBV itself contributes to the survival of host cells. In vitro

EBV infection of T cells induced intercellular survival-promoting pathways. Constitutive

activation of NF-kB and STAT3 was observed in EBV-positive T or NK cells in CAEBV,

promoting not only cell survival but also CAEBV development. During the disease

course, CAEBV can lead to two lethal conditions: hemophagocytic lymphohistiocytosis

and chemotherapy-resistant lymphoma. It is necessary to start treatment before these

conditions develop. At present, the only effective treatment strategy for eradicating

EBV-infected T or NK cells is allogeneic stem cell transplantation (allo-HSCT). However,

patients with an active disease, in which the condition is accompanied by fever,

liver dysfunction, progressive skin lesions, vasculitis, or uveitis, had worse outcomes

after allo-HSCT, than patients with an inactive disease had. Unfortunately, current

chemotherapies are insufficient to improve the activity of CAEBV. Based on the molecular

mechanisms for the development of the disease, the NF-kB, or JAK/STAT mediating

pathways are attractive candidate targets for new treatments.
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Arai CAEBV Under 2016 WHO Classification

INTRODUCTION

Epstein-Barr virus (EBV) is a ubiquitous double-stranded DNA
virus, categorized under the human herpes virus family. The
virus was discovered in 1964 in cells affected by endemic Burkitt
lymphoma (1). Once EBV infects human beings, it cannot be
eradicated and latently infects B cells throughout the lifespan.
EBV immortalizes infected B cells and can be a cause of B-
cell neoplasms under immunocompromised conditions, which
can promote the proliferation of EBV-infected B cells. The vast
majority of immunodeficiency-associated lymphoproliferative
disorders are classified into these categories.

B cells are not the only targets of EBV. Epithelial cells
may also test positive for the EBV genome, leading to the
development of nasopharyngeal cell carcinoma. Furthermore, the
EBV genome is also positive in T- or NK-lymphoid neoplasms.
Chronic active EBV infection is one of the EBV-positive T-
or NK-lymphoproliferative diseases (EBV-T/NK-LPDs). It was
originally reported in Western countries but has been primarily
reported and studied in Japan and neighboring countries. In
2016, CAEBV was classified under EBV-positive T- or NK-
cell neoplasms in the revised WHO classification of tumors of
hematopoietic and lymphoid tissues (2). Since then, CAEBV has
been drawing international attention, and the number of case
reports on the topic is increasing worldwide. Although CAEBV
can be lethal, some patients have recently achieved long-term
survival by allogeneic hematopoietic stem cell transplantation
(allo-HSCT). Furthermore, the mechanisms by which EBV
infects T or NK cells in the small number of patients who develop
CAEBV are currently being clarified. In this review, I describe the
current status of CAEBV based on its new definition, focusing on
the mechanisms underlying its development, the diagnostic and
therapeutic procedures for the disease and future directions.

HISTORY OF CAEBV AND ITS RELATED
DISORDERS

To the best of my knowledge, the first report of suspected CAEBV
was in the U.S. in 1948 (3), documenting 53 cases with fever and
splenomegaly “from 3 months to longer than 4 years after the
initial attack” as chronic infectious mononucleosis (IM). Three
of the patients developed “lymphoblastoma.” Subsequently, other
researchers reported similar cases (4). They considered the
disease to be sustained IM and named it CAEBV. However, this
disease was not equivalent to sustained IM. In 1988, Jones and
colleagues reported that EBV-infected and clonally proliferating
T cells were detected in CAEBV (5). Similar reports followed,
mainly from Japan and East Asia. These reports indicated that
EBV-positive NK cells were also detected in CAEBV. After the
1980s, it was confirmed that CAEBV was a progressive disease
and that EBV-infected cells infiltrate multiple organs, leading to
their dysfunction. Furthermore, conditions with characteristic
skin lesions, such as severe mosquito bite allergy (sMBA) or
hydroa vacciniforme (HV), have EBV-infected T or NK cells
and show disease courses similar to that of CAEBV. In 2005,
Okano et.al suggested the first diagnostic guidelines for CAEBV:

persistent and recurrent IM-like symptoms; an unusual pattern of
anti-EBV antibodies, with raised levels of anti-VCA and anti-EA;
detection of increased EBV genomes in affected tissues, including
the peripheral blood (PB); and chronic illness that cannot be
explained by other known disease processes at diagnosis (6). It
also mentioned that hemophagocytic lymphohistiocytosis (HLH)
or LPD/lymphoma originated from the T- or NK-cell lineage,
often developed during the disease course. It should be noted
that the guidelines clearly defined CAEBV as a disease distinct
from known immunosuppressive conditions. Three years later,
Ohshima and colleagues reported that CAEBV patients showed
clonal evolution of the infected cells and eventually developed
T- or NK-cell lymphoma or leukemia from the viewpoint of
pathologist (7). They suggested multistage lymphomagenesis
of EBV-T/NK-LPDs. Subsequently, the WHO classification of
tumors of hematopoietic and lymphoid tissues, which was
revised in 2008, first described CAEBV as a systemic EBV-T-
LPD of childhood (8). This was a major event that identified
CAEBV as a neoplastic disorder. However, the classification
had some issues. First, CAEBV with an EBV-infected NK-
cell type was not described. Second, the term childhood
reminds us that the disease is a pediatric disorder. Kimura
and colleagues performed a prospective assay of 108 patients
with EBV-T/NK-LPDs, which was accompanied by sustained
inflammation with the EBV infection of T or NK cells (9).
They categorized these disorders into 4 subtypes: CAEBV, sMBA,
HV-like lymphoproliferative disorder (HV-LPD), and EBV-
associated hemophagocytic lymphohistiocytosis (EBV-HLH). In
the report, CAEBV was described as a disease harboring systemic
inflammation, and sMBA and HV-LPD were defined as diseases
with lesions limited to the skin. According to these studies, the
new WHO classification revised in 2016 defined CAEBV as an
EBV-T/NK-LPD (2). In Japan, the research group, Measures
against Intractable Diseases by the Ministry of Health, Labor
and Welfare of Japan, suggested that the diagnostic criteria for
CAEBV with EBV infection of T- or NK cells be added to
Okano’s guidelines (Table 1). The criteriamatched the newWHO
classification.

Cohen and colleagues, an American research group, reported
19 patients with CAEBV in the U.S (10). The types and
frequencies of EBV-infected cells were as follows: T or NK cells,
4, B cells 11, T cells 3, and NK cells 1. Thus, the majority had B-
cell type. Interestingly, most patients with B-cell type also had
hypogammaglobulinemia prior to B-cell suppressing therapy,
such as rituximab or cytotoxic reagents, whereas T- or NK-cell
type patients did not. Thus, B-cell type CAEBVmay be a different
disorder from T- or NK-cell type CAEBV.

EPIDEMIOLOGY OF CAEBV

The rate of the onset of CAEBV in Japan was 23.8/year, according
to the annual report of the research group of Measures against
Intractable Diseases by theMinistry of Health, Labor andWelfare
of Japan. CAEBV had been considered a childhood disease,
as mentioned previously. However, as shown in Figure 1, the
Japanese nationwide CAEBV survey showed that more than
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TABLE 1 | Diagnostic criteria of Chronic active Epstein-Barr virus infection.

(1) Sustained or recurrent IM-like symptoms persist for more than 3 months

(2) Elevated EBV genome load in the peripheral blood (PB) or the tissue

lesion

(3) EBV infection of T or NK cells in the affected tissues or the PB

(4) Exclusion of other possible diagnoses: primary infection of EBV

(infectious mononucleosis), autoimmune diseases, congenital

immunodeficiencies, HIV, and other immunodeficiencies requiring

immunosuppressive therapies or underlying diseases with potential

immunosuppression

Patients who fulfilled criteria (1–4) were diagnosed with CAEBV.

(1) IM-like symptoms generally include fever, swelling of lymph nodes,

and hepatosplenomegaly; additional complications include hematological,

gastroenterological , neurological, pulmonary, ocular, dermal, and/or cardiovascular

disorders (including aneurysm and valvular disease), which have mostly been reported

in patients with IM. EBV-HLH accompanied by primary infection of EBV and HV, whose

symptoms are limited to those in the skin, should be excluded. Even if EBV-HLH or

EBV-positive T- or NK-cell lymphoma/leukemia develops during the disease course, the

original diagnosis of CAEBV does not change.

(2) A standard for elevated EBV DNA load by quantitative PCR in the PB is more than

102.5 copies/µg DNA.

(3) For detection of EBV-infected cells, it is recommended to perform a combination

analysis of detecting the phenotypes of the infected cells (immune fluorescent staining,

immune histological staining, magnetic bead sorting) and detecting EBV (EBNA staining,

EBV-encoded small RNA in situ hybridization, PCR for EBV DNA).

(4) Patients who were diagnosed with congenital immune deficiencies, autoimmune

diseases, collagen diseases; patients who were pathologically diagnosed with malignant

lymphomas [Hodgkin lymphoma; extranodal NK/T-cell lymphoma, nasal type (ENKL);

angioimmunoblastic T-cell lymphoma; peripheral T-cell lymphoma (PTCL); aggressive

NK-cell leukemia (ANKL)]; and patients who were diagnosed with an iatrogenic

immunosuppressive condition, either concurrently or prior to CAEBV diagnosis, were

also excluded from CAEBV.

half of the patients were adults. Several reports indicated that
the prognosis of adult-onset patients was poorer than that of
childhood-onset patients, suggesting that adults and children
might have different disorders (9, 11, 12). In addition, most
cases to date have been reported in Japan and East Asia. Some
investigators have suggested that there are genetic issues in the
development of CAEBV (13). However, there has been little
evidence to support this hypothesis. Further studies with a large
number of patients are necessary to determine the detailed
epidemiology of CAEBV.

CLINICAL FEATURES OF CAEBV

CAEBV has two characteristics: systemic inflammation and
neoplastic disease. In CAEBV, EBV-infected T or NK cells
clonally proliferate and infiltrate systemic organs, leading to
their failure. These characteristics define CAEBV as a lymphoid
neoplasm. However, CAEBV rarely has solid tumors. In fact,
the main clinical finding of CAEBV is inflammation. According
to Kimura’s report, major clinical findings of CAEBV were
fever, liver dysfunction, thrombocytopenia, anemia, and their
incidences were 91, 77, 59, 44, and 43%, respectively (9).
Furthermore, CAEBV causes vasculitis due to the direct invasion
of the infected cells, as well as an immune reaction caused by
activation of the cells. Every organ can be a target. Vasculitis
can lead to the development of vascular aneurysms, ischemic

FIGURE 1 | Distribution of age at diagnosis of CAEBV patients. Patient data

were collected by means of a nationwide survey of the Japanese study group

of the Japan Agency for Medical Research and Development, AMED. Patients

had been newly diagnosed with CAEBV between January 2003 and March

2016.

organ damage and uveitis. As a result, patients with CAEBV can
visit any hospital department. Every clinician should be aware
of CAEBV and consider it a differential diagnosis in cases of
sustained inflammation of unknown origin.

Two skin conditions are well-known CAEBV-related
disorders. sMBA is characterized by local skin inflammation
followed by high fever, lymphadenopathy and liver dysfunction
following the bites of Aedes (Stegomyia) albopictus—also known
as the Asian tiger mosquito. The puncture sites ulcerate, and
although they can be cured within amonth, they often leave scars.
sMBA occurs due to the hyperreactive response of the patients’
lymphocytes to the mosquito’s saliva (14). In 1997, Ishihara
et al. detected a monoclonal proliferation of EBV-positive T
and NK cells in the PB of sMBA patients (15). The following
reports indicated that sMBA could lead to the development
of fatal disorders such as T- or NK-cell lymphoma or HLH.
Therefore, sMBA is now classified as one of the EBV-T/NK-LPDs
(2). HV, which is characterized by light-induced vesicles, can
be accompanied by systemic inflammation with detection of
EBV-infected clonally proliferating T or NK cells (16), and
was defined as an HV-LPD in WHO 2016 (2). The diagnoses
of sMBA and HV-LPD are made for conditions in which the
lesions are limited to the skin. Some CAEBV patients have
hyper sensitivity for mosquito bites or HV-like eruptions. The
difference of pathogenesis between these skin-limited diseases
and CAEBV has not been clarified due to the rarity of these
diseases. The analysis of a large number of patients under the
unified diagnostic criteria is critical to better understand these
diseases.

CAEBV is a progressive disease with two characteristics,
specifically, systemic inflammation and the development
of neoplasms during the disease course, leading to two
lethal conditions, namely, HLH and chemotherapy-resistant
lymphoma, respectively. The duration from disease onset to the
development of these conditions ranges from several months
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FIGURE 2 | A flowchart of the diagnosis of chronic active EBV infection.

to several decades. Establishing how to predict and prevent the
development of these conditions is an urgent issue.

DIAGNOSTIC PROCEDURES FOR CAEBV

When clinical doctors see patients suffering from sustained
inflammation, CAEBV as a differential diagnosis is rarely
considered, because they are either unaware of the disease or
because of the rarity of the disease. According to our report, the
mean length of time from onset to diagnosis in CAEBV patients
was 20months (11). The first step to correctly diagnosing CAEBV
is to suspect the disease. CAEBV should be frequently considered
in cases of sustained inflammation of unknown origin. Table 1
presents the diagnostic criteria of CAEBV suggested by the
Japanese study group in 2015, based on previous reports. Figure 2
shows a flow chart of the diagnosis of CAEBV. It is not difficult to
make a diagnosis of CAEBV under the criteria and the procedure.
However, some issues need to be resolved.

Anti-EBV Antibodies
If CAEBV is suspected, anti-EBV antibodies should first be
examined. An anti-VCA-IgG antibody is necessary to confirm
EBV infection. Many CAEBV cases show high anti-VCA-IgG
antibody levels of more than × 640 (6). According to the
previous guidelines for the diagnosis, the majority of cases show
high levels of anti-EA-IgG antibody and positive for anti-VCA-
IgA and anti-EA-IgA antibodies that are originally positive in
the acute phase of primary EBV infection (6). Therefore, it is
important to rule out primary infection of EBV, IM. The clinical
and laboratory findings of IM and CAEBV are quite similar
and sometimes difficult to distinguish. Importantly, most IM

cases resolve spontaneously, whereas CAEBV needs intensive
treatment, including allo-HSCT, to be cured. An anti-EBNA
antibody is not useful because some cases of CAEBV are negative
for anti-EBNA antibody. An anti-VCA IgM antibody is more
useful to exclude primary infection of EBV, but it is not infallible.
It is important to check a patient’s accurate clinical history to rule
out primary EBV infection.

EBV-DNA Load in the Peripheral Blood
If a patient with sustained inflammation of an unknown cause
shows elevated levels of anti-VCA-IgG, anti-EA-IgG antibodies,
and is positive for anti-VCA-IgA or anti-EA-IgA antibodies, and
if IM can be ruled out, the next step to making a diagnosis of
CAEBV is the quantification of the EBV DNA load in the PB
by PCR. In CAEBV, EBV-infected T or NK cells can be detected
in the PB and are characteristic of the disease. Therefore, EBV
DNA is detected in the fraction containing mononuclear cells
in the blood (17). A cut-off value for the EBV DNA load in the
PB for CAEBV is 102.5 copies/µgDNA (18), and the EBV DNA
load can become undetectable after successful allo-HSCT (19).
On the other hand, EBV DNA is usually detected in the serum
of EBV-positive lymphomas, including the following: extranodal
NK/T-cell lymphoma, nasal type (ENKL), EBV-positive Hodgkin
lymphoma; and nasopharyngeal cell carcinoma (20–22). In 2018,
the quantification of the EBVDNA load in the PB by RT-PCRwas
approved as an examination of CAEBV and is covered by health
insurance in Japan.

Detection of EBV-Infection of T or NK Cells
If EBV DNA is detected in PB-containing mononuclear cells, the
next step is to detect EBV infection of T or NK cells in the affected
tissues or the PB. If pathological specimens of EBV-infected
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cell infiltrating organs are available, histological examination by
immune staining and in situ hybridization of Epstein-Barr virus-
encoded mRNA (EBER) is performed to detect the phenotypes.
However, CAEBV rarely develops solid tumors. As mentioned
above, EBV-infected cells can be detected in the PB of CAEBV.
Therefore, the phenotypes of EBV-infected cells were determined
using unfixed PB in most patients (9, 11, 23). This procedure
is costly and requires skilled examiners. In addition, institutes
that are capable of performing the examination are limited. This
issue is serious and makes the diagnosis of CAEBV difficult.
It is indispensable to establish more convenient procedures to
determine phenotypes of EBV-infected cells.

THE SUGGESTED MECHANISMS OF THE
DEVELOPMENT OF CAEBV

EBV is a common virus; almost all adults have been infected
with the virus worldwide. Why does EBV infect T or NK cells,
which leads to the development of CAEBV in specific patients?
Recently, the mechanisms have gradually become clearer.

There has been a geographical concentration of the reports
of CAEBV in Japan and East Asia, indicating that CAEBV is an
Asian endemic disorder and that patients may have a common
genetic background. However, this hypothesis is controversial.
In Western countries, CAEBV patients certainly exist, even in
the Caucasian population. Currently, members of the Japanese
study group are investigating genetic factors contributing to the
development of CAEBV using next-generation sequencing.

How does EBV infect T or NK cells? EBV infects its target B
cells by associating with CD21 on the cell surface as a receptor. It
has been reported that weak expression of CD21 can be detected
on T cells (24). In addition, an in vitro examination reported
that activated NK cells that were conjugated to CD21-positive
EBV-infected B cells transiently acquired weak CD21 expression
by the synaptic transfer of a few receptor molecules onto their
surface (25). A similar mechanism also exists in T cells (26).
Furthermore, another in vitro infection assay using a high EBV
load showed that EBV infection of T or NK cells could be
established (27, 28). Additionally, in vivo EBV infection of T
or NK cells can be detected in the rapid phase of IM patients.
These findings indicated that under a high viral load, EBV can
infect T or NK cells (29). Although it is unknown whether the
infection is transient or the appearance of the infected cells is
transient, EBV-positive T cells disappeared 1 year after onset in
IM (30). Why can EBV infection of T or NK cells be sustained
in CAEBV? Two mechanisms can be suggested: suppressed
immune reaction to the infected cells or characteristics of the
virus. It was reported that cytotoxic T cells (CTL) decreased in
numbers or showed dysfunction in CAEBV (31, 32). In addition,
some congenital immunosuppressive disorders, such as the case
of autoimmune lymphoproliferative disorder (ALPS) with FAS
gene mutation (33) or the case of perforin mutation (34),
can be complicated by CAEBV-like conditions. CAEBV is not
accompanied by known primary immunodeficiency disorders
(35), however undetermined immunosuppressive disorders may
co-occur. Virus-related factors may also play a role. Although

characteristic viral strains of CAEBV have not yet been
determined, Japanese groups are currently working to clarify
these issues through genome-wide analyses. The results are
highly anticipated.

EBV infects B cells and immortalizes them. The next question
is how EBV-infected T or NK cells become neoplastic cells.
Several studies have reported that survival-promoting molecules
or pathways are activated by EBV infection. Imadome et al. found
that EBV-infected T or NK cells obtained from CAEBV patients
expressed CD40 (36). They performed in vitro EBV infection of
T cells and observed inducible CD40 expression on the surface
(27). CD40 was originally expressed on activated B cells. Because
the ligand of CD40, CD40L, is originally expressed on the surface
of activated T cells, it was hypothesized that inducible CD40
expression was associated with CD40L on the T-cell surface and
activated intracellular signaling molecules such as NF-kB. They
also confirmed that CD40 on EBV-infected T cells activated
CD40L-mediating signaling in an autocrine or paracrine manner
and suppressing their apoptosis (27). Another costimulatory
molecule, CD137, may contribute to promoting the survival of
EBV-infected T cells. Yoshimori et al. reported that CD137 was
also expressed in EBV-infected T or NK cells in CAEBV, and
its expression could be induced by in vitro EBV infection on T
cells (23). Stimulation of CD137 by CD137 ligand suppressed
etoposide-induced cell apoptosis. Furthermore, Takada et al.
found that NF-κB, a transcription factor mediating cell survival
signals, was constitutively activated in EBV-infected T or NK cells
in CAEBV (37). They also reported that in vitro EBV infection of
T cells induced constitutive activation of NF-κB and suppressed
serum depletion and etoposide-induced apoptosis of the infected
cells. NF-κB exists downstream of CD40 and CD137. These
findings suggest that EBV infection directly induces cell survival
of T or NK cells via survival-promoting pathways such as NF-κB.

EBV may contribute not only to promoting cell survival but
also to inducing gene mutations in EBV-infected cells. Nakamura
et al. observed activation-induced cytidine deaminase (AID)
in the peripheral blood mononuclear cells of EBV-T/NK-LPD
patients (38). AID is essential for the somatic hypermutation
and class switch recombination of immunoglobulin genes (39).
Deregulated AID expression acts as a genomic mutator, leading
to the development of B-cell lymphoma (40). In addition, EBV
infection induces AID expression in B cells (41). These findings
suggest that AID plays a role in EBV-induced lymphomagenesis
in B cells. Further studies are expected to determine whether AID
has the same roles in CAEBV development.

Recently, interesting findings have been reported by some
investigators using next generation sequencing. Okuno et al.
performed whole-exome sequencing (WES) on T-, B-, and
NK-cell subsets from CAEBV patients. They reported that the
most frequently mutated gene was DDX3X, an RNA helicase
gene detected in 16% (14/83) (42). They also reported that
patients carrying DDX3X mutation at diagnosis demonstrated
significantly shorter overall survival (OS) in comparison with
patients without the mutation. Interestingly, Jiang et al.
preformed WES for tumor cells from ENKL and reported that
DDX3X was frequentlymutated in them (20%, 21/105) (43). They
also determined that the mutant exhibited growth promoting
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FIGURE 3 | Suggested mechanisms of CAEBV development.

effects on NK cells in comparison with the wild-type protein.
DDX3X mutation was also detected in Burkitt lymphoma (44).
Many reports have focused onDDX3X and their association with
cancers (45), and the mutation has a possibility of a common
driver mutation of EBV-positive neoplasms. Other than DDX3X,
however, various mutations were detected in CAEBV by Okuno
et.al: KMT2D (4.8%), BCOR/BCORL1 (3.6%), KDM6A (3.6%),
and TET2 (2.4%) (42). Furthermore, they reported the detection
rate of at least one somatic mutation in CAEBV by WES was
52% as a whole. These findings indicate a diverse background of
CAEBV.

CAEBV has common characteristics of inflammatory
disorders. In patients with CAEBV, the serum levels of
inflammatory cytokines, namely, IFN-γ, TNF-α, and IL-6, are
higher than those in healthy people (46, 47). Their elevated serum
levels are associated with the status of the disease. In addition,
Onozawa et al. reported that the mRNA of these cytokines was
increased in EBV-infected T or NK cells obtained from CAEBV
patients (46). The expression of these inflammatory cytokines
can be induced by NF-κB (48). Constitutive activation of NF-κB
in CAEBV may contribute to the production of cytokines.

STAT3 is a transactivation factor that mediates proliferation
and anti-apoptotic signaling. It is activated in various cancer
cells and contributes to their transformation (49). STAT3 also
mediates intracellular signaling downstream of cytokines and
regulates inflammation (50). We observed that STAT3 was
constitutively activated in EBV-positive T or NK cells, not only
in EBV-positive T or NK cell lines established from EBV-T/NK-
lymphoid neoplasms, but also in neoplastic EBV-positive T
or NK cells obtained from CAEBV patients (51). Since there
was no mutation in the SH2 domain of the STAT3 gene, an
essential site for activation of the molecules serving as hot
spots of activating mutations in other T or NK cell tumors,

upstream molecules might contribute to the activation. Several
studies have suggested that STAT3 is activated downstream of
LMP1 through the activation of NF-κB (52, 53). Interestingly,
Onozawa et al. found that inhibition of a tyrosine kinase,
JAK1/2, which phosphorylates STAT3 by its inhibitor ruxolitinib,
inhibited STAT3 activation in EBV-positive T or NK cell lines.
Furthermore, ruxolitinib suppressed proliferation and induced
apoptosis of these cells (51). It was also determined that
ruxolitinib suppressed the mRNA expression of IFN-γ, TNF-α,
and IL-6 in EBV-T/NK cells. These results indicated that the
JAK1/2 STAT3 pathway contributed to the development of both
the inflammatory and neoplastic aspects of CAEBV.

In summary, EBV infection of T or NK cells can occur
during the acute phase of primary infection with a high EBV
load. Furthermore, EBV itself contributes to the survival of host
cells by inducing CD40 and CD137 expression and constitutive
activation of NF-κB in infected cells. The upregulated AID
expression, and accumulation of gene mutations of the infected
cells during the course were reported. Gain of function mutation
of DDX3X may be a responsible driver mutation. Once driver
mutations occur, high malignant disorders, such as lymphoma
or leukemia, can develop. Furthermore, constitutive activation of
STAT3 promotes not only cell survival but also the production of
inflammatory cytokines. These suggestedmechanisms of CAEBV
development are summarized in Figure 3.

CURRENT TREATMENT STRATEGY FOR
CAEBV

The purpose of the treatment for CAEBV is to control two faces
of the disease: a neoplasm and an inflammatory disease. Once
HLH or lymphoma develops, CAEBV can be fatal. Therefore,
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it is recommended that treatment starts before these diseases
develop. According to Kimura’s report, the survival of EBV-
T/NK-LPDs from onset was 44%, the median follow-up period
was 46 months (9). Unfortunately, chemotherapy that can
eradicate EBV-infected T or NK cells for CAEBV has not yet
been established. The only effective treatment strategy for a
cure currently is allo-HSCT. Fifteen-year OS from onset among
the patients treated with allo-HSCT was 60.6%, whereas that
of those without allo-HSCT was 25.7% (9). The OS with allo-
HSCT was significantly longer than those without allo-HSCT.
Furthermore, Kawa et al. retrospectively analyzed the prognosis
of patients treated with allo-HSCT in their hospital and reported
that the 3-year OS after allo-HSCT among patients receiving
reduced intensity conditioning (RIC), was 85%, significantly
higher than that of patients receiving myeloablative conditioning
(54.5%) (54). These findings indicate that the effects of allo-HSCT
were partially due to the replacement and reconstruction of the
hematopoietic and immune system by allogeneic grafts, rather
than the antitumor effects of chemo- and radiotherapies. In other
words, immunological dysfunction plays a pivotal role in the
development of CAEBV.

The inflammatory symptoms of CABEV are closely associated
with the outcomes. Two reports indicated that patients with
active CAEBV had poorer outcomes after allo-HSCT (9, 19). An
active disease has been defined as a condition accompanied by
any of the following: fever, liver dysfunction, progressive skin
lesions, or vasculitis. Condition without any of these clinical
findings has been defined as an inactive disease. From reports,
it is critical to establish chemotherapy that effectively resolves
disease activity. What, then, is the most effective chemotherapy
to reduce the activity? Sawada and his colleagues from the
Osaka Medical Center and Research Institute for Maternal
and Child Health, suggested a sequential treatment strategy
consisting of prednisolone, cyclosporine A, and etoposide, a so-
called cooling therapy as the first step, followed by combination
chemotherapies, CHOP, and ESCAP (55). The last step suggested
was RIC followed by allo-HSCT. Unfortunately, the rates of
resolution of CAEBV disease activity by the chemotherapies were
very low, approximately 10% (our manuscript in preparation).
To improve outcomes of CAEBV, it is indispensable to establish a
more effective chemotherapy for CAEBV.

As mentioned before, CTL disturbance was indicated for
CAEBV (31, 32). Based on these findings, Bollard and her
colleagues generated EBV-specific CTLs and used them for the
treatment for EBV-positive lymphoid tumors, including T-cell

type CAEBV (56, 57). Although significant effects of direct
reduction of tumor cells have yet to be achieved, induced CTL
infusion has potential as an adjuvant therapy to restore EBV-
specific T-cell immunity and prevent disease progression.

Some reagents are candidates for new treatments of CAEBV
based on the molecular mechanisms of CAEBV development.
As mentioned in the previous section, NF-κB is constitutively
activated in EBV-positive T or NK cells and may contribute to
suppressed apoptosis of the infected cells (37). A proteasome
inhibitor, bortezomib, suppresses NF-κB activation in B-cell
neoplasms and was approved as amedicine for multiple myeloma
and mantle cell lymphoma. Iwata et al. reported that bortezomib
suppressed proliferation and induced apoptosis in EBV-infected
cell lines, including T or NK cells (58). The JAK/STAT pathway
can also be a target. This pathway is commonly used by multiple
cytokine receptors and functions to establish inflammation. As
mentioned above, the JAK inhibitor ruxolitinib suppresses the
proliferation and cytokine production of EBV-positive T or
NK cells. JAK inhibitors are clinically used and effective for
cytokine-associated inflammatory diseases, such as RA, UC, and
GVHD (59–61). Since CAEBV shows sustained inflammation
accompanied by hypercytokinemia, the effects of JAK inhibitors
on inflammatory symptoms and disease activity are highly
anticipated.

SUMMARY

CAEBV has been recognized as an endemic disease in East Asia.
However, the number of reported cases is increasing worldwide,
due to the 2016 WHO classification and the determination
of diagnostic criteria. The prognosis of CAEBV is still
insufficient. It is necessary to clarify the molecular mechanisms
of the disease development to establish effective treatment
strategies.
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