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Abstract
Epstein-Barr virus (EBV)-associated T-cell lymphoproliferative disease (EBV+ T-cell LPD), including chronic active

Epstein-Barr virus (CAEBV) disease, can affect the central nervous system (CNS) in children, albeit rarely reported
in adults. We report a case of an adult with EBV+ T-cell LPD and CNS involvement treated with haploidentical
stem cell transplantation (haplo-SCT) and post-transplant cyclophosphamide (PTCy). A 59-year-old woman devel-
oped a high fever and elevated lactate dehydrogenase (LDH) levels. Based on the clinical course, high serum
EBV-DNA levels, and the presence of EBV-infected T cells in her bone marrow, she was diagnosed with EBV+ T-
cell LPD. The patient initially responded to cooling therapy and chemotherapy, leading to a marked decrease in
EBV-DNA levels. Subsequently, she experienced a relapse in the CNS, as evidenced by elevated EBV-DNA levels in
the cerebrospinal fluid. After chemotherapy and whole-brain irradiation, the patient underwent haplo-SCT with
PTCy, following reduced-intensity conditioning. The EBV-DNA load was undetectable 27 days after haplo-SCT,
and MRI findings showed no apparent residual disease. This case highlights the importance of considering CNS
relapse despite apparent virologic response in adult-onset EBV+ T-cell LPD. To our knowledge, this is among the
few reported adult cases with clinically diagnosed CNS involvement successfully treated with allogeneic SCT.
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Introduction
Epstein-Barr virus (EBV)-associated lymphoprolifera-

tive disorder (EBV-LPD) is a heterogeneous group of

diseases characterized by the abnormal proliferation of

EBV-infected lymphocytes, including B, T, or natural

killer (NK) cells. These conditions range from relatively

indolent or self-limiting presentations to fulminant dis-

orders with extensive tissue infiltration and life-

threatening complications, including infectious mononu-

cleosis (IM)-like syndromes, post-transplant LPDs,

chronic active EBV disease (CAEBV), and various

EBV-positive lymphomas. CAEBV, a particularly rare

and aggressive subtype, is typically caused by EBV-

infected T or NK cells. It is characterized by persistent

or recurrent inflammatory symptoms and elevated EBV-

DNA levels in affected tissues. In Japan, the Ministry

of Health, Labour and Welfare defines CAEBV based

on strict clinical criteria, including IM-like symptoms

persisting for more than three months, sustained EBV-

DNA elevation in peripheral blood, and the presence of

EBV-infected T or NK cells in either tissue or blood.

In contrast, the current international classifications,

namely, the 5th edition of the WHO Classification of
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Haematolymphoid Tumors and the International Con-

sensus Classification, also refer to prolonged IM-like

symptoms but define CAEBV as part of a broader spec-

trum of EBV-positive T/NK-cell LPDs. The WHO

framework emphasizes pathological and immunopheno-

typic features, and although it includes EBV-DNA ele-

vation or EBV-encoded RNA (EBER)-positive cells in

affected tissues as essential criteria, it does not mandate

a specific EBV-DNA threshold or require detection in

peripheral blood, as stipulated in the Japanese guide-

lines1, 2. Nevertheless, some EBV-LPDs show rapid pro-

gression and severe organ involvement, mimicking

CAEBV both clinically and pathologically. In children,

systemic CAEBV often involves the central nervous

system (CNS) and has a poor prognosis3,4. In contrast,

CNS involvement in adult-onset EBV-LPD is rare, and

its clinical features and optimal management remain

poorly understood. Here, we present the case of a 59-

year-old woman with EBV-positive T-cell lymphoprolif-

eration who developed CNS involvement during disease

relapse. Although the case did not meet the formal cri-

teria for CAEBV, the clinical course suggested a malig-

nant EBV-driven process. The patient was successfully

treated with haploidentical stem cell transplantation

(haplo-SCT) and post-transplant cyclophosphamide

(PTCy).

Case Presentation
A 59-year-old woman was referred to our hospital

with a chief complaint of fatigue, along with a 2-week

history of persistent, high-grade fever; progressively

worsening dyspnea; and systemic edema. She had no

known immunodeficiencies, malignancies, or autoim-

mune diseases. There was no history of hypersensitivity

to mosquito bites or photosensitivity. Baseline labora-

tory findings, including elevated levels of lactate dehy-

drogenase LDH (1,373 U/L) and soluble interleukin-2

receptor, are summarized in Supplementary Table 1
and Figure 1A. Computed tomography (CT) showed

massive pleural and pericardial effusions without sig-

nificant lymphadenopathy (Figure 1B); whole-body

positron emission tomography (PET)-CT was not per-

formed. Given the persistent fever, elevated LDH, and

generalized edema, differential diagnoses included

virus-associated hemophagocytic lymphohistiocytosis

and malignant lymphoma. Bone marrow examination

was performed, and EBER-in situ hybridization (ISH)

staining was conducted in the context of suspected

CAEBV. This revealed infiltration of EBER-ISH-

positive T lymphocytes, without nodular aggregates

(Figure 1C and D). The marrow architecture remained

intact, and no evidence of hemophagocytic activity was

observed. Peripheral blood EBV-DNA was elevated to

5.75 logIU/mL. The patient was diagnosed with EBV-

associated T-cell lymphoproliferative disease (EBV+ T-

cell LPD). Although she did not fulfill the diagnostic

criteria for CAEBV, as defined by the Research Group

Measures Against Intractable Diseases released by the

Ministry of Health, Labour and Welfare of Japan, the

clinical presentation and the presence of proliferating

EBV-infected T cells strongly suggested the disease3-5.

The patient was started on cooling therapy with dex-

amethasone (16.5 mg/day for 8 days followed by taper-

ing), etoposide (150 mg/m2 twice weekly for one

course), and cyclosporine A (3 mg/kg/day, started from

day 9 due to concerns regarding tumor lysis-associated

renal dysfunction). This combination was administered

in accordance with previously reported pre-phase“cool-

ing” regimens used in CAEBV, aiming to stabilize the

inflammatory activity prior to chemotherapy or trans-

plantation6. Following cooling therapy initiation, the pa-

tient developed transient hyperuricemia and a marked

elevation in LDH (peak 4,071 U/L). These findings

were consistent with laboratory tumor lysis syndrome

and were managed successfully with intravenous hydra-

tion. Her symptoms subsequently abated. Dexametha-

sone and cyclosporine A were continued, and peripheral

blood EBV-DNA levels decreased to 2.98 logIU/mL.

Based on this virologic response, THP-COP therapy

(vincristine, 1.4 mg/m2 on day 1; cyclophosphamide,

750 mg/m2 on day 1; pirarubicin, 50 mg/m2 on day 1;

prednisolone, 60 mg/m2 on days 1-5) was initiated

while both agents were still being administered. Ster-

oids were slowly tapered, and cyclosporine was main-

tained at a target trough level of 200 mg/dL. With no

HLA-matched donors available, a haplo-SCT with cells

from her younger brother was planned. Given the ag-

gressive clinical course and the poor prognosis associ-

ated with EBV-positive T-cell LPD, even in initial re-

sponse, allogeneic stem cell transplantation was consid-

ered necessary during the first remission to achieve

long-term disease control. The donor was ABO-

compatible and seropositive for both cytomegalovirus

(CMV) and EBV, whereas the recipient was seronega-

tive for CMV and seropositive for EBV. After recover-

ing from myelosuppression following the second course

of THP-COP, the patient was scheduled to undergo

transplantation.

Twenty-two days after THP-COP second course in-

itiation, at the time of hematologic recovery and in

preparation for transplantation, the patient experienced

systemic fatigue similar to that at initial presentation,

accompanied by dizziness, gait unsteadiness, and hori-

zontal nystagmus. Brain magnetic resonance imaging

(MRI) subsequently demonstrated a gadolinium-

enhancing lesion in the left cerebellar hemisphere (Fig-
ure 2A). EBV-DNA was detected (2.54 log IU/mL) and
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Figure 1. Clinical course and findings at initial onset
A. The solid line shows changes in the patient’s serum LDH levels, while the dotted line shows the amount of EBV-DNA de-
tected in her peripheral blood. B. Contrast-enhanced CT of the thorax and abdomen at initial onset, revealing massive pleural
effusions and subcutaneous edema. C. Small atypical lymphocytes infiltrating the bone marrow on initial onset (Hematoxylin
and Eosin staining, ×200). Immunohistochemical staining revealed that the infiltrated cells were positive for CD3, CD4, CD8,
and negative for CD56. EBV-encoded small RNA-in situ hybridization (EBER-ISH) results were positive. D. Lymphocytes with
abnormal nuclei and basophilic cytoplasm in the bone marrow on initial onset (May-Giemsa stain, ×100 objective).
CT, computed tomography; LDH, lactate dehydrogenase; EBV, Epstein‒Barr virus; ETP, etoposide; mPSL, methylprednisolone;
DEX, dexamethasone; PSL, prednisolone; WBI, whole brain irradiation; RIC, reduced intensity conditioning; SCT, stem cell
transplantation; Cy, cyclophosphamide; GVHD, graft-versus-host disease; CNS Rel, central nervous system relapse
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Figure　2.　MRI findings of CNS lesion
MRI revealed a lesion in the left cerebellar hemisphere, enhanced by T1 gadolinium contrast, with peritumoral edema hyperintensity 
on T2. A. Radiographic changes at relapse B. before transplantation and C. one month after transplantation.
MRI, magnetic resonance imaging; CNS, central nervous system

A CB

LDH level was elevated (139 U/L) on cerebrospinal

fluid examination. Blood tests showed disease progres-

sion, with elevated EBV-DNA (4.22 log IU/mL) and

LDH levels (682 U/L; Supplementary Table 2). Bone

marrow examination showed an increase in T-cells with

CD7-negative aberrant expression. Peripheral blood

counts remained within normal ranges. To assess the

validity of diagnosing the disease as CAEBV, Southern

blot analysis for EBV-terminal repeats was performed,

confirming monoclonal proliferation. The patient’s con-

dition made brain tumor biopsy difficult; therefore, a

clinical diagnosis of systemic and CNS relapse of

CAEBV was made. We initiated DeVIC therapy (car-

boplatin, 300 mg/m2 on day 1; ifosfamide, 1,500 mg/m2

on days 1-3; etoposide, 100 mg/m2 on days 1-3; and

dexamethasone, 40 mg/day on days 1-3) as salvage che-

motherapy combined with whole-brain irradiation (25

Gy/10 Fr). After one course of DeVIC therapy, EBV-
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DNA levels became less detectable in peripheral blood,

and her cerebellar ataxia symptoms resolved. However,

a follow-up brain MRI revealed residual disease (Fig-
ure 2B).

The reduced-intensity conditioning regimen was initi-

ated on day 16 of DeVIC therapy, immediately after

completion of whole-brain irradiation. We modified the

conditioning regimen by adding high-dose cytarabine

and administered haplo-SCT with PTCy (40 mg/kg for

2 days), following a reduced-intensity conditioning regi-

men (fludarabine, 30 mg/m2 for 6 days; busulfan, 3.2

mg/kg for 2 days; cytarabine, 2,000 mg/m2 for 2 days;

and total body irradiation at 4 Gy) along with myco-

phenolate mofetil and tacrolimus. Peripheral stem cells

collected from her younger brother contained 6.6×106/

kg CD34-positive cells. Cyclosporine, which had been

administered since the cooling therapy, was discontin-

ued before the start of the conditioning regimen, and

steroids were terminated 2 days before the SCT. No ad-

verse CNS events occurred during conditioning. Oral

mucositis and diarrhea appeared as regimen-related tox-

icities but were controlled via symptomatic treatment.

Neutrophil engraftment was observed on day 16 post-

transplant, and fluorescence in situ hybridization of the

X/Y chromosome revealed complete donor chimerism.

However, the patient continued to experience fever,

erythematous papules, and diarrhea. Stage 1 gut graft-

versus-host disease (GVHD) and stage 3 skin GVHD

were diagnosed via lower gastrointestinal endoscopy

and biopsy. Both were mildly relieved with topical ster-

oids and non-specific treatments. Peripheral blood EBV-

DNA remained undetectable 27 days after haplo-SCT,

and MRI showed no residual disease (Figure 2C). My-

cophenolate mofetil was administered until day 45. The

patient was discharged on day 46 and achieved a com-

plete metabolic response on day 103, as assessed using

PET-CT. EBV DNA was detected in peripheral blood

for approximately four months from day 107 but subse-

quently disappeared without intervention and was still

not detected at one and a half years after transplanta-

tion. Tacrolimus tapering was initiated on day 75 and

gradually accelerated thereafter, possibly allowing graft-

versus-lymphoma effects to emerge and contributing to

subsequent viral clearance. It was eventually discontin-

ued on day 310.

Discussion
CNS involvement in EBV-LPD or CAEBV disease

remains poorly understood, particularly in adults. Pedi-

atric data suggest that CNS involvement is not uncom-

mon and is associated with poor outcomes; however,

adult cases are rare and often only identified postmor-

tem7,8. To the best of our knowledge, only one adult

case of CAEBV or EBV-LPD with CNS involvement

has been reported, confirmed by pathological autopsy8.

Further studies are required to predict CNS relapse in

patients with EBV-LPD or CAEBV disease.

Although CAEBV disease is defined by persistent or

recurrent symptoms, elevated EBV-DNA levels in T or

NK cells, and histological evidence of EBV-driven pro-

liferation, the patient did not meet the formal criteria

due to the symptom duration. However, the rapid pro-

gression, systemic inflammation, and presence of EBV-

infected T cells with atypical morphology strongly sug-

gested a malignant EBV-driven lymphoproliferative

process. Although the present case did not fulfill the

formal diagnostic criteria for CAEBV, the clinical and

pathological findings were consistent with an EBV-

driven T-cell LPD within the CAEBV spectrum. There-

fore, we adopted the term “T-cell LPD” in the title to

emphasize the T-cell origin of EBV infection. This des-

ignation also acknowledges the distinction between

CAEBV, which typically involves T or NK cells, and

other EBV-LPDs such as post-transplant LPDs, which

predominantly affect B cells. Oshima et al. showed that

EBV-infected lymphocytes can evolve from a polyclo-

nal to a monoclonal population, eventually leading to

aggressive conditions such as lymphoma or hemo-

phagocytic lymphohistiocytosis9. This concept suggests

a dynamic spectrum of diseases, in which EBV-LPD,

CAEBV, and EBV-positive T/NK cell lymphomas may

represent different stages of a common pathological

process.

The efficacy of allogeneic hematopoietic stem cell

transplantation (allo-HSCT) in EBV-LPD with CNS in-

volvement is uncertain. In this case, whole-brain irra-

diation and salvage chemotherapy were administered

prior to transplantation, which may have contributed to

disease control. Although evidence is limited, these

findings suggest that CNS-targeted interventions should

be considered in selected cases prior to allo-HSCT. The

timing of HSCT is also critical. Although allo-HSCT is

the only curative option for CAEBV, represented by

EBV-LPD, its application is often delayed due to donor

search and transplant logistics. The patient achieved ap-

parent disease control after the second course of che-

motherapy but relapsed suddenly before the transplant

could proceed. This highlights the unpredictability of

disease progression and the need for prompt transplan-

tation once partial remission is achieved6,10-13. To over-

come donor limitations and accelerate treatment, we

chose haplo-SCT with PTCy. This approach has gained

traction in recent years and offers a viable alternative to

matched sibling or unrelated donor transplantation, par-

ticularly in aggressive lymphoid malignancies. In this

case, haplo-SCT resulted in durable remission of both

systemic and CNS disease, although its long-term effi-
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cacy in EBV-LPD requires further study14. Additionally,

EBV-positive B-cell LPDs involving the CNS have been

reported under immunosuppressive conditions15,16. Al-

though pathogenetically distinct, these cases highlight

the broader potential for EBV-driven CNS pathology

across different immune contexts.

We report a rare case of adult-onset EBV+ T-cell

LPD with CNS involvement that presented with fea-

tures suggestive of CAEBV but did not meet its diag-

nostic criteria. This case highlights the importance of

early intervention, including CNS-directed therapy and

timely HSCT. Haplo-SCT with PTCy may be an effec-

tive treatment option in such cases, especially when

rapid disease control is required. Future studies should

aim to clarify diagnostic thresholds, identify risk factors

for CNS relapse, and determine the optimal timing and

modality of transplantation in EBV-associated lym-

phoproliferative disorders.
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