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Chronic active Epstein-Barr virus (EBV) disease (CAEBV) is characterized by high levels of

EBV predominantly in T and/or natural killer cells with lymphoproliferation, organ fail-

ure due to infiltration of tissues with virus-infected cells, hemophagocytic lymphohistio-

cytosis, and/or lymphoma. The disease is more common in Asia than in the United States

and Europe. Although allogeneic hematopoietic stem cell transplantation (HSCT) is con-

sidered the only curative therapy for CAEBV, its efficacy and the best treatment modality

to reduce disease severity prior to HSCT is unknown. Here, we retrospectively assessed

an international cohort of 57 patients outside of Asia. Treatment of the disease varied

widely, although most patients ultimately proceeded to HSCT. Though patients undergo-

ing HSCT had better survival than those who did not (55% vs 25%, P , .01), there was still

a high rate of death in both groups. Mortality was largely not affected by age, ethnicity,

cell-type involvement, or disease complications, but development of lymphoma showed a

trend with increased mortality (56% vs 35%, P 5 .1). The overwhelming majority (75%)

of patients who died after HSCT succumbed to relapsed disease. CAEBV remains challeng-

ing to treat when advanced disease is present. Outcomes would likely improve with bet-

ter disease control strategies, earlier referral for HSCT, and close follow-up after HSCT

including aggressive management of rising EBV DNA levels in the blood.
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Key Points

� Stem cell transplant
improves long-term
survival in T/NK
CAEBV, though
mortality remains high.

� Development of T/NK
lymphoma showed a
trend with increased
mortality.
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Introduction

Approximately 95% of adults worldwide have been infected with
Epstein-Barr virus (EBV).1 Following initial infection, the virus estab-
lishes latency in B cells. In rare individuals with chronic active EBV
(CAEBV), EBV is predominantly found in T and/or natural killer (NK)
cells, with persistently high levels of EBV in the blood and tissues.2

Historically, these cases have been more common in persons of
Asian and South/Central American descent.3 The hallmark of dis-
ease is proliferation of EBV-infected T or NK cells that infiltrate tis-
sues, leading to end-organ damage. Patients present with fevers,
hepatosplenomegaly, liver inflammation, cytopenias, and lymphopro-
liferation.4 In more aggressive versions of the disease, hemophago-
cytic lymphohistiocytosis (HLH), liver failure, and progression to NK/
T-cell lymphomas may occur; these are the most common causes
of death.5 The disease becomes extremely difficult to treat once it
has progressed to significant organ dysfunction, particularly severe
hepatic impairment. Although several germline genetic defects are
known to cause susceptibility to severe EBV disease,6 and some
patients with CAEBV have somatic mutations in their T or NK cells,7

a causative monogenetic defect has not been identified in most
patients with CAEBV.

Treatment considerations remain challenging for patients with
CAEBV. Expert consensus is to use corticosteroids and/or ganciclo-
vir in combination with bortezomib or histone deacetylase inhibitors,
as well as cytotoxic chemotherapy for those with fulminant presenta-
tion to reduce disease burden and improve the patient’s condition
prior to allogeneic hematopoietic stem cell transplantation (HSCT).8

In the largest review of patients with CAEBV in the United States,9

long-term survival was poor at �30%, although only �40% under-
went HSCT. Most patients died due to progression of their disease
despite treatment. Survival was improved in those patients who
were younger, had shorter duration of disease, and were referred
early for HSCT. Of 8 patients that underwent HSCT, 5 survived.
Three of these 5 surviving patients received chemotherapy before
HSCT, and 2 of the survivors received EBV-specific cytotoxic
T cells after HSCT. These reported outcomes are similar to contem-
porary cohorts of CAEBV in the Asian population, with 3-year sur-
vival near 60%.10 The optimal treatment to decrease EBV burden in
these patients before transplantation, as well as how to best condi-
tion patients for transplant, is currently unknown.

Our primary aim was to describe a contemporary cohort of CAEBV
patients outside Asia, focusing on demographic and clinical charac-
teristics, including age, presenting symptoms, treatment modalities,
responses, and outcome. All but 1 of these cases are previously
unreported; thus, they provide an updated analysis on the manage-
ment of CAEBV since the prior study of patients in the United
States from 1982 to 2010.9 We hypothesized that patients under-
going HSCT with adequate disease control, as defined by fewer
systemic signs and a low viral load immediately before their prepara-
tive regimen, would have the best outcomes.

Methods

Patients

Patients with CAEBV were defined by disease persisting $3
months, persistently elevated EBV in the blood by DNA polymerase
chain reaction (PCR), systemic inflammatory symptoms, infiltration

of tissues with EBV-infected T or NK cells, and no known immuno-
deficiency. Identification of the cell type containing EBV was deter-
mined by confirming which cell types (using CD3 or CD56 antibody
staining) were EBV-encoded RNA-positive by in situ hybridization of
tissue or, in ambiguous cases, by sorting peripheral blood into pop-
ulations of B, T, and NK cells and determining which population had
the highest level of EBV DNA. EBV DNA PCR results were
reported as in copies/mL in whole blood. Most patients were
referred after their physicians requested information for treatment in
an anti-EBV cellular therapy protocol [Cytotoxic T Cells to Treat
Relapsed EBV-positive Lymphoma, ClinicalTrials.gov Identifier:
NCT01956084] and/or enrolled in a CAEBV protocol [Genetics of
CAEBV, ClinicalTrials.gov Identifier: NCT00032513] at the National
Institutes of Health (NIH). Patients presented with CAEBV between
2009 and 2020. With 1 exception, none of the patients were
reported previously; all were diagnosed outside of Asia. All collected
data were deidentified, captured, and summarized by the host insti-
tution. Data use analysis agreements were obtained for organiza-
tions that required them, and Institutional Review Board approval
was obtained from the Children’s National Hospital per institutional
guidelines. Genomic analysis was not required for this study; how-
ever, familial HLH was excluded for patients presenting with this
complication. Patients from the NIH cohort signed informed consent
on a protocol approved by the NIH Institutional Review Board.

Statistical analysis and definitions

Patient characteristics included country of origin, age at diagnosis,
sex, and race/ethnicity. Disease aspects included cell-type involve-
ment (NK and/or T), viral load at diagnosis, presence of cytopenia,
diagnosis of secondary HLH, and other complications. Patients with
B-cell EBV–mediated lymphoproliferative disease and familial HLH
were excluded. Treatments used before HSCT and responses to
HSCT were recorded. For patients that proceeded to HSCT, viral
load prior to HSCT, donor and preparative regimen, as well as out-
comes, were obtained.

Ethnicity categories were classified as white (non-Hispanic), Asian,
Native American, and Hispanic. Partial responses were defined as a
reduction of $1 log in viral load as previously published.11 Viral load
before HSCT was divided between low level, defined as ,10000
copies/mL, or increased level, defined as $10000 copies/mL.
These values were chosen because they were felt sufficiently sepa-
rate from a high viral burden, previously defined as 100000 copies/
mL.11 Full responses were defined as low-level or no viremia with
resolution of all disease manifestations. Reduced intensity condition-
ing (RIC) and myeloablative conditioning (MAC) regimens were cat-
egorized as per the Center for International Blood and Marrow
Transplant Research definitions.12 As HSCT is considered curative,
patients post-HSCT were deemed in complete remission if they had
resolution of disease and no further lymphoproliferation.

The log-rank test was used to investigate the association between
survival time and the following variables: ethnicity, age at presenta-
tion, cell type involved (T vs NK), diagnosis of HLH, use of chemo-
therapy, development of lymphoma, use of HSCT, viral load before
HSCT, use of serotherapy, use of radiation, and preparative regimen
used (RIC vs MAC). These were then recalculated using a Cox pro-
portional hazards model.

25 JANUARY 2022 • VOLUME 6, NUMBER 2 RELAPSED DISEASE IN NK/T-CELL CAEBV OUTSIDE ASIA 453

https://www.ClinicalTrials.gov
https://www.ClinicalTrials.gov


Results

Patient characteristics

A total of 57 patients were included in this study (Table 1). Most
patients (93%) were diagnosed in the United States; others were
identified in Canada, Israel, and New Zealand. All patients except
for patient #2113 are previously unreported, and all but 1 was diag-
nosed in the last decade (2010-2020). The mean age at diagnosis
was 13.6 years (range 1.8-37). Although 74% (42/57) of patients
were less than 18 years old, most (28/42, 67%) were $8 years old
at the time of diagnosis. There was no sex predilection, with 56%
(32/57) of cases occurring in females. Most (49% [28/57]) cases
occurred in patients of Hispanic and/or Asian ancestry as previously
described. This included 18 patients of Hispanic descent and 10 of

Asian ancestry. However, a third (22/57) of enrolled subjects identi-
fied as white, and 12% (7/57) were Native American.

EBV results and disease-related complications

Sixty-five percent (37/57) of subjects had T-cell CAEBV, 18%
(10/57) had NK cell disease, 14% (8/57) had NK and T-cell dis-
ease, and 4% (2/57) had T- and B-cell disease. The average EBV
load in whole blood at diagnosis was 5.7 million copies/mL (median
630957 copies/mL).

Cytopenias were the most common presenting sign, present in
80% (41/51) of patients (Figure 1). Anemia and thrombocytopenia
were equally common in the cohort (63% [32/51]). Multilineage
cytopenias were frequently encountered; 69% of all patients
(35/51) had more than 1 cell line decreased at presentation.

Two-thirds of patients (34/52) had hepatic impairment, including
elevation in liver function enzymes and/or impaired synthetic func-
tion. Over half (33/57) met HLH criteria14,15 in their disease course.
They were managed with standard treatments, including dexametha-
sone and etoposide. Relapsed/refractory HLH was common in the
cohort; 27% (9/33) of those who developed this complication ulti-
mately died of it.

Forty percent of patients (23/57) developed NK and/or T-cell lym-
phoma during their course; 11 (19% of cohort) had lymphoma diag-
nosed while being monitored for their CAEBV symptoms and
before any treatment. Two patients presented as hydroa
vacciniforme–like lymphoproliferative disease (HVLPD) before devel-
oping systemic symptoms. At least 2 patients had vascular

100%
90%
80%
70%
60%
50%
40%
30%

Pe
rc

en
ta

ge
 o

f p
at

ien
ts

20%
10%

0%
Cytopenias

41

10
24

34

33
23

HLH

Disease manifestations

Yes No

Lymphoma

Figure 1. Disease manifestations in patients with CAEBV. The number of

patients is shown in the bars, and the percentage is on the y-axis.

Table 1. Summary of patients based on transplant type

Type of HSCT

Number of

patients

Mean Age (yrs) at

diagnosis (range) Gender Ethnicity Cell line affected

Number of

patients with

lymphoma Outcome

RIC 27 7.1 (0.8-36) 15 M 11 H 20 T 9 12 died

12 F 8 W 5 T, NK 14 alive

5 A 2 NK 1 other

2 NA

1 M

MAC 13 15.5 (5-37) 4 M 5 W 7 T 7 5 died

9 F 4 NA 5 NK 8 alive

3 H 1 T, NK

1 A

Sequential: MAC/
RIC or RIC/
MAC

3 11.3 (1.8-21) 1 M
2 F

1 W
1 NA
1 M

3 T 2 1 died
2 alive

Unknown/not
infused HSCT

6 12.7 (2.4-32) 2 M
4 F

3 W
2 H
1 A

4 T
1 NK
1 T/NK

1 5 died
1 other

No HSCT 8 13.7 (2-25) 3 M
5 F

5 W
2 H
1 A

5 T
2 NK

1 T, NK

4 6 died
2 alive

Total 57 13.6 (1.8-37) 25 M 32 F 22 W
18 H

8 A 7 NA
2 M

39 T
10 NK
8 Both

23 29 died
26 alive
2 other

Yrs, years; H, Hispanic; W, White; A, Asian; NA, Native American; M, mixed.
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involvement, including coronary and cerebral artery aneurysms and
lymphocytic myocarditis.

Management before HSCT

Several patients were monitored before any intervention. Their
course was quite varied, but many were undiagnosed before expert
review; 1 subject received his first treatment 3 years after onset of
symptoms. Treatment was varied before HSCT, and no consistent
approach was used (Figure 2; supplemental Table 1). Nearly half
(25/57) of patients received rituximab. As would be expected for a
NK/T-cell–mediated disorder, only a minority of patients (32% [8 of
25]) had a partial response; there were no sustained or complete
responses.

Combination bortezomib with ganciclovir is a potential therapy for
disease control. Bortezomib can induce lytic EBV gene expression,
including a viral protein kinase which phosphorylates ganciclovir,
resulting in cell death.8 Thirty percent (17/57) of patients received
this combination, resulting in a reduction of EBV loads in 71%
(12 of 17) of patients; however, the responses were not sustained
in most cases. It has been our experience that patients with active
secondary HLH were less likely to respond to bortezomib/ganciclo-
vir, but this could not be quantified in this survey.

Previous reports have shown that patients with CAEBV are not likely
to respond to autologous EBV-specific T-cell therapy.16 This is
thought to be due to an intrinsic impairment in the function of the
patient’s T-cells. In this cohort, only 1 received these cells before
HSCT; there was no response.

Chemotherapy was administered to those refractory to the above
interventions, including those with lymphoma. Most regimens fol-
lowed were well-described NK and/or T-cell lymphoma treat-
ments, including anthracycline-based regimens (EPOCH, CHOP),

or L-asparaginase including regimens such as SMILE17 (data not
shown). Most patients (84% [21/25]) had improvement in symp-
toms as well as significant reductions in viral load. Ultimately, this
proved the most effective way to reduce EBV-related complica-
tions before HSCT and was used in almost half of all cases. In at
least 3 cases, chemotherapy was planned but could not be given
due to organ dysfunction and/or poor functional status.

Other treatments tried include romidepsin, sirolimus, vorinostat,
hydroxychloroquine, thalidomide, azathioprine, and colchicine
(Figure 2; supplemental Table 1). Seven patients received 1 or
more of these therapies; there were no responses. Immunomodula-
tory drugs such as etanercept and anakinra were also used in 3
patients; although use of these medications did not result in EBV
load reduction, they did help control manifestations of HLH in 2
patients. In 1 patient with a clonal population of CD301 T cells,
brentuximab-vedotin resulted in a complete response; the patient
subsequently proceeded to HSCT.

Recently, attempts have been made to directly block T-cell stimula-
tion and/or proliferation in patients with CAEBV. Three patients in
our cohort received alemtuzumab and had remission of their dis-
ease, though not sustained. The authors are aware of other patients
with CAEBV, not in this cohort, whose disease rapidly worsened
with alemtuzumab, likely due to further loss of T-cell control of EBV-
infected cells. Two patients in our cohort received ruxolitinib; 1 had
a prolonged partial remission with this therapy alone. One patient
received nivolumab with a complete response.

HSCT donors and conditioning regimens

Eighty-six percent (49/57) of patients proceeded to HSCT as defini-
tive therapy for their disease (supplemental Table 2). Sixty-one per-
cent (30/49) of patients underwent preparative regimens classified
as RIC (Table 1; supplemental Table 2). Thirty-nine percent (19/49)
of the regimens included total body irradiation. There were no signif-
icant differences in survival rates with RIC vs MAC regimens,
radiation-based vs chemotherapy-only regimens, or use of serother-
apy (alemtuzumab/antithymocyte globulin vs none).

Forty-nine donors were used for 46 transplants; 3 patients started
conditioning but died before donor infusion. A similar proportion of
related (27/49; 55%) and unrelated (21/49; 45%) donors as well
as matched (25/49; 51%) and mismatched (22/49; 45%) donors
was noted; 12 (24%) were matched related donors. Most donors,
including all related donors, were evaluated for EBV seropositivity
and whole blood EBV DNA PCR. Ninety-seven percent (35/36) of
evaluated donors were EBV1. The related donor of patient 31, who
was EBV-seropositive, subsequently developed an NK/T-cell lym-
phoma, raising concern for a genetic predisposition. The recipient
subsequently relapsed and required a second HSCT from an unre-
lated donor. In total, 3 patients (6% of those undergoing HSCT)
underwent more than 1 transplant. Two patients received autolo-
gous transplants for treatment of lymphoma before HSCT.

Outcome

With 2 patients lost to follow-up, the survival rate was 47% (26/55)
at a median and mean follow-up of 18 months and 24 months,
respectively, from the time of diagnosis. Three patients who planned
to receive HSCT died during their conditioning regimen and before
stem cell infusion; therefore, they were not included in the HSCT

Bortezomib/
ganciclovir

15%

Steroids
13%

Rituximab
22%

Chemotherapy
22%

Other
28%

Figure 2. Treatments received in patients with CAEBV before

HSCT. Treatment approaches varied; the most common approaches included

chemotherapy and combination bortezomib/ganciclovir.
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group analysis. Survival for those undergoing HSCT was signifi-
cantly (P , .01) higher; 55% (24/44) compared with 25% (2/8) for
those who did not have a transplant (Figure 3). Median survival for
the HSCT group was 52 months compared with 12.5 months for
those not transplanted. Two of the 3 patients requiring a second
HSCT were alive at last follow-up. Ethnicity, age at presentation,
HLH as a complication, and the use of chemotherapy pre-HSCT
were not found to confer a higher risk of survival or death.

Of 23 patients who developed lymphoma, 8 (35%) are currently
alive. Survival was higher in those who did not develop lymphoma in
their course (56% vs 35%, P 5 .11). All patients with lymphoma
that did not proceed to HSCT died (n 5 4). Of those proceeding
to HSCT, survival was 39% (7/18) for patients with a history of lym-
phoma and 65% (17/26) for those without (P 5 .08). Both patients
with vascular involvement died (cerebral aneurysm [n 5 1], lympho-
cytic myocarditis [n 5 1]). Similarly, both patients with HVLPD did
not survive (cerebral aneurysm [n 5 1], transplant-associated throm-
botic microangiopathy [n 5 1]).

At a mean of 14 months (median 9 months) of follow-up since
HSCT, 47% (21/44) of patients are in complete remission with no
detectable EBV viremia. Six percent (3/47) are alive with persistent
host hematopoietic cells as measured by chimerism. One of these
patients subsequently developed an EBV1 lymphoma and is receiv-
ing chemotherapy. Forty-five percent (20/44) of patients died after
HSCT; 75% (15/20) died due to disease relapse, including multiple
patients with HLH reactivation associated with rapidly progressive
lymphoproliferative disease (supplemental Table 2). Three patients
died during their conditioning regimen but before HSCT (1 with
sepsis, 1 with a gastrointestinal bleed related to disease, and 1 with
HLH reactivation). Transplant-related mortality was relatively low
(10% [5/48]) for a cohort with such severe disease before HSCT;
3 deaths were due to sepsis (including the 1 before stem cell infu-
sion) and 2 were due to thrombotic microangiopathy.

Thirty-eight percent (18/47) of patients received EBV-specific T
cells after HSCT. Some patients received infusions as a

prophylactic measure post-HSCT (particularly when donor derived),
whereas others were given when patients relapsed. Sixty-one per-
cent (n 5 11) of these patients survived; 7 patients died. This sur-
vival rate was not different from the rest of the transplanted group.
Of the 7 deaths, 5 (71%) were due to disease progression, 1 due
to transplant related mortality, and 1 due to a drug overdose while
in full remission.

Of the 8 patients who did not undergo HSCT, 6 died. All died of
progressive CAEBV, including episodes of intracranial hemorrhage,
multiorgan failure, and/or lymphocytic myocarditis. Three had EBV1

lymphoma at autopsy. Of the 2 patients who have survived without
HSCT, 1 presented with HLH. She was found to have 2 million cop-
ies of EBV/mL of blood, with EBV primarily in T cells. She was
treated with prednisolone and 3 courses of bortezomib/ganciclovir
with a partial response; at 16 months from the onset of HLH, she
has no further HLH symptoms but remains viremic (79000 copies
EBV/mL at last assessment). The second patient also presented
with HLH and T-cell disease and had a complete response to 9
doses of nivolumab; 2 months since his last dose, he is asymptom-
atic with undetectable blood EBV PCR. These patients, presenting
with T-cell disease and HLH, may be on a spectrum of disease
between EBV T-cell–associated HLH that may resolve with chemo-
therapy,18 and CAEBV, which requires HSCT.

Discussion

We report 57 patients with CAEBV, which to our knowledge is the
largest cohort to date of patients outside of Asia. Unlike other
reports, one-third (22/57) of our patients were white. Historically,
this has been a disease of persons with Asian and/or Central Ameri-
can ancestry. Our cohort suggests that CAEBV may be more com-
mon in the white population than previously described. Additionally,
12% (7/57) of patients in the cohort were Native American, a high
number considering they represent less than 4% of the total North
American population.19,20 Native Americans are believed to have
migrated from Asia over the Bering land bridge 20000 years ago.21

Thus, similar genetic backgrounds in Native Americans and Asians
may predispose them to CAEBV. It has been postulated that dis-
ease severity may correlate with ethnicity, with CAEBV outside Asia
being less severe.6 In our cohort, differences in ethnicity were not
associated with differences in survival.

Most patients in our cohort had T-cell CAEBV. This differs from the
Asian experience, where NK and T-cell CAEBV are equally distrib-
uted.2 There was no obvious association between ethnic group and
cell-type involvement in our cohort. In Asia, NK cell CAEBV is
reported to have a better prognosis than T-cell CAEBV.4 In contrast,
we observed similar mortality rates regardless of NK or T-cell dis-
ease. Unlike our prior report,9 we excluded patients with B-cell
CAEBV. With the use of whole exome sequencing, we found that
some of the patients in the prior report with B-cell CAEBV had
germline pathologic mutations in genes known to be associated
with severe EBV disease, including PI3KCD, MAGT1, STXBP2,
and PRF1. None of the patients in the prior report with NK or T-cell
CAEBV had germline pathologic mutations.

A striking finding is that long-term survival was low in our cohort, with
near 50% mortality. In studies from Asia, the survival rate is higher,
ranging from 60% to as high as 90%.8,10 This may be due to the rel-
ative rarity of CAEBV in the United States and Europe, leading to late
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recognition, more advanced disease, and a higher mortality risk with
HSCT. Our cohort is likely skewed toward those with more severe
disease, as they were identified only after referral for cellular therapy
or CAEBV protocols. Several patients had symptoms for months to
years before interventions. In addition, over 70% of our patients were
.8 years at diagnosis, which has been associated with a worse
prognosis.4 This selection bias is likely an important reason for the
decreased survival of the cohort. Although patients undergoing
HSCT were statistically more likely to survive, mortality was still high.

Development of lymphoma showed a trend with higher risk of death
in this cohort. Indeed, survival for those without lymphoma (65%)
was comparable to Asian studies. Additionally, all patients with
HVLPD (n 5 2) and/or aneurysm secondary to disease (n 5 2) died.
This suggests such presentations herald a worse prognosis, though
the small numbers limit our ability to provide statistical analysis.

Even in those without the above complications, most patients died
due to persistent CAEBV despite multiple regimens used to control
their disease and frequent use of HSCT. This indicates a critical
need to develop better approaches for disease control. Although
our numbers are small, medications that directly target T-cell activa-
tion may be more likely to confer disease control. In our cohort,
patients that received emapalumab, nivolumab, and alemtuzumab
had full responses and most were long-term survivors. Recent data
suggests nivolumab is a therapeutic option in NK/T-cell–driven dis-
orders, including lymphoma and adult HLH.22,23 Thus, PD-1 inhibi-
tion is an attractive target, along with other T-cell immunomodulatory
drugs. Expert opinion has been to consider drugs that eradicate
T cells, such as alemtuzumab, only before planned HSCT due to
concern for the drug impairing T-cell control of EBV disease and
worsening CAEBV. This was not noted in our cohort, although
patients receiving alemtuzumab proceeded to HSCT shortly after
starting the drug. Future studies focusing on management of dis-
ease with these interventions are important.

Rituximab was frequently used, with little response. Given rituxi-
mab’s mechanism of action, it is expected that those with NK and/
or T-cell disease would not show a benefit. Because CAEBV is rare
outside of Asia, and rituximab is used often in EBV-mediated B-cell
disorders such as posttransplant lymphoproliferative disease, its use
was likely due to an under-appreciation that EBV was predominantly
in NK or T-cells. Persistently elevated EBV viremia in a nonimmuno-
compromised host, however, is abnormal and should prompt con-
sideration of a diagnosis of CAEBV, particularly in those who fail to
respond to rituximab.

We hypothesized that disease control before HSCT is critical for its
success. In this retrospective review, defining disease control was
challenging. EBV viral load was collected as an imperfect surrogate
of disease activity. A reduced viral load (defined as ,10000 EBV
copies/mL of blood) before HSCT did not result in a survival advan-
tage. Control of hyperinflammation to reduce disease severity, which
is essential for treating EBV-associated HLH and maintaining good
organ function, is likely important before HSCT. More studies are
needed to identify treatments that will best control disease in order
to achieve improved long-term survival.

Three patients in our cohort are alive after HSCT but with mixed
donor chimerism. Management of these cases remains a point of

contention among experts. Some recommend these patients be
monitored without intervention in the absence of clinical issues,
whereas others recommend early consideration for further treat-
ments, including second transplant.8 We believe high-level donor
T-cell chimerism is important to sustain disease control post-HSCT,
though our numbers preclude our ability to analyze this further. The
poor survival in our cohort leads us to advocate for early HSCT in
patients with CAEBV, as well as aggressive management of ele-
vated EBV loads after HSCT, as morbidity and mortality are likely to
be improved before the development of complications that may be
irreversible or preclude a second HSCT. The high rate of death due
to relapse after transplant (75%) indicates the need for better con-
trol of disease. This could be either due to poor control before
HSCT or the need for a more intense preparative regimen, although
myeloablative regimens did not result in improved survival.
Post-transplant EBV-specific T cells may be helpful as adjunctive
prophylactic treatment post-HSCT.16,24 However, survival in those
receiving EBV-specific T cells did not differ from the overall survival
of the cohort. EBV-specific T cells were used both as prophylaxis
and for active disease in this cohort, which hinders our ability to fully
answer this question. Myeloid-derived suppressor cells may be
another important therapeutic target in this setting25 and are being
considered for future T-cell studies in which the tumor microenviron-
ment might be modified to improve the ability of cytotoxic T lympho-
cytes to kill EBV-infected cells.

A limitation of our study is the relatively small number of patients,
which makes subgroup comparisons less likely to be significant.
Our study, however, is the largest reported to date of patients out-
side of Asia and accrued patients over a decade. Larger studies will
be needed to observe statistical differences among subgroups.

In conclusion, CAEBV remains a challenging disorder to treat, with
high mortality rates once severe complications develop. Various
approaches have been tried to control disease before HSCT; none
of the currently used treatments result in consistent remission. T-cell
modulating therapies may enhance disease control; future studies
will need to address this question in a controlled setting. HSCT
remains the only therapeutic intervention that can cure the disease,
but relapses can occur. Earlier use of HSCT, better disease control,
and preservation of organ function before transplant, as well as early
intervention if EBV loads rise after HSCT, are likely critical to
improved outcomes.
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